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FOREWORD 

This  volume  is  dedicated  to  Dr.  Eli  Moschcowitz,  physician,  scientist,  scholar, 
traveller,  epicure,  bibliophile,  magician,  and  lover  of  music  and  the  arts.  The 
contributions  published  in  this  anniversary  volume  in  honor  of  his  sixty-fifth 
birthday  have  been  submitted  by  the  authors  as  evidences  of  their  esteem  and 
affection.  No  member  of  the  staff  of  The  Mount  Sinai  Hospital  in  this  genera- 

tion has  commanded  the  respect  and  the  devotion  of  his  associates  in  quite  the 
same  degree. 

Dr.  Moschcowitz's  association  with  The  Mount  Sinai  Hospital  began  as  intern, 
following  graduation  from  the  College  of  Physicians  and  Surgeons  of  Columbia 
rniv(Msity  in  1900.  Upon  completion  of  his  internship  in  1903,  he  spent  the 
follow  ing  year  in  Berlin  in  the  pathological  laboratory  of  his  friend  and  teacher, 
Professor  Ludwig  Pick.  This  training  led  to  his  appointment  as  pathologist  at 
the  Beth  Israel  Hospital,  New  York,  where  he  acquired  the  fundamental  back- 

ground which  determined  his  subsequent  career  in  clinical  medicine.  During 
this  period  came  his  early  publications  in  the  field  of  pathology. 

In  1920,  he  joined  the  staff  of  the  medical  service  of  The  Mount  Sinai  Hospital, 
and  from  that  time  date  a  series  of  original  contributions  to  clinical  medicine 
which  reflect  an  increasing  awareness  of  the  fact  that  manj'  disea.se  processes  are 
a  reflection  of  disturbances  of  the  psycho-biologic  unit  as  a  whole.  These  publi- 

cations atti-acted  wide  attention  and  were  frequently  quoted,  for  they  are  the 
contributions  of  a  scholarly  physician,  skilled  in  the  art  as  well  as  the  science  of 
medicine. 

It  is  difficult  for  a  friend  and  colleague  to  assay  the  relative  worth  of  the  great 
variety  of  his  talents.  To  manj',  his  capacity  for  friendship  and  his  worldly 
philosophy  seem  outstanding.  To  others,  the  freshness  of  his  outlook  upon  life 
and  his  enjoyment  of  music  and  of  books  are  most  attractive.  Undoubtedly, 
the  combination  of  these  qualities  is  responsible  for  the  fact  that  the  fertility  of 
his  mind  and  the  youthfulness  of  his  spirit  continue  undiminished,  and  give 
increasing  promise  for  the  future. 

George  Baehr 
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ELI  MOSCHCOWITZ 

On  the  Doorstep  of  the  Hospital 

HOWARD  LILIENTHAL,  M.D. 

Competitive  tests  for  positions  on  the  House  Staff  of  The  Mount  Sinai  Hos- 
pital were  being  held  and  I  was  one  of  the  investigators.  My  part  was  to  read 

the  manuscripts  and  to  form  my  own  opinion  of  the  general  character  as  well 
as  of  the  medical  education  of  the  examinee.  (That's  a  correct  English  word — 
Century  Dictionary.) 

As  I  recollect  it,  there  were  about  forty  candidates  and  it  was  no  small  job 
to  go  over  the  papers. 

Chirography  has  always  interested  me  and  even  now  a  manuscript  conveys 
an  impression  of  character,  perhaps  psychic  in  type,  which  could  not  be  given 
by  a  type-written  page. 

Questions  answered  by  Yes  or  No  do  not  reveal  more  than  the  simple  knowl- 
edge of  a  fact  and,  therefor,  fuller  methods  of  expression  are  more  informative. 

One  of  the  papers,  the' handwriting  atypical,  I  was  inclined  to  reject — but  for my  conscience.  However,  I  had  not  proceeded  far  when  I  was  struck  by  the 
writer's  method  of  revealing  not  only  information  but  a  technical  accuracy  and 
mode  of  expression  which  would  not  have  been  considered  an  attribute  of  a  mere 
-Student.  As  I  recollect,  none  of  the  manuscripts  was  signed,  only  the  number 
of  the  candidate  being  subscribed.  The  farther  I  went  in  this  paper  the  more 
was  I  impressed  by  its  maturity  and  I  even  admit  that  I  received  specific  sci- 

entific knowledge.  I  could  not  do  otherwise  than  place  the  writer's  number  at 
the  top  of  the  list. 

At  my  first  meeting  with  Eli  Moschcowitz  his  youthful  appearance  might 
well  have  matched  his  handwriting;  his  manner  was  humorous  and  inviting. 
It  was  then  that  I  learned  he  was  the  brother  of  my  friend,  Alexis,  a  surgeon  of 
well  recognized  importance. 

Dr.  Eli  did  not  follow  his  brother's  example  but  became  a  pathologist  and, 
finally,  a  general  practitioner  of  medicine  and  was  appointed  to  the  Attending 
Staff  of  the  hospital  which  he  served  for  many  years,  later  becoming  an  active 
consultant.  His  knowledge  and  skill  in  the  diagnosis  of  unusual  cases  and  in 
advising  therapeutic  measures  have  placed  him  high  in  the  ranks  of  his  pro- 
fession. 

1 
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STIGMATA  OF  INFERTILITY 

ROBERT  T.  FRANK,  M.D. 

The  gynecologist  and  endocrinologist  are  consulted  by  childless  couples  who 
seek  help.  Previous  in\'estigation  has  demonstrated  that  the  hushiuul's  semen 
is  normal,  his  genito-urinary  tract  is  uninfected  and  that  he  is  \[y\\(\ 

The  wife,  likewise,  has  been  shown  to  have  a  permeable  uterus  and  tubes, 
her  cervix  is  uninflamed,  her  menstruation  regular.  Study  of  vaginal  smears, 
endometrial  biopsy,  excretion  of  pregnandiol,  have  given  as  conclusive  evidence 
as  our  present  methods  permit,  that  her  cycles  are  o\-ulatory.  Her  basal  metab- 

olism is  normal.  Semen  insufflation  has  been  tried  and  yet  no  pregnancy  oc- 
curs. 

These  are  trying  and  puzzling  problems.  The  well  informed  specialist 
searches,  and  too  often  searches  in  vain  for  some  explanation.  He  knows  and 
recognizes  well  known  constitutional  stigmata  such  as  eunuchoid  and  infantile 
build,  marked  obesity,  hirsuties,  a  persistently  infantile  uterus,  etc.,  which  occur 
with  frequency  in  the  sterile  group,  but  he  is  aware  that  the  significance  of  these 
findings  is  not  absolute,  that  accentuation  of  familial  traits  may  minimize  their 
importance. 

I  desire  to  call  attention  to  several  stigmata,  which,  during  the  course  of  many 
years,  I  have  noted  in  the  sterile  group  under  discussion.  Again  it  should  be 
emphasized  that  these  are  not  absolute  criteria  of  sterility,  rather  they  are  con- 

stitutional marks  of  the  low  fertility  group. 
The  Levi-Lorraine  type  of  infantilism  is  well  known  and  recognized.  There 

are  some  women,  however,  who  do  not  fall  into  this  group,  but  are  contiguous 
to  it.  By  anthropometric  evaluation  they  prove  normal.  However,  their  ap- 

pearance of  over-youthfulne.ss,  their  mincing  voice,  their  small-pored  delicate 
skin,  their  fine  silky  hair,  their  thin  bones  and  weak  musculature,  their  small 
hands  and  feet  unmask  them  to  the  trained  observer.  As  a  group  these  women 
fall  into  the  least  fertile  class. 

Minor  deviations  in  the  breast  development  are  of  freciuent  occurrence  and 
of  little  significance.  They  include  large,  small,  assymmotrical,  accessory 
breasts,  retracted  nipples,  etc.  There  is  one  breast  chant^c,  howcM  i-,  to  which 
I  ascribe  importance,  particularly  as  it  may  be  detected  immediately  after 
puberty.  In  default  of  a  better  name,  I  call  it  the  "cup  shaped  areola."  Usu- 

ally these  areolae  are  large.  Instead  of  being  flat,  as  is  normal,  the  entire  areola 
bulges  upward  above  the  breast  and  on  its  summit  is  the  nipple.  It  gives  the 
impression  of  a  weakening  of  the  fascial  sheath  which  envelops  the  breast,  with 
consequent  symmetrical  extrusion  of  the  breast  tissue  at  the  site  of  the  ring. 
In  my  experience  this  sign  appears  with  significant  frequency  in  the  infertile 
group  (figs.  1  and  2). 

In  performing  pelvic  examinations,  I  have  noted  a  sinistro-position  of  the 
uterus  in  a  number  of  nulliparous  patients,  including  virgins.  No  history  of 
antecedent  inflammation  can  be  elicited.    Nor  is  there  any  sign  of  inflammation 
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Fig.  2.  Schematic  antero-posterior  section  of  breast.    1.  Normal.    2.  "Cup  shaped 

areola" 
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present.  By  vaginal  or  rectal  examination,  both  cervix  and  fundus  are  situated 
close  to  the  left  pelvic  wall.  The  fundus,  usually  is  in  anteflexion,  sometimes 
retroflexed.  The  left  parametrium  is  short  but  not  infiltrated,  the  right  cor- 

respondingly elongated  and  thin.  The  left  adnexae  are  high,  close  to  the  pelvic 
wall  and  above  the  fundus,  the  right  adnexae  are  in  a  normal  position  and  there- 

FiG.  3.  Schematic  transverse  section  of  pelvis  showing  congenital  sinistro-position  of 
uterus.    Note  consequent  elongation  of  right  cardinal  ligament 

Fig.  4.  Congenital  cervical  erosion,    Xornial  iiulliparous  external  os.    Uniform  involve- 
ment of  entire  portio  vaginalis 

fore  elongated.  These  findings  are  permanent  and  uninfluenced  by  the  fullness 
or  emptyness  of  the  sigmoid  flexure  (fig.  3). 

The  condition  has  been  noted  in  early  adolescence  and  persists.  It  appears 
to  be  congenital.  I  have  not  had  the  opportunity  of  \iewing  it  when  the  ab- 

domen is  opened.  Howe\'er,  I  feel  certain  that  the  uterus  is  sjinmetrical  and 
the  adnexae  are  equally  developed  on  both  sides.    If  this  were  not  the  case, 
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one  might  be  tempted  to  ascribe  the  condition  to  partial  aplesia  of  one  Miillerian 
duct  with  a  minor  degree  of  uterus  unicornis.  Under  the  circumstances,  I  am 
unable  to  offer  any  explanation  of  the  causation.  The  frequency  of  sterility 
in  these  patients  has  become  apparent  to  me  and  I  consider  it  of  major  prognostic 
significance. 

Finally,  I  desire  to  call  attention  to  a  condition  of  the  cervix  which,  too  often, 
is  diagnosed  incorrectly.  It  is  the  congenital  erosion,  a  non-inflammatory  le- 

sion (fig.  4).  Instead  of  a  smooth,  pale  normal  portio,  the  entire  area  is  velvety, 
deep  red  and  vascular.  However,  the  absence  of  an  infected  mucopurulent 
cervical  plug  is  striking.  Characteristic  is  the  uniform  involvement  of  the  entire 
portio.  Biopsy  shows  a  surface  consisting  of  shallow,  closely  approximated 
folds  covered  by  a  single  laj^er  of  high  cylindrical  (cervical)  epithelium  with  basal 
nucleus.  The  condition  does  not  respond  to  astringent  applications  or  to  cauteri- 

zation. In  one  patient  whom  I  had  the  opportunity  of  observing  for  many 
years  and  in  whom  X-ray  castration  was  induced  for  other  reasons,  this  erosion 
was  uninfluenced  by  induction  of  the  artificial  menopau.se. 

The  congenital  erosion,  as  its  name  implies,  dates  from  the  early  fetal  stage. 
Normally,  the  cylindrical  epithelium  (Miillerian  derivation),  which  covers  the 
portio,  is  replaced  hy  the  multilayered  squamous  epithelium  (urogenital  sinus 
derivation)  Avhich  clothes  the  vagina  when  Miillerian  duct  and  sinus  coalesce 
at  the  third  month  of  fetal  life.  In  these  patients  the  fetal  state  persists  in- 

definitely. Per  se  the  erosion  is  of  no  significance.  However,  it  appears  most 
often  in  patients  who  have  never  been  able  to  conceive. 

The  stigmata,  to  which  I  have  called  attention,  should  be  taken  into  account 
in  evaluating  the  fertility  or  infertility  of  a  patient,  in  the  same  way  that  the 
profession  generally  considers  an  infantile  uterus  (long,  narrow,  with  cervix- 
fundus  ratio  1:1  instead  of  1:4)  of  significance.  This  will  counterbalance  the 
purely  mechanistic  viewpoint  (permeability  of  cervix  and  tubes)  as  well  as  the 
exaggerated  "endocrine"  concept  of  anovulatory  cycle  or  the  still  vaguer  diag- 

nosis of  "ovariopituitary  dysfunction"  which  so  often  is  used  to  hide  our  ig- 
norance. Some  patients  are  so  constituted  that  they  conceive  readily.  Others — 

fortunately  for  the  race,  few  in  number — conceive  with  difficulty  and  then  only 
at  rare  intervals.  Others  never  become  pregnant.  At  best,  the  size  up  of  these 
patients,  even  after  all  available  data  have  been  evaluated,  is  not  conclusive  and 
therefore  the  prognosis  given  never  should  be  dogmatic  or  hopeless. 



CONGENITAL  ATRESIA  OF  THE  ESOPHAGUS  WITH 
TRACHEOESOPHAGEAL  FISTULA' 

ERNEST  E.  ARNHEIM,  M.D. 

Congenital  atresia  of  the  esophagus  with  or  without  a  fistula  communicating 
with  the  trachea  comprises  a  difficult  problem  in  pediatric  surgery.  Surgeons  of 
the  past  had  foimd  the  problem  insoluble  and  it  is  only  within  the  past  five  years 
that  a  successful  solution  has  been  fovmd,  but  it  is  still  the  feeling  of  many  sur- 

geons and  pediatricians  alike  that  this  condition  is  incompatible  with  life  and  that 
it  is  useless  to  attempt  operation. 

Although  atresia  of  the  esophagus  with  or  without  tracheoesophageal  fistula  is 
not  a  common  condition,  about  450  cases  have  been  reported  in  the  literature. 
The  outstanding  communications  have  been  those  of  Plass  (17),  Vogt  (23), 
Rosenthal  (19),  O'Hare  (16),  Ashley  (1),  Leven  (12,  13),  Shaw  (21),  Lanman 
(11),  Haight  and  Towsley  (7),  Ladd  (9),  Humphreys  (8),  and  Haight  (4).  Plass 
and  Rosenthal  have  considered  the  embryolcgic  asjiects  in  detail. 

There  is  a  variety  of  classifications  of  c(  ngenilal  aiH  inalies  of  the  esophagus, 
but  for  simplicity  and  usefulness  I  employ  the  one  used  at  the  Children's  Hos- 

pital, Boston,  described  by  Ladd  and  originally  suggested  by  Vogt.  These 
anomalies  are  divided  into  four  types.  In  type  I,  the  upper  blind  pouch  of  the 
esophagus  ends  at  about  the  level  of  the  first  or  second  dorsal  vertebra,  and  the 
lower  end  of  the  esophagus  begins  again  as  a  blind  pouch  at  the  level  of  the  fourth 
or  fifth  dorsal  vertebra.  In  type  II,  the  upper  pouch  of  the  esophagus  ends  in  a 
fistulous  tract  entering  the  trachea  just  above  its  bifurcation,  the  lower  segment 
being  blind.  In  type  III,  the  upper  segment  ends  blindly,  and  the  lower  segment 
of  the  esophagus  communicates  with  the  trachea  just  above  its  bifurcation;  this 
is  by  far  the  most  common  type.  The  communication  with  the  trachea  may  be 
at  the  carina  instead  of  above  the  bifurcation.  In  type  IV,  both  the  upper  and 
lower  segments  communicate  with  the  trachea.  These  types  can  be  accurately 
diagnosed  before  operation,  and  the  knowledge  ol  1  Ik  sc  \  ariations  has  clinical 
application  in  the  surgical  management  of  these  anomalies. 

CLINICAL  FEATTIKES 

The  symptoms  of  congenital  atresia  of  the  esophagus  are  noted  soon  after 
birth.  The  infant  is  seen  to  have  an  excess  of  sali\'a  in  the  mouth  with  a  result- 

ing choking  and,  usually,  some  (  yancisis.  When  a  feeding  is  given  there  is  imme- 
diate regurgitation  with  asi)irati()ii  of  the  fluid  into  the  air  passages  and  an  in- 

crease in  the  choking  and  cyanosis.  Examination  of  the  chest  often  reveals 
moist  rales  in  the  lungs,  usually  in  the  right  upper  lobe.  The  findings  on  ab- 

dominal examination  vary  depending  up(!n  whether  there  is  or  is  not  a  fistulous 
commmiication  of  the  lower  pouch  of  the  esophagus  with  the  trachea.  In  type 
I  and  II,  previously  described,  air  cannot  enter  the  intestinal  tract  and  the  ab- 

1  From  the  Pediatric  Services  of  Dr.  Bela  Schick  and  Dr.  Murray  H.  Bass  and  the  Surgical 
Service  of  Dr.  Harold  Neuhof,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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domen  is  scaphoid.  In  types  III  and  IV,  air  enters  the  stomach  through  the 
fistulous  communication  of  the  lower  pouch  of  the  esophagus  with  the  trachea  and 
the  abdomen  is  more  or  less  distended. 

Roentgenologic  examination  is  of  great  aid  in  diagnosis.  In  this  connection 
the  use  of  a  contrast  medium,  particularly  barium,  is  not  advisable.  If  any  such 
medium  is  used,  lipoidol  is  more  safe,  but  any  information  gained  by  its  use  can 
bemoresafely  andeasily  obtained  without  itsuse.  Aspiration  into  the  air  passages 
on  a  contrast  medium  adds  to  the  dangers  of  pneumonia,  already  usually  present. 
The  technic  of  roentgenologic  examination  is  as  follows:  A  soft  rui)ber  catheter, 
usually  al)Out  size  12F.,  is  passed  down  the  esophagus  as  far  as  it  will  go.  If  it 
meets  an  obstruction  about  10  to  12  cm.  from  the  mouth,  the  diagnosis  of  con- 

genital atresia  of  the  c'Si)plidgU8  is  confirmed.  A  roentgenogram  with  the  cathe- 
ter in  place  \\  ill  then  tlemonstrate  the  site  of  obstruction.  The  roentgen  examin- 

ation should  include  the  abdomen  to  differentiate  the  type  of  malformation.  In 
types  I  and  II,  there  is  no  air  in  the  stomach  or  intestinal  tract;  in  types  III  and 
IV,  there  is  air  in  these  \'iscera. 

Congenital  anomalies  of  the  esophagus  are  frequently  associated  with  anomalies 
of  othei-  organs  of  the  l)()dy ,  and  some  of  these  abnormalities  in  themselves  may  be 
incompatible  with  life  unless  corrected  surgically.  In  the  recent  report  by  Ladd 
of  the  experiences  of  the  Children's  Hospital,  Boston  (9),  there  were  63  con- 

genital anomalies  in  72  cases  of  congenital  atresia  of  the  esophagus;  the  most 
frequent  being  anomalies  of  \\\v  heart  and  aorta  and  urinary  tract,  Meckel's 
diverticulum,  and  impert\)rate  anus. 

TREATMENr 
There  are  two  plans  of  surgical  treatment  of  congenital  atresia  of  the  esophagus, 

which,  for  purposes  of  simplicity,  may  be  termed  the  indirect  and  the  direct  pro- 
cedures. The  former  utilizes  the  principle  of  staged  operations,  and  has  been 

used  by  Richter  (1913)  (18),  Seolt  (1928)  (20),  Mixtcr  (1929)  (15),  Leven  (1936 
and  1941)  (12,  13),  Cage  and  Ochsuer  (1936)  (3),  Carter  (1941)  (2),  and  Ladd 
(1944)  (9).  Th(>se  indirect  proeiMhnes  have  been  variously  modified,  but,  in 
general,  follow  the  follow  ins  principl(\s:  (1)  extrapleural  ligation  of  the  tracheo- 
esophaiieal  fistula;  (2!  exieriorization  of  the  upper  esophageal  pouch;  (3)  gas- 

trostomy; (4)  constiuetion  of  an  anterior  thoracic  esophagus. 
The  direct  plan  consists  of  an  extrapleural  ligation  of  the  tracheoesophageal 

fistula  and  restoration  of  the  continuity  of  the  esophagus  by  an  anastomosis  of 
the  proximal  and  distal  ends.  This  procedure  has  been  performed  by  Shaw 
(1939)  (21),  Lanman  (1940)  (11),  Haight  and  Towsley  (1943)  (7),  Humphreys 
(1944)  (8),  Ladd  (1944)  (9),  and  Ilaight  (1944)  (4). 

The  main  disadvantage  of  the  indirect  plan  is  that  it  in^•olves  a  number  of  sur- 
gical procedures,  the  most  difficult  of  which  is  the  construction  of  an  anterior 

thoracic  esophagus  by  a  skin-lined  tube.  It  is,  however,  the  procechu-e  of  neces- 
sity when  the  distance  between  the  esophageal  segments  is  too  great  to  allow  a 

primary  ana.stomosis.  The  direct  anastomosis  is  the  operation  of  choice,  but  it 
presents  manj'-  technical  difficulties  due  to  the  small  size  of  the  distal  segment  of 
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the  esophagus,  the  distance  between  the  two  ends,  and  the  structure  of  the  eso- 
phageal wall.  That  these  difficulties,  however,  can  be  overcome,  is  showTi  by 

the  experience  of  Haight  (4),  who  was  able  to  perform  an  anastomosis  in  16,  or 
66.7  per  cent,  of  24  patients  for  Axhom  an  exploration  was  performed.  A  sup- 

plementary gastrostomy  is  often  necessary  because  of  leakage  from  the  anasto- 
mosis. The  details  of  the  operative  procediu'cs  are  fully  described  in  the  publi- 

cations of  Leven  (12,  13),  Carter  (2),  Lanman  (11),  Humphreys  (8),  Ladd  (9), 
and  Haight  (4),  and  in  the  case  rf'])oi  ts  to  follow  in  this  communication. 

The  problem  of  pneumonia  is  a  serious  one,  for  it  is  the  chief  cause  of  death, 
and,  in  many  instances,  is  present  before  operation.  It  is  hoped  that  with  the 
advent  of  penicillin  this  serious  complication  can  be  successfully  tieated.  Haight 
(5)  states  that  "in  subsequent  cases  admitted  with  extensive  pneumonia,  the 
plan  would  be  to  give  penicillin  and  hope  that  the  pneumonia  could  be  overcome 
in  a  period  of  several  days,  and  then  proceed  with  operation." 

It  is  only  within  recent  years  that  these  operative  procedures  have  been  suc- 
cessfully performed.  The  largest  number  of  operative  recoveries  have  been  re- 

ported by  Ladd  (9)  and  Haight  (4) .  In  a  series  of  34  cases  of  atresia  of  the  esoph- 
agus operated  upon  by  Ladd  and  Gross  from  1940  to  1944,  6  patients  had 

direct  anastomoses  with  2  recoveries,  and  28  patients  had  the  staged  procedures 
with  9  recoveries.  The  oldest  of  these  patients  is  -i^  years  of  age,  and  8  pa- 

tients are  under  1  year  of  age.  In  2  of  the  9  recoveries  with  staged  procedures 
the  anterior  thoracic  esophagus  had  been  completed.  In  a  subsequent  report 
Ladd  (10)  stated  that  13  patients  were  operated  upon  in  1944,  of  whom  8  are 
living.  In  5  of  the.se  patients  a  primary  anastomosis  was  performed,  and  2  are 
living.  In  the  other  8  patients  the  fistula  was  tied  off,  and  esophagostomy  and 
gastrostomy  performed,  and  6  are  living.  Haight  and  Towsley  (7)  reportedthe 
first  successful  case  of  anastomosis  for  congenital  atresia  of  the  esophagus  with 
tracheoesophageal  fistula  in  1943,  the  operation  having  been  performed  in  1941. 
Haight  (4)  has  had  the  greatest  experience  with  primary  anastomosis,  and  was 
able  to  perform  anastomoses  in  16,  or  66.7  per  cent,  of  24  patients  explored. 
Six,  or  37.5  per  cent,  of  the  16  patients  for  whom  an  anastomosis  was  done  are 
living  from  7  months  to  3rj  years  after  operation.  The  reconstructed  esophagus 
was  patent  in  all  instances.  In  a  recent  communication  Haight  (6)  stated  that 
he  had  performed  5  additional  anastomoses  with  1  survival.  Leven  (13)  re- 
reported  1  patient  who  was  living  1  year  after  the  first  operation  by  the  staged 
indirect  method,  but  the  anterior  thoracic  esophagus  had  not  been  constructed. 
In  a  subsequent  communication  Leven  (14)  stated  that  the  child  was  4^  years  of 
age,  and  that  he  has  had  4  additional  survivals  by  the  staged  indirect  method 
awaiting  construction  of  the  anterior  thoracic  esophagus.  Humphreys  (8)  re- 

ported 3  survivals  in  6  patients  operated  upon  by  the  indirect  procedures,  but  in 
these  the  anterior  thoracic  esophagus  had  still  to  be  constructed.  The  same 
author  reported  1  successful  direct  anastomosis  of  the  esophagus  122  days  after 
birth,  in  a  group  of  6  patients  operated  upon  by  this  method.  In  a  recent  com- 

munication Shaw  (22)  stated  that  a  patient,  operated  upon  by  direct  anastomo- 
sis, was  alive  and  well  11  months  after  operation. 
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Prior  to  these  successful  results,  other  surgeons  had  been  successful  in  perform- 
ing direct  anastomosis  of  the  esophagus,  but  unfortunate  circumstances  con- 

tributed to  the  death  of  the  patients.  Lanman  (11)  was  the  first  to  utilize  the 
procedure  of  direct  anastomosis  of  the  esophagus  and  closure  of  the  ti-acheoeso- 
phageal  fistula,  and  reported  4  ])atients  operated  upon  by  this  teclmic  in  193G  and 
1937.  In  one  of  these  i):iti(>nts  who  lived  9  days,  death  was  due  to  overhydration 
with  intravenous  fluids.  The  first  reported  immediately  successful  direct 
anastomosis  was  dcsciihcd  by  Shaw  (21)  in  1939,  and  death  was  attributed  to  a 
transfusion  reaction  on  the  twelfth  postoperative  day. 

In  this  discu.ssion  of  operative  treatment  the  inipnrtancc  of  adequate  pre-  and 
postoperative  management  l)y  well-tranied  pediatric  and  nursinii  staffs  is  stressed. 
Mucus  should  be  aspirated  from  the  jiliaiynx  and  oxygen  tlierapy  instituted. 
The  care  of  pulmonary  complications  by  suUonaniiiles  or  penicillin  is  essential. 
As  a  preoperative  mea.sure,  which  shoidd  be  continued  during  and  after  opera- 

tion, the  administration  of  parenteral  fluids  is  of  great  importance.  This  is  sup- 
plemented by  transfusions  of  whole  blood  or  plasma  as  indicated.  Ascorbic 

acid  and  vitamin  K  arc  routinely  administered  before  operation. 
C.\SE  11EPORT.S 

Case  1.  History  (\dm.  497752) :  .J.  .!.,:>  male  infant,  a^cd  77  hours,  was  admitted  to  the 
Mount  Sitiai  Hospital  on  Xovemlier  10,  11)42.  Theiutanl  was  a  first  child,  horn  at  term  with 
the  aid  of  forcci).s.  A  left  facial  i)arcsis  was  noted  at  hirth.  hut  no  other  al)normalitie.s  were 
found  at  this  time.  The  hirth  weight  was  .")  pounds  and  7  oiuiccs.  Diu-ing  the  second  day of  life  an  ahsence  of  the  arms  was  noted,  hut  there  were  no  ex  idiMiccs  of  intestinal  obstruc- 

tion. A  small  amount  of  water  had  been  !i,i\'en  liy  numth  durin<;  the  second  day,  followed 
by  vomiting.  The  perineum  was  explored  at  another  hos])ital  on  tli(>  third  day  of  life,  but 
the  rectum  was  not  fouml.  Slight  cyanosis  was  notetl  after  operatit)n.  .\  hypodermoclysis 
of  150  cc.  of  gluc-.Kse  had  Ih-.mi  :h  hni  insi  ercd  . 

Exmtii nnl tun :  The  ( enipi  ra  I  ui  e  w  as  1)7  '1'".,  and  the  weight  5  pounds  and  5  ounces.  The 
infant,  although  small,  w.as  normall.\-  de\'(>loped.  The  abnormal  lindings  were  a  left  facial 
paresis,  cyanosis,  icterus,  ami  an  imperforate  anus  with  a  fresh  operative  wound  in  the 
perineum.    The  abdomen  was  not  distended. 

Laboraitinj  Diila:  I'rine:  no  alinoi-nialil  ies.  Blood:  lieinoglohin,  112  per  cent;  redcells, 
6,270,000;  leucocytes,  1L>,1.')0,  of  w  hich  t  hei-e  were  1!)  per  cent  segnuMltcd  polymorphonuclear 
leucocytes,  44  per  cent  nonseginented  ]H)l>  niorph(inucle.ir  leucocytes,  21  per  cent  lympho- 

cytes, 14  jx'r  cent  monoc\ tes,  and  I  percent  m\<4(ic}tes. 
.\  ro(Mitgenogiani  of  the  aluloinen  iwithout  the  use  of  .a  contrast  medium)  (fig.  1),  taken 

on  the  day  of  admission,  re\'ealei|  an  ahsence  of  g.as  in  the  intestinal  tract;  a  catheter  was 
passed  into  the  esoi)hagus  which  was  obstructed  at  the  le\-el  of  the  se\  enth  cervical  vertebra. 
The  lungs  shovvcd  i-<ientKen  evidence  oF  a  consolidation  of  the  up|)er  third  of  the  right  lung. 

The  infant  was  observed  lor  ;i  period  of  twelve  hours  during  which  time  he  had  frequent 
episodes  of  cj'anosis  a  in  I  \dmit  ing  of  mucus  which  were  relieved  b>'  catheter  suction  through 
the  pharynx.  The  (•hild  was  placetl  in  an  oxygen  cubicle,  and  a  hypodermoclysis  of  40  cc. 
of  normal  saline  was  administered.  A  continuous  int  r,i\ enous  infusion  of  5  per  cent  dex- 

trose in  physiologic  solution  of  sodiun\  chloride  was  started,  and  operation  was  performed. 
Operation:  Through  a  5  cm.  left  upper  lectus  incision  (under  local  anesthesia),  the  stom- 

ach was  exposed  and  appeared  to  be  of  normal  size.  A  Witzel  gastrostomy,  using  a  no.  12  F. 
open-end  catheter,  was  performed. 

Course:  The  infant  withstood  the  (iperativ(^  i)roc(><lui'e  well.  Oxygen  therapy  in  a  cubi- 
cle, pharyngeal  suction,  and  intravenous  Huitls  were  continued,    lipisotles  of  cyanosis  were 
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Fig  1  Roentgenogram  of  the  t  licst  and  alKlomen  (without  the  use  of  contrast  medium) 
on  admission  showing  an  absence  ol  air  m  tlie  gastrointestinal  tract,  a  catheter  m  the 
esophagus  obstructed  at  the  level  of  the  seventh  cervical  vertebra,  and  a  consolidation  ot the  upper  third  of  the  right  lung. 
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relie\(Mi  by  suction.  A  transfusion  of  70  cc.  of  citrated  blood  was  administered  during  the 
first  p()sto|)prative  day.  Tho  temperature  remained  normal,  but  the  respiratory  rate  was 
between  60  and  75  per  minute.  Feeding  by  gastrostomy  was  started  on  the  second  post- 

operative day. 
Operutid/i:  A  sigmoid  colostomy  was  i)crform(Mi  two  days  after  the  gastrostomy,  on  the 

fifth  day  lA  Hfe.  rndcr  Incal  anesthesia  a  3  cm.  left  rectus  incision  was  made.  Bile- 
stained  fluid  was  fiiuiid  in  tiic  |)(>ritoneal  ca\'ity.  Tii(>  small  intestines  were  completely  col- 

lapsed, m(>asuring  ahout  I-!  nun.  in  diameter.  Tiic  sigmoid  colon  contained  air  and  was 
bluish  in  coloi-;  i(  mcasuicd  aljout  1  .5  cm.  in  diamctci-.  The  wall  of  the  sigmoid  was  sutured 
to  the  i)aiictai  pci-itoncuni,  leaving  an  area  of  colonic  wall  e.xposed.  Small  packings  were inserted  around  the  bowel. 

Course:  The  same  therapeutic  measures  outlined  in  the  previous  postoperative  course 
were  cuntinucd.  On  the  third  day  after  the  colostomy,  it  was  noted  that  the  gastrostomy 
feediii;:;^  "I  (•%  apoiatcMl  milk  and  water  took  a  proli}iigcd  time  to  run  in  by  gravity.  The 
tempeial uic  remained  nurmid,  hut  th(>  respiratory  rate  continued  to  be  rapid.  Examina- 

tion of  the  chest  re\-eale(l  coaise  i-honclii  over  t  lie  riiilil  .interiui'  lutig  field.  The  colostomy 
was  opened  on  the  tluid  ila>-  after  exleiiorizalion  ol  ilie  siL^moid,  and  thick,' sticky  meco- nium was  evaeualeil,  1 1 oent  gen  e\a mi na t  inn  ( )f  I  lie  on  t  he  lift h  day  of  hosi)italization 
revealed  .a  (■(iiisolidal  inn  i n \  i )l\-i nji  I  Ik-  U|iper  port  inn  of  I  he  right  lung  and,  lo  a  lesser  ex- 

tent, the  lowci-  h.alf  <it  the  right  lung.  Sodium  suliadiazine  was  administered  pareuterally 
on  the  sixth  hos])ital  day.  The  gastrnslumy  feedings  continued  to  require  long  periods  to 
gravitate  through  the  tube.  Addition:d  fluiils  were  administered  daily  by  hypodermo- 
clyses.    The  condition  of  the  infant  remained  pom-  and  he  died  on  the  eighth  hospital  day. 

Xccrop.si/  Fi itili Nijs:  The  body  was  thai  ol'  an  II  da>-  old,  well  tleveloped  and  fairly  well 
nourisheil  male  infant.  Thei-e  was  a  moderate  .amount  of  yellowish  fluid  in  the  peritoneal 
cavity.  Fi l>ri nous  exudate  was  present  around  the  stomach,  on  the  anterior  surfaces  of  the 
spleen  and  livei-,  and  in  the  lesser  sac.  Tla-re  wcmc  Hbrinous  adhesions  around  the  stomach, 
duodenum,  and  gall  bladder.    The  area  around  the  colostomy  wound  was  clean. 

The  proximal  portion  of  the  e.soph.agus  was  moderately  dilated  and  ended  blindly  about 
2  em.  above  the  bifurcation  of  the  tiaehe.a  Theic  was  a  thin,  fibrous  cord,  without  a  lu- 

men, extending  from  this  point,  along  the  posterior  surface  of  the  pericardial  sac,  to  the 
cardia  ut  the  stomach.  The  distal  end  of  I  he  esophagus  was  represented  by  a  blind  sac,  0.5 
cm.  long.    It  was  located  under  IIk^  dia phi  .i tini ,  and  openetl  into  the  stomach  at  the  cardia. 
The  stomaidi  was  markedly  dilated,  its  wall  i  lei  ately  t  liicken(>d,  and  it  contained  a  large 
amount  (jf  i-eddish  brown  fluid.  The  gasi  losl  i)m\-  tube  was  in  situ.  The  pyloric  ring  was 
markedly  dilated.  The  proximal  portion  of  the  duodenum  was  also  (listended,  measuring 
about  :;  em  in  diameter,  and  ended  blindly  (atresia)  at  the  junction  of  its  first  and  second 
parts.  The  second  part  of  the  (luod(>nuin  was  of  normal  width  and  thickness,  the  common 
duct  o])ening  into  il  at  the  p.apill.a  of  X'ater.  Tli(>  remainder  of  the  small  intestine  was  nor- mal, containing  giiaai  meconium.  The  colon  presented  no  abnormalities  except  for  the 
sigmoid  c(jlostoiny.  The  icelum  was  moderately  tlilated  and  ended  as  a  blind  pouch  3  cm. 
above  the  cutaneous  surface  of  I  he  perineum. 

The  other  abnormal  findings  were  hypertrophy  of  the  right  kidney;  hypoplasia  and  cystic 
degeneration  of  the  left  kidney;  atresia  of  the  left  ureter;  bronchopneumonia  of  both  lower 
lobes. 

Comment:  This  infant  presented  the  most  unusual  combination  of  three 
atresias  of  the  esophagointestinal  tract,  involving  the  esophagus,  duodenum,  and 
rectum.  The  only  atresia  obx  itms  at  Iiii  tli  \v:is  that  of  the  rectum.  An  atresia 
of  the  esophagus  was  suspected  iKa  ausr  there  weie  no  chnical  evidences  of  intes- 

tinal obstruction,  present  after  the  first  day  of  life  in  infants  with  atresia  of  the 
rectum.  In  fact,  there  was  no  air  visible  in  the  gastrointestinal  tract  by  roentgen 
examination.    The  atresia  of  tho  esophagus  prevented  the  air  from  entering  the 
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stomach  and  intestines.-  The  frequent  episodes  of  cyanosis  and  vomiting  of 
mucus  were  also  indicative  of  an  atresia  of  the  esophagus.  The  roentgen  examin- 

ation indicated  that  the  anomaly  of  the  esophagus  was  of  types  I  or  II,  described 
above.  The  necropsy  findings  revealed  the  unusual  nature  of  this  anomaly — 
the  atresia  extending  to  the  diaphragm.  It  was  safe  to  perform  a  gastrostomy, 
since  there  was  no  clinical  evidence  of  a  tracheoesophageal  fistula.  Once  this 
was  performed,  it  was  necessary  to  proceed  with  a  colostomy  to  obviate  an  intes- 

tinal obstruction.  The  atresia  of  the  duodenum  was  not  diagnosed,  although  it 
had  been  noted  that  the  gastrostomy  feedings  took  a  prolonged  period  of  time  to 
run  in  by  gravity  after  the  fifth  day  following  gastrostomy.  The  atresia  of  the 
duodenum  was  also  unusual,  in  that  it  w  as  located  above  the  ampulla  of  Vater. 
There  were  also  anomalies  of  the  urinary  tract,  and  the  usual  bronchopneumonia. 

rV/.s-r  :?.  HiMarii  (Adm.  502177):  I.  K.,  a  male  infant,  aged  2  days  was  admitted  to  the 
Mount  Smai  Hospital  on  February  27,  1(M3.  The  infant  wa.s  a  first  child,  born  pieinat urely 
after  '\  months  of  pregnancy.  The  birth  weight  was  4  pounds  and  12  ounces.  He  had  re- gurgitated all  feedings  since  birth,  and  had  passed  a  small  amount  of  meconium  by  rectum. 
A  large  amount  of  mucus  was  noted  in  the  pharynx.  A  few  hours  before  admission  the  chest 
was  examined  by  fluoroscopy  and  a  small  amount  of  barium  mixture  was  given  hy  mouth, 
which  appeared  to  meet  an  obstruction  at  about  the  level  of  the  second  dorsal  vertebra. 

Examinaiion:  The  temperature  was  97°F.,  and  the  weight  4  pounds  and  10  ounces.  The infant,  although  small,  was  normally  developed.  The  abnormal  findings  were  icterus, 
coarse  rhonchi  throughout  both  lungs  and  slight  dullness  to  percussion  over  the  right  upper 
lobe  of  the  lung  anteriorly. 

Laboratory  Data:  Urine:  no  abnormalities  except  for  a  few  white  and  red  blood  cells  on 
microscopic  examination.  Blood:  hemoglobin,  110  per  cent;  hematocrit,  46  per  cent;  pro- 

teins, 7.18  per  cent. 
A  roentgenogram  of  the  abdomen  (without  the  use  of  a  contrast  medium)  (fig.  2),  taken 

on  the  day  of  admission,  revealed  a  moderate  amount  of  air  in  the  stomach  and  intestines; 
a  small  amount  of  opaque  material  was  in  the  stoinach  (barium  administered  prior  to  ad- 

mission). A  catheter  was  passed  into  the  csophafiu.s,  meeting  an  obstruction  at  the  level 
of  the  superior  thoracic  apoilur<>;  the  rso|)liatj:us  up  Id  this  point  appeared  to  be  displaced 
to  the  left.  The  lunjis  k  x calrd  l  ocni  ucn  c,  iilcucc  oi  a  (  uii^-nlidation  of  the  right  upper  lobe 
and  a  few  areas  of  greater  <lciisil_\-,  pvobaMN  ii'pi csciiii iin  li.ii-ium. 

The  infant  was  observed  for  a  period  of  sixteen  houis  during  which  time  he  was  placed  in 
an  oxygen  cubicle,  and  a  hypodermoclysis  of  ]  s()  cc.  of  normal  saline,  and  sodium  sulfadia- 

zine parenterally,  were  administered. 
Operation:  Through  a  .5  < m  li  li  upper  oblitiuc  muscle-splitting  incision  (under  local 

anesthesia),  the  stomai  h  was  exposed  and  appeared  to  be  of  small  size.  A  Witzel  gastros- 
tomy, using  a  no.  12  F.  open-end  catheter,  was  performed. 

Course:  The  infant  withstood  the  operative  procedure  well.  The  therapeutic  measures 
outlined  in  the  preoperative  course  were  continued  with  the  addition  of  40  cc.  of  plasma  in- 

travenously six  hours  after  operation.  During  the  first  postoperative  day  feedings  through 
the  gastrostomy  tube  resulted  in  regurgitation  of  fluid  through  the  nose  and  mouth.  The 
temperature  rose  to  1()4°F.,  but  drojipod  to  101. 4°F.  on  the  same  day.  Associated  with  the rise  in  temperature,  the  respirations  were  very  rapid  and  rales  were  heard  in  both  lungs. 

Operation:  The  second  operation  was  performed  on  the  day  after  the  gastrostomy. 
Under  cyclopropane  anesthesia,  an  incision  was  started  at  about  the  level  of  the  first  and 
second  ribs  to  the  right  of  the  spine  and  continued  downward  and  parallel  to  the  spine  to 
about  the  level  of  the  fifth  rib,  where  it  was  curved  laterally  below  the  scapula  and  contin- 

ued to  the  axilla.  The  fifth  (?)  rib  was  resected  subperiosteally  for  a  distance  of  about  4 
cm.,  starting  close  to  the  transverse  process.    In  order  to  obtain  more  adequate  exposure,  a 
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section  of  the  same  amount  of  the  sixtli  (?)  rib  was  leniovccl.  The  intervening  intercostal 
muscle  was. excised  from  the  utulerlyiiis  pleura,  siaiiiii;  closi'  to  tlic  spine.  The  pleura 
was  dissected  laterally  so  as  to  expose  tlie  |)i>slerii)i-  meiliast i luuu.    The  azyogs  vein  was 

Fig. 2.  RoentgenoKram  of  tluMliesi  and  alxlonieu  (without  t  he  use  of  a  contrast  medium) 
on  admission  showing  air  in  the  ;ias(  rointest  inal  I  fact,  ati<l  eatlieter  in  the  esophagus  ob- 

structed at  the  superior  thoraeie  a|)erlure,  and  a  consolidation  of  the  right  upper  lobe  in which  a  small  amount  of  barium  is  visible. 

exposed  crossing  the  operative  field  horizontally.  Exploration  of  the  posterior  medias- 
tinum revealed,  what  appeared  to  be,  the  lower  segment  of  the  esophagus,  lying  behind  the 

azygos  vein.    This  structure  was  about  5  nun.  in  diameter.    Two  no.  5  silk  sutures  were 
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passed  around  it  and  tied.  The  defect  in  the  thoracic  wall  was  partially  closed  with  two 
pericostal  silk  sutures.  The  musculature  of  the  thoracic  wall  and  the  skin  were  closed  with 
interrupted  silk  sutures.    An  intravenous  infusion  of  40  cc.  of  plasma  was  administered. 

Course:  The  infant  withstood  the  operative  procedure  well.  Upon  returning  to  the  ward 
the  infant  was  dj'spneic,  and  about  four  hours  after  operation  marked  edmea  of  the  eyelids 
was  noted.  The  respirations  became  irregular  and  more  infrequent,  and  the  edema  more 
generalized.    The  infant  died  fifteen  hours  after  operation,  at  the  age  of  6  days. 

Necropsy  Findings:  The  pleural  cavities  contained  a  moderate  amount  of  yellow  fluid. 
The  parietal  pleura  showed  a  few  hemorrhages  near  the  mediastinum.  The  posterior  me- 

diastinum was  clean,  X  ligature  was  found  about  the  aorta  just  below  the  arch.  The 
esophagus  was  funnel-shaped  being  wide  at  its  upper  end  and  continuing  into  a  cord-like 
stricture  at  the  level  of  the  thyroid;  the  esophagus  could  not  be  probed  below  this  level. 
The  lower  end  of  the  esophagus  communicated  with  the  trachea  through  a  fistulous  com- 

munication about  8  mm.  above  the  bifurcation  of  the  trachea. 
The  other  abnormal  findings  were  bilateral  pneumonia  and  focal  areas  of  atelectasis; 

patent  foramen  ovale;  patent  ductus  arteriosus;  congestion  of  abdominal  viscera;  gener- alized edema. 

Comment:  The  histor,y  and  examination  of  this  premature  infant  were  typical 
of  congenital  atresia  of  the  esophagus,  and  the  roentgen  examination  indicated  a 
type  III  anomaly.  The  dextraposition  of  the  descending  thoracic  aorta  led  to  the 
error  of  mistaking  this  structure  for  the  esophagus ;  pulsations  were  not  noted, 
probably  due  to  the  low  blood  presslu-e  and  rapid  cardiac  rate.  Anatomically, 
the  aorta  lay  in  the  position  of  the  esophagus  beneath  the  azygos  veinonthe  right 
side,  and  the  error  illustrates  the  difficulty  in  identifying  anatomical  structures 
in  a  limited  operative  field  in  a  premature  infant.  With  the  more  complete  ex- 

posure of  the  mediastinum  employed  in  later  cases,  this  error  would  probably  not 
be  made.  It  is  of  interest  that  the  infant  lived  for  a  period  of  fifteen  hours  after 
operation.  Dextraposition  of  the  aorta  was  present  in  one  of  the  cases  reported 
by  Lanman  (11),  in  which  the  operation  consisted  in  exploration  of  the  mediasti- 

num by  the  transpleural  route,  but  the  infant  died  just  as  the  mediastinum 
was  entered.    In  this  case  a  patent  ductus  arteriosus  was  also  present. 

Case  3.  History  (Adm.  519456) :  J.  S.,  a  male  infant,  aged  6  days,  was  admitted  to  the 
Mount  Sinai  Hospital  on  April  26,  1944.  The  birth  weight  was  6  pounds.  The  infant  had 
vomited  all  feedings  since  birth.  During  the  first  four  days  of  life  he  required  oxygen 
therapy.  On  the  fifth  day  of  life,  in  another  hospital,  barium  was  passed  into  the  esoph- 

agus by  catheter,  visualizing  a  blind  upper  pouch;  some  barium  passed  into  the  lungs  and 
the  stomach;  air  was  present  in  the  stomach  and  intestines  (fig.  3). 

Examination:  The  temperature  was  98°F.,  and  the  weight  was  6  pounds.  The  infant 
was  dehydrated  and  coughing  large  amounts  of  mucus.  Cyanosis  was  marked  and  the 
respiratory  rate  was  about  100  per  minute.  There  was  considerable  difficulty  with  breath- 

ing and  retraction  of  the  thoracic  wall  on  inspiration.  Examination  of  the  chest  revealed 
numerous  rales  throughout  both  lungs.  Other  abnormal  findings  were  an  absence  of  the 
left  thumb,  and  an  Erb's  palsy  of  the  left  upper  extremity. Laboratory  Data:  Urine:  no  abnormalities  except  for  some  white  blood  cells  and  casts  on 
microscopic  examination.  Blood:  hemoglobin,  116  per  cent;  leucocytes,  16,300,  of  which 
there  51  per  cent  segmented  polymorphonuclear  leucocytes  and  14  per  cent  non-segmented, 
26  per  cent  lymphocytes,  5  per  cent  monocytes,  1  per  cent  eosinophils,  and  3  per  cent 
myelocytes. 

A  roentgenogram  of  the  chest  revealed  scattered  areas  of  consolidation  throughout  both 
lungs. 
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Fig.  3.  Roentgenogram  of  the  chest  and  abdomen  (barium  administered)  1  day  before 
admission  show  ing  a  dilated  upper  pouch  of  esophagus,  barium  deposits  in  the  lungs,  and air  in  the  intestines. 

The  infant  was  observed  for  a  period  of  twenty-four  hours  during  which  time  lie  was  kept 
in  an  oxygen  cubicle,  and  250  cc.  of  a  mixture  of  5  per  cent  dextrose  in  distilled  water  and 
physiologic  solution  of  sodium  chloride  were  administered  through  a  continuous  intravenous 
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drip;  60  cc.  of  plasma,  and  sulfadiazine,  were  also  given  intravenously.  There  was  no  im- 
provement in  the  condition  of  the  infant  during  this  period. 

Operation:  Operation  was  started  under  local  anesthesia  with  the  infant  in  the  left  lateral 
decubitus  position.  A  curvilinear  periscapular  incision  was  made  on  the  right  side  extend- 

ing from  the  base  of  the  neck  around  the  vertebral  border  of  the  scapula  to  the  axilla.  The 
scapula  and  its  attached  muscles  were  reflected  upward  from  the  thoracic  wall.  The  third 
and  fourth  ribs  were  reseceted  subperiosteally  from  their  spinal  attachments  to  the  axilla. 
The  intercostal  vessels  between  the  ribs  were  divided  and  ligated  and  the  intercostal  mus- 

culature removed.  This  allowed  exposure  of  a  segment  of  parietal  pleura,  measuring 
about  6  by  3  cm.  in  diameter. 

The  parietal  pleura  was  stripped  down  by  blunt  dissection  off  the  vertebral  bodies  until 
the  posterior  mediast  ilium  was  exposed,  and  the  dissection  was  continued  until  the  esoph- 

agus and  the  trachea  were  exposed.  The  right  vagus  nerve  was  clearly  visualized.  The 
communicating  branch  of  the  azygos  vein  was  clamped,  divided  and  ligated.  The  lower 
segment  of  the  esophagus  was  clearly  visualized  and  found  to  be  rjuite  adherent  to  the 
trachea;  it  was  cjuite  narrow,  measuring  aliout  4  mm.  in  diameter.  It  entered  the  trachea 
through  a  small  cniiinuinication  which  was  clamjied,  divided,  and  ligated  with  4-0  silk.  The 
upper  segment  of  the  esophagus  was  exposed  and  found  to  end  blindly  about  1.5  cm.  proxi- 

mal to  the  distal  end.  Visualization  of  the  upper  segment  was  difficult  because  of  its 
height,  and  assistance  was  rendered  by  pressure  on  the  catheter  which  had  been  inserted 
prior  to  operation.  The  proximal  segment  of  the  esophagus  was  approximately  1  cm.  in 
diameter.  The  blind  end  was  opened.  The  catheter  was  i)assed  through  it  into  the  open 
end  of  the  distal  segment  of  the  esophagus  and  down  into  the  stomach.  Tension  sutures  of 
5-0  silk  had  been  passed  into  the  four  quadrants  of  the  csoiihajieal  wall  prior  to  the  opening 
of  the  proximal  end  of  the  e.soiihagus.  An  end-to-end  anastomosis  of  the  esophagus  was 
carried  out  by  interrupted  opposing  sutures  of  5-0  silk  through  the  open  ends  of  the  esoph- 

agus. Tliese  were  reenforced  b\-  a  tew  mattress  sutures  of  the  same  material,  and  then 
by  tying  oi  the  stay  sutures  whicli  liad  l>een  inserted  first;  the  latter  were  tied  under  slight 
tension.  About  0.5  gm.  of  sulfiinihnnide  powder  was  scaitei-eil  in  the  posterior  mediasti- 

num. The  thoracic  wall  was  closei I  wuh  iiiten-u])ted  sutures  oi  1-0  silk.  The  operation  was 
considerably  prolonged  by  the  fre(i\ieiit  rapid  c\\pansion  and  deflation  of  the  lung. 

Course:  The  infant  withstood  tlie  operative  procedure  well.  Oxygen  therapy  in  a  cubi- 
cle, pharyngeal  suction,  sulfadiazine,  and  intra\enous  fluids  were  continued.  In  addition, 

an  infusion  of  60  cc.  of  citrated  blood  was  administered  during  the  first  postoperative  day. 
The  postoperative  course  during  the  first  twenty-four  hours  was  verj'  satisfactory.  The 
respiratory  rate  remained  rapid,  but  there  was  no  cyanosis  nor  dyspnea.  Examination  of 
the  lungs  revealed  ihonchi  on  both  sides.  I'eedings  of  5  per  cent  (iextrose  in  distilled  water through  tlip  catheter  passing  through  the  anastomosis  were  st  arteil  on  the  second  postopera- 

tive day.  A  mixture  of  sulfadiazine  in  water  was  made  up  and  administered  through  the 
catheter.  On  the  fifth  administration  oi  ihe  sulfadiazine,  it  was  noted  that  the  catheter 
was  obstructed  and  did  not  allow  passage  (jf  Huid  through  it.  The  lack  of  available  veins 
for  intravenous  therapy  and  the  inadequacy  of  hypodermoclyses  for  sufficient  nutrition 
made  gastrostomy  imperative. 

Operation:  Through  a  6  cm.  left  upper  rectus  incision  (under  local  anesthesia),  the  stom- 
ach was  exposed  and  found  to  be  of  normal  size.  .\  Witzel  gastrostomy,  using  a  no.  12  cathe- 
ter, was  performed.  The  infant's  condition  during  operation  was  poor;  he  appeared  pale and  cyanotic  and  had  irregular  rapid  respirations. 

Course:  The  infant's  condition  remained  poor,  and  he  died  one  hour  after  the  gastros- tomy, at  the  age  of  9  days. 
Necropsy  Findings:  The  right  pleural  cavity  contained  a  small  amount  of  fluid.  The 

operative  incision  was  made  through  the  chest  wall  outside  of  the  pleura;  the  third  and 
fourth  ribs  had  been  partially  removed.  The  wound  appeared  clean,  and  the  parietal 
pleura  and  the  mediastinum  were  focally  congested. 
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The  esophagus  showed  several  black  silk  sutures  around  its  entire  circumference,  about 
1  cm.  above  the  bifurcation  of  the  trachea.  The  upper  portion  of  the  esophagus  was  widely 
patent,  measuring  about  0.7  cm.  in  diameter.  There  was  an  end-to-end  anastomosis  of  the 
esophagus  about  1  cm.  above  the  bifurcation  of  the  trachea  (fig.  4).  On  filling  the  stomach 
with  water,  a  small  trickle  was  noted  through  the  antastomosis.   The  entire  esophagus  could 

Fig.  4.  Photograph  of  the  thoracic  organs  at  necropsy  showing  the  site  of  the  end-to-end anastomosis  of  the  esophagus  (arrow). 

be  probed.  The  trachea  showed  on  its  posterior  wall,  1  cm.  above  the  bifurcation,  a  small 
funnel-shaiM'd  orifice  ciidiiin  lilindly,  about  2  mm.  in  length;  one  silk  suture  was  found  about 
0.5  cm.  l.cliiw  ii  ( tii;  'd.  a  narrow  tube,  stitched  to  the  wall  of  the  stomacli,  led  into  the lumen  of  the  sioniach  nrar  I  lie  greater  curvature. 

The  other  ahnurinal  findings  were  bronchopneumonia  and  atelectasis  of  both  lower 
lobes  of  the  lungs,  congenital  absence  of  the  left  kidney  and  ureter;  congenital  absence  of 
the  left  thumb;  patent  ductus  arteriosus. 
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Comment:  The  infant's  condition  upon  admission  was  very  poor  and  there 
were  evidences  of  a  bilatei-al  ]:)neiimonia.  Therapeutic  measures  for  a  period  of 
twenty -four  hours,  did  nni  pi  (k  luce  any  appreciable  improvement,  and  it  was 
questionalile  whetlier  the  inlaiil  cMuld  survive  operation.    In  spite  of  this,  an 

Fig.  5.  Photograph  of  the  opened  trachea  at  necropsy  shownif^  tin'  siic  of  the  closed 
tracheo-esophageal  fistula  on  the  posterior  wall. 

anastomosis  of  the  esophagus  was  performed.  The  unfortunate  plugging  of  the 
tube  with  sulfadiazine  contributed  to  the  death  of  the  patient,  in  that  feedings 
through  the  tube  could  have  been  continued  for  a  longer  period,  and,  if  a  gastros- 

tomy did  become  necessarj^,  it  cotild  have  been  performed  at  a  later  date  when 
the  condition  of  the  infant  had  improved.  The  other  congenital  anomalies  were 
not  incompatible  with  life. 
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Case  4-  History  (Adm.  520728) :  C.  M.,  a  male  infant,  aged  4  days,  was  admitted  to  The 
Mount  Sinai  Hospital  on  May  25,  1944.  The  infant  was  a  second  child,  born  at  term.  The 
birth  weight  was  5  pounds  and  6  ounces.  He  had  regurgitated  all  feedings  since  birth.  Be- 

fore admission  the  infant  had  been  given  a  barium  mixture  by  mouth  which  met  an  obstruc- 
tion in  the  upper  esophagus. 

Examination:  The  temperature  was  98.6°F.,  and  the  weight  5  pounds  and  6  ounces.  The infant  was  normally  developed.  The  abnormal  findings  were  retraction  of  the  thoracic  wall 
on  inspiration,  and  rales  at  both  bases  of  the  lungs. 

Laboratory  Data:  Urine:  no  abnormalities  except  for  albumin.  Blood:  hemoglobin,  127 
per  cent;  red  cells,  6,400,000;  leucocytes,  10,000,  of  which  there  were  13  per  cent  segmented 
polymorphonuclear  leucocytes  and  28  per  cent  non-segment,  53  per  cent  lymphocytes,  2 
per  cent  monocytes,  and  4  per  cent  eosinophiles. 

A  roentgenogram  of  the  chest  (fig.  6)  revealed  scattered  infiltrations  throughout  the  right 
upper  lobe,  both  pulmonary  bases,  and  the  parahilar  area;  a  catheter  was  passed  into  the 
esophagus  and  was  seen  to  be  obstructed  in  its  upper  portion;  air  was  present  in  the  gastro- intestinal tract. 

The  infant  was  observed  for  a  period  of  twenty-four  hours  during  which  time  he  was  kept 
in  an  oxygen  cubicle,  and  150  cc.  of  physiologic  solution  of  sodium  chloride  were  adminis- 

tered through  a  continuous  intravenous  drip;  50  cc.  of  plasma,  and  sulfadiazine  were  also 
given. 

Operation:  The  operation  was  started  under  local  anesthesia  with  the  infant  in  the  left 
lateral  decubitus  position.  A  curvilinear  periscapular  incision  was  made  on  the  right  side, 
extending  from  the  base  of  the  neck  around  the  vertebral  border  of  the  scapula  to  the  axilla. 
The  scapula  and  its  attached  muscles  were  reflected  upward  from  the  thoracic  wall.  The 
third  and  fourth  ribs,  for  an  area  of  about  5  cm.  were  resected  subperiosteally  from  their 
spinal  attachments  to  the  axilla.  The  intercostal  muscles  between  the  ribs  were  divided 
and  ligated  and  the  intercostal  musculature  removed.  This  allowed  exposure  of  a  segment 
of  parietal  pleura,  measuring  about  6  by  3  cm.  in  diameter. 

The  parietal  pleura  was  stripped  down  by  blunt  dissection  from  the  vertebral  bodies  until 
the  posterior  mediastinum  was  exposed.  Dissection  was  continued  until  the  esophagus  and 
trachea  were  visualized.  The  communicating  branch  of  the  azj'gos  vein  was  at  a  higher 
level  than  usual  and  was  not  divided.  The  lower  segment  of  the  esophagus  was  visualized 
and  found  to  be  quite  adherent  to  the  trachea;  it  measured  about  4  mm.  in  diameter  and 
entered  the  trachea  through  a  small  communication  above  the  bifurcation.  The  fistula  was 
clamped  on  its  tracheal  side  and  sutured  with  4-0  silk.  The  upper  segment  of  the  esophagus 
exposed  and  found  to  end  blindly  about  2  cm.  above  the  distal  end.  Visualization  of.  the 
proximal  end  was  aided  by  pressure  on  the  catheter  which  had  been  inserted  into  the  esoph- 

agus prior  to  operation.  The  proximal  end  of  the  esophagus  was  about  1  cm.  in  diameter. 
Tension  sutures  of  5-0  silk  were  passed  through  the  walls  of  the  four  quadrants  of  both  seg- 

ments of  the  esophagus  and  left  untied.  The  proximal  end  of  the  esophagus  was  then 
opened.  The  catheter  was  passed  through  it  down  into  the  distal  end  of  the  esophagus  and 
into  the  stomach.  An  end-to-end  anastomosis  of  the  esoi)li:inus  w  is  <  ai  ried  out  by  inter- 

rupted opposing  sutures  of  5-0  silk  through  the  open  ends  of  the  i  si)|ihagus.  These  were 
reenforced  by  a  few  mattress  sutures  of  the  same  material  and  by  the  stay  sutures  which  had 
first  been  inserted.  About  0.5  Gm.  of  sulfanilamide  powder  was  scattered  in  the  posterior 
mediastinum,  and  a  small  rubber  dam  was  inserted.  The  thoracic  wall  was  closed  with 
interrupted  4-0  silk  sutures  uniting  the  musculature  and  skin. 

Prior  to  operation  the  infant  had  respiratory  difficulty  as  evidenced  by  retraction  of  the 
thoracic  wall  on  inspiration.  There  was  more  difhculty  than  usual  with  the  anesthesia, 
necessitating  frequent  interruptions  in  tlic  ojx'iative  procedure.  At  the  termination  of  the 
operation,  however,  the  infant's  condition  appealed  fairly  good.  Intravenous  fluids,  sup- 

plemented by  a  blood  transfusion,  were  administered. 
Course:  Oxygen  therapy  in  a  cubicle,  sulfadiazine,  and  intravenous  fluids  were  continued. 

The  postoperative  course  during  the  first  twelve  hours  after  operation  was  satisfactory,  but 
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Fig.  6.  Roentgenoui mi      ihrc  lic-t  ̂ iml  w  iihi.tit  the  use  of  contrast  medium) 
on  admission  showing  air  m  the  Ka.stniuitesliiial  trart,  a  catheter  in  the  esophagus  ob- 

structed at  the  superior  thoracic  aperture,  and  scattered  areas  of  consolidation  in  both lung  fields. 

soon  thereafter  the  respirations  became  labored  and  marked  cyanosis  was  noted.  The  tem- 
perature rose  progressively  to  105.8°F..  and  he  died  eighteen  hours  after  operation.  ̂ 

Necropsy  Findings:  The  incision  had  been  made  through  the  thoracic  wall  outside  the 
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pleura.  The  second  and  third  ribs  had  been  partially  removed.  The  wound  was  clean- 
The  parietal  pleura  in  the  operative  site  was  congested.  There  was  no  free  fluid  in  the 
pleural  cavities. 

The  esophagus,  about  1  cm.  above  the  bifurcation  of  the  trachea,  showed  sutures  around 
its  entire  circumference  (fig.  7).    A  probe  could  be  passed  through  the  anastomosis  into  the 

Fig.  7.  Photograph  of  the  thoracic  organs  at  necropsy  show  m^i  i  In  sn ,  .,i  i  he  end-to-end anastomosis  of  the  esophagus. 

stomach.  The  suture  line  appeared  intact  and  clean.  The  trachea,  about  1  cm.  above  the 
bifurcation,  showed  on  its  posterior  wall  a  funiiol-shaped  orifice  leading  into  a  tube  which 
could  not  be  probed  because  of  closure  by  a  silk  suture  next  to  its  opening. 

The  other  abnormal  findings  were  bilateral  bronchopneumonia  of  all  lobes;  patent  fora- 
men ovali;  accessory  pancreas. 
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Comment:  An  anastomosis  of  the  esophagus  was  performed  and  death  was  due 
to  pneumonia.  At  the  present  time,  operation  in  such  a  patient  would  be  de- 

ferred until  a  course  of  penicillin  had  been  administered.  The  other  congenital 
anomalies  were  not  incompatible  with  life. 

SUMMARY 
The  clinical  features,  the  surgical  problems,  and  the  results  of  operations  for 

atresia  of  the  esophagus  with  tracheoesophageal  fistula  are  presented.  The 
operation  of  choice  is  an  extrapleural  ligation  of  the  tracheoesophageal  fistula  and 
restoration  of  the  continuity  of  the  esophagus  by  an  anastomosis  of  the  proximal 
and  distal  ends.  This  procedure  was  carried  out  in  2  patients;  the  infants  died, 
two  days  and  eighteen  hours  respectively,  after  operation,  of  bronchopneumonia. 
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HERNIA  REPAIR 
HUGH  AUCHINCLOSS,  M.D. 

FOREWORD 

It  is  a  pleasure  to  contribute  a  tribute  to  a  Moschowitz.  About  forty  years 
ago  Eli  cut  tissue  sections,  stained,  mounted,  studied  and  discussed  them  in 
"Dr.  Prudden's  Laboratory,"  near  the  top  floor  of  "the  Old  P  and  S"  on  59th 
Street.  Hodenpyl,  Larkin,  "Pa"  Freeborn,  Hiss,  Wadsworth,  Miller,  Wood  had 
work  rooms.  Tilney,  Vogel,  Zinsser,  Ely,  Matthews,  Norris,  Connell,  Downs, 
Dayton,  McWhorter,  Sharp,  Pool,  Frank,  Flint,  Blake,  Brewer,  Darrach, 
Dowd,  Van  Beuren,  Eli  Moschowitz  and  Walton  Martin  were  frequent  visitors 
to  "Bill  Clarke's"  desk  where  "surgical  pathology"  at  P  and  S  started.  "Ed- 

ward" and  "Jimmy"  kept  order.  The  pathological  tissues  from  Roosevelt 
Hospital  were  brought  there  by  its  pathological  internes.  St.  Mary's  Hospital 
for  Children  in  34th  Street  and  General  Memorial  Hospital  on  103rd  Street  and 
Central  Park,  West,  sent  their  specimens  there. 

What  talk!    What  arguments!  Eli's  dissertations  were  priceless! 
His  brother,  Alexis,  did  more  than  his  share  at  the  meetings  of  the  New  York 

Surgical  Society,  in  those  days.  Not  once,  but  many  times,  he  told  stories  of 
hernia  that  needed  telling.  One  of  the  things  he  stressed  was  the  Transversalis 
Fascia.  Let  what  follows  be  a  tribute  to  the  thoughts  of  a  Moschowitz.  The 
Moschowitz  mind  sought  essentials. 

Alexis  Moschowitz  contributed  to  the  knowledge  of  abdominal  wall  herniae 
and  their  repair.    He  emphasized  the  importance  of  the  transversalis  fascia. 

Though  these  lines  use  inguinal  herniae  as  a  text,  their  intent  is  to  emphasize 
essential  factors  common  to  abdominal  wall  herniae  of  other  sort. 

The  internal  ring  of  the  inguinal  canal  can  be  likened  to  the  neck  of  a  funnel 
into  which  the  abdominal  wall  ingredients  have  been  poured  so  that  they  come 
to  line  the  canal.  The  result  is  that  the  structures  of  the  abdominal  wall  have 
their  representative  parts  lining  the  wall  of  this  funnel  into  the  inguinal  canal 
and  below.  In  the  normal  human  being  the  peritoneal  Hning  of  the  abdomen 
crosses  the  internal  ring  without  going  down  it.  Should  there  be  a  bulge  or  a 
little  prolongation  we  consider  it  abnormal  and  call  it  a  tendency  towards  hernia 
or  an  early,  or  small,  hernia.  There  is  no  normal  representation  of  the  perito- 

neal lining  in  the  canal  or  below  imtil  the  tunica  vaginalis  is  reached  in  the 
scrotum. 

Next  to  the  peritoneal  lining  of  the  abdominal  wall,  are  the  "subserous,"  or 
"properitoneal,"  tissues.  In  the  canal  these  tissues  include  the  spermatic  ar- 

tery, the  vas  deferens,  the  artery  to  the  vas  deferens,  veins,  lymphatics  and  sym- 
pathetic nerve  fibres  in  a  loose,  areolar  arrangement.  Should  a  hernial  sac  exist, 

these  properitoneal  tissues  are  the  tissues  most  intimate  to  it. 
Outside  the  "properitoneal  tissues"  of  the  abdominal  wall  is  the  transversahs 
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fascia.  Its  counterpart  in  the  inguinal  canal  is  called  "the  infimdibuliform 
fascia." The  next  most  external  layer  of  the  wall  of  the  abdomen  is  the  transversus, 
or  transversalis  muscle.  Its  counterpart  in  the  inguinal  canal  is  the  fascia  of 
the  transversus,  or  transversalis  muscle.  This  fascia  and  the  infundibuUform 
fascia  are  scarcely  recognizable.  They  are  of  little  importance  in  repairing 
inguinal  herniae. 

One  must  avoid  confusing  the  terms  "Transversalis  Fascia"  and  "Fascia  of 
the  Transversalis  Muscle."  Suture  of  the  TransAeisalis  Muscle  or  its  fascia 
must  not  be  confused  with  suturing  of  the  "Trans\-ersalis  Fascia."  Suture  of 
the  transversalis  fascia  is  the  most  important  step  of  the  Avhole  operation  for 
repair.  Suture  of  tlic  tians\'ersalis  muscle,  or  its  fascia,  where  it  merges  with 
the  lower  border  of  the  internal  oblique,  often  kills  these  muscles,  weakens  the 
wall,  and  may  contribute  toward  the  production  of  a  new  hernia. 

The  internal  oblique  muscle  is  next  outside  the  trans\-ersus  muscle.  They 
fuse  in  their  lower,  inner  portions  to  form  a  short  tendon,  to  be  inserted  into  the 
pubic  bone,  as  the  so-called  "conjoined  tendon."  The  term  "conjoined  tendon" 
is  often  used  incorrectly  to  describe  the  lower  edges  of  these  two  muscles  before 
they  become  the  "conjoined  tendon,"  (see  below).  The  counterpart  of  the 
internal  oblique  muscle  in  the  inguinal  canal,  and  below  it,  is  the  cremasteric 
fascia  containing  the  cremasteric  muscle  fibres. 

Outside  of  these  muscles  is  the  aponeurosis  of  the  external  oblique  with  its 
external  spermatic  fascia  crossing  the  external  inguinal  ring. 

Too  many  inguinal  herniae  recur  after  operation.  The  records  of  all  our  large 
hospitals  show  this.    A  vast  literature  on  the  subject  bears  witness  to  this  fact. 

A  peritoneal  sac,  or  intestine  only  partly  lined  by  pei'itoneum,  as  in  a  "sliding" 
hernia,  begins  its  "bulge"  through  the  abdominal  ^\•all  where  the  wall's  "first 
line  of  defense"  is  absent  or  weak.  It  is  absent  at  tlie  internal  ring  and  at  other 
places  such  as  the  femoral  canal  and  obturator  foramen.  It  may  be  weak  in  the 
region  where  direct  herniae  occur,  or  at  the  umliilicus,  or  above,  in  the  epigastric 
region,  or  at  the  site  of  operative  scars. 

Intra-abdominal  pressure,  intensified  by  stresses  and  strains  of  many  sorts 
produces  a  "bulge"  wherever  the  "tirst  line  of  defense"  is  absent  or  weak,  and 
the  story  of  "great"  hernial  "oaks  from  little"  bulging  "acorns"  begins.  Persis- 

tent pressure  from  within  push  slippeiy  A'iscera  through  the  "fii'st  line  of  defense" 
into  the  "bulge"  that,  little  by  little,  enlarges  into  a  "hernia." 

Peritoneum  and  propertitoneal  tissues  offer  so  little  restraint  to  evisceration 
that  they  can  practically  be  discounted.  The  "first  line  of  defense"  is  trans- 

versalis fascia .  'Iliis  is  the  important  thing  to  bear  in  mind.  Where  it  is  absent, 
or  weak,  hciniation  can  occur.  Once  a  "bulge"  has  begun,  a  "wedge"  has  been 
set  and  started  that  splits  abdominal  walls  wide  open  with  the  "hammer  blows" 
of  intra-abdominal  pressure.  Coughing,  sneezing,  hiccough,  weight-lifting, 
pregnancy  and  straining  to  defecate,  may  all  be  thought  of  as  "hammer  blows." 

If  absence  or  weakness  of  the  "first  line  of  defense"  be  the  essential  factor  in 
hernia  creation,  it  is  evident  that  a  new  "first  line  of  defense"  must  Ije  made  to 
prevent  recurrence. 
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Fig.  a.  Appearance  of  tlie  ext(>iiial  obliciue  aponeurosis  after  the  skin  incision.  The sac  has  not  protruded  through  the  e.xternal  ring. 
A.  External  ObH(|ue  .\poneurosis. 
B.  External  Inguinal  Ring. 
C.  Deep  P^ascia  of  the  Thigh. @.  Site  of  tiif  Inteinal  Inguinal  King.  Sometimes  the  External  Oblique  Aponeurosis 

is  relaxed  and  ma>-  Iniigc  slightly  u  Ikm'o  a  hoi-nia  that  has  not  protruded  through  the external  ling  cxisis.  Tlii.s  is  usually,  however,  not  discernible  and  the  presence  of  a 
Sac  may  not  be  evident  until  the  .Aponeurosis  has  been  divided  and  the  Cremasteric 
Muscle  split. 

Fig.  B.  Appearance  of  the  FJxternal  Oblique  Aponeurosis  where  the  Hernial  Sac  pro- 
trudes through  the  external  ring  and  can  readily  be  felt,  or  seen,  on  physical  e.xamination. 

A.  External  Oblique  Aponeurosis. 
@.  Hernial  Sac  protruding  from  the  External  Ring,  showing  the  enlargement  of  the 

External  Ring. 
C.  Deep  Fascia  of  the  Thigh. 
®.  Location  of  the  Internal  Inguinal  Ring. 
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Fig.  C.  Internal  Oblitiue  Muscle  and  Cremasteric  Fascia  after  division  of  the  Externa 
Oblique  Aponeurosis. 

A.  External  Oblique  Aponeurosis. 
©.  Inner  portion  of  Internal  Oblicjue  Muscle  that  at  this  point  has  begun  to  fuse  with 

the  Transversu.s  Muscle  to  form  the: — 
©.  Conjoined  Tendon.  The  term  "Conjoined  Tendon"  has  been  used  incorrectly  for many  years  in  descriptions  of  inguinal  hernia.  Repeatedly  in  these  descriptions  ad- 

vice is  given  to  sew  the  "conjoined  tendon"  to  Poupart's  ligament  when  it  is  meant  to advise  sewing  the  Internal  Obli(iue,  and  the  subjacent  Transversus  Muscle,  to  Pou- 
part's ligament.  The  term  "Conjoined  Tendon"  should  be  used  to  describe  a  short, strong  tendon  made  by  the  fusion  of  the  Internal  Oblique  and  Transversus  Muscles, 

running  to  the  Puhic  Spine  aiul  Linea  Alba  in  front  of  the  Rectus  Muscle.  The  me- dial portion  of  the  Cremasteric  nuiscle  fil)res  are  inserted  into  its  lower,  inner  margin. 
D.  Posterior  surface  of  the  External  Oblique  .\poneurosis  commonly  referred  to  as  the 

"Shelving  Margin  of  Poupart's  Ligament." ®.  Cremasteric  Muscle  fibres  over  the  hernial  sac  and  spermatic  cord,  spoken  of  as 
"Cremasteric  Fascia."  Sometimes  these  muscle  fibres  are  conspicuous  and  evident, — at  other  times,  scarcely  seen. F.  Deep  Fascia  of  the  Thigh. 
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Failure  to  create  this  "first  line  of  defense"  is  the  cliief  cause  for  the  persistence, 
or  recurrence,  of  herniae  following  operation.  This  is  not  done  because,  in  the 
first  place,  its  importance  is  not  appreciated  and,  in  the  second  place,  a  reliable 
technique  for  recognizing  the  transversalis  fascia,  i.e.  the  "first  line  of  defense," 
has  not  been  emphasized  nor  taught. 

Figures  A,  B,  C,  D,  E  show,  diagramatically,  steps  in  the  technique  of  ex- 
posure of  the  indirect  hernial  sac  and  the  search  for  latent  weakness  in  the  region 

of  direct  hernia.  Subsequent  figures  F,  G,  H,  I,  J,  K,  L,  M  deal  with  the 
technique  of  repair. 

Repair  can  be  considered  under  three  headings: 
1.  Opening  and  closure  of  the  sac. 
2.  Creation  of  a  "first  line  of  defense." 
3.  Reenforcement  of  the  "first  line  of  defense." 
1.  Opening  and  closure  of  the  sac.  The  sac  must  first  be  found.  After  di- 

viding the  external  aponeurof^is  from  the  external  inguinal  ring,  upwards  and 
outwards  along  Poupart's  ligament  and  freeing  it  from  the  internal  oblique 
above,  the  "shelving  margin"  of  Poupart's  ligament  is  exposed  by  freeing  it  from 
the  cremasteric  fascia  below  by  blunt  dissection.  The  cremasteric  fascia  is  then 
incised  close  to  the  deep  edge  of  the  "shelving  margin."  This  incision  is  length- 

ened and  widened  by  the  introduction  of  the  finger  tips  at  either  end  and  drawing 
them  apart  down  the  cord  internally,  and  up  to  the  origin  of  the  internal  oblique 
muscle  externally.  The  "neck"  of  the  sac  is  then  sought.  The  "neck"  is  that 
portion  of  the  sac  in  the  canal  just  after  its  emergence  from  the  internal  ring. 
The  "neck"  is  the  least  complicated  portion  of  the  sac.    Once  seen,  the  dissec- 

G.  Site  of  the  Internal  Inguinal  Ring. 
@.  Internal  Oblique  muscle  taking  origin  from  the  outer  half  of  Poupart's  Ligament. 
Fig.  D.  The  Cremasteric  Fascia,  with  its  muscle  fibres,  has  been  recognized  and  incised 

close  to  Poupart's  Ligament.  It  is  usually  possible  to  identify  this  Fascia.  Beneath  this Fascia,  covering  the  cord  and  the  hernial  sac,  are  two  layers  of  fascia  not  so  readily  identi- fied. 1.  The  Fascia  of  the  Transversus  Muscle.  2.  The  Infundibuliform  Fascia.  This  is 
the  funnel  shaped  prolongation  of  the  Transversalis  Fascia  down  the  cord.  Immediately 
beneath  this  Fascia  are  the  Subserous,  or  Properitoneal  tissues  in  which  run  the  vessels  and 
nerves  to  the  Cord,  the  Hernial  Sac  and  the  Peritoneum. 

A.  External  Oblique  Aponeurosis. 
(b).  Cremasteric  Muscle,  or  Fascia. 
©.  Bulging  of  the  Sac  after  the  Cremasteric  Fascia  and  the  subjacent  Fasciae  have  been 

divided  and  split  apart  by  means  of  a  pair  of  blunt  scissors  or  the  finger  tips. 
D.  Internal  Oblique  Muscle. 
E.  Conjoined  Tendon. 
F.  Spermatic  Cord  with  the  Vas  Deferens  readily  identified  by  its  little  "curlicue" 

Artery  from  the  Superior  Vesical  branch  of  the  Internal  Iliac  or  "Hypogastric"  Ar- tery. 
©.  Shelving  Margin  of  Poupart's  Ligament. H.  Deep  Fascia  of  the  Thigh. 
(J).  Few  fibres  of  the  Cremasteric  Muscle,  or  "Fascia"  near  Poupart's  Ligament.  In splitting  the  fibres  of  the  Cremasteric  Muscle,  it  is  advisable  to  do  this  close  to  the 

Ligament.  On  the  other  hand,  one  should  be  cautioned  against  dividing  these  fibres 
too  deeply,  especially  if  the  muscle  and  the  subjacent  structures  have  been  drawn  up 
by  the  operator's  fingers  so  as  to  put  them  on  the  stretch.  Should  one  divide  too deeply,  one  might  cut  through  the  Transversalis  Fascia.  This  might  weaken  it  so as  to  create  a  direct  hernia. 

.J.   Site  of  the  Internal  Inguinal  Ring. 
K.  Origin  of  the  Internal  Oblique  from  the  Outer  Half  of  Poupart's  Ligament. 
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Fig.  E.  The  Cremasteric  Fascia  has  been  so  thoroughly  split  and  disposed  of  that  it  has 
become  almost  indistinguishable  from  the  Internal  Oblique  Muscle.  The  Sac,  stripped 
of  the  fascia  of  the  Transversus  Muscle,  the  Infundibuliform  Fascia  and  the  Areolar,  Sub- serous or  Properitoneal  Tissues,  with  their  vessels  and  nerves,  is  outlined.  The  Cord  and 
its  Vas,  well  identified  by  its  characteristic  appearance,  its  almost  wiry  feel,  and  the  so- 
called  "curlicue"  Artery  of  the  Vas  Deferens  running  on  its  surface,  must  be  separated  from the  Sac.  To  do  this,  dissect  close  to  the  Sac  wall,  even  inside  its  small  blood  vessels.  This 
will  save  injury  to  the  Cord.  Aim  at  dissecting  the  sac  at  its  "neck," — that  is,  just  mesial to  the  internal  ring.  Once,  having  completely  freed  the  neck  of  the  Sac,  its  junction  with 
the  free  Peritoneal  Cavity  can  easily  be  determined,  and  the  distal  portion  freed  and  either 
left  in,  or  removed. 

A.  External  Oblique  Aponeurosis. 
®.  Hernial  Sac,  ready  to  open  so  that  its  further  dissection  can  be  done  with  its  wall 

demonstrated  by  fingers  introduced  within. 
C.  Internal  Oblique,  where  it  fuses  with  the  Transversus  Muscle  to  form  the, 
D.  Conjoined  Tendon. 
(E).  Cord,  with  the  Vas  Deferens  and  its  "curlicue"  Artery. 
F.  Shelving  Margin  of  Poupart's  Ligament. G.  Deep  Fascia  of  the  Thigh. 
®.  Site  of  Internal  Inguinal  Ring. 
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tion  should  be  carried  in  the  preperitoneal  tissues  around  the  "neck"  of  the  sac, 
and  as  close  to  the  sac  as  possible.  This  is  the  surest  way  to  avoid  injuring  the 
vas  and  other  cord  structures.  It  may  help,  and  often  does,  to  open  the  sac 
during  this  part  of  the  procedure.  Whether  to  remove  all  of  the  sac,  or  leave  its 
distal  portion,  requires  discretion  on  the  part  of  the  operator.  Where  the  sac 
is  long  and  adherent,  where  the  sac  is  "congenital,"  the  lower  portion  may  be 
left  in.  Once  the  sac  has  been  dissected  free  to  the  level  of  the  abdominal  cavity, 
it  must  be  emptied  of  its  contents.    If  adherent,  they  must  be  freed. 

At  this  point  there  is  opportunity  for  studjang  the  immediate  interior  of  the 
peritoneal  cavity  for  possible  pathological  conditions  or  removal  of  an  easily 
delivered  appendix,  and  the  region  inside  the  epigastric  vessels  for  a  direct  hernia. 
The  sac  should  then  be  Hgated  by  suture  or  transfixion,  its  reduntant  portion  cut 
away,  and  the  suture  passed  through  the  transversalis  and  internal  oblique 
muscles  above  and  outside  the  internal  ring.  Here  it  can  be  sutured  to  the  fascia 
covering  the  internal  oblique  muscle.  This  draws  the  closed,  sac  opening  away 
from  the  cord  at  the  internal  ring. 

2.  Creation  of  a  "First  Line  of  Defense."  The  transversalis  fascia  must  be 
found.  This  is  essential  to  effectively  close  the  internal  inguinal  ring.  "The 
internal  arcuate  fibi'es"  forming  the  inner  edge  of  the  internal  inguinal  ring  are 
fibres  of  the  transversalis  fascia.  They  are  the  outer  margin  of  Hesselbach's 
ligament.  The  deep  epigastric  vessels  run  upwards  and  inwards  close  to  the 
edges  of  these  fibres  and  beneath  them.  Were  the  operator  to  dissect  the  tissues 
to  show  the  deep  epigastric  vessels,  he  would  be  more  than  likely  to  cut  these 
"internal  arcuate  fibres"  of  the  transversalis  fascia  that  are  so  important  to 
preserve. 

In  some  instances,  these  fibres  can  be  seen.    Usually,  however,  they  are  not 

I.    Edge  of  Poupart  's  Ligament  with  a  few  fibres  of  Cremasteric  Fascia. 
J.   Origin  of  Internal  Oblique  Muscle  from  outer  half  of  Poupart's  Ligament. 
Fig.  F.  The  Hernial  Sac  has  been  dissected  to  the  Peritoneal  Cavity  and  a  purse  string 

suture  taken  after  freeing  visceral  attachments  to  its  wall.  At  this  time  it  is  well  worth 
while  to  feel  in  the  Peritoneal  cavity  for  pathological  possibilities  and  inspect,  using  three 
retractors,  so  as  to  give  the  best  possible  view. 

On  the  right  side  it  is  frequently  easy  to  remove  the  Appendix.  Some  surgeons  think 
this  should  not  be  attempted.  When  it  can  readily  be  done,  it  should  be  done,  but  done 
carefully  and  without  contamination.    A  Direct  Hernia  may,  or  may  not  be  obvious. 

A.   External  Oblique  Aponeurosis. 
@.  Purse  string  suture  about  the  neck  of  the  Sac.  Whether  this  type  of  purse  string  be 

used,  or  a  single  or  multiple  transfixion  suture,  varies  with  the  size  and  site  of  the 
Sac.  In  either  case,  after  tying  a  pur.se  string  or  transfixion  stitch  of  fairly  strong 
chromic  gut,  the  ends  should  be  made  to  encircle  the  neck  at  least  once,  or  twice  in 
some  instances,  to  make  closure  quite  secure. 

©.  Free,  Peritoneal  Cavity. 
@.  "Bulge"  suggestive  of  a  direct  hernia.  Many  "recurrences"  of  Indirect  Hernias have  proven  to  be  Direct  Hernia. 
E.  Transversalis  Fascia  of  the  "Undefended  Space"  of  the  Direct  Hernia  Region. F.  Internal  Oblique  Muscle. 
G.  Conjoined  Tendon. 
H.  "Shelving  Margin"  of  Poupart's  Ligament. 
®.  Cord,  with  Vas  Deferens  and  its  characteristically  conspicuous,  "curlicue"  Artery. J.   Deep  Fascia  (Fascia  Lata)  of  the  Thigh. 
K.  Origin  of  the  Internal  Oblique  Muscle  from  the  outer  half  of  Poupart's  Ligament. 
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Fir;  ( ; .  Tho  neck  of  the  Siic  has  been  opened.  The  purse  string  suture  about  the  Neck 
of  the  S:ic  IS  not  shown.  A  finger  is  being  introduced  to,  not  only  palpate  the  interior  of  the 
Pcritiiiical  Cavity,  but  to  search  for  a  True  Hernia,  a  "Weakness"  or  the  "Initial  Bulge" 
of  a  Direct  Hernia  in  this  so-called  "Undefended  Space." 

A  "Bulge"  is  here  demonstrated.  Sometimes,  however,  the  "Bulge"  is  wholly  different 
and  may  occupy  the  whole  of  the  "Undefended  Space"  and  show  no  evidences  of  strengthen- ing, Transvorsalis  Fa.scia  .strands.  Sonietiines  the  Bladder  wall  occupies  part,  or  all,  of 
this  space,  l-  iiifici  inl  idduci  idii  of  iliis  soi  t  effectually  reproduces  on  the  operating  table 
an  "intra'abddininal  tension  "  (■oinparaiilo  to  ordinary  circumstances  when  the  patient  is  up and  about,    lu  this  way  tiic  cailx  inatiilestation  of  Direct  Herniae  can  be  demonstrated. 

A.  External  Oblique  Aponeurosis. 
®.  Margin  of  the  Hernial  Sac. 
©.  Evidence  of  the  "Initial  Bulge"  of  a  coexisting  hernia  in  the  "Undefended  Space" of  the  Direct  Hernia  Region,  inside  the  Deep  Epigastric  Vessels. 
@.  Transversalis  Fascia  of  the  "Undefended  Space"  of  the  Direct  Hernia  Region. E.  Inner  portion  of  the  Internal  Oblique. 
F.  "Conjoined  Tendon." G.  Deep  Fascia  of  the  Thigh. 
H.  "Shelving  Margin"  of  Poupart's  Ligament. I.  Spermatic  Cord. 
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apparent.  The  way  they  can  be  recognized  is  by  feeling  for  them  with  the 
finger.  This  technique  should  be  cultivated  in  perfoiming  inguinal  hernia  opera- 

tions. Their  sharply  defined  margin  can  be  felt  in  practically  all  instances  if 
one  learns  how  to  feel  for  them.  Figure  I  demonstrates  the  technique  for  finding 
these  fibres  by  jialpation. 

Silk  sutures  arc  UNed  to  sew  them  to  the  "shelving  margin"  of  Poupart's  liga- 
ment, snugly  around  the  cord  and  thus  create  a  "first  line  of  defense"  across  the 

internal  inguinal  ring. 
If  there  be  a  direct  hernial  bulge,  or  true  hernial  sac,  the  edges  of  the  defect  in 

the  transversalis  fascia  can  likewise  be  felt  from  within  the  peritoneum  before  the 
closure  of  the  indirect  hernial  sac.  If  there  be  no  indirect  hernia,  after  the  direct 
hernial  sac  has  been  opened,  the  margins  of  the  transversalis  fascia  fibres  are 
frequently  recognized  by  palpation.    Accurate  closure  of  such  a  direct  hernia 

J.   Origin  of  the  Internal  Oblique  Muscle  from  the  outer  half  of  Poupart's  Ligament. ®.  Finger  being  introduced  through  the  neck  of  the  Hernial  Sac  to  explore  for  patho- logical possibilities  within  the  peritoneal  cavity  and  study  the  Direct  Hernia  Region. 
Fig.  H.  The  Neck  of  the  Sac  has  been  ligated  with  chromic  gut  and  the  ends  of  the  liga" ture  passed  through  the  Transversus  and  Internal  Oblique  Muscles  so  as  to  draw  the  closure 

away  from  the  Internal  Ring  preparatory  to  its  repair. 
The  inner  margin  of  the  Internal  Ring  is  shown  where  the  "Internal  Arcuate"  Fibres  of the  Transversalis  Fascia  create  a  sharp,  readily  palpated,  but  not  generally  seen,  edge  just 

outside  the  epigastric  vessels.  This  is  the  Ligament  of  Hesselbach.  Repair  of  the  Internal 
Ring  weakness  by  recognizing  this  edge  and  suturing  it  to  Poupart's  Ligament  should  be one  of  the  chief  purposes  of  the  Indirect  Hernia  operation.  It  was  a  feature  frequently 
emphasized  by  Alexis  Moschowitz  over  twenty  years  ago.  It  is  a  step  in  the  successful  re- 

pair of  an  Indirect  Hernia  rarely  pjr.'ormed  by  surgeons.  It  is  the  most  important  step  in the  whole  operation,  toward  permanently  successful  repair. 
Suture  of  the  edges  of  a  cleft  in  the  Transversalis  Fascia  protecting  the  "Undefended 

Space"  of  the  Direct  Hernia  region  is  also  demonstrated. It  is  the  Transversalis  Fascia,  not  the  Muscles,  nor  the  External  Aponeurosis  that  is  of 
prime  importance  in  Inguinal  Hernia  Repair  (see  text). 

®.  Purse  string  ligature  of  the  Hernial  Sac  passed  through  the  Transversus  and  In- ternal Oblique  Muscles  above  and  outside  the  region  of  the  Internal  Ring  so  as  to 
bring  the  sac  closure  to  the  under  surface  of  the  abdominal  wall  well  away  from  the 
region  of  the  Internal  Ring. 

(B).  "Internal  Arcuate"  Fibres  of  the  Transversalis  Fascia,  or  "Ligament  of  Hesselbach". Sometimes  this  edge  can  be  seen.  More  often  it  cannot  be.  But,  it  can  always  be 
felt.  It  is  a  short  distance  outside  the  course  of  the  Deep  Epigastric  Vessels  and  it 
can  be  sutured  with  silk  sutures  to  Poupart's  Ligament  without  injuring  the  vessels. 

©.  Deep  Epigastric  Vessels  behind  Hesselbach's  Ligament,  which  is  a  thickening  of  the Transversalis  Fascia  at  this  point. 
®.  Silk  sutures  closing  the  cleft  in  the  Transversalis  Fascia  of  the  "L^ndefended  Space" in  the  Direct  Hernia  Region. 

Direct  Hernial  weakness  varies  considerably  from  a  vertical  cleft,  as  depicted  here, 
to  a  diffuse  bulge,  or  real  sac,  with  little  or  no  recognizable  Transversalis  Fascia  over 
the  greater  part  of  the  Direct  Hernia  region. 

Plication,  or  sutures  taken  from  above  to  Poupart's  Ligament,  or  transplantation of  a  fascial  sheet  behind  the  muscles,  ma}'  have  to  be  resorted  to  to  secure  an  ade- 
quate "first  line  of  defense"  against  such  herniae  (see  text). E.  Internal  Oblique  Muscle. 

F.  Conjoined  Tendon. 
G.  Deep  Fascia  of  the  Thigh. 
H.  "Shelving  Margin"  of  Poupart's  Ligament. 
I.  Transversalis  Fascia  of  the  "Undefended  Space"  in  the  Direct  Hernia  region. 
J.    Spermatic  Cord  with  Vas  Deferens  and  its  "curlicue"  Artery  from  the  Superior  Ves- ical Artery. 
®.  Ligated  neck  of  Hernial  Sac  ready  for  transplantation  to  posterior  surface  of  Trans- versus Muscle. 
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Fig.  I.  Feeling  for  the  Internal  Arcuate  Fibres  of  the  Transversalis  Fascia,  or  Hessel- 
bach's  Ligament. Palpation  is  the  surest  way  to  accurately  find  these  fibres  before  suturing  their  edge  to 
Poupart's  Ligament. A.  The  Ligature  about  the  neck  of  the  Hernial  Sac  has  been  sutured  to  the  fascia  over 

the  Internal  Oblique  Muscle  after  transplanting  the  closed  sac  orifice  away  from  the 
Internal  Inguinal  Ring,  to  the  posterior  surface  of  the  Transversus  Muscle  (see  text). 

B.  External  Oblique  Ai)on(Hir()sis. 
©.  Edge  of  the  Internal  Arcuate  Fibres  of  the  Transversalis  Fascia,  or  Hesselbach's Ligament,  being  jjalpated  by  the  finger  tip.  This  is,  perhaps,  the  most  essential 

feature  in  the  techiiiciue  of  the  operation. 
D.  Deep  Epigastric  \'essels  behind  Hesselbach's  Ligament  and  the  Transversalis  Fascia. E.  Repair  of  the  Direct  Hernia  by  Closure  of  the  Transversalis  Fascia. 
F.  Transversalis  Fascia  of  the  Direct  Hernia  Region. 
G.  Internal  Oblique  Muscle,  near  its  insertion. 
H.  Conjoined  Tendon. 
I.  Deep  Fascia  of  the  Thigi\. 
J.    "Shelving  Margin"  of  Poupart's  Ligament. 
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defect  in  the  transversalis  fascia,  whether  done  from  side  to  side,  or  from  above 
downwards,  should  be  done  with  silk  sutures  so  as  thus  to  create  a  "first  line 
of  defense"  (figs.  J,  K). 

Should  there  be  an  inadequate  "first  line  of  defense"  in  either  the  indirect  or 
direct  hernial  regions,  in  other  words,  should  the  transversalis  fascia  be  so  weak 
or  practically  absent,  from  the  standpoint  of  repair,  the  best  technique  for  creat- 

ing a  new  "first  line  of  defense"  is  the  transplantation  of  an  adequately  broad 
sheet  of  fascia  from  the  outer  side  of  the  thigh,  or  elsewhere,  to  form  a  new  trans- 

versalis fascia.    This  is  a  better  method  than  the  use  of  fascial  sutures. 
3.  Reenforcement  of  the  "First  Line  of  Defense."  Once  an  adequate  "first 

line  of  defense"  has  been  created,  reenforcement  is  helpful.  Reenforcement 
without  the  creation  of  a  "first  line  of  defense"  is  probably  the  cause  of  most  of 
our  recurrences.  Reenforcement,  without  a  "first  line  of  defense,"  done  in  such 
a  way  as  to  destroy  or  weaken  the  muscle  fibres  (see  below),  used  to  "reenforce" 
with,  contributes,  still  further,  towards  recurrences. 

The  lower  edge  of  the  internal  oblique  and  transversalis  muscles  over  the 
inguinal  canal  have  been  frequently  written  and  spoken  about  as  the  "conjoined 
tendon."  Many  times  has  it  been  advised  to  suture  the  "conjoined  tendon," 
meaning  these  muscle  fibres,  to  the  "shelving  margin"  of  Poupart's  ligament. 

All  over  the  world  this  advice  has  been  given  and  followed.  This  advice  is 
wrong. 

In  the  first  place,  the  lower  margins  of  these  two  muscles  do  not  become  a 

K.  Spermatic  Cord,  showing  tiie  "telltale",  "curlicue"  Artery  to  the  Vas  Deferens  so often  helpful  in  identifying  it  (see  text). 
©.  Finger,  palpating  the  edge  of  the  Internal  Arcuate  Fibres  of  the  Transversalis  Fascia 

so  as  to  locate  it  for  suture  to  Poupart's  Ligament  and  thus  close  the  Internal  Ring. This  is  the  most  important  step  in  prevention  of  an  indirect  hernia  recurrence. 
Fig.  J.  Repair  of  the  Internal  Inguinal  Ring  by  suturing  the  Edge  of  the  Internal  Arcu- 
ate Fibres  of  the  Transversalis  Fascia  to  Poupart's  Ligament  with  interrupted  silk  sutures. A.  Knot  in  the  fascia  over  the  Internal  Oblique  of  the  Hernial  Sac  ligature.  This 

chromic  ligature  has  been  passed  through  the  Internal  Oblique  and  Transversus 
muscles  above  and  outside  the  Internal  Ring. 

B.  External  Oblique  Aponeurosis. 
C.  Peritoneum  and  Subserous  Tissues  behind  the  Internal  Inguinal  Ring. 
@.  The  Internal  Arcuate  Fibres  of  the  Transversalis  Fascia,  or  the  Ligament  of  Hessel- 

bach.  Suturing  of  this  edge  securely  to  Poupart's  Ligament  snugly  about  the  emer- gence of  the  cord  is  the  most  important  step  in  preventing  recurrence  of  an  Indirect 
Inguinal  Hernia. 

®.  Silk  sutures  uniting  the  Internal  Arcuate  Fibres  of  the  Transversalis  Fascia  to  Pou- 
part's Ligament  to  close  the  Internal  Inguinal  Ring  and  prevent  the  initiation  of  a 

"bulge"  of  peritoneum  that  precedes  the  formation  of  a  hernia. d).  Deep  Epigastric  Vessels. 
G.  Direct  Hernia  Repair.  This  is  but  a  diagrammatic  representation  of  the  principle 

of  Transversalis  Fascia  repair.  Often  the  repair  has  to  be  done  from  above  down- wards, or  by  plication,  or  by  transplanting  a  fascial  sheet.  Fascial  sutures  are  not  as effective. 
H.  Transversalis  Fascia  of  "Undefended  Space"  of  the  Direct  Hernia  Region. I.  Inner  Portion  of  the  Internal  Oblique  Muscle. 
J.    Conjoined  Tendon. 
K.  Deep  Fascia  of  the  Thigh. 
L.   "Shelving  Margin"  of  Poupart's  Ligament. M.  Spermatic  Cord. 
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Fig.  K.  Repair  of  the  Internal  Ring  by  suturing  the  edge  of  the  Internal  Arcuate  Fibres 
of  the  Transversalis  Fascia,  i.e.,  Hesselbach's  Ligament,  to  Poupart's  Ligament. 

A  method  for  fixing  Poupart's  Ligament  to  the  posterior  aspect  of  the  Internal  Oblique and  Transversus  Muscles  so  as  to  reenforce  the  Transversalis  Fascia  repair  of  the  Direct 
Hernia  region,  without  destroying  Muscle  Fibres. 

A.  Suture  of  the  Hernial  Sac  ligature  to  the  Fascia  over  the  Internal  Oblique  Muscle 
(see  Fig.  H.) 

B.  Aponeurosis  of  the  External  Oblique  Muscle. 
©.  Outer  knot  of  a  chromic  gut  "Staple"  suture  tied  in  the  External  Oblique.  This 

suture  is  to  bring  the  shelving  margin  of  Poupart's  Ligament  to  the  posterior  surfaces of  the  Transversus  and  Internal  Oblique  Muscles  without  destroying  Muscle  Fibres. 
The  outer  portion  of  this  "Staple"  suture  is  taken  first  to  run  less  risk  of  injuring the  femoral  vessels.  After  knotting  it  to  the  External  Oblique  Aponeurosis,  it  is 

passed  directly  through  the  Internal  Oblique  and  Transversus  Muscles,— then,  just 
below  the  edge  of  the  shelving  margin  of  Poupart's  Ligament  to  and  through  the  deep 
fascia  of  the  thigh  below  Poupart's  Ligament  and  returned  in  the  reverse  direction 
(H")  2-3  cm.  internally. Tying  a  suture  about  a  muscle  is  comparable  to  tying  a  suture  about  a  bit  of  brain 
or  spinal  cord.  Voluntary  muscle  fibres  are  one  of  the  most  highly  specialized  tissues 
of  the  body.    The  muscle  cell  is  worthless  without  its  nerve  attachment.  Suturing 
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M 

of  these  delicate  structures  in  sucii  a  way  as  to  strangle  them,  defeats  the  very  pur 
pose  desired. 

Indeed,  Bassini,  in  his  original  description  of  hernial  repair  advised  suturing  the 
fascia  over  the  muscle  and  as  little  as  possible  of  the  muscle  to  Poupart's  Ligament. 

This  "Staple"  type  of  suture  gives  far  better  approximation  with  minimal  trauma. It  is  not  an  uncommon  finding  in  operating  on  herniae  that  have  been  repaired  by 
suturing  the  muscle  to  Poupart's  Ligament  to  find  black  silk  sutures  in  scar  tissue  and no  muscle  remaining.  Of  course,  where  very  loose  sutures  have  been  taken,  tension 
is  lessened  and  such  damage  is  less  likely  to  occur.  However,  whenever  stress  and 
strain  with  muscle  contraction  occurs,  tension  mounts  so  that  nerve  and  muscle 
damage  does  occur. 

This  "Staple"  suture  approximates  Poupart's  Li'gament  to  the  posterior  surface of  the  muscles  practically  without  constricting  muscle  and  nerve  fibres.    It  improves 
whatever  transversalis  fascia  repair  has  been  effected  behind  it. 

D.  Deep  Epigastric  Vessels. 
(E).  Repair  of  Transversalis  Fascia  in  Direct  Hernia  region  (see  fig.  H.). 
F.  Transversalic  Fascia  of  Direct  Hernia  Region. 
G.  Inner  Portion  of  Internal  Oblique  Muscle. 
(§)'  Ending  of  the  "Staple"  Suture. I.    Conjoined  Tendon. 
J.   Deep  Fascia  of  Thigh. 
®"  Inner  Portion  of  "Staple"  Suture  returning  from  its  fixed  bearing  on  the  deep  fascia of  the  thigh.  In  passing  the  needle  from  the  thigh  upwards  beneath  or  through  Pou- 

part's Ligament  at  this  point,  there  is  no  danger  of  harming  the  Femoral  Vessels. K.  Spermatic  Cord. 
(E).  Repair  of  the  Internal  Inguinal  Ring  with  silk  sutures  through  the  edge  of  the  In- 

ternal Arcuate  Fibres  to  Poupart's  Ligament  close  about  the  emergence  of  the  Sper- matic Cord. 
Fig.  L.  a  "Staple"  chromic  gut  suture  reenforces  the  Direct  Hernia  Region. 
First  row  of  an  "Overlapping"  interrupted,  silk  suture  repair  of  the  External  Oblique 

Aponeurosis  and  its  "Shelving  Margin"  of  Poupart's  Ligament. ®.  LTpper  edge  of  the  incised  Esternal  Oblique  Aponeurosis  being  sutured  near  the  deep 
edge  of  the  Shelving  Margin  of  Poupart's  Ligament,  with: — B.  Interrupted,  silk  sutures. 

©.  Staple  Suture  (See  Fig.  K.)  knotted  ends. 
D.  Internal  Oblique  Muscle. 
E.  Deep  Fascia  of  the  Thigh. 
F.  "Shelving  Margin"  of  Poupart's  Ligament. ©.  Staple  Suture  seated  on  Deep  Fascia  of  Thigh. 
H.  Spermatic  Cord,  transplanted  to  in  front  of  Internal  Oblique  and  External  Oblique. 
Fig.  M.  Repair,  completed. 
®.  Lower  Margin  of  External  Oblique  Aponeurosis  incision  overlapped  over  Spermatic Cord  with  a  continuous  chromic  suture. 
B.  Spermatic  Cord. 
©.  "Staple  Sutures"  (figs.  K.  L.)  bearing  on  Deep  Fascia  of  Thigh, D.  Deep  Fascia  of  Thigh. 
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tendon  until  it  comes  close  to  the  os  pubis.  In  the  second  place,  suturing  muscle 
fibres  calls  for  a  technique  that  Avill  not  destroy  them.  Sutures  under  tension 
about  muscle  fibres  will  kill  them.  A  muscle  fibre  without  nerve  supply  "dies." Sutures  around  delicate  nerves  and  muscle  fibres  kill  them.  It  is  difficult  to 
understand  how  circular  sutures  around  muscles,  even  though  not  apparently  tied 
tightly,  can  avoid  tension,  once  the  patient  is  up  and  about  and  subjects  the 
muscles  to  stress  and  strain.  At  operations  for  recurrent  hernia  sutures  that 
appear  to  have  been  taken  about  muscle  fibres  have  often  been  found  surround- 

ing, not  muscle  fibres,  but  white  strands  of  thinned  out  scar  tissue. 
Figures  K  and  L  sho-w,  diagrammatically,  how  a  suture,  tied  on  the  external 

oblique  aponeurosis,  can  be  taken  through  the  "conjoined  muscles"  and  under 
the  "shehang  margin"  of  Poupart's  ligament  so  as  to  draw  Poupart's  ligament 
up  behind  the  "conjoined  muscles."  This  provides  a  far  more  effective  re- 
enforcement  of  the  repaired  transversalis  fascia  without  killing  the  muscles. 

Figures  L  and  M  indicate  the  overlapping  of  the  external  oblique  in  com- 
pleting the  reenforcement  to  the  "first  line  of  defense."  The  cord  has  been 

"transplanted." 
Recurrent  hernias  have  not  been  included.  Their  scarred  and  compromised 

tissues  present  problems  quite  their  own.  Their  repair  calls  for  individualiza- 
tion and  a  variety  of  technique.  Though  not  described,  the  underlying  prin- 

ciples of  "first  line  of  defense"  and  subsequent  "reenforcement"  are  the  guides to  success. 
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INTRODUCTION 

Possibly  before  but  most  certainly  very  soon  after  the  initial  lesion  of  syphilis 
makes  its  appearance  the  blood  stream  is  invaded  by  large  numbers  of  spiro- 
chaetes.  In  this  way  they  are  distributed  throughout  the  body  and  deposited 
in  all  its  structures  and  organs.  The  survival  and  further  development  of  the 
Treponema  pallidum  in  these  disseminated  foci  depends  on  many  factors  con- 

cerned with  the  relationship  between  the  virulence  of  the  spirochaete  and  the 
resistance  of  the  body.  The  part  played  by  the  number  and  concentration  of 
spirochaetes  present  in  any  organ,  and  the  role  of  the  natural  local  tissue  resis- 

tance and  immunity  are  apparent.  In  this  connection  the  phagocytic  activity 
of  special  tissues  like  those  composing  the  reticulo-endothelial  system  are  of 
paramount  importance.  Undoubtedly  many  other  forces,  not  thoroughly 
defined,  are  significant  determinants  of  the  extent  and  severity  of  any  particular 
localization.  It  has  been  established  that  one  site  of  invariable  invoh'ement 
is  the  root  or  ascending  portion  of  the  aortic  arch  (1).  Many  theories  have 
been  projected  to  explain  this  phenomenon.  McMeans  (2)  believes  that  the 
intima  of  the  aorta  is  involved  mainly  by  direct  infection  from  the  blood  stream. 
Others  maintain  that  this  part  of  the  aorta  contains  many  small  vessels  which 
are  primarily  affected  via  the  hematogenous  route  with  the  production  of  a 
syphilitic  endarteritis.  More  widely  accepted  are  the  conclusions  of  Klotz 
(3)  and  of  Martland  (4)  who  stress  the  lymphatic  and  mediastinal  factors  in 
the  consistent  involvement  of  the  aortic  root  in  syphilis.  They  visualize  a 
massive  filtration  of  spirochaetes  out  of  the  blood  stream  by  the  lungs  during 
the  spirochaetemia  which  occurs  early  in  the  infection.  The  lungs  rid  them- 

selves of  these  spirochaetes  by  many  routes,  one  of  the  most  important  of  which 
is  by  way  of  their  lymphatics.  The  pulmonary  lymphatics  drain  into  the 
peribronchial  and  mediastinal  lymph  nodes  which  quickly  become  infected.  By 
further  retrograde  lymph  flow  there  is  a  migration  of  spirochaetes  into  the 
peri-aortic  structures.  The  perivascular  spaces  about  the  vasa  vasorum  in  the 
adventitia  become  infiltrated  with  lymphocytes.  The  endothelial  cells  of  the 
intima  of  these  arteiioles  proliferate  and  finally  occlusion  by  thrombosis  occurs. 
Secondary  involvement  of  the  aortic  media  now  takes  place  with  destruction 
and  fragmentation  of  the  elastic  fibers  and  fibrous  tissue  replacement. 

Aortitis  is  the  significant  lesion  of  cardiovascular  syphilis  for  it  constitutes 
the  starting  point  from  which  all  other  types  of  syphilitic  heart  disease  arise. 
Extension  towards  the  heart  results  in  involvement  of  the  aortic  cusps  with 

*  From  the  Cardiac  Clinic  (Dr.  I.  R.  Roth). 41 
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characteristic  luetic  aortic  insufficiency.  Tfie  sinuses  of  Valsalva  from  which 
the  coronary  arteries  take  their  origin  in  the  great  majority  of  individuals  are 
in  the  first  part  of  the  aorta.  Encroachment  on  the  orifices  of  these  important 
vessels  causes  reduced  coronary  blood  flow  with  the  anginal  syndrome,  and  some- 

times, because  of  complete  orificial  obliteration,  coronary  artery  occlusion.  A 
distal  extension  of  the  aortitis  may  narrow  the  orifices  of  the  great  vessels  arising 
from  the  aortic  arch  with  similar  occlusive  vascular  effects.  Finally  it  can  be 
readily  understood  how  a  diseased  and  weakened  aortic  wall  may  stretch  and 
give  rise  to  aneurism  and  similar  distortions.  It  becomes  clear  then  that  the 
earliest  and  most  important  lesion  of  cardiovascular  syphilis  is  the  mesaortitis 
from  which  all  other  lesions  spring  and  which,  for  an  undetermined  time,  exists 
without  any  associated  valvular  or  arterial  complications.  Obviously  it  is 
extremely  important  to  determine  the  presence  of  this  initial  aortic  involvement 
as  early  as  possible  (5).  The  diagnosis  of  uncomplicated  luetic  aortitis  i.e. 
syphilitic  aortitis  without  encroachment  on  the  coronary  orifices,  insufficiency  of 
the  aortic  valve,  or  aneurism  of  the  aorta,  has  tried  the  ingenuity  of  clinicians 
since  its  importance  was  recognized. 

The  symptoms  considered  bj^  some  to  be  diagnostic  of  uncomplicated  luetic 
aortitis  are:  (1)  Dyspnea,  occurring  upon  exertion  or  appearing  paroxysmally 
at  rest.  (2)  Substernal  burning  pain  most  often  situated  above  the  third  costal 
interspace  and  not  invariably  related  to  exertion.  (3)  Cardiac  insufficiency  or 
frank  failure  without  any  other  obvious  etiology.  All  of  the  foregoing  symptoms 
undoubtedly  arise,  from  an  involvement  of  the  orifices  of  the  coronary  arteries, 
resulting  in  reduced  coronary  blood  flow  and  coronary  insufficiency,  with  even- 

tual degeneration  and  scarring  of  the  myocardium  and  cardiac  weakness.  Such 
symptoms  are  common  in  middle  aged  patients  with  arteriosclerotic  narrowing 
of  the  coronary  vessels  even  in  the  absence  of  syphihs.  In  fact  Wilson  (6)  who 
correlated  the  symptomatology  presented  by  211  cases  of  luetic  aortitis  with 
the  necropsy  findings  concluded  that  when  any  of  the  foregoing  symptoms 
existed  either  an  extension  or  complication  of  the  luetic  process  or  some  other 
condition  accounted  for  their  presence.  Keefer  and  Resnik  (7)  had  come  to  a 
similar  conclusion  some  years  before. 

Signs  constantly  referred  to  as  diagnostic  of  luetic  aortitis  are  (1)  an  accen- 
tuated tympanitic  aortic  second  sound  having  a  bell-like  or  tambour  (drum- 

like) quality,  (2)  increased  retromanubrial  percussion  dullness  indicative  of  a 
widened  aortic  arch  and  (3)  a  systolic  aortic  murmur.  Attention  must  be 
directed  to  the  fact  that  similar  signs  are  present  in  nonluetic  subjects  with 
widened  or  dilated  aortas  associated  with  arteriosclerosis  or  hypertension. 

Maynard  (8,  8A)  and  his  a.ssociates  who  have  been  patient  students  of  cardio- 
vascular lues  for  many  years  recommend  the  following  six  criteria: 

1.  The  undoubted  evidence  that  the  patient  has  syphilis. 
2.  The  absence  of  any  other  disease  that  might  cause  aortic  dilatation,  viz; 

arteriosclerosis,  hypertension. 
3.  The  patient  must  be  younger  than  40  years  of  age. 
4.  X-ray  evidence  of  a  dilated  aorta. 
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5.  The  presence  of  a  hollow  accentuated  aortic  second  sound. 
6.  The  possible  presence  of  a  systolic  murmur  at  the  aortic  area. 
It  is  interesting  to  note  that  Maynard's  criteria  are  signs  and  not  symptoms, 

implying  that  luetic  aortitis  is  an  asymptomatic  condition  or  that  symptomatol- 
ogy is  not  specific  enough  to  be  reliable.  The  requirements  set  up  by  Maynard 

and  his  group  are  extremely  rigid  and  allow  of  successful  identification  of  specific 
aortitis  in  comparatively  few  cases.  Furthermore  serological  syphilis  is  fre- 

quently discovered  for  the  first  time  in  patients  over  40  and  the  ciuestion  of  aortic 
involvement  demands  attention  in  such  individuals  too.  Realizing  tlie  thorough- 

ness with  which  the  problem  had  been  approached  by  previous  workers  our 
only  justification  for  another  effort  to  illuminate  the  diagnostic  difficulty  was 
the  application  of  one  new  method  of  investigation  i.e.  roentgenkymography  of 
the  aorta.  The  rationale  for  utilizing  this  kind  of  study  was  based  on  specula- 

tion arising  from  the  following  known  facts.  The  early  syphilitic  aortic  lesion 
is  a  mesaortitis.  As  a  result  of  an  obliterating  endarteritis  of  the  vessels  in  the 
adventitia,  the  media  of  the  aorta,  which  is  composed  mainly  of  elastic  fibers 
and  which  possesses  a  minimum  of  muscle  tissue,  is  very  early  the  site  of  focal 
areas  of  degeneration  and  fibrous  tissue  replacement.  Such  changes  in  the 
anatomical  structure  of  an  artery  could  very  well  alter  the  elasticity  of  the  vessel 
wall.  Therefore  it  appeared  to  be  a  logical  assumption  that  with  an.  alteration 
in  the  elasticity  of  the  aorta  there  might  be  a  change  in  the  character  of  the 
pulsations  of  the  aortic  wall.  If  this  could  he  detected  by  roentgenkymography 
one  could  establish  the  presence  of  aortitis  in  its  incipiency  before  any  of  the 
more  obvious  complications  appeared.  This  method  had  already  proved  its 
value  in  the  detection  of  non-contractile  portions  of  ventricular  muscle  resulting 
from  previous  myocardial  infarctions.  (Dack,  Master,  Sussman  (9),  Gubner 
and  his  associates  (10). 

MATERIAL 

It  is  the  established  routine  of  the  anti-luetic  clinic  to  submit  every  patient 
for  cardiac  study  before  beginning  therapy.  In  addition,  patients  are  referred 
for  periodic  recheck  of  their  cardiac  status  during  the  course  of  treatment.  With 
rare  exceptions  patients  in  an  out-patient  department  anti-luetic  clinic  have  had 
syphilis  for  several  years  and  usually  have  not  had  treatment  early  in  the  course 
of  their  infections.  It  was  felt  that  the  best  opportunity  for  this  study  was 
afforded  by  these  patients  because  aortitis  or  any  syphilitic  lesion  localized  in 
the  cardiovascular  system  could  be  expected  in  greater  frequency  in  such  a 
group  than  in  an  earlier  detected  and  treated  group  of  cases.  The  cardio- 

vascular status  of  47  patients  from  those  referred  to  the  cardiac  clinic  from  the 
anti-luetic  clinic  of  The  Mount  Sinai  Out-Patient  Department  were  investigated 
in  an  effort  to  determine  the  presence  of  uncomplicated  luetic  aortitis.  Patients 
who  presented  unmistakable  evidence  of  undoubted  syphilitic  heart  disease 
i.e.  patients  in  whom  subsequent  examination  disclosed  definite  signs  or  clinical 
evidence  of  aneurism,  aortic  insufficiency  or  coronary  ostial  involvement  were 
not  included  in  this  study. 
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All  patients  were  interrogated  for  the  presence  of  the  usual  manifestations  of 
heart  disease  with  special  emphasis  on  the  already  reviewed  symptoms  of  aortitis. 
Careful  physical  examination  was  then  done.  Fluoroscopic  visualization  of 
the  heart  and  great  vessels  and  electrocardiogram  were  part  of  every  patients 
study.  One  new  type  of  observation  was  added,  i.e.  roentgenkymographic 
study  of  the  aortic  arch  in  the  postero-anterior  and  left  oblique  posticus.  A 
discussion  of  the  principles  of  this  technique  which  records  graphically  the 
pulsations  of  the  heart  or  blood  vessels  follows  later. 

TABLE  I 
Summarizing  Analysis  of  47  Luetic  Patients  Studied  for  Evidence Aortic  Involvement 

Males  
Females. . . 
Age  Range 
Average  Duration  of  Infection. 

fMales. . . 
\  Females. 

Average  Duration  of  Adequate  Treatment. 

Positive  Serology  at  some  time  during  observation. 
Average  Systolic  and  Diastolic  Blood  Pressure  

Range  of  Blood  Pressure. 
Cases  witli  Associated  Hypertension  
Cases  showing  p]lectrocardiographic  changes  
Cases  showing  Fluoroscopic  findings  
Cases  showing  Clinical  Evidence  of  Heart  Disease. 

32  (4  colored) 
15  (6  colored) 
24  to  67  years 
23  to  63  years 
16.1  years  (Range  6  mos.  to  50 
yrs.).  Known  in  23  of  47 cases 

3.4  years.    (Range  6  mos.  to  10 
years.) 

100% 

133.5 mm.  Mercury 

mm.  Mercury 

Table  I  summarizes  the  essential  data  about  the  47  cases  studied.  Some 
of  the.se  features  will  be  discussed. 

AGE,  SEX,  AND  RACE 
Interesting  but  not  unusual  were  the  patients  of  63  and  G7  who  gave  a  history 

of  having  contracted  the  initial  infection  many  years  before,  in  one  instance  50 
years  pre\iously.  The.se  two  patients  like  the  great  majority  of  the  47  cases 
studies  were  included  becau.se  they  manifested  no  definite  clinical  evidence  of 
heart  disease  in  spite  of  the  long  period  of  their  infections.  It  was  felt  that 
an  asymptomatic  aortitis  might  be  detected  l)y  lal)()ratory  juethods.  Cole 
and  Usilton  (11)  ob.served  two  cases  of  uncompliratcil  luetic  aortitis  which  ap- 

peared after  the  age  of  G5.  Roughly  twenty  percent  of  the  patients  were  Negroes 
with  a  predominance  of  males.  Although  it  is  a  clinical  obserx  ation  that  Negroes 
are  more  liable  to  suffer  cardiox-ascular  complications  of  lues  than  white  persons, 
the  relatively  .small  number  of  cases  considered  here  precluded  any  verification 
of  that  point. 
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DURATION  OF  INFECTION 
In  23  of  the  47  cases  there  was  an  average  duration  of  16.1  years  since  the 

initial  infection.  In  the  other  24  cases  this  interval  was  not  known.  Maynard 
(12)  showed  that  in  syphilitic  patients  examined  10  to  19  years  after  the  initial 
lesion,  cardiovascular  syphilis  was  discoverable  in  56.8  percent  of  the  cases. 
Examination  after  a  shorter  interval  (4  to  9  years)  revealed  an  incidence  of  28.6 
present,  while  after  longer  intervals  (20  to  29  years)  77.8  percent  of  patients 
were  affected.  From  this  standpoint  the  patients  in  our  series  present  a  fair 
sampling  of  potential  cardiacs. 

WASSERMANN  REACTION 

All  of  the  cases  had  a  positive  blood  Wassermann  reaction  some  time  during 
the  period  of  their  olis(M\'ation  and  were  undoubted  luetics.  Although  patients 
Avith  obvious  syphilitic  cardiovascular  disease  may  have  negative  serologic 
tests  in  as  high  as  15  to  20  percent  of  the  cases  it  would  be  extremely  hazardous 
to  attempt  to  identify  as  difficult  a  condition  as  uncomplicated  specific  aortitis 
in  anyone  who  Avas  not  definitely  a  luetic.  Maynard  (8A)  also  lists  positive 
evidence  of  syphilis  as  one  of  his  essential  criteria. 

BLOOD  PRESSURE 

The  average  systolic  pressure  for  the  entire  group  was  133.5  mm.  Hg.  with  a 
diastolic  pressure  of  80.3  mm.  Hg.  The  range  of  systolic  pressures  was  from 
95  to  200  mm.  Hg.  Four  (8.5  percent)  cases  had  systolic  values  over  150  and 
diastolic  levels  over  85.  The  common  association  of  luetic  cardiovascular 
disease  and  hypertension  has  been  noted  (13,  14).  It  has  been  maintained  that 
the  aortic  disease,  in  some  manner,  perhaps  by  depressing  the  inhibitor  nerves 
causes  the  elevated  blood  pressure.  In  this  study  where  clinical  evidence  for 
the  presence  of  cardiovascular  syphilis  is  lacking  the  presence  of  hypertension 
probably  indicates  that  the  elevated  pressure  is  unrelated  to  the  lues  and  that 
it  is  of  the  essential  type.  There  are  no  grounds  for  believing  that  the  hyper- 

tension could  be  considered  a  sign  of  aortic  involvement.  This  agrees  with 
Moore's  (15)  conception  that  essential  hypertension  occurs  in  patients  with 
aortitis  with  about  the  same  frequency  as  in  non-syphilitic  patients  of  analagous 
age.  However,  he  stated  that  when  hypertension  was  present  the  diagnosis  of 
uncomplicated  luetic  aortitis  was  made  more  successfully  because  it  directed 
attention  to  the  cardiovascular  system  in  luetics.  From  our  experience  we  are 
of  the  opinion  that  the  presence  of  hypertension  in  syphilitic  patients  makes  the 
diagnosis  less  secure.  In  fact  the  two  cases  which  we  suspected  to  have  aortic 
involvement  had  an  associated  hypertension  and  this  circumstance  tended  to 
invalidate  the  certainty  of  the  diagnosis,  for  the  criteria,  symptomatic  and 
objective,  can  be  manifested  equally  by  both  conditions  (16).  It  is  of  interest 
to  note  that  the  prognosis  in  luetic  aortitis  with  hypertension  is  much  worse  and 
the  development  of  the  graver  foiTns  of  cardiovascular  syphilis  is  more  common. 



46 SAMUEL  H.  AVERBUCK 

ELECTROCARDIOGRAPHY 

There  were  no  charactoristic  changes  produced  in  the  electrocardiogram. 
With  severely  compromised  coronary  orifices  the  electrocardiogram  may  reflect 
the  extent  of  the  myocardial  damage  resulting  from  reduced  blood  supply  to 
the  heart  muscle.  In  the  3  cases  showing  significant  variations  from  the  normal 
the  presence  of  hypertension  or  the  age  of  the  patient,  or  both,  made  it  a  proper 
assumption  that  the  electrocardiographic  changes  might  be  due  to  associated 
arteriosclerotic  coronary  disease.  These  changes  consisted  of  RT  depressions, 
a  Q  wave  in  the  first  lead,  and  T  wave  inversions  in  the  third  lead.  Slurring 
of  the  QRS  complex,  left  axis  deviation  and  in  one  patient  a  right  bundle  branch 
block  completed  the  alterations,  which  could  not  be  considered  specific  in  any 
sense.  INIaynard  and  his  associates  rarely  found  significant  changes  in  early 
cases.  With  an  associated  arteriosclerosis  or  hypertension  electrocardiographic 
changes  were  more  common.  Berk  (17)  has  recently  described  his  experiences 
with  the  use  of  the  exercise  test  to  bring  out  electrocardiographic  changes  in 
early  luetics.  The  effect  of  exercise  on  the  electrocardiogram  of  normal  individ- 

uals casts  doubt  on  the  wisdom  of  drawing  definite  conclusions  about  the  presence 
of  relative  coronary  insufficiency  and  heart  disease  in  cases  where  such  changes 
are  induced  by  exertion  (18). 

FLUOROSCOPIC  OR  X-RAY  FINDINGS 

Only  8  of  the  47  cases  (17  percent)  showed  fluoroscopic  or  X-ray  evidence 
of  significant  aortic  changes  which  were  suggestive  of  luetic  involvement.  Par- 

ticular importance  was  attached  to  the  presence  of  localized  dilation  of  the 
ascending  part  of  the  aortic  arch  (21).  Other  alterations  were  definite  and 
marked  elongation  and  tortuosity  of  the  thoracic  aorta  or  diffuse  aortic  widening 
associated  with  a  heart  of  normal  size  and  contour.  Of  these  8  there  were  3 
who  had  definite  diastolic  as  well  as  systolic  hypertension.  In  these  cases  it  was 
impossible  to  tell  whether  or  not  the  changes  in  the  aorta  were  associated  with 
the  elevated  blood  pressure.  One  of  the  8  patients  was  a  woman  of  G2  with  a 
long  history  of  syphilis.  In  spite  of  the  long  luetic  history  one  could  not  be  sure 
whether  the  degree  of  arteriosclerosis  usual  in  the  age  group  was  not  the  cause 
of  the  findings.  In  the  remaining  4  patients,  30,  38,  39,  and  44  years  of  age,  the 
variations  in  the  aorta  could  have  been  considered  evidence  of  luetic  involvement. 
But  the  absence  of  confirmatory  evidence  made  such  an  assumption  hazardous. 

Percussion  is  notably  unreliable  for  slight  degrees  of  dilatation  so  complete 
dependence  has  been  placed  on  fluoroscopic  and  roentgenologic  evidence  of  aortic 
widening.  Many  methods  for  determining  the  dimensions  of  the  aortic  root 
and  of  the  ascending  part  of  the  aortic  arch  have  been  described  (19,  20).  Most 
of  these  employ  the  technique  of  direct  measurement  from  standardized  distance 
and  position  teleroentgenograms.  Normal  average  dimensions  have  been  re- 

corded ])y  Hampton,  Bland  and  Sprague.  They  set  a  limit  of  5.3  centimeters 
for  the  normal  or  for  the  arteriosclerotic  aorta  without  dilatation  and  they 
were  able  to  conclude  that  the  ascending  aorta  dilated  from  whatever  cause 
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measures  over  6  centimeters.  Their  measurements  were  made  of  the  transverse 
diameter  of  the  aorta  at  its  root  with  the  patient  in  the  left  anterior  oblique 
position.  Details  of  their  technique  can  be  found  in  their  paper.  With  laudable 
caution  they  state  that  even  in  those  cases  with  aortic  widening  a  final  diagnosis 
of  luetic  aortitis  can  be  made  only  by  taking  into  account  all  the  other  clinical 
and  physical  findings.  Edeiken  (22)  has  shown  that  in  teleroentgenography  of 
the  aorta  considerable  magnification  and  distortion  may  occur.  Ingraham  and 
Maynard  (24)  studied  24  young  individuals  with  a  short  history  of  lues  and  no 
other  clinical  condition.  Teleroentgenograms  showed  slight  dilatation  of  the 
aorta  in  6.  They  considered  these  changes  within  the  realm  of  normal.  Other 
authors  deny  the  accuracy  and  usefullness  of  any  specific  numerical  values  and 
suggest  dependence  on  fluoroscopy  of  the  aorta  and  the  detection  of  such  changes 
as  1)  elongation  or  tortuosity  2)  widening  of  any  portion  3)  pulsation  to  the 
right  of  the  sternmn  4)  increased  density  permitting  visualization  of  the  descend- 

ing aorta — especially  in  patients  under  50  years  of  age  (21).  Such  criteria  are 
not  always  valid,  for  many  factors,  both  normal  and  pathological,  influence  the 
appearance  of  the  aorta.  In  sthenic  individuals  with  high  lying  diaphragms 
the  aortic  arch  is  compressed  from  below  and  it  assumes  a  broad  silhouette  with 
bulging  sides  that  can  easily  be  confused  with  true  dilatation.  Conversely 
asthenic  subjects  possess  a  long  narrow  aortic  shadow  and  bona  fide  segmental 
dilatations  may  be  hidden.  In  the  middle  years  of  life  the  thoracic  aorta  begins 
to  elongate  and  distortions  in  its  shape  result.  With  increasing  tortuosity  the 
aortic  knob  becomes  more  prominent  and  variations  in  the  right  and  left  borders 
of  the  aorta  appear.  Unless  such  changes  are  extreme  and  unmistakably  abnor- 

mal they  are  difficult  to  interpret.  Very  often  hypertension — even  of  slight 
degree — complicates  the  picture  still  further,  for  dilatation,  elongation  and  in- 

creased tortuosity  and  density  of  the  thoracic  aorta  result  from  this  condition 
too.  Where  unquestionable  aortic  changes,  particularly  dilatation  of  the 
ascending  portion  of  the  arch,  are  seen  in  j^oung  syphilitic  patients  without 
hypertension  the  diagnosis  of  early  luetic  aortitis  is  justified,  especially  if  one 
or  more  of  the  previously  discussed  signs  or  symptoms  is  present.  Although 
the  interval  between  an  initial  lesion  and  the  appearance  of  aortic  syphilis 
varies  greatly  aortic  changes  are  rarely  demonstrable  in  the  younger  luetics.  In 
the  middle  aged  group  Avhere  the  question  most  frequently  arises,  the  physi- 

ological variations  of  aortic  anatomy  make  the  problem  of  identifying  early 
pathological  changes  a  perplexing  one. 

CASES  WITH  CLINICAL  EVIDENCE  OF  HEART  DISEASE 

Only  two  patients  complained  of  symptoms  suggesting  cardiac  involve- 
ment. A  38  year  old  negro  who  had  had  a  primary  lesion  10  years  before  and 

who  had  been  treated  inadequately  with  Bismuth  for  one  year  complained  of  a 
"pulling  down"  precordial  pain,  dyspnea  upon  exertion  and  occasional  attacks 
of  paroxysmal  dyspnea.  Physical  examination  revealed  a  blood  pressure  of 
150  systolic  and  110  diastolic  with  a  moderately  enlarged  heart.  The  second 
aortic  sound  was  accentuated  and  had  a  tambour  quality.    Fluoroscopy  con- 
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firmed  the  cardiac  enlargement  and  disclosed  a  slightly  dilated  aortic  arch.  The 
electrocardiogram  revealed  a  left  axis  dex'iation  ̂ ^■ith  RT  segments  depressed  in leads  2  and  3  and  the  T  wave  inverted  in  lead  3.  It  was  difficult  not  to  conclude 
that  both  the  symptoms  and  signs  were  associated  with  the  hypertension.  The 
second  patient  with  clinical  heart  disease  was  a  55  year  colored  male  with  lues 
for  an  undetermined  duration  who  had  had  a  year  of  anti-luetic  treatment.  He 
complained  of  exertional  dyspnea  and  palpitation.  Examination  revealed  a 
h}^perten.sion  of  200  systolic  and  110  diastolic,  and  an  enlarged  heart  with  a 
"tambour"  second  aortic  sound.  Fluoro.scopy  showed  a  dilated  and  tortuous 
aorta.  The  electrocardiogram  revealed  a  left  axis  deviation  with  a  low^  T  wave 
in  lead  I.  Here  too  tlie  hypertension  and  its  associated  phenomena  could  very 
well  explain  the  entire  clinical  picture.  If  it  is  assumed  for  purpo.ses  of  dis- 

cussion that  the  associated  syphilis  was  of  etiologic  importance,  the  significant 
fact  that  comes  to  light  is  that  in  only  two  (4.25  percent)  of  a  group  of  47  cases 
could  heart  disease  be  susi)ectc(l  on  clinical  grounds.  In  other  words  upon 
objective  findings  alone  hietic  aoi  titis  in  the  absence  of  aneurysm  and  aortic 
valve  insufficiency  could  be  cDiisidered  a  possiblity  in  only  2  cases.  This  is  in 
contrast  to  the  expectancy  justified  on  pathological  grounds.  Warthin  (23) 
found  either  macroscopic  or  microscopic  evidence  of  luetic  involvement  of  the 
aorta  in  90  percent  of  490  syi)hiHtic  j):iticuts  coming  to  autopsy.  Langer  (25) 
reported  that  in  a  series  of  23,  105  ncci  i)!)si('s  70  to  80  percent  of  all  luetic  patients 
had  aortic  invoh'ement.  He  further  reportetl  that  whereas  aortitis  had  been 
suspected  during  life  in  39.3  percent  of  the  721  instances  of  luetic  aortitis  dis- 

covered at  autopsy,  it  had  remained  undiagnosed  in  the  remaining  437  (GO. 7 
percent)  cases.  Moore,  Danglade  and  Reisinger  (20)  reviewing  105  cases  of 
pathologically  prox'ed  uncomplicated  luetic  aortitis  fomid  that  in  only  4  cases 
was  the  diagnosis  made  b(>fore  death.  In  13  it  had  been  suspected  while  in  52 
patients  the  diagnosis  might  have  been  established,  had  a  correct  interpretation 
of  the  elicited  signs  and  symptoms  followed.  In  the  remaining  4G  patients 
either  other  cardiovascular  conditions  had  obscured  the  luetic  signs  or  the 
possibility  of  luetic  aortic  disease  had  not  been  given  serious  or  direct  attention. 
In  a  later  publication  Moore  and  Metildi  (27)  reported  the  verification  of  the 
diagnosis  of  uncomplicated  luetic  aortitis  in  19.1  per  cent  of  115  cases  in  which 
the  diagnosis  was  estai)Iished  by  the  application  of  7  criteria  they  outlined.  In 
an  additional  35.0  pejcent  of  the  group  they  noted  presumptive  evidence  of  the 
correctness  of  the  original  diagnosis.  In  contra  distinction  to  our  own  experi- 

ences they  conclutled  that  an  a(!curate  diagnosis  of  uncomplicated  luetic  aortitis 
could  be  established  in  a  considerable  proportion  of  patients  with  late  syphilis. 

Undoubtedly  there  were  many  more  instances  of  aortic  .syphilis  in  our  47  pa- 
tients than  the  2  described  above.  Yet  on  purely  clinical  grounds,  with  the  aid 

of  carefully  taken  histories,  complete  physical  examination,  supplemented  by 
fluoroscopic  and  electrocardiographic  study  the  diagnosis  was  justified  only  in 
the  limited  munber.  It  is  obvious  from  this  alone  that  additional  diagnostic 
aids  are  necessary. 
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ROENTGEXKYMOGRAPHY  OF  THE  AORTA 

Roentgenkymograph}'  is  a  method  of  recording  the  movements  of  the  actively 
beating  heart  and  pulsating  aorta  on  an  X-ray  film.  This  is  done  by  interposing 
a  lead  grid  between  the  X-ray  film  and  the  subject.  The  lead  grid  is  fenestrated 
by  horizontally  placed  slits  0.4  mm.  wide,  spaced  12  mm.  apart,  allowing  X-rays 
to  fall  on  the  films  through  the  open  slits.  In  this  way  narrow  transverse  seg- 

ments of  the  beating  heart  and  aorta  are  recorded  on  the  X-ray  film  and  pulsa- 
tions at  respective  levels  on  the  right  and  left  borders  of  the  heart  are  visualized. 

The  film  is  automatically  moved  down  for  distance  equal  to  a  little  less  than  the 
slit  separation  distance  (12  mm.)  during  an  exposure  period  of  from  1  to  2  sec- 

onds, thereby  recording,  at  normal  heart  rates,  two  or  three  cardiac  cycles.  For 
complete  technical  details  reference  can  be  made  to  the  writings  of  Stumpf  (28) 
and  of  Hirsch  (29).  The  films  obtained  by  this  method  show,  on  the  borders  of 
the  heart,  a  series  of  waves  of  varying  depth,  dependent  upon  the  extent  of 
systolic  contraction  and  diastolic  relaxation  at  any  level,  ̂ 'entricular  systole 
is  recorded  as  a  straight  horizontal  inward  thrust  while  A  entricular  diastole  is 
reflected  as  a  curved  outward  excursion.  The  auricular  contractions  have  a 
characteristic  appearance  as  do  pulmonary  artery  and  aortic  curves  of  the  heart 
border.  The  diagnosis  of  myocardial  infarctions,  ventricular  and  aortic  an- 

eurysms, dilated  chambers  in  varied  types  of  valvular  disease,  pericardial  lesions, 
solid  neoplasms  of  the  mediastinum,  etc.  is  aided  by  this  method  of  X-ray  visuali- 

zation (30,  31,  32).  It  was  with  the  idea  of  detecting  early  variations  in  aortic 
pulsations  that  kymograms  in  the  postero-anterior  and  left  oblique  positions 
were  taken  in  these  47  patients  with  a  luetic  infection  and  no  clinical  evidence  of 
aortitis.  In  brief  it  can  be  stated  that  kymography  of  the  aortic  arch  for  the 
early  detection  of  luetic  lesions  is  disappointing  as  a  diagnostic  aid.  There  are 
many  reasons  for  this.  The  aorta,  so  closely  attached  to  the  heart,  and  subject 
to  the  influences  of  so  actively  contracting  an  organ,  shares  in  the  movement  of 
each  cardiac  contraction.  Xot  only  does  the  aorta  pulsate  expansively  with  each 
ventricular  systole  and  diastole  but  it  also  moves  en  masse  with  each  cardiac 
contraction.  The  degree  of  intrinsic  pulsation  and  of  en  masse  movement  are 
variables  determined  by  many  factors  among  which  are:  1.  The  blood  pressure, 
2.  The  age  of  the  patient  and  the  consequent  degree  of  arteriosclerotic  vessel 
changes,  3.  The  force  of  the  myocardial  thrust,  the  stroke  volume,  and  the  car- 

diac rate,  4.  The  size  of  the  heart,  5.  The  position  of  the  diaphragms,  6.  The 
phase  of  respiration,  7.  The  interfering  effect  of  adhesions  from  previous  medi- 

astinal or  hilar  infections.  Because  of  the  number  of  varying  factors  it  is  ex- 
tremely difficult  to  establish  standards  of  aortic  pulsation  sufficiently  well 

defined  and  constant  to  allow  the  detection  of  the  minimal  variations  which 
would  have  interested  us.  Furthermore  early  luetic  changes  are  found  most 
often  in  the  intra- ventricular  portion  of  the  ascending  part  or  root  of  the  aortic 
arch.  In  many  cases,  this  part  of  the  aorta  could  be  poorly  visualized,  even  in 
the  oblique  position.  Diagnostically  helpful  kymograms  of  the  aorta  have  been 
described  in  outspoken  luetic  aortic  insufficiency  or  aneurysm  but  in  such  cases 
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a  clinical  diagnosis  is  relatively  easy  and  makes  this  type  of  X-ray  study  unneces-l  difi 
sary.  The  difficulties  encountered  with  kymography  of  the  aorta  in  early  luetic  th( 
aortitis  are  analagous  to  the  already  established  shortcomings  of  the  fluoroscopic  tic 
or  simple  roentgenographic  study  of  the  aorta  for  uncomplicated  early  aortitis,  tb 
There  too  the  normal  variations  of  aortic  size  and  contour  diminish  the  possi-  « 
bility  of  ascertaining  the  minimal  deviations  which  would  indicate  an  incipient  j 
pathological  state.  As  a  result  of  this  study  it  can  be  stated  that  roentgen- 
kymography  of  the  aorta  is  of  no  help  in  the  detection  of  simple  aortitis  in  luetic  i 
subjects  without  clinical  signs  or  symptoms j 

Perhaps  from  the  recent  perfection  of  the  direct  visualization  in  vivo  of  the 
cardiac  chambers  and  great  vessels  with  intravenous  Diodrast  (33)  will  come 
a  method  for  measuring  accurately  the  size  of  the  aorta  both  in  normal  and 
abnormal  states. 

SUMMARY 
Forty  seven  patients  with  positive  serological  evidence  of  syphilis  were  studied 

for  evidence  of  cardiovascular  involvement.  These  subjects  were  a  mixed  group 
including  men  and  women  of  all  ages.  Some  had  acquired  their  infections 
comparatively  recently  while  others  in  the  group  gave  a  history  of  having  been 
infected  many  years  before.  All  were  under  treatment  and  had  been  receiving 
anti-luetic  therapy  for  varying  periods  of  time.  None  presented  symptoms  or 
signs  of  outspoken  or  advanced  cardiovascular  syphilis,  such  as  aneurysm,  aortic 
insufficiency  or  coronary  artery  orifice  narrowing.  The  exclusion  of  such  cases 
was  intentional  for  they  present  no  unusual  or  exceptionally  difficult  diagnostic 
problem.  Signs  or  symptoms  that  would  lead  to  a  justified  diagnosis  of  uncom- 

plicated luetic  aortitis  were  particularly  sought  for.  The  criteria  of  the  Coopera- 
tive Clinical  Group  with  modifications  suggested  by  Maynard  and  his  co-workers 

were  used  as  guides.  In  addition  to  careful  questioning  and  examination  each 
patient  was  further  studied  by  fluoroscopy  of  the  chest,  electrocardiography, 
and  roe-ntgenkymography  of  the  aorta.  All  the  data  were  assembled  and 
analyzed  for  a  final  evaluation  of  the  validity  of  the  diagnosis  of  uncomplicated 
luetic  aortitis.  In  only  2  of  the  47  patients  was  such  a  diagnosis  warranted. 
It  was  recognized  that  in  the  light  of  the  higher  incidence  of  luetic  aortitis  (GO-80 
percent)  reported  in  necropsy  studies  of  luetics,  many  cases  of  specific  aortitis 
in  this  series  were  undetected.  The  additional  method  of  study  employed  here— 
roentgenkymography  of  the  aorta — gave  no  assistance.  The  difficulty  of  estab- 

lishing nornial  standards  of  visualized  aortic  pulsation  made  interpretations 
impossible.  A  multitude  of  varying  factors  made  the  problem  of  determining 
a  normal  kymographic  picture  of  the  aorta  at  different  age  periods  etc.  an  ex- 

tremely difficult  one.  Similar  obstacles  surround  the  question  of  establishing 
normal  limits  for  the  dimensions  of  the  aorta  when  studied  fluoroscopically  or 
roentgenologically. 

COMMENT 
It  is  apparent  that  simple  luetic  aortitis  is  a  clinically  elusive  condition. 

Symptomatology  is  not  specific  and  objective  data  are  made  unreliable  by  the 
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difficulty  of  establishing  normal  standards  for  aortic  size  and  pulsation.  Perhaps 
the  only  set  of  circumstances  which  justifies  a  definite  diagnosis  is  the  visualiza- 

tion of  an  unmistakably  dilated  aorta — particularly  if  the  widening  involves 
the  ascending  portion  of  the  arch — in  the  luetic  patient  without  hypertension 
whose  age  and  general  condition  would  preclude  the  possibility  of  ascribing  the 
aortic  change  to  arteriosclerosis. 

Realization  that  uncomplicated  luetic  aortitis  is  virtually  impossible  to  detect 
in  vivo  and  in  the  light  of  the  knowledge  that  it  exists  frequently  in  syphilitic 
subjects,  should  encourage  the  attitude  that  it  is  justifiable,  for  the  benefit  of 
the  patient,  to  hazard  the  diagnosis  on  less  than  perfect  grounds.  Furthermore 
because  of  the  esoteric  nature  of  the  diagnostic  criteria  the  condition  cannot 
possibly  be  discovered  in  any  but  known  luetics.  Fortunately  syphilis  is  de- 
tectible  by  a  simple  blood  test  which  should  be  applied  to  all  patients  who  seek 
medical  attention.  Only  by  adopting  these  viewpoints  will  it  be  possible  to 
discover  incipient  cardiovascular  lues  and  to  deal  with  uncomplicated  luetic 
aortitis,  the  initial  lesion  of  all  other  foiTns  of  syphilitic  heart  disease,  in  a  manner 
which  its  importance  and  seriousness  deserves. 

CONCLUSION 

Early  luetic  aortitis,  before  the  occurrence  of  coronary  artery  orifice  involve- 
ment, aortic  insufficiency  or  aortic  aneurysm,  is  clinically  undetectible.  Excep- 

tionally it  may  be  diagnosed  when  specific  signs  are  found  in  a  young  luetic  who 
has  neither  arteriosclerosis  or  hypertension.  Uncomplicated  specific  aortitis 
is  an  asymptomatic  condition.  Symptoms  imply  an  extension  or  complication 
of  the  syphilitic  process  in  the  aorta.  Roentgenkymography  of  the  aorta  is  of 
no  aid  in  the  early  discovery  of  uncomplicated  luetic  aortitis.  In  view  of  the 
high  incidence  of  uncomplicated  luetic  aortitis  established  by  necropsy  studies 
it  must  be  recognized  that  though  undiagnosable  it  is  often  present  in  kno\\Ti 
luetics. 
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CONTINUOUS  IMMOBILIZATION  OF  BOTH  LUNGS  BY  AIR  PRES- 
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Inhalational  therapy  has  modified  in  various  waj's  the  breathing  pattern  of 
patients  with  disturbances  in  respiratory  function.  In  clinical  dyspnea  due  to 
anoxia  the  inhalation  of  oxygen-enriched  atmospheres  has  been  shown  to  result 
in  a  decrease  in  the  volume  of  breathing.  When  increased  percentages  of  car- 

bon-dioxide are  inspired,  the  pulmonary  ventilation  is  progressively  increased. 
The  inhalation  of  helium  with  oxygen  is  responsible  for  a  decrease  in  the  phys- 

ical effort  of  breathing  in  conditions  characterized  by  obstruction  in  the  respira- 
tory passageway.  The  volume  of  breathing  may  or  may  not  be  lowered,  but  the 

effort  is  diminished.  During  positive  pressure  respiration  the  physical  eft'ort of  breathing  is  also  decreased  in  obstructive  dyspnea  when  it  is  applied  during 
inspiration  or  both  cycles  of  respiration,  and  the  total  pulmonary  ventilation  is 
often  diminished.  The  employment  of  positive  pressure  in  expiration  only  is 
designed  for  the  treatment  of  pulmonary  edema  and  is  less  apt  to  result  in  note- 

worthy changes  in  the  amount  of  air  or  oxygen  breathed.  Under  the  latter  con- 
dition there  is  increased  work  on  the  part  of  the  patient  who  breathes  outward 

against  an  arbitrarily  imposed  obstruction. 
Cessation  of  all  lung  movement  may  be  temporarily  produced  by  hyperventi- 

lation with  pure  oxygen,  which  reveals  the  importance  of  the  chemical  regulation 
of  breathing.  A  normal  individual  may  show  a  cessation  of  all  chest  motion  for 
a  period  as  long  as  5  minutes  without  discomfort  or  signs  of  anoxia. 

The  purpose  of  this  communication  is  to  describe  a  method  of  producing 
continuous  arrest  of  lung  movement  and  at  the  same  time  provide  a  normal  pul- 

monary ventilation  with  an  adequate  exchange  of  oxygen  and  carbon-dioxide 
between  the  pulmonary  epithelium  and  the  alveolar  air.  In  1926  Thunberg 
constructed  a  respirator,  which  he  called  the  barospirator,  in  which  an  alter- 

nating pressure  of  one-sixth  of  an  atmosphere  Avas  produced  25  times  a  minute. 
A  person  enclosed  in  this  chamber  obtained  an  adequate  pulmonary  ventilation 
with  little  change  in  the  volume  of  the  chest  (1).  The  dcA-ice  was  employed  to 
maintain  artificial  respiration  in  patients  with  poliomyelitis  in  whom  respira- 

tory paralysis  had  taken  place.  The  principle  of  this  method  depends  on  the 
physical  law  that  the  number  of  gas  molecules  in  a  container,  with  the  volume 
and  temperature  constant,  varies  with  the  degree  of  pressure  to  Avhich  the  gas 
is  expo.sed.  Thus,  if  the  lungs  hold  3000  cc.  of  air  at  the  end  of  a  normal  ex- 

piration increasing  the  pressure  one-sixth  of  an  atmosphere  would  result  in  an 
increase  in  the  number  of  gas  molecules  present  in  them  equivalent  to  500  cc. 
Similarly,  when  the  pressure  change  was  decreased  one-sixth  of  an  atmosphere 
there  would  be  a  diminution  in  the  number  of  molecules  in  the  lung  of  approxi- 
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mately  500  cc.  If  one  Aveie  to  assume  a  rigid  container,  as  Thunberg  did, 
no  change  in  the  size  of  the  container  would  naturally  take  place.  Although 
Thunberg  obser\'ed  little  or  no  movement  of  the  chest  wall  in  normal  subjects, 
our  studies  soon  revealed  a  slight  initial  compression  of  the  chest  which  took 
place  when  the  positive  pressure  wave  was  applied  to  the  thorax  and,  conversely, 
a  slight  expansion  of  the  chest  wall  during  the  negati\'e  pressure  pliase.  When 
patients  with  pulmonary  disease  were  exposed  to  an  alternating  pressure  of  one- 
sixth  of  an  atmosphere,  expansion  of  the  chest  during  the  negative  cycle  was 
quite  marked,  as  well  as  the  subsecjuent  compression  of  the  chest  during  the 
height  of  the  positive  pressure  wave.  The  degree  of  alternate  enlargement  and 
contraction  of  the  thorax  varied  Avith  the  extent  of  resistance  in  the  tracheo- 

bronchial passageway.  It  A\-as  evident  that  the  Thunberg  barospirator  could 
not  be  used  for  the  treatment  of  patients  with  pulmonary  tuberculosis  since  our 
object  was  complete  arrest  of  lung  movement. 

Since  the  walls  of  the  thoracic  cage  are  somewhat  flexible,  the  project  of 
immobilizing  them  required  that  an  equal  pressure  be  exerted  on  the  outer  and 
inner  surface  of  the  chest  wall  (and  on  the  upper  and  lower  surface  of  the  dia- 

phragm) at  precisely  the  same  moment.  Since  the  air  which  enters  the  lung, 
\\hich  ultimately  builds  up  a  pressure  on  the  upper  surface  of  the  diaphragm 
and  on  the  inner  surface  of  the  chest,  must  pass  through  the  pharj^nx,  larynx, 
trachea,  and  the  large  and  smaller  bronchi,  a  certain  time  interval  is  necessarily 
present  during  which  a  higher  pressure  is  applied  to  the  external  surface  of  the 
thorax  than  to  its  inner  surface.  The  problem  resolved  itself  into  a  method  of 
delaying  the  application  of  pressure  to  the  outer  chest  wall  until  the  time  of  the 
arri\-al  of  an  equivalent  pressure  within  the  lung.  As  a  result  of  experimental 
and  clinical  investigation,  it  became  apparent  also  that  in  most  subjects  5  cm. 
pressure  was  consumed  by  the  tracheo-bronchial  resistance  in  the  passage  of 
air  from  the  pharynx  to  the  lungs. 

At  first  the  body  of  the  patient  was  surrounded  by  a  box,  with  closure  at  the 
neck,  and  the  patient  and  this  box  were  then  placed  into  a  large  room  in  which 
an  alternating  pressure  of  55  mm.  Hg  above  and  below  the  atmosphere  was  ob- 

tained. By  adjusting  the  number  of  holes  in  the  inner  box  the  pressure,  as  well 
as  the  time  of  arrix  al  of  pressure  on  the  outer  chest  wall,  could  be  made  equiva- 

lent to  that  which  entered  the  lung  through  the  nose.  Later  a  transportable 
type  of  chamber  (fig.  1)  was  developed  in  which  this  object  was  obtained  by  first 
passing  the  air  into  the  head  end  of  the  chamber  and  then,  through  a  slightly 
constricted  orifice,  into  the  body  end  of  the  chamber.  In  this  way  a  slightly 
smaller  total  pressure^  A\as  ajiplied  to  the  chest  wall  at  a  slightly  later  moment 
in  time  than  that  wKwh  was  applied  to  the  nose  or  mouth  of  the  patient.  This 
chamber,  which  we  call  the  (M|ualizing  ])i'essure  chamber,  accomplishes  normal 
or  increased  pulmonary  Aontilation  without  movement  of  the  chest  wall  or 
diaphragm. 

Complete  arrest  of  spontaneous  respiration  is  obtained  in  patients  after  a  little 
preliminar\-  training.  At  first,  the  impulse  to  breathe  recurs  in  cases  of  pul- 

monary tul)erculosis  who  are  treated  l\v  this  methotl  of  i)ro\iding  local  lung 
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rest.  However,  when  the  chemical  requirements  of  the  body  are  met  by  an 
adequate  supply  of  oxygen  and  elimination  of  carbon-dioxide,  the  impulse  for 
spontaneous  respiration  ceases.  This  arrest  of  voluntarj^  breathing  can  only  be 
made  continuous  if  the  pressure  on  each  side  of  the  chest  wall  and  the  cUaphragm 
is  made  equal.  When  the  pressure  is  allowed  to  arrive  at  the  chest  wall  before 
adequate  delay  has  been  accomplished  there  appears  to  be  a  cumulative  com- 

pression of  the  chest.  Expressed  differently,  when  alternating  pressiu-e  is  used 
without  the  differential  resistance  which  equalizes  the  pressure  relationships, 
being  maintained,  a  feeling  of  increased  compression  of  the  chest  takes  place 
which  ultimately  forces  the  individual  to  take  an  inspiration.  Continuous 
immobilization  of  the  lungs  therefore  can  only  be  maintained  when  the  pressure 

Fig.  1.  Equalizing  pressure  chamber  open 

on  each  side  of  the  chest  wall  has  been  made  equal  and  in  addition  an  adequate 
exchange  of  gases  in  and  out  of  the  lungs  be  provided. 

In  animal  experiments  in  which  asphyxia  was  produced  by  excessive  doses 
of  nembutal,  the  use  of  the  barospirator  principle,  namely,  alternating  pressure, 
was  unable  to  maintain  respiratory  function.  A  gradual  increase  in  carbon- 
dioxide  and  a  progressive  lowering  of  the  oxygen  saturation  of  arterial  blood 
was  found.  When  equalizing  pressure  was  added  under  the  same  circum- 

stances, the  animals  showed  maintenance  of  normal  respiratory  function,  with- 
out significant  lowering  of  the  arterial  oxygen  saturation  or  retention  of  CO2  (2). 

The  equalizing  pressure  chamber  was  de^•eloped  in  order  to  provide  complete 
lung  rest  in  patients  with  pulmonary  tuberculosis.  Individuals  who  reside  in 
this  chamber  also  obtain  an  unexpected  form  of  body  rest.  One  of  the  re- 

markable effects  of  arrest  of  voluntary  breathing  is  the  type  of  bodily  relaxation 
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which  is  observed  when  the  effort  of  breathing  is  performed  by  the  machine  and 
not  by  the  patient.  An  indi\  iclual  who  is  in  such  a  chamber  without  the  ap- 

paratus in  use  reveals  the  same  restlessness  and  movement  of  hands  or  legs 
seen  in  the  patient  who  is  at  bed  rest.  However,  as  soon  as  the  breathing  is 
taken  over  by  the  application  of  eciualizing  pressure,  the  impulse  for  spontaneous 
movement  of  the  hands  and  legs  is  strikingly  diminished.  In  some  instances  a 
patient  will  lie  for  4  hours  without  turning  or  manifesting  any  change  in  body 
contour.  The  desire  to  smoke  cigarettes  which  patients  show  at  ordinary 
bed  I'est  is  much  less  or  almost  absent  when  breathing  is  performed  by  the 
chamber.  As  a  result  of  cessation  of  normal  respiration,  a  degree  of  body  rest  is 
obtained  which  is  not  possible  during  ordinary  bed  rest.  No  patient  has  been 
encountered  who  could  lie  c^uietly  in  a  bed  for  long  periods  when  normal  breath- 

ing was  takmg  place.  The  emplo^Tiient  of  continuous  immobilization  of  both 
lungs,  with  provision  of  an  addiuatc  pulmonary  ventilation,  makes  pos.sible 
l)oth  a  degree  of  local  lung  icst  and  body  rest  not  hitherto  available. 

The  application  of  this  type  of  therapy  has  been  undertaken  in  10  patients 
^\•ith  advanced  pulmonary  tuberculosis.  The  patients  generally  reside  in  the 
chamber  from  8:30  in  the  morning  until  9:30  or  10  o'clock  at  night,  and  are  only 
remo\-ed  at  meal  time.  A  course  of  therapy  of  four  months  duration  has  arbi- 

trarily been  selected.  The  preliminary  resvdts  of  a  series  of  5  patients  revealed 
marked  improvement  in  4  of  them  (3).  Of  the  10  patients  who  have  been 
treated  with  one  or  more  coiu'ses  of  immobilizing  lung  therapy,  3  of  thefn  have 
been  clas.sified  as  being  citiicr  little  imi)rov('d  or  transiently  improved,  without 
significant  alteration  in  their  course.  A  fourth  patient  showed  a  collapse  of  a 
large  cavity  in  the  left  lung  with  a  recurrence  on  slight  activity;  this  patient 
is  now  being  treated  in  a  second  course.  Of  the  remaining  G  patients,  5  of  them 
have  been  discharged  as  al)le  to  work  and  in  4  in  whom  a  follow-up  has  been 
possible,  all  are  at  work  without  signs  of  active  disease.  In  some  there  has  been 
a  complete  clearing  of  tuberculous  lesions  and  ca\  ities,  and  in  others  there  has 
been  complete  arrest  of  the  disease,  with  e\  idence  of  fibrosis  on  x-ray  examina- 

tion. The  sixth  patient  who  showed  marked  improvement  was  ambulatory 
for  a  period  of  two  years  but  is  now  in  a  municipal  institution  and  reveals  on 
x-ray  examination  what  appears  to  be  a  small  cavity  at  the  site  of  his  original 
large  lesion.  His  sputum  has  been  and  is  now  consistently  negative  since  the 
second  course  of  treatment  and  he  is  in  apparent  good  condition,  manifesting 
no  signs  of  clinical  tuberculosis,  except  the  area  of  apparent  cavity  on  x-ray. 

Two  of  the  patients  who  have  shown  a  favorable  outcome  as  a  result  of  this 
treatment  had  one  course  of  treatment.  Three  patients  had  two  courses  of 
approxiinatoly  4  months  each  and  one  jiatient  had  three  courses  of  treatment 
bef(.)rc  all  >igns  of  the  disease  cleared  and  l)efore  the  cavities  in  both  lungs  were 
completely  al)sent.    Tlie  se\  enth  patient  will  have  had  two  courses  of  treatment. 

The  meclianisni  by  w  hich  clearing  of  advanced  tuberculous  disease  is  accom- 
plished in  this  chamber  may  be  discussed  provisionally.  Local  lung  rest  in- 

cA-itably  decreases  the  diffusion  of  toxins  from  the  tuberculous  lesion.  There  is 
a  striking  diminution  in  the  impulse  to  cough,  which  also  makes  less  likely  a 
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spread  of  the  disease.  Since  arrest  of  lung  movement  is  begun  at  the  conclu- 
sion of  a  normal  expiration,  the  elastic  tension  of  the  lung  is  at  a  minimum.  A 

specific  factor  in  causing  collapse  of  cavity  is  in  all  probability  the  removal  of  the 
ball-valve  mechanism  which  is  commonly  responsible  for  enlargement  and  main- 

tenance of  tuberculous  cavities.  Thus,  in  ordinary  breathing,  an  inspiration 
is  accompanied  by  an  enlargement  of  the  cavity  and,  when  the  respii-atory 
passageway  between  the  cavity  and  the  bronchi  is  small,  by  a  decreased  rate  of 
emptying  of  the  cavity,  with  a  consequent  pressure  on  its  walls.  Since  there 
is  no  movement  of  the  cavity  as  long  as  there  is  a  passageway  between  it  and 
the  bronchi  during  immobilizing  lung  therapy,  this  alternate  modification  of  the 
size  of  the  cavity  does  not  take  place.  When  arrest  of  lung  movement  is  pro- 

vided by  equalizing  pressure  therapy,  there  is  a  passage  of  air  into  the  cavity 
during  the  positive  phase  and  an  exit  of  air  from  the  cavity  during  the  negative 
phase.  As  long  as  some  opening  exists  between  the  cavity  and  the  bronchi  this 
interchange  of  air  results  without  compression  of  the  walls  of  the  cavity.  It  is 
possible  that  in  cavities  of  very  large  size  the  diameter  of  the  bronchus  leading 
to  the  cavity  may  be  so  small  in  relation  to  the  total  size  of  the  cavity  as  to 
result  in  some  compression  and  expansion  of  the  cavity  during  the  phases  of 
positive  and  negative  pressure.  In  two  of  the  cases  in  which  no  significant 
improvement  took  place  the  very  large  size  of  the  cavity  may  have  been  re- 

sponsible for  a  situation  in  which  complete  absence  of  movement  of  their  walls 
was  not  secured.  In  one  of  these  patients  an  evening  temperature  of  104. 5°F. 
on  admission  to  the  hospital  represented  the  terminal  stage  of  a  bilateral  con- 

fluent type  of  tuberculosis. 
In  the  presence  of  cavities  of  moderate  size  the  cessation  of  lung  movement 

ol)\-iously  prevents  the  inspiratory  enlargement  of  the  cavity  which  necessarily 
takes  place  during  ordinary  breathing.  That  this  type  of  local  lung  rest  has  a 
specific  effect  in  producing  collapse  of  cavity  has  been  demonstrated  in  an  un- 

questionable way.  In  a  number  of  patients  in  this  series,  a  cavity  has  disap- 
peared during  the  first  course  of  treatment  only  to  reappear  after  discharge 

from  the  hospital  during  convalescent  care.  A  subsequent  course  of  treatment 
resulted  in  complete  closure  of  the  cavity  in  the  same  length  of  time  as  was 
required  during  the  first  course.  This  type  of  evidence  shows  the  specific  ef- 

fect of  local  lung  rest  as  provided  by  immobilizing  lung  therapy  in  achieving  the 
closure  of  cavity  as  well  as  the  clearing  of  infiltrative  lesions  (4). 

During  the  course  of  this  therapy  gain  in  weight  was  sometimes  striking,  as 
much  as  35  pounds  in  three  months.  The  cough  and  expectoration  are  notably 
decreased  in  a  period  of  2  or  3  weeks.  In  fact,  there  is  not  infrequently  on  x-ray 
examination  signs  of  scattered  atelectasis  as  the  result  of  the  decreased  cough 
and  therefore  diminished  ventilation  of  certain  areas  of  the  lung.  Although  the 
patient  is  quite  able  to  cough  in  the  chamber  and  could  be  instmcted  to  ex- 

pectorate the  secretions  which  accumulate  during  the  absence  of  normal  breath- 
ing, our  procedure  has  been  to  suggest  no  postural  drainage  or  no  deliberate 

coughing  in  order  to  keep  lung  rest  at  a  maximum.  The  possibility  presents  it- 
self, however,  that  emptying  of  the  cavity  by  deliberate  coughing  may  be  de- 
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sirable.  There  is  one  other  characteristic  of  this  tj'pe  of  therapy  that  may  be 
mentioned,  namely,  the  effects  on  the  eardrums  of  the  alternating  pressure.  In 
all  the  patients  that  have  been  treated  this  sensation,  which  may  be  uncom- 

fortable at  first,  is  one  to  which  they  become  oblivious,  generally  within  2  or  3 
days.  However,  our  more  recent  custom  is  to  place  sponge-rubber  containers 
over  each  ear  in  order  to  make  the  sensation  minimal. 

Patients  have  not  found  this  treatment  uncomfortable  or  burdensome.  In 
every  instance  in  which  the  disease  of  the  patient  recurred  after  the  first  course 
of  treatment,  the  patient  urgently  requested  another  course  of  therapy.  In 
some  instances  thoracoplasty  had  been  ad\dsed  when  one  lung  cleared  under 
immobilization  therapy,  but  the  patient  invariably  expressed  the  desire  for  a 
second  course  in  order  to  have  the  opportunity  for  complete  arrest  of  the  dis- 

ease without  thoracoplasty. 

SUMMARY 

A  method  of  Continuous  immobilization  of  both  lungs  hy  air  pressure  is  de- 
scribed. The  principle  of  alternating  pressure,  originally  reported  by  Thun- 

berg,  accomplishes  an  adequate  ventilation  of  the  lung  but  does  not  provide 
arrest  of  lung  movement.  An  alternating  pressure  of  one-sixth  of  an  atmosphere 
results  in  compression  and  expansion  of  the  chest  during  the  positive  and  nega- 

tive pressure  waves  respectively  in  patients  with  pulmonary  tuberculosis. 
The  development  of  a  method  of  immobilizing  the  chest  wall  and  diaphragm, 

with  the  production  of  complete  arrest  of  lung  movement,  was  made  possible 
by  decreasing  the  pressure  applied  to  the  chest  wall  through  enclosing  the  body 
of  the  patient  in  a  separate  chamber  from  that  of  the  head.  At  the  same  time 
the  pressure  applied  to  the  thorax  was  delayed  for  a  moment  of  time  until  an 
equivalent  pressure  passed  through  the  tracheo-bronchial  passageway  to  the 
inner  surface  of  the  chest. 

The  application  of  local  lung  rest  in  the  equalizing  pressure  chamber  was  em- 
ployed in  10  patients  with  advanced  pulmonary  tuberculosis.  In  6  patients  a 

significant  improvement  took  place.  The  seventh  pat'ient  is  still  under  treat- ment. Five  patients  have  been  discharged  as  able  to  work  and  reveal  either 
no  evidence  of  tuberculous  disease  or  complete  arrest  of  disease ;  these  five  pa- 

tients have  been  clinically  well  for  periods  of  1  to  4  years  and  in  4  in  whom 
follow-up  has  been  possible  all  are  at  work. 

The  procedure  has  been  employed  up  to  this  time  on  patients  in  whom  no 
other  form  of  therapy  was  available.  Pnevmiothorax  had  either  been  tried  or 
was  considered  unsuitable  and  the  bilateral  nature  of  the  disease  precluded 
thoracoplasty  except  in  one  patient  in  whom  a  double  thoracoplasty  had  been 
advised. 

When  voluntar,y  respiration  is  dispensed  with  and  the  physical  effort  of  breath- 
ing is  no  longer  present  in  the  chamber,  a  special  type  of  relaxation  takes  place 

in  which  the  impulse  for  movement  of  the  voluntary  musculature  is  either  strik- 
ingly diminished  or  absent.  Patients  are  able  to  lie  for  hours  at  complete  body 

rest  in  the  chamber  although  at  ordinary  bed  rest  this  type  of  complete  physical 
immobility  is  impossible  to  maintain. 
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Immobilization  of  both  lungs  by  this  type  of  equalizing  air  pressure  has  been 
shown  to  have  a  specific  effect  not  only  on  the  clearing  of  infiltrative,  tubercu- 

lous lesions,  but  also  on  the  collapse  of  cavity. 
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MULTIPLE  PURULENT  ARTHRITIS  DUE  TO  MENINGOCOCCUS  IN 
VERY  EARLY  INFANCY 

Report  of  a  Case  in  an  Infant  Suffering  from  Congenital  Cataract  and 
Cardiac  Disease  Whose  Mother  Had  Rubella  during  First  Month 

of  Pregnancy 

MURRAY  H.  BASS,  M.D.,  and  GERHARD  XOTHMAX,  M.D. 

The  neAvbom  infant  whose  history  folloAvs  is  of  interest  for  the  following 
reasons:  During  tlu'  first  month  of  pregnancy  the  infant's  mother  suffered 
from  an  attack  of  Cierman  measles.  The  infant  was  born  with  two  congenital 
deformities,  a  cataract  in  the  right  eye  and  a  cardiac  lesion.  The  relationship 
of  th(>s(  dcf()imiti(-s  to  the  mother's  previous  illness  will  be  only  briefly  discussed 
as  the  ocular  Hntlings  in  this  infant  have  already  been  published  by  Dr.  Algernon 
Reese  who  oj^erated  on  and  reported  this  (■as<>  together  with  two  other  similar 
cases  under  the  title  "Congenital  Cataract  and  Other  Anomalies  Following 
German  Measles  in  the  Mother"  (1).  At  the  age  of  six  weeks  the  infant 
developed  an  acute  fel)rile  illness  characterized  by  purulent  arthritis  in  several 
joints  aspiration  of  w  hich  yielded  a  pure  culture  of  meningococcus.  The  infant 
made  an  excellent  recovery. 

CASE  report 
Hislory:  R.  S.  (Adm.  ̂ 515748),  aged  7  weeks,  was  admitted  to  The  Mount  Sitiai  Hospital 

on  January  23,  1944  because  of  dyspnoea  and  lack  of  apj)etite.  Ho  was  the  first  child  of 
healthy  parents.  During  the  first  month  of  pregnane}'  the  mother  had  surferoil  from  an 
attack  of  German  measles.  Delivery  was  by  forceps  at  full  term  after  an  18  hour  labor. 
The  birth  weight  was  6  pounds.  At  the  age  of  four  days  cyanosis  was  first  noted  and  a 
diagnosis  of  congenital  heart  disease  was  made.  E.xamination  also  revealed  a  cataract 
of  the  right  eye  and  a  right  palpebral  aperture  slightly  smaller  than  the  left.  At  the  re- 

quest of  his  pediatrician.  Dr.  Erich  Siegel,  he  was  seen  by  one  of  us  two  weeks  later  and 
it  was  decided  that  on  account  of  his  small  size  and  general  debility  he  should  be  kept  in 
the  infants  nursery  of  the  hospital  for  several  weeks  more.  He  was  visited  by  his  father 
and  hy  an  uncle,  both  of  whom  were  soldiers  stationed  at  an  army  camp.  At  the  age  of  six 
weeks  the  infant  developed  purulent  conjunctivitis  of  the  right  eye  which  lasted  about 
two  days  and  was  followed  hy  pliai>  n<iitis,  ccrx  ical  adenitis,  low  grade  fever,  mild  dj'spnoea 
and  anore.xia.  The  last  two  symptoms  pci-sistctl  until  admission  to  The  Mount  Sinai 
Hospital  when  the  infant  was  7  weeks  old. 

Examination:  On  admission  the  temperature  was  99.2°P\  The  weight  was  7  pounds 8  ounces.  The  infant  appeared  ill.  He  was  somewhat  dyspnocic  and  his  color  was  dusky. 
Ears, nose  and  throat  were  ncjrmal.  In  the  right  vyv  Www  was  a  dense  white  cataract  which 
occupied  the  entire  pupillary  area.  liic  pupil  reacted  slightly  to  light.  The  cornea  and 
iris  were  normal.  The  right  eye  api)eared  slightly  smaller  than  the  left.  Examination 
of  the  left  eye  revealed  the  cornea,  iris  and  lens  to  be  normal  and  the  pupil  reacted  promptly 
to  light.  The  left  fundus  examination  showed  a  grayish-white  disc  with  clear  margins. 
The  peripapillary  region  was  depigmented.  In  the  lower  temporal  cjuadrant  and  less  so 
in  the  nasal  quadrant  the  pigment  was  irregularly  distributed.  The  heart  was  enlarged 
and  a  loud  rough  systolic  and  a  short  blowing  diastolic  murmur  were  heard  loudest  at  the 
base  and  along  the  sternum.    The  lungs  were  normal.    The  liver  was  felt  two  fingers 



MULTIPLE  PURULENT  ARTHRITIS  DUE  TO  MENINGOCOCCUS 61 

breadth  below  the  costal  margin.  The  spleen  was  just  palpable.  The  right  kidney  was 
palpable  and  seemed  enlarged.  Neurological  examination  was  negative.  The  fontanelle 
was  flat. 

Laboratory  data:  On  admission:  hemoglobin,  74  per  cent;  red  blood  cells,  3,700,000; 
white  blood  cells,  37,600  with  segmented  polynuclear  neutrophiles,  41  per  cent;  non-seg- 

mented, 30  per  cent;  lymphocytes,  23  per  cent;  monocytes,  6  per  cent.  The  cells  showed 
moderate  toxic  granulation.  Urine  normal.  The  Wassermann,  Patch  and  Mantoux  tests 
were  negative.  A  throat  culture  disclosed  Streptococcus  viridans  A,  Staphylococcus  albus 
B  and  Staphylococcus  aureus  A.  A  nose  culture  showed  Staphylococcus  albus  B.  X-ray 
examination  of  the  chest  revealed  enlargement  of  the  heart,  both  at  the  base  and  in  its 
transverse  diameter.  Electrocardiograpliy  showed  right  axis  deviation  and  a  polyphasic 
QRS  in  the  standard  leads.  PhonucardiDgram  revealed  a  crescendo  systolic  murmur  of 
very  high  amplitude  closely  followed  by  a  deerescendo  diastolic  murmur  of  moderate 
amplitude.    The  murmurs  were  loudest  below  the  pulmonary  area. 

Course:  On  the  second  day  after  admission  the  child's  temperature  rose  to  103 °F.  and 
ranged  from  100°F.  to  104°F.  for  the  following  eight  days.  On  the  fourth  day  after  ad- mission fluctuant  areas  were  noted  over  both  ankle  joints.  Aspiration  of  the  swelling  below 
the  left  external  malleolus  revealeil  pus.  Attempts  to  do  femoral  punctures  to  obtain 
blood  for  culture  yielded  pus  from  both  sides  which  was  apparently  aspirated  from  the 
hip  joints.  Culture  of  this  pus  and  also  a  blood  culture  revealed  meningococcus  type  1. 
Spinal  tap  at  the  same  time  produced  normal  spinal  fluid.  Roentgenograms  of  the  lower 
extremities  failed  to  shov  osteomyelitis.  A  small  dose  of  Antimeningococcus  serum  was 
injected  intramuscularly  without  untoward  effect  and  a  mixture  of  the  serum  diluted  with 
an  equal  part  of  normal  saline  solution  was  injected  slowly  intravenously.  However, 
the  patient  developed  dyspnoea  and  the  injection  had  to  be  discontinued.  Sulfadiazine, 
0.125  gram  every  6  hours  by  mouth  was  given  for  a  period  of  six  days.  The  swelling  of 
the  ankles  disappeared  gradually.  The  temperature  declined  by  lysis  and  was  normal  for 
the  last  two  weeks  of  the  child's  hospital  stay.  Blood  culture  after  chemotherapy  was 
sterile.  The  white  cell  count  gradually  came  down  to  9,300  (Feb.  8).  Because  the  hemo- 

globin had  dropped  to  40  per  cent  (Jan.  30)  the  patient  was  transfused  twice,  with  subse- 
quent rise  in  hemoglobin  to  74  per  cent.  The  patient  was  discharged  four  weeks  after  ad- 

mission in  good  general  condition.  The  temperature  was  normal.  The  weight  was  7 
pounds  8  ounces.    There  was  mild  dyspnoea  but  no  cyanosis. 

The  infant  was  later  successfully  operated  on  for  his  cataract  by  Dr.  Reese  and  is  now 
at  the  age  of  ten  months  in  good  general  condition. 

DISCUSSION 

a.  The  Congenital  defects.  In  recent  articles  piil)li.sh('(l  in  Australian  medical 
journals  Gregg  (2),  Swan  and  his  a.ssociates  (3,  4)  have  pointed  out  that  an  attack 
of  German  measles  in  the  mother  during  the  early  ni(;nt]is  of  pregnancy  may  be 
followed  by  congenital  defects  in  the  sul:sequ('iitly  born  infant.  The  abnormal- 

ities encountered  include  cataract,  heart  tlisease,  deaf  nuitism,  microcephaly, 
ol)literation  of  the  bile  ducts,  eciuinovarus  deformity,  anomalies  of  the  kidneys 
and  mental  deficiency.  This  observation  was  first  made  by  Gregg,  when  in  the 
early  part  of  1941  an  unusual  number  of  congenital  cataracts  ai)jM'ared  in  Sydney 
following  a  severe  epidemic  of  German  measles  in  the  summer  of  1940.  A 
subsequent  investigation  conducted  by  the  above  mentioned  authors  re\ealed 
that  cases  also  occurred  in  many  other  parts  of  Australia  during  the  year  1939 
and  1943.  The  total  nimiber  of  cases  recorded  in  Australia  is  109.  In  most 
cases  Rubella  was  contracted  diu'ing  the  first  three  months  of  pregnancy.  The 
number  of  cataracts  following  Rubella  in  the  mother  so  far  recorded  in  Australia 
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is  93,  of  which  20  cases  were  unilateral  and  73  bilateral.  In  this  country,  of  the 
three  cases  reported  by  Reese,  two  were  bilateral  and  one  unilateral.  The  reader 
is  referred  to  Dr.  Reese's  paper  for  the  details  of  the  ophthalmological  findings 
and  for  a  more  detailed  summary  of  the  Australian  literature. 

Congenital  cardiac  defects  were  present  in  65  cases  reported  by  the  Australians. 
In  this  country  the  three  cases  published  by  Reese  all  had  cardiac  anomalies. 
Most  of  the  cases  seem  to  belong  to  the  acyanotic  group  of  congenital  cardiac 
disease.  A  systolic  or  less  frequently  a  systolic-diastolic  murmur  with  the 
maximum  intensity  over  the  pulmonary  area  was  heard  in  most  cases.  In  some 
a  thrill  was  present.  In  many,  x-raj^s  showed  an  enlarged  and  globular  shaped 
heart.  In  the  seven  cases  that  came  to  autopsy  a  widely  patent  ductus  arteriosus 
was  found  beside  other  minor  lesions. 

The  latest  report  of  this  condition  appeared  in  the  October  1944  number  of  the 
Journal  of  Pediatrics  by  Carl  A.  Erickson  who  reported  11  infants  with  con- 

genital cataracts  whose  mothers  had  suffered  from  Rubella  within  the  first  3 
months  of  pregnancy. 

According  to  Gregg  most  of  the  infants  are  small  sized,  poorly  nourished, 
difficult  to  feed  and  mentally  retarded.  Swan  gives  the  average  birth  weight 
as  5  pounds  7  ounces.  15  of  the  75  cases  reported  b\'' Gregg  died,  several  of 
bronchopneumonia.  Our  patient  was  of  small  size,  a  poor  feeder  and  his  gain 
in  weight  during  the  first  few  weeks  of  life  was  most  inadequate.  In  this  con- 

nection it  is  interesting  to  note  how  well  the  infant  got  over  his  severe  meningo- 
coccus infection  in  spite  of  all  of  his  handicaps. 

b.  The  Meningococcus  infection.  In  childhood,  meningococcal  infection  in 
the  great  majority  of  cases  takes  the  form  of  meningitis.  However  it  is  well 
known  that  there  are  conditions  in  Avhich  the  meningococcus  causes  disease  by 
attacking  other  organs  than  the  meninges  thus  producing  very  dissimilar  clinical 
pictures.  In  especially  susceptible  indi-\-iduals  or  perhaps  when  the  meningococci 
are  particularly  virulent,  blood  stream  infection  results  in  such  o^-erwhelming 
sepsis  that  death  occurs  before  the  meninges  have  a  chance  to  become  invaded. 
Such  cases  may  take  the  form  of  the  Waterhouse-Friderichsen  syndrome.  In 
other  instances  the  disease  is  not  so  acute  nor  so  virulent  and  a  picture  of  a 
subacute  febrile  illness  results  which  may  drag  on  undiagnosed  for  a  long  time. 
In  such  cases  the  joints  may  become  the  foci  of  infection  and  mono-articular  or 
polyarticular  inflammation  may  result.  The  case  described  in  this  communi- 

cation is  remarkable  for  the  following  reasons :  the  disease  occurred  in  very  early 
infancy  (7  weeks  of  age) ;  it  began  as  a  fever  of  unknown  origin,  the  joint  involve- 

ment only  appearing  in  the  second  week  of  illness ;  in  spite  of  the  fact  that  the 
patient  was  suffering  from  two  severe  congenital  malformations,  he  made  an 
excellent  reco\  ery  Avithovit  any  apparent  residual  arthritic  damage. 

In  the  neonatal  period  multiple  joint  infections  are  Avell  known,  appearing  as 
septic  foci  in  so  called  sepsis  of  the  newborn,  ^^arious  organisms  may  be  the 
etiologic  agent,  most  common  being  the  streptococcus,  the  staphylococcus,  the 
gonococcus  and  the  colon  bacillus.    We  have  had  on  our  pediatric  service  a 
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child  a  few  weeks  of  age  with  purulent  arthritis  of  both  shoulders,  elbows, 
wrists,  both  hips,  knees  and  ankles.  This  baby  survived,  only  the  two  hip  joints 
being  permanently  damaged,  the  other  joints  returning  completely  to  normal. 

Meningococcus  arthritis  is  of  particular  interest  because  it  may  be  part  of 
meningeal  disease  or  it  may  occur  as  an  independent  focus.  Schein  (5)  in  1938 
reported  on  23  cases  and  thoroughly  reviewed  the  whole  subject.  He  divided  the 
meningococcal  arthritis  as  follows: 
Type  I.  Meningococcal  arthritis  may  be  associated  with  epidemic  menin- 

gitis. (a)  It  may  occur  from  a  few  days  to  as  long  as  2  months  before  the 
meningitis,  in  polyarticular  fashion,  resembling  rheumatic 
fever,  gonorrhoeal  arthritis,  etc. 

(b)  It  may  occur  during  the  course  of  the  meningitis. 
(c)  It  may  occur  after  the  meningeal  symptoms  have  disappeared, 

usually  from  the  4th  to  the  7th  day. 
Type  II.  Arthritis  may  occur  with  sepsis  apart  from  meningitis. 
Type  III.  It  may  occur  as  an  isolated,  localized  infection  with  no  other  foci 

in  the  body. 
Our  case  should  be  classified  under  Type  II  as  there  was  no  evidence  of  meningeal 
in^•olvement  and  the  blood  culture  was  positive. 

The  frequency  of  arthritic  complications  in  meningococcus  disease  is  difficult 
to  determine.  Most  of  the  statistics  deal  with  groups  of  cases  composed  of  both 
children  and  adults,  and  in  almost  all  the  cases  the  meninges  are  involved.  Fox 
and  Gilbert  (6)  reported  10  cases  of  arthritis  among  26G  meningococcus  infections 
seen  during  the  part  12  years.  There  were  4  cases  in  215  patients  before  the  era 
of  chemotherapy  (1.9  per  cent)  and  G  cases  in  the  51  patients  treated  in  2  years 
with  chemotherapy  (11.8  per  cent).  This  increased  percentage  they  ascribe  to 
the  survival  of  more  severe  cases.  They  quote  the  percentage  mcidence  as  found 
by  other  authors  as  follows:  RoUeston  4.8  per  cent;  Councilman  5.4  per  cent; 
Herrick  6.5  per  cent;  Bellevue  Hospital  series  7.7  per  cent. 

Of  interest  in  this  connection  is  a  group  of  cases  dealing  with  children  only, 
recently  reported  from  Chili  by  H.  W.  Jaeger  (7).  Within  the  space  of  10  months 
1,000  children  suffering  from  meningococcus  infections  were  treated  in  his  hos- 

pital. In  these  arthritis  was  diagnosed  clinically  in  37  cases  (3.7  per  cent). 
However  the  author  comments  on  the  fact  that  in  52  cases  which  were  examined 
at  postmortem,  13  cases  of  purulent  synovitis  were  discovered  which  had  not  been 
diagnosed  clinically.  Incidentally  he  also  describes  bursitis  and  tenosynovitis 
due  to  meningococci.  His  youngest  case  was  aged  11  months.  It  had  menin- 

gitis with  puinlent  arthritis  of  one  knee  joint  and  recovered. 
As  we  mentioned  before,  all  these  series  deal  with  epidemic  meningitis.  Here 

and  there  in  the  literature  an  occasional  case  of  meningococcic  arthritis  is  re- 
ported in  a  very  young  infant  not  suffering  from  meningitis,  but  such  cases  are 

extremely  rare. 
Campbell  and  Greenfield  (8)  describe  a  previously  healthy  15  months  old  in- 
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fant  who  de^•eIoped  fever  and  a  swollen  knee  joint.  There  was  no  history  of 
previous  infection.  Pus  aspirated  from  the  joint  revealed  meningococci.  The 
outcome  is  not  known. 

Kobayashi  (9)  reports  a  4  months  old  infant  previously  well  who  developed 
high  fever  and  a  morbilliform  eruption.  On  the  third  day  of  illness  there  was 
invoh'ement  of  the  ankles,  elbows,  knees  and  wrist.  Blood  culture  was  sterile 
but  fluid  from  the  joints  re^'ealed  meningococci.  At  no  time  were  there  menin- 
gitic  symptoms.    After  an  illness  of  3  months,  the  baby  recovered. 

In  1921  French  authors  (10)  recorded  a  fatal  case  in  a  17  day  old  infant  with 
arthritis  of  the  knee  and  a  cer\  ical  abscess  secondary  to  an  inflammation  of  the 
sterno-clavicular  joint  without  meningitis. 

The  interesting  question  arises  as  to  how  these  very  young  infants  acquire 
theii'  infection.  In  our  case  the  infant  Avas  in  an  excellent  obstetrical  ward  where 
infection  with  the  meningococcus  was  most  imlikely.  He  was  then  taken  home 
where  he  was  \-isited  by  the  father  and  an  uncle,  hoih  of  whom  were  in  the 
armed  services  and  may  well  have  been  cairiers  due  to  sojourn  in  camps.  The 
father's  throat  culture  was  negatiA  C  for  meningococci.  The  uncle's  could  not  not be  obtained. 

SUMMARY  ■ 
An  infant  with  congenital  cataract  and  cardiac  disease  whose  mother  had  Ru- 

bella during  the  first  month  of  pregnancy  is  described.  The  relationship  of  the 
mother's  illness  to  the  child's  defects  is  emphasized  and  the  recent  literature 
on  this  subject  is  brieflj'  discussed.  At  6  weeks  of  age  the  same  infant  developed 
meningococcus  blood  stream  infection  that  localized  in  several  large  joints  with- 

out meningitis.  The  infant  was  treated  with  sulfadiazine  and  anti-meningo- 
coccus  serum  and  made  an  excellent  recovery  without  any  remnants  of  joint 
disturbance.  The  literature  of  meningococcus  arthritis  is  very  briefly  sum- 
marized. 
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The  term  hyperinsulinism  was  first  employed  by  Seale  Harris  (1)  in  1924  to 
describe  a  spontaneous  syndrome  indistinguishable  from  the  hypoglycemic  shock 
induced  by  an  overdose  of  insulin.  He  hypothesized  that  the  hypoglycemia 
Avith  its  attendant  manifestations  represented  islet  cell  stimulation  due  to  ex- 

cessive food  intake  A\hich  might  lead,  in  some  instances,  to  insular  exhaustion 
and  diabetes.  Nicholls  (2)  reported  the  first  case  of  adenoma  of  the  islands  of 
Langcrhans  in  1902  and  Warren  (3)  collected  20  cases  of  islet  cell  adenoma  in 
1926.  In  no  instance  w  as  there  clinical  evidence  of  an  associated  hypoglycemic 
syndrome.  Most  of  the  reports,  however,  antedated  the  era  of  routine  blood 
sugar  determinations.  In  the  following  year  Wilder  and  his  associates  (4)  de- 

scribed the  now  classical  example  of  carcinoma  of  the  island  of  Langerhans  with 
hepatic  and  lymphatic  metastases  associated  with  hyperinsulinism.  Alcoholic 
extraction  of  a  metastatic  nodule  in  the  liver,  which  bore  a  striking  histologic 
resemblance  to  the  cells  of  normal  islet  tissue,  disclosed  a  high  insulin  assay  and 
possessed  the  jjroiM'rty  of  markedly  lowering  blood  sugar  concentrations  when 
injected  into  labbits.  In  1929  the  first  reported  instance  of  the  postmortem 
finding  of  an  islet  cell  adenoma  in  a  patient  with  clinical  hyperinsulinism 
appeared  (5)  and  soon  thereafter  Howland  and  his  associates  (6)  reported  com- 

plete cure  in  a  case  of  hyperinsulinism  with  coma  and  convulsions  following 
the  resection  of  an  insular  adenoma.  Abundant  reports  of  surgical  cures  in  this 
condition  soon  followed. 

Despite  the  growing  recognition  of  this  disease  as  a  clinical  entity,  the  term 
hyperinsulinism  was  often  loosely  applied  to  any  form  of  hypoglycemia  whether 
of  hormonal,  hepatogenic,  central  nervous  or  functional  origin.  In  the  absence 
of  dependable  criteria  for  differentiating  insular  from  non-insular  causes  of  hy- 

poglycemia, exploration  was  usually  confined  to  severe  or  fulmmating  cases  or 
those  which  did  not  respond  adequately  to  diet.  As  late  as  1936  Harris  (7) 
pleaded  for  the  establLshment  of  such  criteria.  This  period  of  confusion  was 

finally  terminated  with  "Wliipple's  (8,  9)  now  classical  triad  defining  the  bases 
for  the  accurate  diagnosis  of  islet  cell  adenoma.  These  criteria  are:  A.  An  un- 

usually low  postabsorpti\-e  (fasting  blood  sugar  level,  50  mg.  per  cent,  or  less). 
B.  Symptomatic  attacks  of  extreme  hypoglycemia  with  signs  of  central  nervous 
disorder,  vasomotor  or  psychic,  Avith,  in  some  instances,  coma  or  convulsions. 
C.  Dramatic  and  immediate  recovery  following  the  administration  of  glucose 
orally  or  by  xein. 

With  adherence  to  these  criteria  Whipple  (10)  found  tumors  of  the  islands  of 
Langerhans  in  19  or  22  cases  in  which  operation  was  performed.  Similar  accu- 

racy in  diagnosis  has  l)een  reported  by  many  other  observers.  In  a  review  of 
105  cases  of  islet  adenoma  surgically  removed,  Whipple  found  only  one  patient 
with  a  fasting  blood  sugar  level  above  50  mg.  per  cent  and  this  was  53  mg.  It 

1  From  the  services  of  Drs.  George  Baehr  and  J'ohn  H.  Garlock. 
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67 is  significant  that  in  another  clinic  where  these  rigid  criteria  were  not  observed, 
tumors  were  found  in  only  IG  of  46  cases. 

At  the  Mayo  Clinic  (11)  the  surgical  selection  of  cases  differs  in  minor  partic- 
ulars from  the  Whipple  standards.  They  are:  a.  normal  health  and  evidence 

of  stability  of  the  autonomic  nervous  system  prior  to  the  first  episode  of  hy- 
poglycemia, b.  postabsorptive  blood  sugar  levels  of  less  than  60  mg.  per  cent, 

c.  intolerance  to  fasting.  Although  it  cannot  be  gainsaid  that  most  instances  of 
endocrine  and  hepatic  hypoglycemia  are  excluded  by  the  first  criterion,  the 
stigmata,  in  varying  degree,  of  emotional  and  autonomic  instability  are  so  general 
that  the  exclusion  of  such  cases  from  operation  is  hazardous.  The  case  to  be  re- 

ported presents  an  emphatic  refutation  of  this  somewhat  arbitrary  criterion .  The 
choice  of  60  mg.  per  cent  as  the  uppermost  level,  although  probably  dependable  in 
the  great  majority  of  cases,  has  not  been  found  necessary  in  Whipple's  much  larger 
series.  The  "intolerance  to  fasting"  which  paraphases  Whipple's  "postab- 

sorptive state"  is  properly  emphasized.  In  hyperinsulinism,  hypoglycemic  at- 
tacks often  appear  in  from  12  to  20  hours  following  the  ingestion  of  food  and  the 

"fasting  test"  in  which  food  is  withheld  for  as  long  as  30  hours  will  almost  in- 
variably precipitate  an  attack.  A  delayed  breakfast,  a  skipped  meal,  anorexia, 

unusual  physical  exertion,  menstruation  or  diarrhea  may  each  provoke  an  epi- 
sode. In  the  so-called  functional,  emotional  and  "nervous"  hypoglycemias 

symptoms  usually  make  their  appearance  in  from  2  to  4  hours  following  meals 
and  are  frequently  accentuated  by  a  high  or  concentrated  carbohydrate  diet. 
During  attacks  the  blood  sugar  level  rarely  falls  below  70  mg.  per  cent.  Pro- 

longed fasts  are,  as  a  rule,  well  tolerated  and  postabsorptive  blood  sugar  levels 
are  not  depressed. 

Fraser  and  his  associates  (12)  in  an  extensi\'e  metabolic  study  of  a  case  of 
hyperinsulinism,  found  a  continuous  excess  of  an  insulin-like  substance  as  shown 
by  the  abnormal  tendency  of  starvation  or  insulin  to  produce  an  hypoglycemic 
attack.  They  recommend  an  insulin  tolerance  test  after  12  hours  fasting  thus 
obviating  the  need  for  prolonged  starvation.  Campbell  and  his  co-workers  (13) 
studied  the  insulin  concentration  in  several  islet  cell  tumors  and  found  that  it 
ranged  from  4  to  40  times  that  of  a  normal  pancreas  per  gram  but  did  not  exceed 
the  insulin  content  of  the  entire  organ.  They  conclude  that  the  uncontrolled 
and  erratic,  rather  than  continuous,  production  of  insulin  in  an  islet  adenoma  is 
the  probable  cause  of  the  hypoglycemic  symptoms,  especially  in  the  early  stages 
of  the  disease. 

In  hyperinsulinism  the  electrocnfc]ihaloorani,  as  recently "  cmpliasized  by 
Wechsler  and  Garlock  (14)  presents  a  iaiiiy  characteristic  pattcin:  sliort  bui'sts 
of  delta  activity  which  become  constant  on  hyper\('ntilation.  Following  the 
admmisti'ation  of  glucose  the  delta  activity  promptly  disappears  and  the  en- 

cephalogram becomes  normal.  These  observers  believe  that  the  presence  of  an 
hypoglycemic  pattern  is  a  valuable  diagnostic  aid  and  that  its  persistence  follow- 

ing resection  of  an  islet  cell  adenoma  indicates  the  presence  of  one  or  more  residual 
functionuig  tumors.  The  encephalographic  jjattcrn  of  hyperinsulinism  although 
indistinguishable  from  that  of  epilepsy,  reverts  promptly  to  normal  following 
the  ingestion  of  gluco.se. 
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The  presence  of  wide  and  bizarre  variations  in  sugar  tolerance  curves  in 
hyperinsulinism  has  led  to  the  belief  that  they  are  not  of  diagnostic  importance. 
"Wliipple  (15)  and  others  (14,  IG)  howcn-oi-,  doscril)''  a  paradoxical  or  diabetic 
pattern  in  many  cases.  On  the  other  hand,  ( 'urin  (17)  and  later  Duncan  (18)  in- 

sist that  the  assimilative  curve  can  be  of  diagnostic  value  if  performed  under 
standard  conditions.  With  the  experience  that  a  diet  which  has  been  either 
higli  low  in  carbohydrate  content  preceding  the  test  materially  affects  the 
gluco.vr-  T(!!rranco,  these  authors  recommend  1.  the  avoidance  of  undernutrition 
and  2.  the  oral  ingestion  of  250  gms.  of  carbohydi-ate  daily  for  3  days  preceding 
the  test.  Under  these  ccMiditiuns  the  postabsorptive  level  in  hyperinsulinism 
was  found  to  be  almost  uniformly  50  mg.  per  cvnt  or  lower,  the  highest  level 
thereafter  rarely  exceeding  120  mg.  pei-  cent,  with  a  return  to  a  subnormal  level 
in  2  hours,  wh^re  it  is  maintained  for  as  much  as  (i  hours.  This  type  of  curve 
differs  ivtdically  from  those  found  in  functional  ner\'ous  disorders  and  infectious 
hepatitis.  As  an  additional  diagnostic  feature  Duncan  (19)  cites  the  ex- 

traordinarily rapid  rate  with  which  glucose  was  removed  from  the  blood  in  the 
cases  he  studied. 

PSYCHOSOMATIC  ASPECTS 

The  nervous  and  emotional  derangements  frequently  identified  with  hyper- 
insulinism have  led  to  many  erroneous  diagnoses.  In  the  period  preceding  the 

more  geneial  recognition  of  the  disease,  many  cases  were  referred  to  neuro- 
psychiatrists,  and  Kepler  and  Moersch  (20)  collected  9  cases  in  which  the  early 
diagnoses  included  unexplained  unconsciousness  with  or  without  convulsive 
featiu'es,  acute  confusional  states,  coma,  alcoholism,  brain  tumor,  hysteria, 
epilepsy  and  encephalitis. 

Per.sonality  and  behavior  alterations  of  variable  severity  are  frequently 
obser\  ed  in  the  presence  of  an  islet  adenoma,  and  may  run  the  whole  gamut  of 
psycholosiic  symptomatology.  Such  i)henomena  have,  to  be  sure,  been  noted 
in  most  hypoglycemic  states,  whatever  the  cause.  Transient  or  prolonged  pe- 

riods of  apathy,  loss  of  zest,  amnesia  and  fatigue  nia>'  Mltcinate  with  more  acute 
attacks  of  trcmulousness,  weariness,  vertigo  and  sweating.  Wauchope  (21) 
in  1933  described  the  pi-otean  manifestations  of  hypoglycemia  in  detail.  He 
linked  the  symptomatology  to  disturbances  at  various  cerebi'al  le^•els  and  men- 

tions such  psychic  disturbances  as  anxiety,  negativism,  irritability,  querulousness, 
compulsions,  etc.  Romano  and  Coon  (22)  cite  the  case  of  a  man  with  an  islet 
adenoma  who  had  recurrent  attacks  of  confusion  and  bizarre  behavior  over  a 
five  year  period  which  were  interpreted  as  hysterical  fugue  states.  During  the 
hypoglycemic  j^hase  he  showed  uninhibited  emotional  behavior,  incoherence, 
verbigeration.  negati\  ism  and  disconnected  movements.  Previously  inhibited 
aggressi^•e  and  sadistic  tlreams  were  released  periodically  due  to  exhaustion  of 
higher  cerebral  activity  and  a  weakening  of  the  ego  structure.  To  quote  Evans 
and  McDonough  (23)  "hyperinsulinism  has  taken  another  syndrome  from  the 
waste  basket  of  the  neuroses."  Alexander  and  Port  is  (24)  in  a  psychosomatic 
study  call  attention  to  the  profound  inertia  and  relati\'e]y  flat  sugar  tolerance 
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curves  found  in  hypoglycemic  fatigue.  Himwich  and  his  co-workers  (25,  20) 
divide  the  psychological  characteristics  of  hypoglycemia  into  5  progressive 
phases  and  ascribe  this  sequence  to  variable  metabolic  rates  throughout  the 
brain.  The  cortical  phase  is  indicated  by  sweating,  muscular  relaxation, 
salivation,  tremors  and  gradual  clouding  of  consciousness.  In  the  second  or 
subcortico-diencephalic  phase,  motor  restlessness  and  primitive  movements 
appeal'.  The  mesencephalic  or  third  phase  is  characterized  by  tonic  spasm 
and  a  positive  Babinski  freciuently  appears.  A  premyencephalic  phase  follows 
with  tonic  episodes,  chiefly  exten.sor,  simulating  that  of  Sherrington's  decerebrate 
dog.  In  the  fifth  or  myeleuceplialic  phase  there  is  deep  coma.  These  stages 
of  hypoglycemic  response  have  been  best  obser\-ed  during  the  insulin  treatment 
of  schizophrenia. 

PATHOLOGY 

Islet  cell  tumors  may  be  divided  into  two  groups  from  a  functional  and  clinical 
standpoint,  those  that  produce  the  characteristic  syndrome  of  hyperinsulinism 
and  those  that  do  not.  At  least  one  half  of  the  recorded  instances  of  islet 
adenoma  have  been  chance  findings  at  autopsy  and  clinically  inert  (27).  They 
cannot,  howeA^er,  be  distinguished  histologically  from  functionally  active  tumors. 
Duff  (27)  finds  the  incidence  of  islet  adenomas  with  hypoglycemia  somewhat 
higher  among  males  than  among  females  and  predominating  between  the  ages 
of  20  and  40.  Xon-functioning  insular  adenomas  are  found  chiefly  in  the  later 
age  periods.  Although  generally  single,  insular  adenomas  have  been  found  to 
be  multiple  in  14  per  cent  of  the  reported  cases.  They  are  usually  from  1  to  3 
cm.  in  size  but  wide  variations  from  microscopic  tumors  (at  times  indistinguish- 

able from  huge  islet  cells)  to  adenomas  15  cm.  in  diameter  have  been  described. 
The  severity  of  the  hypoglycemia  and  attendant  symptoms  does  not  bear  any 
proportional  relationship  to  the  size  of  the  tumor;  profound  coma  and  convul- 

sions have  been  reported  in  cases  with  a  single  minute  adenoma.  The  tumors 
are,  as  a  mle,  discrete,  sharply  circumscribed  and  highly  vascular.  They  pre- 

sent a  purplish  or  reddish-gray  color  in  situ  and  have  a  slightly  firmer  consistency 
than  the  suri  ounding  pale  yellow  acinar  tissue.  Fibrosis,  hyalinization  and  even 
calcification  can  occur.  They  are  more  commonly  found  in  the  tail  of  the  organ. 
Tumors  hidden  deep  in  the  sub.stance  o^  the  head  of  the  pancreas  are  not  un- 

common and  pre.sent  one  of  the  more  frequent  causes  of  operative  failure. 
Se\  eral  instances  of  multiple  adenoma  requiring  2  or  more  explorations  before 
a  complete  cure  could  be  achieved  have  been  reported  (9). 

The  histologic  arrangement  of  the  islet  cell  adenoma  consists  of  undulating 
and  anastomosing  ribbon-like  strands  of  cells  and  closely  resembles  the  morphol- 

ogy of  normal  or  hyperplastic  islands  of  Langerhans  (fig.l).  Some  minor  devia- 
tions have  been  recorded  (27).  The  adenoma  cells  contain  in  varying  proportion 

granules  which  stain  like  those  of  normal  beta  cells.  Although  beta  cells  have 
been  held  responsible  for  the  elaboration  of  in.sulin  (28)  they  ha\'e  also  been 
demonstrated  in  apparently  inert  adenomas  (29). 

Frantz  (30)  (table  1)  in  a  series  of  comprehensive  re^•iews  of  all  the  published 
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cases  of  hyperinsulinism  to  date,  divides  the  tumors  histologically  into  a.  benign 
adenomata  with  well  defined  capsules,  b.  tumors  with  ill-defined  capsules  and 
questionable  infiltration  into  the  acinar  tissue,  c.  malignant  tumors  with  or 
without  metastases,  d.  multiple  microscopic  and  gross  adenomatosis  with,  in 
some  instances,  infiltrative  characteristics  and  e.  a  group  of  11,  somewhat  ill- 
defined  cases  where  in  the  pathologist's  opinion  there  is  merely  hypertrophy 
and  hyperplasia  of  the  islets  without  neoplasia.  Earlier  observers  were  inclined 
to  interpret  the  so-called  hyperplastic  group  as  analagous  to  the  hypertrophic 
histologic  picture  seen  in  Graves'  disease. 

In  another  recent  clinicopathologic  study  Frantz  (31)  describes  several  ex- 
amples of  islet  cell  adenomatosis  associated  with  hyperinsulinism.    The  tumors 

Fig.  1.  Islet  cell  adenoma  of  pancreas 

are  small,  usually  multiple,  at  times  numerous  and  are  diffusely  scattered 
throughout  the  pancreas.  They  arc  often  characterized  merely  by  hyperplasia 
and  hypertrophy  of  islet  ti.s.sue.  It  is  probable  that  the  11  reported  instances 
of  "hyperinsulinism  with  functional  hyi)eri)lasia  of  insular  tissue"  belong  to  this 
group.  The  extreme  insular  hyp(M])lasia  r;u(  l>-  ()l)scr\(  (l  in  infants  of  diabetic 
mothers  is  presunial)ly  due  to  increased  maternal  demands.  In  most  instances 
following  a  variable  period  of  hypoglycemia  the  carl:)ohydrate  mechanism  tends 
to  re^'ert  to  normal.  I'ollowing  partial  pancreatectomy  similar  insular  hyper- 

plasia has  been  obser\-ed  in  the  remaining  pancreas. 
Histologic  differentiation  l:)etween  benign  and  malignant  islet  tumors  is  often 

difficult,  sometimes  impossible  (31,  32).  In  Frantz'  group  (28),  however,  none 
of  the  15  cases  of  so-called  malignancy  have  shown  any  tendency  to  recurrence 
for  periods  of  one  to  twelve  years  following  resection.    Other  recent  obsei-vers 
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share  the  impression  that  the  morphologic  picture  of  neoplasia  or  invasiveness 
is  not  clinically  ominous  and  that  the  only  true  evidence  of  malignancy  is  the 
presence  of  metastasis.  Frantz  further  states  that  in  the  group  of  questionable 
tumors  "ihe  suspicion  of  the  pathologist,  not  the  surgeon,  has  yet  to  be  confinned  in 
a  single  case  by  follow-up  data."  She  also  believes  that  in  the  multicentric  cases, 
radical  resection  of  the  pancreas  is  indicated  both  because  of  the  possibility  of 
malignant  disease  and  the  danger  of  islet  cell  hyperplasia  and  neoplasia  in  the 
remaining  pancreas  with  a  return  of  hypoglycemia. 

TABLE  1 
Summary  of  slatislics 

(from  Frantz) 

SINGLE MULTIPIE TOTAL MULTIPLE 
Tumors  removed  at  operation  and  considered  benign . 
Tumors  found  at  autopsy  and  considered  benign  

65 
26 

11 
4 

76 
30 

Total  benign  tumors   
91 

15 106 14.2 

Tumors  removed  at  operation  and  suspected  malig- 22 4 
26 

Tumors  removed  at  autopsy  and  suspected  malig- 
nant   2 0 2 

Total  suspicious  tumors  
24 

4 
28 

14.3 

Total  cases  of  tumor  without  proven  malignancy  
Carcinoma  with  metastases,  -proven  malignancy  

115 
12 

19 

3 134 15 14.2 20.0 

Total  Cases  of  True  Neoplasm  
127 

22 149 
14.8 

Hj'pertrophy  and  hyperplasia  without  neoplasia  11 

Extrapancreatic  islet  cell  adenomas  have  been  described  but  they  rarely  pro- 
duce symptoms.  Bell  and  his  associates  (33)  report  a  cure  of  hyperinsulinism 

following  the  removal  of  an  islet  tumor  which  was  almost  completely  extrapan- 
creatic, lying  adjacent  to  the  inferior  border  of  the  tail  of  the  pancreas. 

Cerebral  changes  in  hyperinsulinism:  The  need  for  early  recognition  and  prompt 
resection  in  cases  of  suspected  in.sular  adenoma  is  of  especial  importance  in  in- 

dividuals where  if  operation  is  ̂ vithheld,  irreversible  cerebral  changes  may  occur. 
Kerwin  (34)  cites  a  case  of  abrupt  onset  with  violent  convulsions;  coma  ensued 
after  8  days  despite  the  intravenous  administration  of  glucose,  with  death  16 
days  after  the  onset  of  symptoms.  Multiple  pancreatic  adenomas  were  found 
at  necropsy  with  cerebral  congestion,  edema,  hemorrhages,  neural  degeneration 
and  gliosis.  Malamud  and  Grosh  (16)  describe  a  case  of  islet  adenoma  A\dth 
convulsions  and  psychotic  manifestations  which  was  correlated  with  advancing 
destruction  of  the  cerebral  cortex  and  basal  ganglia.    The  diffuse  degenera- 
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tive  process  in  the  brain  was  ascribed  to  the  direct  toxic  effect  of  insulin 
on  the  parenchyma.  Moersch  and  Kernohan  (35)  describe  the  pathologic 
changes  in  2  cases;  although  some  petechial  hemorihages  in  the  pons  were  noted 
in  one  case,  the  most  striking  change  in  Ijoth  instances  was  degeneration  of  the 
n('r\(>  cells.  They  stress  the  narrow  margin  between  reparable  and  irreparable 
damage  in  both  insulin  induced  shock  and  spontaneous  hypoglj-cemia. 

SURGICAL  ASPECTS 

In  the  exploration  of  islet  cell  tumors  careful  inspection  and  palpation  of  the 
■adequatel}^  exposed  tail,  body  and  head  of  the  pancreas  is  essential.  Mobiliza- 

tion of  the  duodenum  to  the  left  will  expose  the  posterior  surface  of  the  head. 

\'\Tiipple  (9)  found  3  tumors  in  this  area  in  patients  who  had  previouslj'  been unsuccessfully  explored.  The  possibility  of  multiple  tumors  must  always  be 
borne  in  mind.  If  no  adenoma  is  found,  subtotal  or  total  resection  of  the  pan- 

creas must  be  considered.  David  (36)  collected  17  cases  in  the  literature  in  which 
subtotal  procediu-es  were  followed  by  fa^•orable  results  and  recommends  removal 
of  almost  the  entire  pancreas  (leaving  only  a  small  collar  of  the  gland  within 
the  second  portion  of  the  duodenum)  to  insure  a  satisfactory  result.  This,  it  is 
hoped,  would  succeed  in  removing  sufficient  hypersecreting  islet  tissue  as  well 
as  small  adenomas  otherwise  overlooked. 

Priestley  and  his  co-workers  (37)  have  recently  described  the  first  case  of  total 
pancreactectomy  for  an  islet  cell  adenorna  which  was  located  only  after  serial 
section  of  the  excised  gland,  deep  in  the  substance  of  the  head  of  the  pancreas. 
The  tumor  measured  8x5x5  mm.,  one  of  the  smallest  on  record.  The  surgical 
procedure  was  ciuite  extensive  and,  because  of  the  inadequate  blood  supply  to 
the  duodenum,  a  partial  gastrecton\y  with  removal  of  the  first  and  second  por- 

tions of  the  duodenum  was  required;  a  cholecystgastrostomy  was  done  to 
establish  internal  biliary  drainage.  The  patient  is  living  and  well  10  months 
after  operation.  The  diabetes  that  supervened  was  surprisingly  mild,  requiring 
the  daily  use  of  only  16  units  of  insulin.  No  disturbance  of  carbohydrate  diges- 

tion was  detected  but  there  was  distinct  diminution  in  the  digestion  of  protein 
and  fats.  The  unexpectedly  small  insulin  requirement  following  total  pan- 

createctomy has  been  further  substantiated  in  2  cases  by  Goldner  and  Clark 
(38).  Blood  sugar  levels  between  90  and  200  mg.  per  cent  were  maintained 
postoperatively  with  but  minimal  supplementary  insulin.  Both  patients  showed 
considerable  insulin  sensitivity,  going  promptly  into  hypoglycemia  if  the  insulin 
taken  was  not  adecjuately  "covered"  with  carboh.ydrate.  From  the  evidence  of 
these  3  cases  there  is  a  strong  likelihood  that  the  insulin  requirement  of  the  depan- 
creatized  man  is  less  than  in  many  diabetics.  This  arouses  speculation  as  to 
the  existence  of  an  insulin  inhibiting  mechanism,  as  well  as  a  lack  of  insulin,  in 
the  causation  of  diabetes  (39). 

We  have  recently  observed  a  case,  reported  by  Umansky  (40),  with  persistent 
hypoglycemia  following  subtotal  resection  of  the  pancreas.  As  the  resected 
gland  was  found  to  be  histologically  normal,  the  existence  of  an  islet  cell 
adenoma  in  the  small  unresected  portion  of  the  head  of  the  pancreas  is  presump- 

tive.   A  total  pancreatectomy  will  probably  be  required  to  effect  permanent  cure. 
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Diet  in  hypcrinsulinism:  Dietary  control  of  hypcrinsulinism  is,  at  best,  pal- 
liative and  the  symptomatic  relief  thus  secured  should  not  permit  the  postpone- 

ment of  operative  cure.  A  high  fat-high  protein-low  carbohydrate  regimen  with 
frequent  feedings  will  in  most  instances  prevent  hypoglycemic  attacks  in  the 
interval  between  diagnosis  and  operation.  Prolonged  dependence  on  the  varied 
dietary  regimes  with  which  the  literature  abounds  may  induce  a  false  sense  of 
security  and  thus  seriously  compromise  the  outcome.  There  appears  to  be  little 
virtue  in  other  non-operative  measures  ^^•hich  have  from  time  to  time  been  rec- 

ommended. These  included  the  use  of  small  doses  of  insulin,  anterior  pituitary, 
adrenal  cortical  hormone,  thyroxin,  Kendall's  carbohydrate-stimulating  factor 
E,  epinephrin,  ephedrin,  bromides  and  the  barbiturates. 

Alloxan,  the  ureide  of  mesoxalic  acid,  has  recently  been  employed  in  a  case  of 
carcinoma  of  the  islet  cells  with  multiple  hepatic  metastases  (41).  Based  on 
the  knowledge  of  its  known  necrotizing  eifect  on  the  islands  of  Langerhans  in  the 
rabbit  and  dog,  it  was  hoped  that  carcinomatous  islet  tissue  in  the  human  would 
be  similarly  destroyed.  Temporary,  and  not  cleai-ly  explained,  relief  folloAved 
its  use  in  one  case,  but  autopsy  failed  to  disclose  any  necrosis  in  the  malignant 
islet  cells. 

CASE  UKPOKT 
M.  B.,  (Adm.  *517713),  aged  29  years,  white  married  pianist  had  been  in  good  health 

until  July  29,  1943  when  she  retired  at  11  p.m.  and  continued  to  sleep  until  4:30  the  follow- 
ing afternoon  despite  all  efforts  to  awaken  her.  When  finally  aroused,  she  was  bewildered 

and  disoriented,  perspiring  profusely;  her  speech  was  thick  and  she  complained  of  vertigo 
and  diplopia.  After  eating  breakfast,  recovery  was  prompt.  For  the  next  three  weeks, 
however,  there  was  persistent  drowsiness  and  she  could  rarely  be  awakened  before  1  p.m. 
There  were  no  convulsive  seizures.  Although  conscious  of  the  overpowering  nature  of  the 
lethargy  she  found  it  impossible  to  arouse  herself.  Similar  episodes  would  occur  when  a 
meal  was  inadvertently  skipped.  She  soon  learned  the  efficacy  of  sweetened  drinks  in 
preventing  and  controlling  her  symptoms  and  if  awakened  during  the  night  to  drink  orange 
juice  fortified  with  sugar,  the  morning  attacks  would  be  averted. 

Her  own  description  of  her  symptoms  is  of  interest:  "For  several  successive  days  I would  be  in  a  semiconscious  state  before  arising.  During  these  periods,  which  would  last 
for  10  minutes  to  as  much  as  5  hours,  I  was  told  that  I  answered  (luestions  and  would  even 
eat  breakfast  without  the  slightest  knowledge  of  having  done  so.  At  other  times  I  was 
told  that  every  possible  attempt  to  awaken  me  would  be  futile,  particularly  if  I  clenched 
my  teeth  and  refused  food;  the  attacks  would  then  last  much  longer.  Shortly  after  eating 
I  would  become  vaguely  aware  of  my  surroundings  and  on  fully  awakening  would  demand 
to  know  the  date  and  hour.  Early  in  my  illness  I  would  frequently  awaken  at  night  in 
a  profound  daze  and  find  myself  incapable  of  consecutive  thought.  I  also  found  it  im- 

possible to  organize  my  daily  routine.  1  w  <juld  f.ill  :isl(  (  p  while  reading  letters,  my  fingers 
would  fail  to  find  the  piano  keys  and  I  w  as  uiiablc  to  concentrate  on  reading.  During  the 
latter  part  of  the  day,  although  I  never  lost  con.sciousncss,  I  had  frequent  sensations  of 
vagueness,  listlessness,  unreality  and  total  e.xhaustif)ii ,  sometimes  associated  with  drench- 

ing perspiration  which  were  relieved  as  soon  as  I  took  .sweet  or  fatty  foods;  relief  would 
then  last  for  an  hour  or  two  when  the  "haze"  would  return.  I  was  fully  aware  of  my  grow- 

ing apathy,  dullness  and  stupidity.  Even  when  I  was  jjlaccd  on  a  high  fat  diet  with  fre- 
quent meals  these  sensations,  though  milder  and  more  transient,  did  n<it  entirely  disappear." The  clinical  picture  was  at  first  interpreted  as  a  ijrofound  i)sycliasthenia  which  had 

been  precipitated  by  separation  from  her  parents,  hard  work  and  the  prolonged,  intense 
heat  of  the  city  of  Washington,  where  she  resided.    She  had  been  emotionally  unstable, 
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introspcctive  and  easily  frightened  since  early  childhood;  trivial  annoyances  would  loom 
large  and  fresh  situations  precipitated  intense  anxiety.  She  had  developed  an  obsessional 
fear  of  cats  and  would  fly  into  a  panic  at  the  mere  sight  of  one.  A  moderate  hypochondri- 

acal tendency  had  appeared  in  the  last  year. 
She  was  admitted  to  the  George  Washington  University  Hospital  in  Washington,  D.  C. 

on  August  23,  1943.  Physical  examination  there  was  negative  in  every  detail.  On  the 
regular  hospital  diet  and  bed  rest  she  had  no  discomfort  until  August  27th,  at  9  a.m.  when 
she  was  found  to  be  semicomatose  and  perspiring  profusely.  She  was  aroused  with  dif- 

ficulty and  resisted  examination;  her  responses  were  sluggish  and  inaccurate;  speech  was 
slurred,  her  expression  stupid  and  she  was  unable  to  focus  adequately;  her  gait  was  stag- 

gering. The  blood  sugar  level  during  the  attack  fell  to  37  mg.  per  cent.  On  the  following 
morning  she  had  a  similar  episode  with  inability  to  speak,  expressionless  facies  and  involun- 

tary movements  of  the  right  angle  of  the  mouth.  A  "fasting  test"  was  performed  on August  30th  and  when  breakfast  was  withheld  until  9  a.m.  she  suddenly  became  dazed, 
was  drenched  in  perspiration  and  unable  to  speak;  within  two  minutes  after  the  intravenous 
administration  of  40  cc.  of  50  per  cent  glucose  she  was  fully  alert,  inquired  the  cause  of  the 
commotion  and  fell  to  eating  her  breakfast  voraciously.  On  September  3rd  she  was  found 
deeply  comatose  at  9  a.m.;  there  was  marked  twitching  of  the  left  corner  of  the  mouth; 
the  blood  sugar  level  was  found  to  be  10  mg.  per  cent.  Response  to  intravenous  dextrose 
was  almost  immediate.  On  the  next  day  she  automatically  drank  orange  juice  while  in 
a  semi-stupor  with  prompt  response  and  no  memory  of  the  episode. 

Laboratory  investigations:  Fasting  bh)od  sugar  levels  were  successively  37,  28,  43,  36 
and  45  mg.  per  cent.  A  sugar  tolerance  test  with  a  fasting  figure  of  28  mg.  showed,  after 
the  ingestion  of  100  gm.  of  glucose,  hourly  figures  of  36,  47,  52  and  59  mg.  per  cent  thereafter. 
The  hemoglobin  was  95  per  cent,  the  leukocytes  numbered  10,150  and  the  differential  count 
was  normal.  The  spinal  fluid  was  clear,  under  normal  pressure,  with  adequate  rise  on 
jugular  compression;  total  protein,  0.22  cm.  per  liter,  globulin  was  absent.  A  skull  roent- 

genogram was  negative  and  the  sella  turcica  normal.  The  urine  was  normal;  specific 
gravity  1.019. 

A  high  fat  and  protein  diet  with  frequent  feedings  both  day  and  night  was  instituted 
and  the  hypoglycemic  episodes  disappeared.  At  follow-up  on  November  30,  1943  the 
blood  sugar  level  was  86  mg.  per  cent. 

Although  the  major  hypoglycemic  episodes  had  been  adequately  controlled  by  the  high 
fat-frequent  feeding  regimen,  she  complained  of  extreme  fatigue,  absent  initiative,  aim- 
lessness,  tremulousness,  inability  to  concentrate  and  an  oppressive  sensation  which  she 
described  as  a  "veil"  over  her  head.  The  liigh  fat  diet  had  induced  a  degree  of  obesity which  she  felt  was  both  cumbersome  ami  unsightly.  She  was  admitted  for  further  study 
to  The  M<iunt  Sinai  Hospitnl  on  March  14,  1944. 

Exaiiii  initmii :  Tlic  p.iticiil  was  listless  and  her  responses  were  sluggish.  The  ocular 
fundi  wen  negative.  There  was  slight  areolar  hypertrichosis  and  the  left  breast  was 
distinctly  larger  than  the  right.  The  systolic  pressure  was  134  mm.  of  mercury  and  the 
diastolic,  72.  The  muscular  and  neurologic  status  were  negative.  Despite  her  languor 
she  was  intelligent  and  cooperative. 

Course:  She  was  given  the  regular  hospital  diet  and  on  the  day  following  admission  she 
was  lethargic  before  breakfast  but  was  perfectly  well  20  minutes  after  eating;  the  fasting 
blood  sugar  level  was  50  mg.  per  cent.  On  March  17th  breakfast  was  delayed  because  of 
a  gastrointestinal  roentgen  series  and  she  had  a  seizure  characterized  by  weakness,  hunger 
and  sweating.  On  March  21  food  was  purposely  withheld  for  18  hours  and  at  12:30  p.m. 
she  became  apprehensive,  irritable  and  complained  of  vertigo  and  diplopia;  articulation 
was  clear  and  orientation  good.  The  blood  pressure  was  150  mm.  of  mercury  systolic  and 
100  diastolic.  After  drinking  orange  juice  with  sugar  her  symptoms  vanished.  On  March 
23  she  experienced  a  very  severe  hypoglycemic  attack  at  5:30  a.m.  with  profound  lethargy 
during  which  the  blood  sugar  reached  the  level  of  10  mg.  per  cent.  The  episode  was  fol- 

lowed by  retrograde  amnesia. 



HYPEUINSULINISM 75 

Laboratory  Data:  Fasting  venous  blood  sugar  figures  were  successively  50,  42,  50,  30,  10 
and  34  mg.  per  cent.  A  sugar  tolerance  test  with  a  fasting  figure  of  50  mg.  per  cent  showed, 
following  the  oral  ingestion  of  100  gms.  of  glucose,  100,  200,  240,  240  mg.  per  cent  at  hourly 
intervals  respectively ;  at  the  expiration  of  4  hours  there  was  3.3  per  cent  sugar  in  the  urine. 
Other  tests  disclosed:  total  blood  protein,  7.9  mg.  per  cent;  chlorides  1060  and  sodium, 
146.0  milliequivalents  per  liter;  cephalin  fiocculation,  2  plus;  icteric  index,  6;  lactose  toler- 

ance test,  normal;  hemoglobin  93  per  cent,  leukocytes  5,700;  basal  metabolism,  minus  17 
per  cent.  Gastrointestinal  roentgenograms  disclosed  no  abnormality;  the  gall  bladder, 
however,  did  not  visualize  adequately;  an  electroencephalogram  taken  when  the  patient 
was  fasting  but  not  in  hypoglycemic  shock  gave  a  normal  record  with  bursts  of  3  per  cent 
activity  following  hyperventilation. 

Fig.  2.  Islet  cell  adenoma  with  hyaline  changes 

It  was  felt  that  the  recurrent  episodes  of  hypoglyceinic  sliock  as.sociated  with  blood 
sugar  levels  of  10  to  50  mg.  per  cent  appearing  with  some  regularity  from  12  to  18  hours 
following  the  ingestion  of  food  indicated  the  presence  of  an  islet  cell  adenoma  with  hyper- 
insulinism.  Laboratorj^  and  clinical  studies  had  e.xcluded  such  causes  of  hypoglycemia  as 
hepatic  disease,  organic  disease  of  the  nervous  system,  Addison's  disease,  myxedema  and 
Simmond's  disease.  The  possibility  of  a  spontaneous  hypoglycemia  as  a  manifestation of  her  emotional  instability  was  deemed  hardly  tenable.  Exploration  was  therefore 
advised. 

Operation:  On  March  29,  1944  a  laparotomy  (Dr.  John  H.  Garlock)  was  performed  under 
cyclopropane  anesthesia  after  pre-operative  preparation  with  5  per  cent  intravenous 
glucose.  Through  an  upper  abdominal  transverse  incision  the  lesser  sac  was  entered  by 
cutting  through  the  gastrocolic  ligament.  A  careful  exploration  was  made  of  the  body 
and  tail  of  the  pancreas  but  no  adenoma  was  found.  This  ixi|uired  mobilization  of  the 
organ  from  below  upward.  Most  of  the  head  of  the  i);i?iri(  as  was  explored  without  result. 
With  dissection  of  the  second  portion  of  the  duodenum  Ini  u  anl  and  to  the  left,  it  was  pos- 

sible to  palpate  the  whole  head  between  two  fingers.  After  ((jnsiderable  dissection  an 
adenoma  was  finally  located  in  the  uncinate  jjrocess  between  th(^superio^  mesenteric  vessels. 
The  tumor  was  soft,  reddish  purple  and  measured  1.5  cm.  in  diameter.    It  was  dissected 
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free  from  the  pancreatic  tissue  and  removed.    Inasmuch  as  no  other  tumors  were  demon- 
strated  the  wound  was  closed  after  adequate  internal  hemostasis;  following  repair  of  the  h: 
gastrocolic  omentum  a  cigarette  drain  was  placed  in  the  lesser  sac.    The  wound  was  L 
closed  in  layers. 

Histologic  study  of  the  removed  specimen  disclosed  an  adenoma  of  the  islands  of  Langer-  ; 
hans  with  regressive  hyaliii  changes  (fig.  2).  " 

There  was  an  immediate  post  operative  diabetic  reaction  presumably  identified  with 
the  use  of  intravenous  glucose.  The  blood  siit;ar  Icvols  reached  300  mg.  per  cent  with  a  j 
3  per  cent  urinary  sugar  and  a  trace  of  a  ■(  tone  The  l)loo(l  and  urine  soon  returned  to  j normal,  insulin  was  not  required  and  the  patient  liad  a  fairly  smooth  convalescence.  A 
mild  infection  of  the  original  drainage  tract  responded  promptly  to  chemotherapy.  The 
fasting  blood  sugar  levels  varied  from  75  to  100  mg.  per  cent  until  her  discharge  from  the 
Hospital.  A  sugar  tolerance  test  on  .\pril  24th  disclosed  a  fasting  blood  sugar  level  of 
75  mg.  and  90, 105, 115  and  10.'')  ni^  |)er  cent  at  1,2,  3,  4  and  5  hours  respectively.  On  May  2 the  fasting  blood  sugar  level  was  SO  with  125,  135,  90  and  95  mg.  per  cent  at  30  minutes,  1 
hour,  2  hours  and  3  hours  thereafter.  An  electroencephalogram  on  April  25  disclosed 
a  normal  record.  She  was  discharged  on  May  15,  1944  with  an  unrestricted  diet  and  com- 

pletely relieved  of  the  hypoglycemic  attacks.  When  last  seen  (February  15,  1945)  she  was 
alert,  energetic  and  entirely  free  of  any  discomfort  identified  with  her  former  illness.  A 
sugar  tolerance  test  was  normal. 

SUMMARY 

A  29  year  old  woman  suddenly  expeiieneed  an  episode  of  profound  lethargy; 
recurrence.'^  v  ie  ffcfiuciit .  In  the  li^lit  of  previous  emotional  instability  and  a 
rapid  succe.'^siou  of  ]isycluc  strc.><ses,  the  clinical  picture  was  at  first  interpreted 
as  hysteria.  W'lih  the  finding  of  postal)sorpti\-e  blood  sugar  levels  as  low  as 10  mg.  per  cent  and  the  occurrence  of  prompt  relief  from  hypoglycemic  attacks 
following  the  administration  of  glucose,  the  presence  of  hyperinsulinism  due  to 
an  islet  cell  adenoma  was  presumptive.  A  high  fat-high  carbohydrate-frequent 
feeding  regimen  hat!  succeeded  in  pre\  enting  attacks  of  lethargy  and  coma  but 
did  not  completely  eliminate  the  milder  manifestations  of  hypoglycemia.  After 
prolonged  exploration,  a  small  insular  adenoma  was  removed  from  the  uncinate 
pioce.ss  of  the  pancreas.    Complete  cure  followed. 

f'OM.MKNT  .VND  CONCLUSIONS 

When  Whipple's  diagnostic  triad  is  met  and  pituitary,  adrenal,  thyroid, 
thalamic  and  hepatic  disc'ast-  ha\-e  l)een  ruled  out,  the  presence  of  an  islet  cell 
adenoma  is  presumptive  and  operation  should  not  be  delayed.  Such  delay  may 
permit  the  development  of  metastases  and  in  some  instances  may  result  in  ir- 

reparable cerebral  damage  with  mental  d(>terioration  due  to  prolonged  hypogly- 
cemia.   Operative  results  are  almost  iinifoi  inly  spectacular. 

Bizarre  psychosomatic  symptoms  are  fre(nicntl.\-  (jbser\ed  in  hyperinsulinism. 
Personality  and  beha\ ior  disorders  may  be  tlic  sole  manifestation  of  hypogly- 

cemia and  suggest  t  he  need  for  routine  blood  sugar  determinations  in  all  imex- 
plained  psychoncufot  ic  :iiid  p.sychotic  states. 

As  islet  adenomas  arc  tVeciucntl^-  multiple,  adequate  exposure  with  careful 
inspection  and  palpation  of  the  entire  iiancicas  is  necessary.  Failure  to  find 
an  adenoma  justifies  either  sul)total  or,  as  recently  successfully  performed, 
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total  pancreatectomy.  Most  operative  failures  are  due  to  an  adenoma  which 
has  been  overlooked  deep  in  the  substance  of  the  head  of  the  pancreas  and  not 
removed  even  after  subtotal  dissection.  The  persistence  of  hypoglycemic 
symptoms  following  either  the  removal  of  an  adenoma  or  partial  pancreatectomy 
indicates  the  need  for  secondary  operation. 

The  existence  of  hyperinsulinism  in  the  presence  of  hyperplastic  and  hyper- 
functioning islet  cells,  without  adenoma,  is  seriously  questioned.  Recent  histo- 

logic studies  would  indicate  that  the  hyperplastic  zones  actually  represent  mul- 
tiple, frequentl.y  microscopic,  adenomatosis. 

The  usual  moi  phologic  evidences  of  malignancy  are  not  a  valid  index  of  malig- 
nancy in  islet  adenomas  and  the  outlook  for  complete  cure  following  resection  of 

the  tumor  is  excellent.  The  sole  positive  criterion  of  malignancy  is  the  presence 
of  metastasis,  usually  lymphatic  or  hepatic. 

Glucose  tolerance  curves  in  hyperinsulinism  are  frequentlj'  ambiguovi.s  and  have 
not  proven  to  be  of  significant  diagnostic  import. 

The  symptomatic  relief  often  obtained  with  high  carbohydrate-high  fat- 
frequent  feeding  regimens,  lulls  both  physician  and  patient  into  a  sen.«e  of  false 
security  and  obscures  the  inexorable  coui'se  of  the  disease  with  both  an  increase 
in  the  operative  risk  and  lessening  the  chance  for  complete  cure. 

A  case  is  reported. 
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ARCUS  SENILIS  AND  ARTERIOSCLEROSIS 

ERNST  P.  BOAS 

My  interest  in  the  arcus  senilis  was  aroused  by  observing  its  occurrence  in  sev- 
eral young  members  of  a  number  of  families  who  were  subject  to  familial 

xanthomatosis  and  hypercholesterinemia.  This  is  not  a  new  observation.  Arn- 
ing  and  Lippman  (1)  report  the  case  of  a  37  year  old  man  with  xanthomatosis 
and  a  marked  arcus  senilis.  Joel  (2)  described  several  cases  of  arcus  senilis  in 
young  people  without  manifest  disease  who  all  had  high  blood  cholesterol  figures. 
Among  his  cases  were  U\o  brothers  in  their  twenties.  Klatskin  (3)  in  a  recent 
paper  that  gives  a  good  review  of  the  literature  describes  a  family  with  xantho- 

matosis, many  members  of  which  also  showed  an  arcus  senilis.  He  suggests  that 
both  the  xanthomatosis  and  the  arcus  senilis  have  the  same  underljang  cause — a 
hypercholesterinemia. 

The  arcus  senilis  is  a  crescentic,  opaque,  white  deposit  in  the  cornea,  occurring 
with  increasing  frequency  with  advancing  years.  It  is  caused  by  a  deposit  of 
refractile  lipoid  globules,  first  in  Bowman's  membrane,  later  in  Descemet's  mem- 

brane and  subsequently  involving  all  layers  of  the  cornea.  This  deposit  consists 
largely  of  cholesterin.  The  arcus  does  not  extend  fully  to  the  limbus,  so  that  a 
clear  band  of  cornea  appears  between  it  and  the  sclera.  As  its  name  implies,  the 
arcus  senilis  has  been  regarded  as  one  of  the  stigmata  of  aging,  but  in  the  past 
decades  a  number  of  authors  have  dissented  from  this  view. 

Vers6  (4)  described  the  development  of  an  arcus  senilis  in  rabbits  who  were 
fed  mixtures  of  cholesterin  and  oil.  The  authors  quoted  above  point  out  the 
relationship  in  man  between  hypercholesterinemia  and  arcus  senilis.  Btirger 
and  Schlomka  (5),  however,  who  noted  an  increase  in  the  cholesterol  content  of 
the  comeae  of  cattle  with  age,  never  observed  hypercholesterinemia  in  persons 
with  arcus  senilis,  not  even  in  especially  marked  cases  nor  in  those  occurring  in 
young  people.  They  found  no  increased  prevalence  of  arcus  senilis  in  patients 
with  diabetes  or  lipoid  nephrosis.  Therefore  they  regard  the  cholesterin  deposit 
in  the  cornea  as  a  regi-essive  process  of  senescence. 

A  number  of  authors  have  sought  to  relate  the  development  of  arcus  senilis 
and  atherosclerosis  to  the  same  pathogenetic  process.  VoUaro  (6)  described  the 
frequent  association  of  the  two  conditions,  and  observed  this  occurrence  in  a  num- 

ber of  younger  individuals.  He  ascribed  both  lesions  to  a  fatty  infiltration. 
Rohrschneider  (7)  found  that  although  the  simultaneous  occurrence  of  arcus 
senilis  and  atherosclerosis  is  frequent,  the  relationship  is  not  an  invariable  one. 
Because  of  the  absence  of  hypercholesterinemia  in  most  persons  with  arcus 
senilis  or  atherosclerosis,  he  concludes  that  the  cholesterin  deposits  in  the  cornea 
and  arteries  are  due  to  repeated  transient  rises  in  the  blood  cholesterin.  This 
hypothesis  is  strengthened  by  the  recent  work  of  Steiner  and  Domanski  (8) 
who  determined  the  levels  of  serum  cholesterin  at  intervals  during  periods  up 
to  two  years,  in  a  group  of  patients  with  coronary  artery  sclerosis,  as  well  as  in 
controls.    They  found  for  the  coronary  group  figures  ranging  from  308  to  499 79 
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mgms.  per  cent,  -with  an  ax  cMago  of  355;  for  the  controls  levels  ranging  from  214 
to  334  with  an  average  of  255.  The  serum  cholesterin  levels  in  patients  with 
coronary  artery  sclerosis  are  significantly  higlier  than  in  the  controls,  and  in  those 
with  coronai  y  sclerosis  the  sei  uin  cholcstc-rin  le\  e!  fluctuates  widely  from  month 
to  month,  in  contrast  to  tli(>  i-elative  constancy'  of  tlie  serum  cholesterin  levels 
in  the  conti-ols. 

^^'hitc  (0)  in  a  study  of  400  autopsied  cases  found  no  relationship  between  the 
incidcuc('  of  arcus  sciuHs  a,n(l  arteriosclerosis.  Scott  (10)  examined  2 ,891  patients 
with  heart  ailments  for  aicus  senilis,  and  concluded  that  arcus  senilis  is  more 
common  in  patients  with  artcM-iosclerotic  heart  disease.  His  data,  however,  are 
not  presented  convuicingly. 

TABLE  1 
Frequencij  of  arcus  senilis 

PERCENTAGE  OF 
TOTAL MALE FEMALE ARCUS  SENILIS  IN AGES NUMBER EACH  AG E  GROUP OF  CASES 

Present Total Present .\bsent Total Male Female 

0-9 4 2 2 0 2 2 0 0 
10-19 21 

12 12 
0 9 9 0 0 

20-29 37 1 
17 

18 0 
19 19 

5.5 
0 

30-39 
66 2 36 3S 0 

28 
28 5.5 

0 
40-49 178 10 

8!) 
90 3 76 79 10.0 4 

50-59 463 
77 

217 294 30 139 169 26.0 
18 

60-69 214 55 
94 

149 
20 45 

65 37 

30 

70-79 
17 8 3 11 1 5 6 73 17 

Total 1000 153 469 623 54 324 
377 24.6 14.3 

I  have  examined  1000  consecutive  patients  in  my  office  practice  for  the  pres- 
ence of  arcus  senilis.  Most  of  these  patients  came  for  examination  because  of 

a  real  or  supposed  ( ardiiic  condition,  so  that  the  findings  are  not  representative 
of  the  i)opulat  ion  at  large.  44iey  were  grouped  according  to  diagnosis.  Patients 
with  a  classical  symptomatology  of  angina  pectoris  or  cardiac  infarction,  or  those 
with  electrocardiographic  alterations  indicative  of  myocardial  damage,  and 
sjinptoms  of  coronary  artery  disease  were  classified  as  ha\-ing  coronary  artery 
disease.  If  a  patient  had  two  conditions  such  as  hypertension  or  diabetes  and 
coronar}-  disease^  he  was  placed  in  the  category  of  coronary  artery  disease. 

Table  I  presents  a  survey  of  the  whole  1000  cases.  It  is  evident  that  the  clin- 
ical arcus  senilis  de\  (Oops  at  an  earlier  age  hi  males,  beginning  in  the  third  decade, 

and  that  after  the  age  of  50  ther(>  is  a  rapid  increase  in  its  incidence.  In  women 
below  the  agv.  of  50  it  is  unusual  to  t^ncoimter  arcus  senilis,  but  after  this  age  its 
frequency  rapidly  increases  but  does  not  approach  the  frequency  that  is  encoun- 

tered in  males. 
The  (li.sti  ihution  of  arcus  senilis  between  the  sexes  and  the  several  age  groups 

approximates  tlu'  incidence  of  arteriosclerosis.    It  seemed  worth  while,  there- 
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fore,  to  classify  the  material  in  an  attempt  to  discover  whether  arteriosclerosis, 
as  measured  by  the  presence  of  coronary  artery  disease,  was  more  frequent  among 
persons  with  arcus  senilis,  than  among  those  who  do  not  have  this  corneal  deposit. 
Since  both  arteriosclerosis  and  arcus  senilis  become  increasingly  frequent  with 
advancing  years  it  is  profitable  to  compare  only  patients  of  the  same  age  groups. 
This  analysis  is  presented  in  Table  II.  The  behavior  of  males  and  females  ap- 

pears to  be  different.  In  males  with  arcus  senilis  the  incidence  of  coronary 
disease  is  appreciably  higher  in  each  age  group  up  to  age  70  than  among 
those  ̂ ^^thout  arcus  seniHs.  Among  females  the  frequency  of  coronar>' 
disease  also  appears  to  be  higher  among  those  with  arcus  senilis,  except  in  the 
age  group  40-49.    In  this  group  12  per  cent  of  those  without  arcus  senilis  have 

TABLE  II 
Frequency  of  coronary  artery  disease  in  the  absence  or  'presence  of  arcus  senilis 

PERSONS  WITHOUT  AKCUS SENILIS PERSONS  WITH  AKCVS  SENILIS 
AGES 

Total  number With  coronary  disease Total  number With  coronary  disease 
Number Per  cent Number Per  cent 

Males 

30-39 36 10 27.7 2 1 50.0 
40-49 89 48 53.9 

10 

8 80.0 
50-59 217 140 64.5 

77 

59 
76.6 

60-69 94 
69 73.4 

55 
42 76.3 

70-79 3 2 66.6 8 4 50.0 
Females 

30-39 28 0 0 0 0 0 
40-49 76 10 12.1 3 0 0 
50-59 1.39 45 

32.4 30 
11 

36.6 
60-69 45 23 

51.1 
20 

15 75.0 
70-79 5 2 40.0 1 1 100.0 

coronary  disease,  whereas  none  of  the  3  w  ith  arcus  senilis  have  such  e\'idence  of 
arteriosclerosis. 

A  different  classification  of  cases  is  found  in  Table  III  where  the  frequency  of 
arcus  senilis  in  the  presence  or  absence  of  coronary  disease  is  presented.  Here  we 
again  find  a  higher  incidence  of  arcus  senilis  in  patients  with  coronary  artery 
sclerosis. 

It  is  not  suggested  that  the  relation.ship  between  arcus  .senilis  and  arterioscle- 
rosis is  an  absolute  one,  that  the  two  alwaj's  occur  concommitantly.  Factors 

other  than  chole.sterin  are  certainly  concerned  in  the  genesis  of  arteriosclerosis. 
But  the  data  here  presented  suggest  that  the  freciuent  association  of  the  arcus 
senilis  with  arteriosclerosis  is  more  than  accidental. 

Further  .support  for  this  view  is  found  in  the  simultaneous  occurrence  of  these 
two  conditions  in  patients  with  hereditary  xanthomatosis  or  familial  hj^percho- 
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lesterinemia.  With  Dr.  Adlersberg  (11)  I  have  been  studying  a  number  of 
famihes  exhibiting  this  S3Tidrome  and  we  have  encountered  not  a  few  younger 
persons  who  Avith  hypercholesteritiemia  and  arteriosclerosis  also  had  well  marked 
development  of  the  arcus  senilis. 

In  addition  I  have  under  observation  a  number  of  patients  under  the  age  of 
40  who  do  not  belong  to  xanthoma  families  who  have  clear  cut  coronary  artery 
disease,  a  well  marked  arcus  senilis,  and  an  elevation  of  the  cholesterin  in  the 
blood. 

TABLE  III 
Frequency  of  arcus  senilis  in  the  presence  or  absence  of  coronary  artery  disease 

PERSONS  WITH  COSONAKY  DISEASE PERSONS  WITHOUT  CORONARY  DISEASE 
AGES 

Total  number 
With  arcus  senilis Total  number With  arcus  senilis 

Number       |       Per  cent Number      |      Per  cent 
Males 

30-39 11 1 9 
27 

1 3.7 
40-49 55 8 14.5 

43 
2 

4.6 

50-59 199 59 29.6 95 
IS 

19.0 '60-69 111 
42 

.37.8 
38 

13 34.2 
70-79 6 4 66.6 5 4 80.0 

Females 

30-39 0 0 0 28 0 0 
40-49 12 0 0 69 3 4.4 
50-59 55 11 20 113 19 16.8 
60-69 48 15 31.2 27 5 18.5 
70-79 3 1 33.3 3 0 0 

SUMMARY 
The  association  of  arcus  senilis  and  coronary  artery  sclerosis  was  studied  in  a 

series  of  1000  consecutive  patients  .seen  in  office  practice.  There  appears  to  be 
be  a  definite  correlation  in  the  appearance  of  these  two  phenomena.  A  similar 
association  has  been  noted  in  patients  with  familial  xanthomatosis  and  hypercho- 
lesterinemia,  as  well  as  in  a  number  of  young  patients  with  coronary  artery 
disease  and  hypercholesterinemia.  These  findings  suggest  that  a  disturbance  of 
cholesterin  metabolism  is  concerned  in  the  genesis  of  at  least  some  cases  of  arterio- 
sclerosis. 
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FAMILIAL  HYPERCHOLESTEROLEMIA  (XANTHOMATOSIS) 
AND  ATHEROSCLEROSIS' 

ERNST  P.  BOAS,  M.D.,  and  DAVID  ADLERSBERG,  M.D. 
[From  the  Medical  Service  of  Dr.  George  Baehr,  The  Mount  Sinai  Hospital,  Xew  York,  N.  Y.] 

The  association  of  xanthomatosis,  hypercholesterolemia  and  cardiovascular 
disease,  as  well  as  the  familial  occurrence  of  this  syndrome  is  well  established 
(jNIiiller,  Thanhauser,  Bloom  and  others).  The  purpose  of  this  communication 
is  to  call  attention  to  the  relative  frefiuency  of  this  condition,  to  its  importance 
as  a  cause  of  sudden  death,  and  to  its  iclationship  to  atherosclerosis.  Within 
6  months  we  encountered  7  families  in  whom  this  disease  was  prevalent.  One 
family  Avas  of  Irish  descent,  one  of  Armenian  and  5  were  Jewish.  We  have 
examined  55  members  of  these  families.  In  the  same  period  of  time  we  have 
seen  9  additional  individual  cases,  A\  hose  families  \\  e  were  luial^le  to  study. 

Of  these  64  indi\-iduals  only  18  exhibited  the  full  syndrome,  i.e.,  skin  lesions, 
coronary  artery  disease  and  hyj^ei'cholesterolemia.  The  manifest  lesions, 
namely  xanthelasma,  xanthoma  tuberosum  of  the  skin,  or  xanthoma  tendinosum, 
arcus  senilis,  atherosclerosis  of  the  coronary  or  other  arteries,  and  elevation  of  the 
blood  cholesterol  are  found  in  varied  combinations.  Of  our  64  cases,  20  presented 
xanthelasmas,  13  xanthoma  tendinosvmi  or  tuberosum,  10  arcus  senilis,  and  24 
had  evidence  of  coronary  or  peripheral  atherosclerosis.  The  most  constant 
feature  is  the  elevation  of  the  blood  cholesterol.  Using  250  mg.  per  cent  as  the 
upper  limit  of  normal,  50  cases  had  high  blood  cholesterol  figures  (most  of  them 
over  350  mg.  per  cent).  In  many  individuals  the  only  manifestation  of  the  dis- 

order is  a  high  level  of  blood  cholesterol.  We  encountered  this  in  many  children 
and  young  adults  belonging  to  these  families.  Of  15  cases  in  which  the  blood 
was  examined  for  uric  acid,  7  had  figures  above  6  mg.  per  cent.  They  ranged 
from  6.1  to  9.0  mg.  per  cent.  In  none  of  these  cases  was  there  evidence  of  gout 
or  of  kidney  insufficiency. 

The  hereditary  nature  of  this  disorder  is  evident  from  the  study  of  the  family 
trees  and  of  the  literature.  Our  analysis  confirms  the  view  that  the  hereditary 
element  is  a  disturbance  of  the  lipid  metabolism,  manifesting  itself  in  hyper- 

cholesterolemia. The  development  of  skin  manifestations,  arcus  senilis  and 
vascular  lesions  depends  on  additional  factors  which  are  still  obscure.  Marriage 
of  two  individuals  both  showing  the  disorder  intensifies  the  disease  manifestations 
in  their  offspring,  while  the  marriage  of  an  abnormal  to  a  normal  individual 
dilutes  the  predisposition  to  the  development  of  the  manifest  disease.  The  off- 

spring of  such  marriages  tend  to  show  only  hypercholesterolemia,  although  the 
parent  may  exhibit  the  fully  developed  syndrome.  Members  of  families  with 
hypercholesterolemia  who  present  only  an  elevated  blood  cholesterol  should  be 
regarded  as  carriers  of  the  familial  predisposition  and  as  having  the  disease  in  its 
preclinical  stage. 

*  Presented  at  a  meeting  of  the  N.  Y.  Heart  Association,  May  2,  1944. 
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In  one  of  our  families  3  siblings  died  suddenly  of  coronary  artery  disease  at 
the  ages  of  31,  37  and  43  (fig.  1).  This  family  first  came  to  our  attention  through 
Mrs.  B.  when  she  experienced  a  coronary  thrombosis.  At  this  time  she  exhibited 
xanthelasmas  of  the  eyelids  and  a  blood  cholesterol  of  525  mg.  per  cent.  She 
died  suddenly  a  few  months  later,  at  the  age  of  43,  probably  from  another  coro- 

nary occlusion.  Two  brothers  and  one  sister  of  Mrs.  B.  had  blood  cholesterol 
figures  of  400,  410  and  5G0,  respectively.  One  brother  had  xanthoma  tuberosum, 
the  other  had  coronary  artery  disease.  Two  other  brothers  had  died  at  the 
ages  of  37  and  31  respectively  of  coronary  arterj^  disease.  We  were  able  to  find 
the  hospital  record  of  the  younger  brother.    His  autopsy  revealed  advanced 

BA. 

43^  1  39 
54  50         43"*^  1    39         37'*"  31^ 

^    ̂  
       d

  ̂  
400      410        525  560 

16   I    12  24  1  16 

140  210  540  535 

O  NORMAL  ©  O  ® 
□  HYPERCHOLESTEROL     □  XANTHELASMA      g  HEART  DISEASE       ̂  XANTHOMA Fig.  1 

arteriosclerotic  cardiovascular  disease.  The  two  children  of  Mrs.  B.,  aged  24 
and  16,  had  blood  cholesterols  of  540  and  535  mg.  per  cent  re.spectively,  without 
any  manifestations  of  the  disease.  The  two  children  of  her  older  brother,  aged 
16  and  12,  had  normal  cholesterol  figures.  At  the  time  the  31  year  old  brother 
died,  his  blood  cholesterol  was  not  studied  and  it  was  unknown  that  he  belonged 
to  a  hypercholesterolemic  family.  At  post  mortem  his  was  regarded  as  a  case  of 
far  advanced  arteriosclerosis  of  unknown  origin  in  a  young  man.  It  was  only 
15  years  later  when  his  sister,  Mrs.  B.,  came  under  observation  and  the  family 
was  studied  that  the  true  nature  of  the  disorder  became  apparent.  Such  situa- 

tions must  be  common.  Careful  studies  of  patients  with  coronary  disease  will 
undoubtedl.y  unmask  many  such  instances  of  familial  hypercholesterolemia. 

There  does  not  appear  to  be  any  direct  connection  between  hypertension  and 
the  syndrome  under  discussion.    Our  observations  suggest  that  when  a  person 
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with  familial  hypercholesterolemia  has  hypertension  as  well,  this  accelerates  the 
development  of  his  arterial  disease. 

Most  authors  still  distinguish  between  xanthomatous  deposits  in  the  arteries 
and  atherosclerosis.  The  studies  of  Aschoff,  Anitschkow,  Leary,  and  others 
have  demonstrated  that  the  earliest  lesions  of  atherosclerosis  are  represented  bj^ 
lipid  infiltrations  of  the  intima  and  the  development  of  foam  cells  in  the  subendo- 
thelial  laj'er  of  the  arterial  intima,  lesions  which  are  indistinguishable  from  those 
found  in  xanthomatosis.  Similar  lesions  are  found  in  experimental  cholesterol 
atherosclerosis  in  rabbits.  Hirsch  and  Weinhouse  conclude  from  their  extensive 
studies  that  atherosclerosis  develops  from  disturbances  in  metabolism  of  lipids, 
infiltrated  into  the  tissues  of  the  intima.  The  frequency  of  atherosclerotic 
heart  disease  in  familial  hypercholesterolemia,  and  particularly  its  occurrence  in 
young  individuals  gives  support  to  this  theory.  Although  xanthomatous  nodules 
occur  rarely  in  the  large  vessels  and  on  the  heart  valves,  in  many  cases  the  arterial 
lesions  in  xanthomatosis  are  indistinguishable  from  those  of  ordinary  athero- 

sclerosis. Further  studies  of  familial  hypercholesterolemia  promise  to  con- 
tribute to  our  knowledge  of  the  causes  of  atherosclerosis. 

These  studies  have  a  practical  importance,  as  well.  All  members  of  families 
with  familial  hypercholesterolemia,  as  potential  candidates  for  atherosclerotic 
cardiovascular  disease,  should  be  kept  under  permanent  medical  supervision. 



TWENTY-FIVE  YEARS  OF  PHYSIOLOGICAL  CHEMISTRY  AT  THE 
MOUNT  SINAI  HOSPITAL  (1902-1927) 

SAMUEL  BOOKMAN,  Ph.D.' 
The  Nineteenth  Century  was  a  period  devoted,  among  other  great  technical 

advances,  to  the  formation  and  development  of  the  science  of  physiological 
chemistry.  During  the  beginning  of  this  present  century,  in  its  first  three 
decades,  the  matured  science  saw  its  extensive  application  to  the  problems  of 
clinical  medicine,  to  the  development  of  tests  for  visceral  functions. 

The  change  of  the  century  really  marked  the  beginning  of  the  organization  of 
biological  and  physiological  chemistry  in  laboratories  estabUshed  for  such 
purposes. 
My  own  education  at  Columbia  University,  School  of  Mines,  was  followed  by 

a  typical  course  in  post-graduate  studies  at  the  University  of  Berlin.  Such 
topics,  characteristic  of  the  times,  included  the  subjects  of  biologj',  bacteriology, 
physiology,  clinical  physiological  and  pathological  chemistry  to  round  out  the 
essential  fundamentals. 

The  Pathological  Institute  of  the  New  York  State  Hospital  under  the  direc- 
tion of  Dr.  Ira  Van  Gieson  was  noted  for  its  alert  interest  in  the  problems  ot  the 

day,  so  that  my  appointment  as  "Associate  in  Physiological  Chemistry"  seemed 
a  recognition  of  the  thoroughness  and  modernity  of  the  post-graduate  erudition 
of  the  Germany  of  that  day. 

The  names  of  the  staff  of  that  institution,  young  men  in  their  earher  j-ears, 
Avithout  exception  made  scientific  history  as  their  lives  matured.  The  roster  is 
in.spiring:  it  includes  Dr.  P.  A.  Levene,  Associate  in  Physiological  Chemistiy; 
Dr.  Harlow  Brooks,  Bacteriology,  Dr.  Arnold  Graf,  Associate  in  Biology,  Dr. 
H.  B.  Deady,  Pathology,  Dr.  Boris  Sides,  Associate  in  Psychology,  Dr.  Alex 
Hrdlicka,  Associate  in  Anthropology,  Dr.  C.  J.  Herrick,  Associate  in  Com- 

parative Neurology. 
There  were  in  addition  many  volunteers  in  the  Service  amongst  whom  were 

Dr.  Richard  Weil,  later  an  Adjunct  Visiting  Physician  at  Mount  Sinai,  and  also 
my  brother.  Dr.  Arthur  Bookman. 

Much  of  the  .stimulus  for  the  interest  in  Physiological  Chemistry  emanated 
from  the  personahty  of  Dr.  Russell  H.  Chittenden.  While  occupying  the  Chair 
at  Yale  University,  he  visited  and  gave  a  course  at  the  College  of  Physicians  and 
Surgeons  (1898).  A  nucleus  of  enthusiastic  scientists  formed  themselves  into 
a  group  to  carry  on  the  investigations  into  this  science  and  its  related  fields.  A 
small  informal  society  was  created,  including  in  its  personnel  such  outstanding 
names  as  Doctors  James  Ewing,  Graham  Lusk,  John  Mandel,  Phoebius  A. 
Levene,  William  J.  Gies,  Alfred  N.  Richards,  P.  B.  Hawk,  Virgil  Coblentz,  W. 
N.  Berg,  William  Salant,  and  later  George  B.  Wallace  and  many  others. 

The  central  laboratory  of  the  Pathological  Institute  of  the  New  York  State 

'  This  paper  is  dedicated  to  the  many  co-workers  who  during  these  years,  and  often  at 
great  personal  sacrifice,  gave  their  time,  energy  and  effort  to  help  build  up  this  Department. 
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Hospitals  acted  as  a  technical  and  training  center.  During  my  owti  tenure  of 
office,  the  methods  of  modern  science  were  introduced  into  the  recently  estab- 

lished laboratories  of  the  State  Hospital  system  just  completed  at  Utica,  Ogdens- 
burg,  Poughkeepsie,  Buffalo,  Binghampton,  and  Ward's  Island,  N.  Y.  C. 

In  The  ]\Iount  Sinai  Hospital  the  first  signs  of  interest  in  the  subject  of 
Physiological  and  Pathological  Chemistry  wei-e  just  beginning  to  become  appar- 

ent. Dr.  Julius  Rudisch  had  designated  a  small  corner  in  the  Clinical  Labora- 
tory on  the  first  floor  of  the  South  Wing  with  one  window  on  66th  St.  Such 

limited  space  did  not  promise  opportunity  for  extensive  research  or  routine. 
The  actual  establishment  of  such  a  department  took  place  in  1904  with  the 
erection  of  the  new  hospital  buildings  on  100th  Street.  This  was  probably  the 
first  voluntary  hospital  in  New  York  City  to  have  established  a  separate  depart- 

ment in  Physiological  Chemistry. 
The  planning  of  these  buildings  to  house  the  Pathological  Laboratories  had 

been  assigned  to  and  accepted  with  pleasure  by  Dr.  Fred  S.  Mandlebaum.  In 
consort  with  him,  we  planned  the  details  of  constructing  and  equipping  the 
projected  laboratories.  The  architects'  plans  required  many  changes,  such  as 
would  be  familiar  only  to  one  who  had  lived  and  worked  in  laboratories  for  years. 
Thus  in  the  original  plans  for  the  Chemical  Laboratory  the  window  sills  had 
been  advertently  sketched  as  eight  inches  higher  than  the  tops  of  the  laboratory 
desks.  To  lower  the  window  sills  to  the  proper  level  would  affect  the  archi- 

tectural symmetry  of  the  north  facade  on  101st  Street. 
The  unofficial  status  of  "Adviser"  to  the  planning  of  the  hospital  was  on 

February  1,  1902,  converted  by  my  actual  appointment,  to  that  of  "Associate  in 
Physiological  Chemistry";  with  the  dedication  of  the  new  site  and  buildings  the 
Department  was  inaugurated  as  a  working  unit.    This  condition  still  prevails. 

The  first  ̂ 'olunteer  research  assistant  in  the  Department  was  no  other  than 
Dr.  Julius  Rudisch  who  at  that  same  time  was  the  Visiting  Physician  to  the 
First  Medical  Service.  Dr.  Rudisch  could  be  seen  many  an  afternoon  after 
completing  Ward  Rounds,  puttering  around  the  Chemical  Laboratory,  interested 
in  uric  acid  in  the  blood,  qviantitative  acetone  in  the  diabetic  urine,  and  many 
similar  subjects.  Many  of  the  men  who  later  played  prominent  roles  in  the 
hospital  began  their  career  in  the  laboratories  devoted  to  Biological  Chemistry. 
The  first  of  these  was  Dr.  Edward  A.  Aronson  (later  the  first  Gastroenterologist) 
followed  soon  by  Doctors  Arthur  Bookman  and  A.  A.  Epstein,  the  latter  in 
charge  of  research.  In  the  course  of  twenty-five  years,  over  fifty  assistants 
served  in  the  department,  men  busy  or  about  to  be  busy  in  practice,  part-time 
non-salaried  men,  who  by  enthusiasm  and  expertness  of  skill  and  in  a  spirit 
of  friendly  cooperation,  managed  not  only  the  routine  of  the  large  and  growing 
hospital  but  succeeded  annually  in  publishing  meritorious  research  studies. 

.Among  these  colleagues  and  volunteer  assistants  were  included  such  names  as: 
Louis  Hauswirth,  Burrill  B.  Crolui,  Theodore  Kuttner,  Joseph  Reiss,  INIarcus 
A.  Rothschild,  Jerome  L.  Kohn,  Herman  Schwarz,  Hubert  Mann,  Lewis  Mann, 
Joseph  Harka\  y,  Selian  Hebald,  ̂ ^largaret  Fries,  Mrs.  INIaechlin,  Herman  Lande, 
Irving  Gray.  Joseph  Marcus,  Daniel  Poll,  Nathan  Rosenthal,  Joseph  Felsen, 
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Moses  Zwick.  Samuel  Rosen,  Saul  S.  Samuels  and  the  late  Philip  Finkel.  This 
roster  from  memory,  may  not  be  complete;  as  the  work  and  scope  of  the  depart- 

ment developed,  additional  assistants  to  the  department,  joined  the  staff.  The 
work  was  at  all  times  conscientiously  performed,  always  in  close  cooperation 
with  the  clinical  branches,  so  bridging  the  space  between  the  pure  and  the  applied 
sciences  and  clinical  routine  and  research. 

The  quality  of  the  routine  work  accompUshed  by  this  department  is  reflected 
in  the  perusal  of  the  daily  charts  of  most  of  the  patients  in  the  wards  of  the 
hospital. 

Its  record  for  scientific  research  is  manifest  in  the  voluminous  publications 
originating  in  this  department  during  the  past  forty  years.  Among  notable 
contributions  was  that  of  Epstein  on  Nephrosis  and  the  High  Protein  Diet, 
Rothschild's  work  on  the  cholesterol  content  of  the  blood  in  gall  bladder  disease; 
that  of  Crohn  on  early  fractional  estimations  of  gastric  contents,  its  diagnostic 
values  as  well  as  pioneer  studies  on  pancreatic  metabolism  and  quantitative 
ferment  analysis.  Kuttner's  work  in  micro-chemical  and  colorometric  methods 
was  fundamental  and  extremely  ingenious.  Dr.  S.  Bookman  was  interested  in 
the  chemical  analysis  of  kidney  calculi  and  gall  stones,  their  composition  and 
structure.  This  brief,  very  brief  mention  does  scant  justice  to  the  research 
work  and  publications  of  the  many  unselfish  members  of  the  volunteer  staff. 

Visitors  to  the  Department  were  not  unusual.  Dr.  Nathan  E.  Brill  loved 
to  delve  into  matters  chemical;  such  notable  persons  as  Dr.  William  Osier, 
Dr.  William  H.  Welch,  Dr.  Chaim  Weitzmann,  Dr.  Albert  Einstein,  Dr.  Arbuth- 
not  Lane  were  among  other  prominent  physicians  and  scientists  who  graced  the 
confines  of  the  laboratory. 

THE  GROWTH  AND  DEVELOPMENT  OF  THE  DEPARTMENT 

1.  Struciural.  The  original  laboratory  building  stood  within  the  courtyard 
facing  on  101st  St.,  it  was  opened  in  1904  and  was  continued  there  until  1922 
when  the  main  laboratoiy  building  on  99th  St.  was  inaugurated  and  occupied 
by  the  enlarged  staff.  The  old  building  has  been  partially  rebuilt  and  is  now 
occupied  by  the  laboratories  for  serology,  for  cancer  research  and  for  neurological 
anatomy  and  pathology. 

2.  Personnel.  The  original  staff  of  this  laboratory  consisted  only  of  a  Physio- 
logical Chemist  and  his  volunteer  associates.  Between  1904  and  1927  this  staft' was  constantly  augmented  as  chemistry  came  to  play  a  larger  and  more  vital 

role  in  diagnosis  and  in  visceral  functional  tests.  In  1927  at  the  end  of  the  period 
of  part-time  workers,  the  staff  included  nine  associates  and  assistants,  all  volun- 

teers, all  practicing  physicians,  devoting  from  a  few  hours  to  six  hours  daily  to 
their  respective  tasks.  There  was  only  one  salaried  full-time  worker.  The 
tenure  of  office  of  the  associates  and  assistants  varied  from  a  term  of  one  year 
to  as  many  as  fifteen  years  in  some  cases. 

3.  Scope  of  ivork.  The  first  year  there  were  only  a  few  hundred  routine  exami- 
nations. In  the  last  year  of  my  tenure  of  office,  1927,  about  nine  thousand 

routine  examinations  were  performed  by  the  staff.    In  addition,  each  assistant 
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was  engaged  in  some  research  work  connected  with  his  branch  of  medicine  or  in 
the  origination  or  improvement  of  methods  in  cHnical  chemistry  or  in  chemical 
pathology.  The  departments  represented  by  the  staff  of  associates  and  assist- 

ants were  those  of  general  medicine,  gastro-intestinal  diseases,  otology,  allergy, 
surgery  and  other  branches. 

As  the  work  increased  from  year  to  year,  it  became  more  difficult  to  conduct 
it  on  the  old  basis.  Its  growth  and  development  demanded  a  staff  of  a  salaried 
chief  and  salaried  assistants  which  was  the  natural  trend  of  all  laboratories  in 
this  as  well  as  in  other  hospitals.  The  close  cooperation  and  cordial  relationship 
of  the  laboratory  to  the  members  of  the  medical  and  lay  boards  of  the  hospital 
have  always  been  an  incentive  to  the  work  performed  in  the  laboratories. 

[In  1927  my  resignation  as  Physiological  Chemist  was  accepted.  Dr.  Michael 
Heidelberger,  succeeded  me;  his  short  tenure  of  the  position  was  followed  by  his 
appointment  as  Associate  Professor  of  Physiological  Chemistry  at  the  College 
of  Physicians  and  Surgeons  of  Columbia  University.  His  subsequent  work  in 
the  field  of  immunology  has  been  outstanding.  In  1928,  Dr.  Harry  Sobotka 
became  Chemist  to  the  Hospital  and  his  able  and  efficient  department,  as  well 
as  his  splendid  and  outstanding  work  in  many  fields  is  universally  recognized. 

In  1927  Dr.  Bookman  was  appointed  "Consulting  Chemist"  to  the  hospital 
an  honor  which  was  well  deserved  and  merited.  He  has  always  continued  to 
manifest  an  interest  not  only  in  the  laboratories  but  also  in  the  teaching  and 
clinical  branches  of  the  hospital.  On  his  resignation.  Dr.  Bookman  received 
from  the  Board  of  Trustees  of  the  Hospital  the  following  letter: 

"On  behalf  of  my  colleagues,  I  desire  to  tender  you  our  sincere  thanks  and 
gratitude  for  your  long  years  of  faithful  service.  You  began  the  development 
of  your  Department  when  chemistiy  established  its  fir.st  relation  with  clinical 
medicine  and  at  times  must  have  labored  under  conditions  which  were  very 
trying.  In  spite  of  many  handicaps  you  continued  with  patient  perseverance, 
Avith  the  result  that  your  Department  developed  successfully  and  to  the  point 
Avhere  you  may  well  look  back  with  pride  upon  the  effects  of  your  work.  The 
example  of  conscientious  endeavor  which  you  have  always  set  for  the  younger 
men  has  been  particularly  commendable." — B.  B.  C] 
We  all  have  great  hopes  that  the  new  laboratory  buildings  for  the  hospital 

projected  in  the  near  future,  will  be  another  step  forward  in  the  firmer  estabfish- 
ment  of  scientific  medicine  as  an  aid  to  the  amelioration  of  human  suffering,  in 
the  treatment  of  disease  and  in  the  education  and  training  of  the  practicing 
physician  in  modern  and  improved  methods  of  scientific  research. 



THE  MODIFIED  INSULIN  TECHNIQUE  IN  THE  TREATMENT 
OF  AMBULANT  PSYCHIATRIC  PATIENTS 

RICHARD  M.  BRICKNER,  M.D. 
In  an  attempt  to  discover  whether  a  state  of  coma  was  essential  to  success  in 

the  insuhn  treatment  of  psychotic  patients,  Polatin,  Spotnitz  and  Wiesel  modi- 
fied Sakel's  original  method.  They  gave  the  insulin  by  vein  or  subcutaneously 

(1,2).  By  their  method,  with  the  avoidance  of  coma,  the  patient  can  take  sugar- 
containing  solutions  voluntaril}^,  and  the  whole  procedure  is  simpler  and  safer 
than  the  coma-producing  procedure.  The  results  are  said  to  compare  favorably 
with  those  obtained  by  the  Sakel  technique. 

Since  the  report  of  these  authors  in  1940,  a  number  of  other  communications 
on  the  subject  have  appeared.  The  attention  of  workers  has  been  attracted  to 
the  method  for  various  reasons — in  England,  MacGregor  and  Sandison  used 
insulin  intravenously  to  save  insulin  under  war-time  conditions  (3) ;  Tomlinson 
and  Ozarin  employed  it  subcutaneously  because  it  could  be  given  with  a  mini- 

mum extra  .staff  at  the  hospital  and  at  small  expense  (4). 
That  insulin  could  be  of  help  to  patients  with  mental  and  emotional  disorders 

was  actually  known  long  before  its  use  became  systematized  and  practical. 
This  would  necessarily  be  so,  once  insulin  began  to  be  used  in  the  treatment  of 
any  large  group  of  human  beings.  It  is  of  interest  to  see,  for  example,  that 
Cowie,  Parsons  and  Raphael  observed  in  1923,  the  "remarkable  clearing  of 
the  depression  in  diabetes  with  insulin  treatment"  (5).  Other  occa.sional  ob- 

servations of  like  significance  appear  in  the  literature.  In  1929,  Appel,  Farr  and 
Marshall  gave  insulin  to  improve  the  nutrition  of  psychotic  patients  and  ob- 

tained striking  improvement  in  the  mental  states  of  some  of  their  cases  (G). 
According  to  the  latter  authors,  Targowla  and  Lamanche  had  already  reported 
similar  results  in  2  undernourished  cases  of  psychosis  and  Miskolczy,  again 
seeking  to  improve  nutrition,  had  also  noted  a  beneficial  effect  in  a  small  series. 
Bennett  and  JNIiller  writing  in  1940,  enthusiastically  described  the  use  of  small 
subcutaneous  doses  of  insulin  in  quieting  disturbed  state  hospital  patients  (7). 
They  spoke  of  "miraculous  improvement"  in  early  manic-depressive,  other 
depressive  and  schizoid  states.  They,  like  other  authors,  pointed  out  that 
treatment  must  be  continued  for  3  to  8  weeks,  if  sustained  improvement  is  to  be 
expected.  Polatin  and  Spotnitz  treated  one  schizophrenic  of  very  long  standing 
for  2^  years,  and  another  for  over  1  year  (8). 

Rennie  has  recently  reported  a  series  of  28  psychotic  patients,  who  received 
insulin  subcutaneously,  without  the  production  of  coma;  he  observed  marked 
improvement  in  19  and  some  improvement  in  4  more  cases.  Rennie's  inter- 

pretation was  that  anxiety  was  the  essential  factor  which  was  relieved  (9). 
This  brief  summation  from  the  literature  is  not  intended  as  a  review,  but  an 

indication  of  what  has  been  done.  Ample  reviews  can  be  found  in  the  papers  of 
Polatin  and  his  co-workers.    They  are  to  be  credited  with  having  worked  out  a 
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simple  method  which  is  of  immense  help  in  the  treatment  of  many  different  sorts 
of  mental  and  emotional  disturbances. 

The  present  paper  describes  the  results  obtained  by  the  use  of  the  ambulant 
method  in  18  cases.  Eleven  were  treated  over  fairly  long  periods  and  seven 
occasionally.  The  patients  were  not  as  sick  as  those  of  other  authors,  because 
all  the  previous  series  have  emanated  from  hospitals;  the  present  group  was 
ambulant.    Nonetheless,  some  mildly  psychotic  patients  are  in  the  group.  ■ 

Treatment  over  reasonably  long  periods  was  administered  by  the  following 
technique : 

1.  Time:  The  injections  were  given  in  the  morning  to  the  fasting  patient, 
who  had  brought  with  him  the  juice  of  two  oranges. 

2.  Garb:  The  patient's  clothing  was  replaced  by  a  gown  (important  because 
of  the  extreme  sweating). 

3.  Route  of  administration:  Insulin  was  usually  administered  by  vein;  occasion- 
ally it  was  given  subcutaneously. 

4.  Tliv  ilcsind  reaction:  At  first,  while  the  susceptibility  and  general  reactivity 
of  the  jiaticiit  w  ere  being  observed,  a  brisk  sweat  was  all  that  was  sought.  After 
10  to  14  days,  a  state  of  drowsiness  was  produced.  Occasionally,  muscular 
twitchiugs  were  seen  and  rarely  some  convulsive  movements.  Tolerance  seemed 
to  be  acquired  quickly,  so  that  a  rising  dosage  scale  was  required  when  the  in- 

travenous route  was  used. 
5.  Dosage:  The  first  dose  was  10  vmits.  This  dose  was  increased  by  3  to  10 

units  a  day,  depending  upon  the  reaction  obtained.  Sometimes  the  same  dose 
was  re-employed  for  a  few  days,  but  soon  the  reaction  failed  to  appear,  and  in- 

creases became  necessary  again.  The  dosage  may  rise  to  very  high  levels;  in 
one  case  180  and  in  another  190  units  were  used  toward  the  end  of  the  course. 
In  those  instances,  reactions  were  difficult  to  obtain  and,  following  a  suggestion 
made  by  several  authors,  half  the  total  dose  was  given  at  the  beginning,  followed 
by  the  other  half  in  30  minutes.  This  produced  the  desired  reaction,  although 
the  total  dose  given  at  one  time  yielded  only  a  feeble  response. 
When  a  second  course  was  given,  the  dosage  started  again  with  10  units,  in 

the  interests  of  caution. 
A  very  important  point  concerning  dosage  is  this:  by  the  subcutaneous 

route,  the  dosage  never  greatly  exceeds  40  units.  Patients  become  sensitive 
to  the  insulin,  and  in  later  stages  of  treatment  the  dose  level  may  be  decreased. 
The  intravenous  route  calls  for  much  higher  doses  with  slow,  continual  in- 

creases as  treatment  goes  along.  Doses  as  high  as  190  units  were  reached  in 
this  series. 

6.  Termination  of  individtial  Irealmvnis:  The  patient  was  allowed  to  remain  in 
the  state  of  reaction  lor  :^()  to  40  minutes,  after  which  the  situation  was  ter- 

minated by  the  administiatioii  of  orange  juice.  Glucose  and  a  sterile  50  cc. 
syringe  and  needle  were  alw  ays  kci)t  at  hand  in  case  of  emergency.  In  only  one 
instance  (Case  8)  was  the  i)atient  vuiable  to  take  the  orange  juice.  Glucose  has 
been  administered  by  v(nn  4  times  nonetheless,  in  order  to  abort  quickly  what 
looked  like  too  seveie  a  reaction.  The  administration  of  sugar  was  followed  by 
a  short  rest,  after  which  the  patient  went  out  for  breakfast. 



TABLE  I 
Summary  of  treatment  and  results 

CASE SEX AGE PRES- ENCE OF 
ANX- 

DIAGNOSIS DURATION  OF TREATMENT 
DEGREE  OF  IMPROVEMENT 

IETY  OR TENSION 
Anxiety 

Total 
Systematic  treatment 

1.  W.  B. M 41 + Schizoid   with  delu- 1  series  5  wks. 
1  series  8  wks. 

Marked 
Marked Marked 

Marked 

2.  D.  P. M 57 + Anxiety,  depression IO5  wks. Marked Marked 

3.  L.  D. M 70 + Agitated  depression, 
moderate  severity 

Moderate Moderate 

4.  A.  H. M 69 + Agitated  depression, 
moderate  severity 

9  wks. Marked Marked 

5.  L.  S. F 52 + Agitated  depression 6  wks. Marked None 

6.  L.  A. M 58 - Depression  with  de- 
lusions (Also  elec- tric shock) 

7  wks. Moderate 

7.  A.  R. M 21 + Obsessional  neurosis 13  wks. Moderate Moderate 

8.  J.  G. F 13 Hysteria 3|  wks. 
None 

9.  C.  C. M 45 + Anxiety     state — real basis 
3  wks. None None 

10.  B.  S. F 23 + Psychoneurosis,  ano- rexia nervosa  type 
8  wks. Moderate None 

11.  L.  K. M 19 
to 23 

+ Mixed  schizoid  with 
obsessiveness 

11  wks. 
3  wks. 
4  wks. 

6  wks. 

Marked 
? 
? 

? 

Marked 
None 

Question- 
able None 

Occasional,  or a  brief  series  (for  the  symptom  of  tension  only) 
12.  M .  A . F 44 + Schizoid   with  delu- 

sions 
Intermittent Marked None 

13.  M.  P. F. 30 + Schizoid  paranoid 1  wk. Marked 

14.  G.  S. F 35 + Agitated  depression Several 
Marked; 
None 

15.  L.  S. F 32 + Psychoneurosis 1  time Marked 

16.  A.  G. F 58 + Psychoneurosis 4  times Marked 

17.  M.  K. M 49 + Obsessional  neurosis 3  wks. Marked 

18.  E.  M. F 52 + Schizoid  paranoid 3  wks. Marked 
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7.  Untoward  after  effects:  (A)  Delayed  reaction,  occurring  later  in  the  day. 
There  have  been  none  of  these  when  the  intravenous  route  was  employed,  except 
in  one  case  (Case  8).  When  the  technique  was  varied,  and  subcutaneous  ad- 

ministration was  emploj^ed,  there  was  an  occasional  delayed  reaction.  None- 
theless, all  patients  were  instructed  to  keep  3  lumps  of  sugar  with  them  all  day. 

(B)  Fatigue  and  weakness  for  several  hours.  This  was  not  uncommon  follow- 
ing a  brisk  reaction. 

8.  Length  of  course  of  treatment:  This  varied  considerably.  The  treatment  may 
be  used  only  occasionally,  to  relieve  an  acute  access  of  anxiety.  A  consistent 
course  of  treatment  lasts  from  6  to  12  weeks,  with  an  injection  daily  except 
Sunday. 

As  Table  I  shows,  the  cases  treated  Avere  of  various  diagnostic  categories.  No 
schizophrenic  or  depressive  patient  was  treated  who  was  not  considered  safe  as 
an  ambulant  patient,  and  all  were  able  to  continue  working,  although  sometimes 
with  difficulty.    The  intensity  of  tension  was  often  great,  in  all  types  of  patient. 

As  the  table  indicates,  the  majority  of  patients  were  improved  by  the  treat- 
ment. Improvement  occurred  outstandingly  in  the  symptom  of  tension.  The 

decrease  in  tension  was  sometimes  associated  with  improvement  in  the  whole 
condition,  but  sometimes  it  was  isolated,  the  rest  of  the  symptoms  remaining 
unchanged.  The  improvement  in  tension  was  frequently  transitory;  in  cases 
with  prolonged  treatment,  however,  in  which  the  basic  illness  was  relieved,  ten- 

sion disappeared  permanently. 

ABSTRACTS  OF  CASES 

Case  1.  W.  B.,  a  man  of  41,  referred  by  Dr.  Louis  Soffer.  Diagnosis:  seliiz(nd  reaction. 
This  patient  suffered  from  a  state  of  severe  tension,  accompanying  a  delusion  that  all  four 
of  his  extremities  were  shrinking  in  size.  The  illness  had  followed  a  throat  infection  5 
months  earlier.  Of  special  interest  was  the  fact  that  the  right  side  had  always  been  slightly 
but  actually  smaller  than  the  left.  The  deep  reflexes  on  the  right  were  greater  than  those 
on  the  left  at  the  time  of  examination.  X-ray  examination  of  the  skull  by  the  late  Dr.  C.  C. 
Dyke,  showed  the  left  parietal  bone  to  be  thicker  than  the  right,  and  the  left  supra-orbital 
ethmoid  cell  to  be  larger  than  the  right;  these  findings  were  interpreted  as  suggestive  of  a 
mild  left  cerebral  hypoplasia,  dating  from  the  patient's  earliest  years  (Dyke-Davidoff- Masson  syndrome).  .\n  electroencephalogram,  made  by  Dr.  Hans  Strauss,  was  normal. 
The  likelihood  of  finding  anything  except  hypoplasia  or  a  non-surgical  cyst,  was  so  remote 
that  it  appeared  unnecessary  to  do  a  pneumoencephalogram,  and  this  procedure  was  de- 

ferred in  order  to  observe  the  effects  of  treatment.  Insulin  treatment  was  given  daily  over 
a  period  of  5  weeks,  with  marked  improvement  of  the  delusion  and  of  the  anxiety,  .\nother 
course  of  treatment  was  commenced  2\  months  later,  this  time  for  8  weeks.  The  symptoms 
disappeared  entirely  and  the  patient  remained  well  for  a  year,  after  which  there  was  a  mild 
recurrence.  The  largest  dose  of  insulin  was  140  units.  The  first  dose  in  the  second  series 
was  10  units. 

Case  2.  D.  P.,  a  man  of  57,  was  having  what  was  considered  his  third  moderately  severe 
depression  with  anxiety  in  ,3  years,  with  no  clearcut  symptom-free  period  between  them. 
He  had  always  been  a  seclusive,  sober,  hard-working  man,  devoid  of  gaiety  and  with  no 
interests  outside  of  his  work.  He  was  given  a  IO5  week  course  of  insulin  therapy,  after 
which  there  was  complete  recovery  from  the  depression,  lasting  li  years.  Subsequently 
there  was  a  mild  recurrence.    The  largest  dose  of  insulin  employed  was  40  units. 

Case  3.  L.  D.,  a  man  aged  70  years,  had  been  in  his  second  agitated  depression  for  about 
10  months.    Electric  shock  therapy  had  not  yet  come  into  generally  accepted  use  for  people 
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with  arteriosclerosis  as  advanced  as  his.  Improvement  in  both  agitation  and  depression 
was  moderate. 

Case  4-  A.  H.,  a  man  of  69,  referred  by  Dr.  Eli  Moschcowitz,  had  been  in  his  second 
agitated  depression  for  a  month.  The  symptoms  were  moderately  severe.  Two  electric 
shock  treatments,  given  by  Dr.  Lothar  Kalinowsky,  resulted  in  prolonged  apnea,  and  it  was 
considered  unsafe  to  continue  with  that  type  of  therapy.  The  2  treatments  produced  no 
relief.  Insulin  was  given;  no  definite  improvement  occurred  until  about  the  6th  week. 
The  treatment  was  continued  for  9  weeks,  the  largest  dose  being  75  units.  The  patient 
made  a  complete  recovery.  There  is  some  doubt  in  this  instance  that  the  insulin  is  to  be 
credited  with  the  recovery,  which  perhaps  could  have  been  a  spontaneous  one.  Also  notable 
is  the  fact  that  although  the  total  and  final  result  was  excellent,  each  treatment  produced 
an  exacerbation,  instead  of  a  reduction  in  tension. 

Case  5.  L.  S.,  a  woman  of  52,  referred  by  Dr.  Leonard  G.  Weber,  had  an  agitated  de- 
pression. Daily  improvement  of  the  agitation  occurred  in  insulin  treatment  but  the  de- 

pression was  unaffected.  The  agitation  returned  in  full  force  when  treatment  was  termi- nated. 
Case  6.  L.  A.,  a  man  of  58,  referred  by  Dr.  Eli  Moschcowitz,  was  in  a  depression  with 

marked  retardation  and  some  dilapidation.  Nine  years  previously  he  had  been  through 
a  manic  episode.  Eleven  electric  shock  treatments  brought  him  out  of  the  depression,  but 
there  was  a  complete  relapse  in  a  few  weeks.  It  was  decided  to  try  the  ambulatory  insulin 
method  as  an  alternative  to  resumption  of  electric  shock.  Treatment  was  given  over  a 
period  of  7  weeks.  This  is  one  of  the  cases  in  which  reactions  were  difficult  to  obtain  and 
the  divided  dose  had  to  be  employed;  toward  the  end,  95  units  were  given  twice  in  an  hour. 

Recovery  was  satisfactory  and  the  patient  was  able  to  return  to  his  work  as  an  engineer. 
The  patient's  condition  was  not  as  good,  however,  as  it  was  in  the  brief  period  following electric  shock. 

Case  7.  A.  R.,  a  man  of  21,  had  a  severe  obsessional  neurosis,  with  intense  agitation  and 
rather  severe  depression.  The  insulin  was  given  over  a  period  of  13  weeks.  There  was 
marked  improvement  in  the  affective  symptoms,  still  maintained  at  the  end  of  2  years. 
The  obsessive  thinking  was  reduced  somewhat,  but  not  to  a  significant  degree. 

Case  8.  J.  G.  was  a  girl  of  13,  a  patient  of  Dr.  Donald  MacPherson.  She  presented  a 
severe  and  complex  hysterical  reaction.  There  was  no  manifest  anxiety.  A  major  phenom- 

enon was  her  refusal  to  eat,  which  had  impaired  her  physical  condition  so  greatly  that  hos- 
pitalization and  artificial  feeding  were  required.  She  improved  while  in  the  hospital  but 

was  still  a  seriously  ill  patient  on  discharge.  Insulin  treatment  was  begun  in  the  hospital 
and  continued  after  discharge.  After  a  short  series  of  injections,  one  day  she  failed  to  eat 
either  breakfast  or  lunch  after  her  treatment,  as  a  dramatic  i^esturc  Later  in  the  afternoon 
she  was  found  in  stupor.  She  was  revived  and  insulin  treatment  was  terminated.  There 
had  been  little  or  no  improvement. 

Case  9.  C.  C,  referred  by  Dr.  L.  Jacobius,  was  a  man  of  45,  with  a  longstanding  history 
of  fears,  anxiety  and  hypochondriasis.  A  son  had  died  of  leukemia  3  years  before.  The 
patient  himself  now  had  leukemia.  Efforts  had  been  made  to  keep  knowledge  of  the  diag- 

nosis from  him  but  with  questionable  success.  Many  of  his  symptoms  were  similar  to  those 
of  his  son  and  he  lived  in  terror  of  the  truth.  Insulin  was  given  for  3  weeks,  the  largest 
dose  being  80  units,  but  utterly  without  success  in  reducing  the  state  of  panic. 

Crt.se  10.  B.  S.,  a  woman  of  23,  referred  by  Dr.  David  Hays.  This  patient  had  a  psycho- 
neurosis  of  many  years  standing.  Her  emotional  life  was  almost  limited  to  her  relationship 
with  her  mother,  and  each  attempt  to  expand  her  emotional  interests  led  to  symptom  pro- 

duction. A  series  of  phobias  had  also  long  marked  the  patient's  emotional  course.  Insulin 
treatment  had  a  pronounced  and  satisfactory  effect  upon  the  patient's  tension  state,  but none  upon  the  other  symptoms.  . 

Case  11.  L.  K.  was  a  19  year  old  boy  with  many  schizoid  manifestations,  including  the 
delusion  that  his  hair  was  falling  out,  depression  and  states  of  panic.  Insulin  early  in  the 
illness  was  of  profound  help  in  reducing  the  panic.  The  illness  had  a  long  subsequent  course 
and  later  insulin  was  without  effect. 
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Case  12.  M.  A.,  a  woman  of  44,  a  patient  of  Dr.  A.  A.  Epstein,  had  had  a  childhood  psy- 
chosis, had  never  been  free  of  depression  since,  and  had  now  had  isolated  delusions  of  perse- 
cution for  7  years.  She  was  seriously  depressed  and  in  an  intense  state  of  panic  when  first 

seen.  She  was  sent  to  Blythewood  Sanitarium  for  a  course  of  insulin  shock  treatment,  from 
which  she  returned  greatly  improved  but  not  cured.  Subsecjuently ,  20  to  25  units  of  insulin 
were  administered  daily,  by  the  subcutaneous  route,  for  a  period  of  a  few  weeks  at  a  time. 
Invariably,  the  i)atient  was  markedly  improved  affectively,  anxiety  and  feelings  of  panic 
being  reduced.  The  insulin  treatment  was  carried  out  by  Dr.  Epstein,  who  has  kindly  given 
me  permission  to  include  the  case  in  this  series. 

Six  other  patients  were  also  treated  either  briefly  or  occasionally,  in  some  instances  while 
psychotherapy  was  being  conducted  by  someone  else.  Definite  relief  of  tension  was  usually, 
but  not  invariably,  obtained.  In  Case  14.  treatment  was  sometimes  markedly  successful, 
and  sometimes  completely  without  effect. 

Comment.  The  ambulant  insulin  technique  has  been  employed  in  office  prac- 
tice in  18  cases  of  different  \-arieties  of  emotional  and  mental  disturbance. 

In  all  cases,  insulin  treatment  and  psychotherapy  were  administered  jointly. 
Many  times  the  nature  of  the  illness  made  intensive  psychotherapy  impossible 
to  conduct  and  the  psychological  phase  of  the  treatment  was  merely  supportive. 

The  results  are  sufficiently  icKular  and  definite  to  warrant  the  conclusion  that 
tWs  mode  of  treatment  is  extremely  useful  in  the  treatment  of  severe  states  of 
tension.  This  finding  coincides  (viinpletely  with  those  of  other  authors.  In 
addition,  there  is  no  dotiht,  as  others  and  Rennie  in  partictilar  have  pomted  out, 
that  as  intense  anxiety  recetles,  patients  become  more  accessible  and  p.sycho- 
therapy  can  be  carii(>d  out  more  readily. 

This  series  also  adds  to  the  evidence  that  the  method  may  be  used  in  the 
treatment  of  depression.  It  is  much  slower  than  electric  shock.  Possibly  it  is 
also  less  effective.  Two  cases  (2  and  4)  may  be  put  down  as  cures,  but  in 
cases  3  and  6  the  depression  was  merely  improved,  and  in  case  5,  the  depression 
was  not  improved  at  all.  To  be  sure,  Case  6  was  a  complicated  one,  but  the  im- 

provement obtained  from  a  single  course  of  electric  shock  treatment  \\  as  far  more 
complete  and  striking  while  it  lasted,  than  the  help  derived  from  insulin. 

In  Case  1 ,  an  isolated  delusional  system  disappeared,  probably  as  a  result  of 
treatment. 

In  none  of  the  remaining  cases  was  the  basic  illness  affected.  Conclusions  can- 
not be  drawn  from  this  part  of  the  result,  however,  because  this  series  is  obviously 

too  small.  The  series  gains  its  validity  only  from  the  almost  regular  relief  of 
tension  in  varied  kinds  of  cases. 

Of  special  interest  is  Case  9.  The  state  of  panic  had  its  foundation  in  reality; 
efforts  to  deny  the  patient  know  ledge  of  the  diagnosis  of  leukemia  were,  at  most, 
of  questionable  success.  The  patient  had  indeed  been  hypochondriacal  and 
his  ego  interests  had  been  over-centralized  and  neurotic.  He  must  have 
incori^iorated  his  new,  realistic  terror  into  his  well-formed  personality  struc- 

ture, and  combined  it  with  his  old  hypochondriacal  tendencies.  But  his  panic 
state  diffcMs  nonetheless  from  the  others  in  the  series  in  having  at  least  a 
preponderantly  conscious,  real  cause.  It  is  therefore  of  interest  to  find  this 
patient  completely  unaffected  by  insulin. 

There  appears  to  be  no  regularity  in  the  speed  with  which  the  insulin  begins 
to  have  a  strikingly  beneficial  effect.    It  is  true  that  most  patients  begin  to  feel 
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better  as  soon  as  the  insulin  dose  is  large  enough  to  produce  a  reaction.  Occa- 
sionally, a  pronounced  effect  is  obtained  with  the  first  dose.  Some  patients  have 

to  await  very  marked  benefit  until  a  fairly  high  dosage,  with  a  brisk  reaction,  is 
attained.  This  coincides  with  the  observations  of  Polatin  and  Spotnitz,  who 
noted  a  cumulative  effect  in  giving  extended  treatment  for  the  treatment  of 
hospitalized  patients  with  psychoses  (8). 

In  addition  to  a  systematic  course  of  ambulant  insulin  therapy,  insulin  may 
be  administered  occasionally  either  by  vein  or  subcutaneously,  to  help  patients 
over  short  periods  of  anxiety  or  panic. 

SUMMARY 
(1)  The  ambulant  insulin  treament  method  of  Polatin,  Spotnitz  and  Wiesel 

has  been  employed  in  18  cases  of  different  types. 
(2)  The  symptom  of  intense  tension  can  usually  be  relieved,  in  whole  or  in 

part,  by  this  treatment. 
(3)  This  series  adds  a  small  amount  of  evidence  to  that  more  extensively 

accumulated  by  others,  that  the  basic  illness  may  be  relieved  by  this  method. 
This  applies  to  schizophrenia  and  to  depression. 

(4)  The  treatrrent  may  te  given  either  in  occasional  isolated  doses  or  as  a 
systematic  procedure  with  increasing  dcses,  extending  over  a  period  of  weeks. 

(5)  The  treatment  is  feasible  for  office  u.'^e.  After  the  injection  has  been 
given,  no  special  set-up  is  required  beyond  the  presence  of  a  trained  person  to 
watch  the  patient  and  the  presence  of  the  (hjctor  in  the  office. 

(6)  The  dosage  ranges  are  far  lower  with  the  subcutaneous  than  with  the  in- 
travenous route  of  administration. 

(7)  The  treatment  cannot  be  used  in  the  office  with  psychotic  patients  unless 
the  manifestations  are  symptomatically  mild.  Patients  should  be  hospitalized 
instead,  if  there  is  any  question  of  risk  in  keeping  them  unhospitalized. 
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CHANGES   IN  THE   PRECORDIAL  ELECTROCARDIOGRAM  DUE 
TO  THE  POSITION  OF  THE  EXPLORING  ELECTRODE 

CLOUGH  TURRILL  BURNETT,  M.D.,  F.A.C.P. 
[Denver,  Colorado] 

In  the  course  of  the  study  of  chest  leads  during  the  past  years,  certain  inac- 
curacies in  the  technic  of  recording  these  leads  have  been  suggested  by  variations 

in  the  chest  lead-pattern,  not  adequately  explained  by  any  change  in  the  clinical 
condition  of  the  patient.  Since  practically  all  chest  lead  procedures  employ 
an  apex  position  for  at  least  one  chest  derivation,  it  seemed  logical  to  direct 
an  inquiry  into  the  methods  employed  in  determining  the  position  of  the  apex. 
It  was  found  in  routine  clinical  examinations  in  the  ward  and  in  certain  electro- 

cardiographic investigations,  that  various  individuals,  including  internes,  residents 
and  attending  physicians  had  located  and  marked  the  apex,  each  according  to 
the  methods  usually  employed  for  this  purpose  by  that  individual.  It  was 
fin-thei-  early  apparent  that  a  rather  wide  range  in  the  recorded  apex  position 
might  lie  ol)scrved  if  skin  marks  of  one  observer  were  removed  prior  to  the 
examination  and  sul^sequent  apex  localization  of  later  examiners.  Therefore, 
these  patients  were  examined  fluoroscopically  with  apex  localization  by  the 
method  usually  employed  in  orthodiascopy,  i.e.  with  a  very  small  diaphragm 
aperture,  in  order  to  eliminate  any  distortion  effect.  Too  often  to  be  considered 
a  mere  coincidence,  it  was  found  that  a  considerable  error  occurred  when  an 
attempt  was  made  to  estaljlish  the  apex  position  by  any  of  the  methods  usually 
employed  in  physical  examination  for  this  purpose,  namely  by  inspection, 
palpation  of  the  apex  impulse,  or  by  percussion  of  the  left  cardiac  border.  It, 
therefore,  appeared  desirable  to  determine  whether  this  apparent  error  might 
be  the  cause  of  a  change  in  the  chest  lead  pattern,  and  if  so,  how  frequently 
and  to  what  degree;  and  finally  whether  this  factor  might  be  of  clinical  im- 

portance. To  this  end  a  small  series  of  observations  on  consecutive  private 
patients  will  furnish  the  basis  of  this  report.  All  of  these  patients  were  examined 
in  the  office  by  the  author,  all  in  the  erect  posture,  in  most  instances  standing. 

Procedure:  The  apex  impulse,  if  visible  or  palpable,  was  noted  and  marked 
with  a  skin  pencil.  The  left  cardiac  border  was  then  determined  by  percussion 
and  marked  with  a  different  colored  pencil.  In  order  to  eliminate  error  due  to 
suggestion,  this  percussion  and  the  marking  of  the  skin  was  done  with  the  eyes 
of  the  examiner  closed.  The  patient  was  then  examined  fluoroscopically.  With 
the  small  diaphragm  apertiu-e,  the  apex  was  located  as  exactly  as  possible.  A 
metal  instrument  (uterine  sound)  was  held  on  the  skin  at  that  point  and  an 
assistant  marked  the  apex  with  a  third  colored  pencil.  During  this  entire 
fluoroscopic  procedure,  the  examiner  worked  in  the  dark,  or  with  eyes  closed 
when  the  assistant  required  a  light  in  order  to  mark  the  skin;  thus  the  factor 
of  suggestion  due  to  preceeding  marks  was  eliminated.  Table  1  will  show  how 
great  an  error  may  occur  with  certain  individuals,  even  when  this  examination 
is  made  by  one  of  some  considerable  experience  and  competence  in  this  field. 
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To  the  sceptic  or  that  physician  who  is  very  certain  as  to  his  accuracy  in  this 
type  of  physical  examination,  the  author  suggests  this  method  as  an  almost 
certain  means  of  removing  that  diagnostic  conceit  which  too  often  comes  with 
professional  maturity. 

Electrocardiograms  were  then  recorded,  the  patients  sitting.  The  procedure 
advocated  by  Pardee  (1)  was  employed  for  the  chest  leads,  as  it  appears  to  have 
sufficient  merit  to  justify  its  use  clinically.  Since  Pardee's  "position"  4  is  at 
the  cardiac  apex,  and  "position"  3  lies  midway  between  "position"  2  and  4, 
two  sets  of  Pardee  records  were  recorded,  first  with  the  apex  as  determined 
fluoroscopically,  and  then  as  determined  by  physical  means. ^  It  was  found  that 
usually  the  apex,  if  palpable,  so  nearly  coincided  with  the  left  border  as  deter- 

mined by  percussion,  that  the  small  chest  electrode  (3  cm.  diameter)  covered 
both  points  on  the  skin,  thus  making  duphcation  of  records  unnecessary.  These 
cui-ves,  especially  those  from  "position"  3  and  4  were  then  compared,  and  will 
be  reported  at  a  later  point  in  this  paper. 

Since  various  factors  may  effect  the  form  of  the  electrocardiogram,  these 
factors  will  be  discussed  under  the  following  headings,  and  pertinent  literature 
quoted  at  this  point. 

1.  Methods  for  the  localization  of  the  cardiac  apex  and  possible  errors  in 
these  methods. 

2.  The  importance  of  the  position  of  the  patient  during  such  cardiac  examina- 
tion, whether  physical,  x-ray,  or  electrocardiographic. 

3.  The  effect  of  changes  in  the  posture  of  the  patient  on  any  of  these  forms 
of  examination. 

4.  The  effect  upon  the  electrocardiogram  of  change  in  the  position  of  the 
chest  electrode. 

1 .  Cardiac  apex  localization 
By  noting  the  apical  impulse.  Opinion  differs  considerably  regarding  the 

advisability  and  value  of  this  method.  White  (2)  states,  "To  locate  the  position 
of  the  apex  ...  is  possible  in  the  great  majority  of  cases,  failing  only  in  a  few 
obese  or  very  sick  patients"  .  .  .  "permits  the  identification  of  the  maximum  apex impulse  as  the  site  of  the  cardiac  apex.  This  is  usually  in  agreement  within  a 
few  millimeters  with  the  position  of  the  apex  as  determined  by  orthodiagraphy." 
The  mention  of  orthodiagraphy  indicates  that  this  author  is  considering  the 
patient  as  in  the  erect  posture,  and  it  is  in  this  position  that  the  apical  impulse 
is  most  frequently  visible  or  palpable.  Roesler  (3)  states,  "The  outermost 
limit  of  the  apical  thrust  is  the  best  clinical  guide  in  evaluating  the  size  of  the 
left  ventricle.  In  adults  it  is  visible  in  not  more  than  one-fifth  of  all  cases,  and 
it  is  rather  uncommon  to  palpate  it  in  the  recumbent  position."  "It  is  neither 
seen  nor  felt  in  the  obese  and  emphysematous"  and  "is  feeble  or  not  palpaljlein 
dilatation  without  hypertrophy."    Practically  the  same  view  is  expressed  by 

^  In  this  paper  no  attempt  is  made  to  determine  the  relative  merits  of  the  various  chest 
lead  procedures  which  have  been  advocated.  All  are  in  some  degree  dependent  upon  the 
determination  of  the  apex  position. 
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Scherf  and  Boyd  (4)  who  state,  "The  apical  impulse  is  not  palpable  in  the 
recumbent  position  in  approximately  four-fifths  of  adults"  and  "not  much 
better  in  patients  with  hypertrophied  left  hearts."  Luton  (7)  failed  to  locate 
the  apex  by  either  inspection  or  palpation  in  5  of  19  elderly  men.  It  is  apparent 
from  these  references  that  there  exists  a  wide  divergence  of  opinion  as  to  the 
A'alue  of  this  method  of  localization  of  the  cai-diac  apex.  The  experience  of  most 
clinicians  is  that  this  is  of  limited  \'alue,  especially  in  the  type  of  individual  who 
frccjuently  presents  himself  for  cardiac  examination,  v.s.  the  obese,  emphysemat- 

ous patient,  ofttimes  with  a  dilated  feebly  acting  heart.  In  addition  to  these 
unfavorable  factors  must  t)e  added  the  effect  of  the  well  developed  female  breast, 
Avhich  in  the  majority  of  instances  precludes  satisfactory  inspection  or  palpation 
of  the  apical  impulse.  All  agree,  however,  that  inspection  and  palpation  of 
the  cardiac  impulse  are  of  greatest  value  in  the  erect  posture,  and  are  of  very 
limited  value  in  the  recuml)ent  posture,  a  subject  to  be  discussed  in  connection 
with  a  consideration  of  the  position  of  the  patient  during  the  electrocardiographic 
examination. 

By  determination  of  the  left  cardiac  border  by  means  of  percussion.  This  method 
as  well  as  inspection  and  palpation  of  the  apex  impulse  is  found  wanting  by  some, 
highly  acceptable  by  others.  Unfortunately  the  older  concept  of  the  two  types 
of  cardiac  dullness,  namely  relative  and  absolute  cardiac  dullness,  have  only 
served  to  add  to  the  confusion.  Nearly  twenty  years  ago,  Pratt  and  Bushnell 
(5)  wrote,  "Even  if  the  chest  is  normal,  a  strong  percussion  stroke  will  give  a 
dull  note  far  outside  the  vertical  projection  of  the  left  border  on  the  anterior 
surface."  The  results  of  varying  degrees  of  percussion  are  shown  in  figure  25, 
page  288.  They  state,  "It  is  evident  that  the  percussion  of  relative  dulbiess 
involves  a  larger  subjective  element."  These  authors  also  discuss  the  importance 
of  fat  and  muscle  layers  and  of  the  breasts  in  women,  and  state,  "Serious  errors 
in  locating  the  heart  borders  are  occasionally  made  by  experienced  physicians, 
the  cause  of  which  is  unexplained."  This  statement  regarding  errors  in  per- 

cussion recalls  the  story  told  of  the  experience  of  Sir  Thomas  Lewis,  who  asked 
three  well  known  clinicians  to  independently  locate  the  heart  borders  on  the 
same  patient,  following  which  these  borders  were  marked  with  lead  wires  and 
then  checked  with  the  orthodiagram.  None  agreed  although  the  differences 
were  not  great,  perhaps  due  to  the  fact  that  the  three  competing  physicians 
were  three  outstanding  British  clinicians  of  that  day — Osier,  MacKenzie  and 
Allbutt.  The  "moderator"  in  this  episode  is  unusually  proficient  in  palpation 
of  the  cardiac  apex.  It  is  my  impression  both  from  personal  observation  of  this 
clinician  and  from  his  writings  that  he  places  much  greater  reliance  upon  palpa- 

tion than  upon  percussion  in  cardiac  examination.  Very  recently  White  (2) 
in  a  discussion  of  the  range  of  the  normal  heart  has  stressed  the  importance  of 
l)ody  iiuikl  and  of  extra-cardiac  influences  upon  the  results  of  percussion.  It 
is  i)rol)al)le  that  those  physicians  who  place  greatest  reliance  upon  cardiac  per- 

cussion aie  those  who  employ  a  uniform  percussion  stroke  intermediate  between 
that  employed  in  light  and  heavy  percussion.  According  to  White  (2)  this 
"much  neglected  and  often  despised  method"  .  .  .  "is  of  help  in  occasional  cases 
when  the  apex  impulse  is  felt  with  difficulty  or  not  at  all."    King  (6)  finds  a 
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very  limited  factor  of  error  in  percussion  of  the  cardiac  borders.  He  states, 
"Percussion  may  not  be  expected  to  permit  determination  of  the  heart  with 
less  than  0.5  to  1  cm.  error  on  each  border,  left  and  right."  This  statement 
regarding  the  right  border  percussion  is  interesting  in  view  of  the  recognized 
error  in  the  right  cardiac  border  percussion  when  checked  by  roentgenographic 
methods.  Luton  (7)  found  that  percussion  "yielded  uniformly  consistent 
figures — the  left  border  being  located  at  from  0.2-5  cm.  (average  1.2  cm.)  to 
the  left  of  the  apex  beat",  and  reported  a  very  limited  difference  between  the 
results  obtained  by  percussion  and  by  the  roentgenogram — an  average  difference 
of  1.5  cm.  I  checked  this  observation  in  a  total  of  58  individuals  of  various 
ages,  body  build  and  of  both  sexes.  In  32  of  these  there  was  a  difference  between 
the  palpable  apex  and/or  the  left  border  of  the  heart  as  determined  by  percus- 

sion, and  the  extreme  tip  of  the  apex  by  orthodiascopy,  this  difference  ranging 

TABLE  I 
Factors  of  Error  in  Apex  Localization  by  Physical  Examination 

Apex  by  physical  examination  and  orthodiascopy  identical  in    26  cases 
"     "         "  "  "  "        ,     differed  in    32  cases 
Total   58  cases 

Difference  P.  E.  and  Orthodiascopy    1  cm. 11  cases 
M  5 F6 

  2  cm. 

6  " 

M  2 F  4 

  3  cm. 

7  " 

M  7 

  4  cm. 

6  " 

M  3 
F3 

  6  cm. 

2  " 

M  2 

Total   32  cases 

from  0.5  cm.  to  6  cm.  The  average  difference  observed  in  this  group  of  32  was 
2.54  cm.  In  26  of  the  total  of  58  persons  examined  by  both  the  physical  and 
orthodiascopic  method  there  \\  as  no  measurable  difference.  In  only  five  of  the 
total  of  58  examined  was  a  palpable  apex  encountered,  although  the  patients 
were  standing  during  the  examination  and  an  especial  effort  was  made  to  find 
any  point  of  localized  apical  pulsation  on  the  chest  which  could  be  considered 
a  point  of  maximum  intensity  of  the  apex  beat.  In  several  instances  a  diffuse 
pulsation  was  noted,  but  at  no  point  sufficiently  accentuated  to  represent  the 
localized  apex  beat  and  hence  the  position  of  the  apex.  At  least  in  my  hands 
palpation  for  the  localization  of  the  cardiac  apex  appears  of  very  limited  value. 
On  the  other  hand,  when  present  there  was  reasonable  agreement  with  the  left 
border  by  percussion,  in  two  cases  absolute,  in  two  a  difference  of  only  0.5  cm., 
and  in  one  1  cm.  difference.  This  agreement  in  this  small  group  of  5  cases 
was  no  guarantee  that  the  apex  would  be  found  at  the  same  point  by  the  ortho- 

diascope, for  none  entirely  agreed;  three  varied  1  to  2  cm.,  and  in  one  in  which 
the  palpation  and  percussion  points  were  identical  the  apex  was  found  3  cm. 
to  the  right  of  these  points.  In  this  series  the  female  breast  appeared  not  to 
be  an  important  cause  of  error,  for,  as  will  be  seen  in  Table  1,  where  a  difference 
of  3  cm.  or  greater  occurred,  the  ratio  of  males  to  females  was  4:1.  Difficulty 
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in  location  of  the  apex  is  recognized  by  the  Committee  for  Standardization  (20) 
which  states  in  its  last  report,  "When  the  apex  beat  cannot  be  satisfactorily 
located.  ..." 

It  appears  that  inspection,  palpation  and  percussion  as  employed  by  certain 
highly  trained  and  proficient  physicians  are  of  value  in  locating  the  cardiac  apex, 
but  that  the  factor  of  error  may  be  considerable  and  of  clinical  significance. 
In  certain  instances  one  or  even  all  of  these  procedures  may  fail  to  locate  the 
apex  with  accuracy  sufficient  for  clinical  purposes  (see  White  (2)  page  183). 
Under  the  best  examining  conditions  these  physical  methods  are  very  un- 

satisfactory in  the  fat  individual.  The  accuracy  of  any  of  these  methods  in 
the  indi\-idual  patient  is  readily  determined  by  the  use  of  lead  wire  carefully 
applied  with  an  adhesive  over  points  marked  on  the  skin  and  in  conjunction 
with  the  orthodiascope.  This  x-ray  method  is  more  accurate  than  the  teleroent- 

genogram due  to  the  slight  distortion  in  the  latter,  this  factor  of  error  not  existing 
in  the  orthodiagram.  Moreover,  the  teleroentgenogram  often  fails  to  clearly 
outline  the  apex  due  to  an  existing  fat-pad,  high  diaphragm  or  slight  rotation, 
while  the  orthodiascope  permits  accurate  location. 

2.  Importance  of  position  of  patient  during  the  physical,  roentgen  or  electrocardio- 
graphic examination  of  the  heart 

All  available  evidence  indicates  that  both  palpation  of  the  apical  impulse 
and  percussion  of  the  left  border  are  most  successfully  carried  out  with  the 
patient  standing  or  sitting  (preferably  the  former),  due  to  the  shift  which  occurs 
with  recumbency  when  the  heart  is  not  anchored  by  adhesions,  or  held  in  place 
by  surrounding  masses  or  fluid.  Since  these  same  factors  are  of  equal  im- 

portance, and  in  like  manner  during  roentgenographic  examination  of  the  heart, 
it  follows  that  such  examination  will  be  most  satisfactory  when  made  in  the 
erect  posture.  Certainly  the  practice  of  apex  impulse  and/or  heart  border 
delineation  with  the  patient  in  the  recumbent  posture  followed  by  roentgeno- 

graphic or  fluoroscopic  control  with  the  patient  in  the  erect  posture  is  to  be 
condemned,  although  exactly  this  procedure  is  frequently  employed  in  hospital 
practice. 

Regarding  the  position  of  the  patient  (sitting  or  recumbent)  during  the  recording 
of  the  electrocardiogram,  there  is  no  uniformity  of  practice.  In  the  majority 
of  the  reports  studied  no  mention  is  made  of  the  position  of  the  patient  during 
the  recording  of  the  curve — excepting  in  those  papers  dealing  specifically  with 
alterations  in  the  curve  associated  with  changes  in  posture.  To  date  there 
appears  to  be  no  position  adopted  on  the  subject  as  standard,  although  a  change 
in  the  form  of  the  curve  with  change  in  posture  is  recognized.  In  the  fourth 
edition  of  "Nomenclature  and  Criteria  for  Diagnosis  of  Diseases  of  the  Heart," 
the  suggestion  is  made  that  the  posture  employed  be  recorded,  but  there  is  no 
recommendation  as  to  which  posture  is  preferable  even  in  the  case  of  the  office 
ambulant  patient.  In  its  last  report  (20)  released  in  April,  1943,  The  American 
Committee  for  Standardization  discusses  "dissatisfaction  with  routine  apical 
leads"  yet  there  is  no  statement  as  to  how  the  apex  is  to  be  located  nor  the 
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30sition  of  the  patient  during  the  recording  of  the  electrocardiogram.  Since 
[;he  cardiac  apex  serves  as  a  focal  point  in  either  the  single  or  multiple  pre- 

cordial lead  procedure,  and  since  this  has  been  shown  to  shift  with  the  adoption 
3f  the  recumbent  posture,  unless  this  shift  is  prevented  by  associated  pathology, 
it  appears  logical  that  the  same  erect  patient  position  should  be  routinely  em- 

ployed in  the  ambulant  patient  during  the  recording  of  the  electrocardiogram, 
as  during  physical  and  x-ray  examination.  It  is  recognized  that  occasionally 
in  the  asthenic  individual,  and  especially  one  with  a  long  thorax,  the  recumbent 
posture  may  be  required  in  order  to  evaluate  the  importance  of  an  inverted 
jT2.  It  is  likewise  true  that  certain  seriously  ill  patients  cannot  be  examined 
in  other  than  the  recumbent  posture,  but  since  the  vast  majority  of  records  are 
made  on  patients  who  can  at  least  sit  in  bed,  it  would  seem  that  the  most  favor- 

able posture  should  be  employed  where  possible.  In  addition  to  this  difficulty 
in  the  placing  of  the  electrode  at  or  in  relation  to  the  apex  and  some  other  point 
on  the  chest  when  the  patient  is  in  the  recumbent  posture,  there  is  an  added 
reason  for  the  abandonment  of  the  recumbent  posture  during  the  electrocardio- 

gram registration. 

3.  The  effect  of  change  in  posture 
Numerous  observers  have  reported  Changes  in  the  form  of  the  Electrocardiogram 

with  a  change  or  changes  in  posture.  Not  all  of  these  are  in  agreement,  but  the 
fact  appears  to  be  established  that  significant  changes  of  possible  diagnostic  im- 

portance m&y  occur  with  no  greater  change  in  conditions  than  the  position  of 
the  patient  during  the  recording  of  the  curve.  Mayerson  and  Davis  (8)  studied 
the  effect  of  a  passive  change  from  the  recumbent  to  the  upright  (75°)  position 
in  10  normal  subjects.  They  attributed  changes  in  the  curve  to  a  "shift  in  the 
position  of  the  heart  and  an  alteration  of  its  contacts  with  neighboring  tissues." 
Schloma  and  Reindell  (9)  found  that  on  having  the  patient  stand  the  QRS  becomes 
smaller  and  the  T  wave  becomes  notched  and  diphasic,  and  suggested  that  the 
degree  of  this  change  might  be  used  as  a  functional  test  of  the  heart.  Scherf 
and  Weis.sberg  (10)  considered  the  importance  of  T  wave  inversion  and  S-T 
depression  on  changes  in  po.sture  and  the  possible  significance  of  these  changes 
and  their  value  as  evidence  of  a  myocardial  lesion.  They  attributed  these 
changes  a<  solely  dependent  "on  posture  and  the  position  of  the  heart  in  the 
thoracic  cage''  and  therefore  of  no  value  as  signs  of  functional  deficiency.  Ac- 

cording to  White  (2)  "Certain  changes  of  body  position  and  of  height  of  the 
diaphragm  cause  considerable  shifting  of  the  position  of  the  apex  impulse — the 
result  is  somewhat  like  that  caused  by  deep  inspiration.  The  effect  on  the 
electrocardiogram  is  very  variable  but  usually  not  marked."  In  another  article 
this  author  (11)  states  that  "To  inversion  occurs  with  change  from  supine  to 
standing,  and  that  it  may  be  abolished  by  deep  expiration."  He  believes  that 
"the  height  of  the  diaphragm  is  almost,  if  not  quite  as  important  a  factor  as  is 
body  position."  Stewart  and  Bailey  (12)  studied  16  patients  employing,  in 
addition  to  the  three  standard  leads,  three  precordial  derivations,  v.s.  mid- 
sternal  at  the  fourth  intercostal  space,  at  the  apex,  and  at  a  point  halfway 
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between  these  two.  It  appears  that  the  apex  was  located  by  palpation  61  d 
percussion  since  no  mention  is  made  of  x-ray  control.  Each  of  these  was  taken 
in  three  positions  v.s.  supine,  sitting  in  bed  (angle  90°),  and  lying  on  the  left 
side.  These  investigators  found  that  "the  form  of  the  chest  lead  varies  with  5 
change  in  posture — regardless  of  the  size  of  the  heart  or  the  deviation  of  the 
electrical  axis.  The  changes  were  less  marked  in  cases  of  chronic  constrictive 
pericarditis — the  general  trend  was  toward  progressive  decrease  in  the  amplitude 
of  the  R  and  T  waves,, as  the  subject's  position  was  changed  from  supine  to 
sitting,  to  lying  on  the  left  side."  The  T  waves  in  some  cases  became  diphasic 
instead  of  positive,  and  negative  instead  of  diphasic.  On  change  in  posture 
from  recumbency  to  standing,  according  to  Sigler  (13)  the  changes  in  some  cases 
were  "so  marked  as  to  make  the  electrocardiogram  appear  abnormal,  and  to  j 
lose  its  identity  with  those  taken  in  other  postures"  in  the  same  case.  In- 

dividuals with  abnormal  hearts  showed  no  greater  changes  than  those  with 
normal  hearts.  Sigler  rejected  the  explanation  of  such  changes  in  the  electro- 

cardiogram as  on  the  basis  of  change  of  the  position  of  the  heart,  but  suggests 
that  the  variations  in  the  curve  are  due  to  "changes  in  the  conducting  media 
surrounding  the  lie;ii  t '",  m  "due  to  differences  in  the  mode  of  .spread  and  retreat 
of  the  current."  Ih'  e.s|)rcial]y  stresses  "the  importance  of  knowing  the  posture 
in  which  a  tracing  was  taken  before  any  pathological  significance  Is  applied  to 
it."  Leach,  Reed  and  White  (14)  anah'sed  300  cases  showing  low  voltage  of 
the  QRS  complex  in  the  conventional  leads,  the  fourth  lead  alone,  and  in  all 
four  leads.  In  addition  to  "generalized  debilitating  diseases"  they  found 
"changes  in  the  position  of  the  heart"  to  be  a  factor  in  the  production  of  low 
voltage  of  the  QRS  complexes  and  that  "the  thickness  of  the  chest  wall  and  the 
position  of  the  precordial  electrode  influenced  the  ̂ -oltage  of  the  QRS  in  Lead  IV." 
They  concluded  that  this  finding  alone  has  little  or  no  diagnostic  value.  In  a 
report  which  appeared  shortly  after  this.  Belief  and  Kershbaum  (15)  came  to 
an  opposite  conclusion.  They  considered  that  "low  voltage  in  the  precordial 
leads  is  almost  always  associated  with  a  severe  grade  of  myocardial  damage", 
but  that  "we  should  not  rely  upon  a  single  precordial  lead  for  a  diagnosis  of 
low  ̂ 'oltage,  and  that  this  may  only  be  considered  acceptable  when  present  in 
several  chest  leads." 

4.  The  effect  of  change  in  the  position  of  the  precordial  electrode 
In  a  study  of  sixty-seven  patients  Edwards  and  Vander  Veer  (16)  showed 

that  wid(>  \'ariations  in  the  amplitude  of  R  and  S  occur  as  the  exploring  electrode 
is  moved  laterally,  the  R  wave  increasmg,  the  S  wave  decreasing.  In  normal 
hearts  this  change  is  slight,  in  enlarged  hearts  often  striking  and  may  be  quite 
sudden  and  marked  ivith  only  a  slight  change  in  the  position  of  the  precordial 
electrode.  A  complete  change  from  abnormal  in  the  medial  positions  to  normal 
in  the  axillary  positions  was  seen  in  several  of  the  patients  with  diseased,  en- 

larged hearts. 
In  this  series  the  effect  of  change  in  the  position  of  the  exploring  electrode  was 

as  follows:  Of  30  cases  (18  males — 12  females)  in  which  there  existed  a 
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difference  between  the  apex  position  as  determined  by  palpation  and/or 
percussion  and  the  apex  as  located  with  the  orthodiascopes,  there  were  7  in 
which  there  were  wide  or  clinically  significant  differences  in  the  electrocardio- 

grams taken  at  these  varying  points;  of  these  seven,  5  were  females,  2  males. 
In  7  cases,  of  which  5  were  males,  elect  rocardiosi  anis  taken  at  the  varying  points 
were  identical.  In  16  cases  (10  males — (>  females)  there  were  slight  differences, 
mainly  in  the  amplitude  of  the  T  waves  (figs.  4  and  5).  In  some  instances 
this  was  considerable  but  in  none  of  these  was  there  any  deviation  in  the  S-T 
segment  or  a  change  in  the  direction  of  the  T  waves.  Differences  of  this  degree 
would  not  appear  to  be  of  much  clinical  significance.    It  should  be  pointed  out, 
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however,  that  no  greater  changes  than  those  occurring  in  these  10  patients 
have  furnished  the  basis  of  clinical  conclusions  in  certain  published  articles 
in  the  past,  and  from  this  standpoint  are  of  importance.  Of  the  7  cases  which 
showed  changes  which  were  considered  as  clinically  significant,  and  therefore 
a  source  of  serious  error,  analysis  showed  S-T  deviations  in  2  (figs.  1  and  2), 
marked  differences  in  the  T  wave  voltage  in  3,  and  T  \\  a\-e  inversion  in  2  (fig.  3). 
In  this  group  the  difference  between  tlu^  apex  positions  varied  from  1  to  6  cm. 
The  extent  of  the  variation  appears  not  to  be  important,  since  the  most  marked 
changes  were  noted  in  2  women  and  1  man  with  variation  in  ape  x  positions 
of  1  and  2  cm.  only.  In  7  instances  the  curves  taken  from  differing  positions 
on  the  precordium  were  identical,  although  in  this  group  were  differences  in 
positions  as  great  as  4  cm.  in  the  case  of  a  man  ag(^d  75;  in  one  a  difference 
of  3  cm;  two  of  2  cm.,  and  three  of  1  cm.  It  appears  that  chest  contour  and 
certain  other  extracardiac  factors  may  be  of  as  great  importance  as  the  actual 
heart  size  in  determining  the  form  of  the  precordial  electrocardiogram. 



106 CLOUGH  TURRILL  BURNETT 

There  appears  to  be  no  acceptable  evidence  as  to  the  permissible  range  of 
variation  in  the  position  of  the  precordial  electrode  and  the  effect  of  such  varia- 

tion upon  the  curve.  The  multiplicity  of  technics  offered  for  the  recording  of 
chest  leads  is  indicative  of  the  confusion  which  exists  in  this  field.    White  (2) 
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appears  to  have  had  this  in  mind  when,  in  a  discussion  of  the  fourth  lead,  he 
wrote,  "It  is  essential  for  accuracy  that  the  electrode  be  placed  directly  at  the 
cardiac  apex,  both  on  the  first  occasion  and  at  later  examinations  when  the 
records  will  be  compared,  a  requirement  often  neglected."  He  has  recently 
written,  ''A  study — of  a  change  in  the  chest  lead  patterns  Avith  change  in  position 
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■f  the  heart  along  with  possible  errors  in  location  of  the  apex— is  long  overdue." 
Personal  communication  July  27,  1944)-.    Numerous  authors  have  and  still  do 

Fig.  5 

employ  the  apex  position  for  at  least  one  precordial  lead  and  attach  considerable 
significance  to  the  form  of  the  resulting  curve.    In  1940  Wolferth  and  Wood 

2  Since  this  paper  was  submitted,  Dr.  Paul  White  writes,  "Here  at  the  Massachusetts 
General  Hospital  we  have  become  so  convinced  of  the  importance  of  the  localization  of  the 
electrodes  that  we  have  largely  given  up  Lead  4  and  take,  whenever  wc  need  pre- 

cordial leads,  the  following  three— CF2,  CF4,  and  CF;,." 
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(17)  stated,  "Our  studies  of  control  groups  suggest  that  when  the  precordij 
electrode  is  placed  over  the  apex,  an  inverted  T  wave  in  the  C  F  lead  rarely ji 
occurs  when  the  heart  is  normal."  Yet  exactly  this  was  encountered  in  2 1 
instances  in  the  present  investigation.  In  the  case  of  Mrs.  J.  H.  age  49,  this; 
occurred  when  the  electrode  was  directly  over  the  heart  apex  as  determined' 
by  fluoroscopy,  not  in  the  position  as  determined  by  percussion.  The  difference 
between  the  two  points  of  electrode  application  was  2  cm.  in  the  same  intercostal  i 
space.  In  a  second  case  T  wave  inversion  occurred  in  the  position  determined  i 
by  percussion,  while  at  the  fluoroscopic  apex  but  1.5  cm.  away  in  the  same 
space,  this  wave  was  upright.  In  its  first  report  (18)  in  1938  the  Joint  Com- 

mittee of  the  American  Heart  Association  and  the  Cardiac  Society  of  Great 
Britain  and  Ireland  stated,  "It  is  recommended  that  those  who  employ  a  single 
precordial  lead  place  the  electrode  upon  the  extreme  outer  border  of  the  apex 
beat,  as  determined  by  palpation.  If  the  apex  beat  cannot  be  located  satis- 

factorily by  palpation,  it  may  be  placed  in  the  fifth  intercostal  space  just  outside 
the  left  border  of  cardiac  dullness,  or  just  outside  the  left  mid-clavicular  line, 
if  percussion  of  the  heart  is  unsatisfactory."  In  a  Supplementary  Report  (19) 
which  was  released  shortly  thereafter  by  the  American  Committee,  the  apex 
position  is  again  employed,  for  the  following  statement  appears:  "It  shall  be 
understood  that  .  .  .  the  precordial  electrode  has  been  placed  upon  a  line  drawn 
from  the  left  sternal  margin  in  the  fourth  intercostal  space  to  the  outer  border 
of  the  apex  beat  (or  to  a  point  at  the  junction  of  the  mid-clavicular  line  and 
the  fifth  intercostal  space)."  Five  years  later  the  same  Committee  (20)  in 
an  attempt  to  eliminate  some  of  the  existing  confusion  wrote,  "When  single 
precordial  leads  are  taken  from  the  outer  border  of  the  apex  beat,  the  exploring 
electrode  is,  in  actual  practice,  sometimes  placed  to  the  right  of  the  region  of 
transition  mentioned,  and  sometimes  to  the  left  of  or  within  it."  "In  serial 
observations  on  the  same  subject  inaccuracy  in  'placing  this  electrode  or  an  altera- 

tion in  the  size  or  location  of  the  region  in  question  may  be  responsible  for  striking 
changes  in  the  form  of  the  curve  obtained  by  what  is  technically  the  same  lead." 
White  (2)  offers  an  explanation  for  these  apparent  discrepancies  when  he  writes, 
"The  fourth  and  fifth  special  precordial  leads,  although  relatively  close  together, 
are  often  very  different  since  they  may  overlie  different  ventricles  or  at  least 
mj^ocardial  areas  in  \evy  different  states  of  health  and  disease."  WhateVer 
the  explanation,  it  is  clear  that  the  most  accurate  localization  of  the  apex  (or 
any  other  cardiac  focal  point)  possible,  will  be  conducive  to  clinical  accuracy. 
If  this  statement  is  incorrect  it  would  seem  that  any  precordial  lead  procedure 
which  depends  upon  cardiac  apex  localization  should  be  abandoned,  and  pre- 

cordial leads  should  be  limited  to  a  right  and/or  left  sternal  border  position 
and  one  near  the  apex — no  attempt  being  made  to  place  the  electrode  both 
over  and  at  a  point  in  relation  to  the  apex  and  some  other  point.  No  claim  is 
made  in  this  paper  that  any  specific  or  all  chest  lead  procedures  are  in  error, 
nor  can  the  frequency  of  such  error  be  stated  from  the  limited  number  of  cases 
studied.  It  does  appear  significant,  however,  that  slight  differences  in  the 
position  of  the  precordial  electrode  may  give  such  variations  in  the  curve  as 
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found  in  the  seven  cases  mentioned  above,  which  showed  variations  A\'hich  would 
ordinarily  be  considered  of  clinical  significance. 

SUMMARY 
Accurate  location  of  the  cardiac  apex  is  difficult  or  impossible  by  any  method 

save  by  the  roentgen  examination.  Of  roentgen  procedures  the  orthodiascopic 
appears  most  reliable  for  this  purpose.  When,  in  recording  precordial  leads, 
the  cardiac  apex  is  used  as  a  position  for  the  application  of  the  exploring  electrode 
or  as  a  point  in  relation  to  which  other  lead  positions  are  established,  the  position 
of  the  apex  should  be  determined  by  the  orthodiascopic  method.  If  this  is  not 
done,  frequent  and  at  times  significant  changes  in  the  electrocardiographic 
curve  may  result.  There  are  undoubtedly  other  causes  for  errors  encountered 
in  the  recording  of  apical  leads  but  this  inaccuracy  in  location  of  the  apex  appears 
to  be  of  considerable  importance.  This  limited  study  appears  to  justify  further 
inquiry  as  to  the  frequency  and  extent  of  A-ariations  which  may  occur  in  the 
precordial  electrocardiogram  with  slight  changes  in  the  position  of  the  exploring 
electrode.  For  the  present,  conservatism  in  the  interpretation  of  the  precordial 
lead  curve  appears  desirable  whenever  any  doubt  exists  as  to  the  apex  position. 
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THE  RELIABILITY  OF  SEROLOGIC  TESTS  FOR  SYPHILIS^ 

LOUIS  CHARGIN,  M.D.,  and  CHARLES  R.  REIN,  MAJOR,  M.C.,  A.U.S. 

Every  practicing  physician  has  probably  encountered  instances  of  sj^philitic 
patients  who  quite  unaccountably  gave  a  negative  reaction  where  a  positive  one 
was  to  be  expected  and  other  instances  of  nonsyphilitic  patients  Avhose  blood 
unexpectedly  gave  a  positive  reaction.  Since  the  diagnosis  and  treatment  in 
many  cases  hinges  solely  upon  the  serologic  results  such  discrepancies  are  not 
only  disconcerting  but  now  and  then  may  prove  serious.  When  Was.sennann 
(1)  originally  described  the  complement  fixation  test  for  syphilis  it  was  thought 
to  be  based  upon  a  true  antigen-antibody  reaction.  It  was  considered  specific 
for  syphilis  and  regarded  as  due  to  the  presence  of  spirochetes  contained  in  the 
extracts  of  tissues  (syphilitic  liver)  then  employed  as  antigens.  It  was,  however, 
soon  discovered  that  not  only  were  these  antigens  nonspecific,  but  that  lipoid 
material  prepared  from  normal,  nonsyphilitic  ti.ssue  (thus  free  from  spirochetes) 
were  even  better  antigens  than  those  obtained  from  syphilitic  material.  The 
same  situation  with  respect  to  antigens  later  proved  to  be  true  for  the  A'arious 
precipitation  (flocculation)  tests  subsequently  developed  (Kahn,  Kline,  Mazzini 
and  others). 

In  view  of  this  antigen  nonspecificity,  the  serologic  tests  can  hardh'  be  looked 
upon  as  true  antigen-antibody  reactions  and,  therefore,  as  not  truly  specific  for 
syphilis.  The  most  that  can  be  claimed  for  any  of  the  serologic  tests  (whether  it 
be  a  complement  fixation  or  a  precipitation  test)  is  that  nearly  every  syphilitic 
patient  shows  a  positive  result  in  varying  degree  (high  or  low  tit  re)  at  one  time 
or  another  in  the  course  of  their  disease  and  they  are,  therefore,  highly  diagnostic 
for  syphilis.  But  in  the  course  of  time  it  has  been  discovered  that  a  number  of 
diseases  and  pathologic  states  (other  than  syphilis)  may  occasionally  or  frequently 
and  at  times  persistently  give  positive  serologic  reactions  just  as  in  syphilis. 
Yet  the  most  painstaking  examination  fails,  in  these  cases,  to  detect  the  slightest 
evidence  of  syphilis.  These  instances  are  the  so-called  biologic  false  positive 
serologic  reactions.  If  one  takes  into  consideration  the  great  number  of  in- 

dividuals now  being  subjected  to  routine  serologic  examinations  it  is  no  great 
rarity  for  false  positive  reactions  to  be  observed.  The  finding  of  such  false  posi- 

tive tests  often  complicates  the  diagnostic  problem,  and  just  as  often  po.ses  the 
question  whether  or  not  the  patient  has  in  fact  syphilis.  Moreover,  on  the  basis 
of  such  false  positive  serologic  reactions  alone  many  persons  have  been  stigma- 

tized as  syphilitic,  and  Avhat  is  infinitely  worse  many  have  been  and  are  being 
subjected  needlessly  to  antisyphilitic  therapy. 

While  technical  errors  may  account  for  some  false  positive  reactions  it  has  now 
been  determined  that  this  does  not  hold  true  for  the  majority  of  cases.  It  is 
now  well  recognized  that  something  in  the  blood  of  some  individuals  and  in  cer- 

1  From  the  Department  of  Dermatology  and  Syphilology,  The  Mount  Sinai  Hospital, 
New  York,  N.  Y.,  and  the  Division  of  Serology,.  Army  Medical  School,  Army  Medical 
Center,  Washington,  D.  C. 

Ill 
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tain  normal  animals  is  the  cause  of  such  false  positi\-e  reactions.  This  seems  to 
be  due  to  the  existence  of  reagin  or  some  antibody-like  substance  in  the  serum 
as  a  result  of  certain  diseases  and  pathologic  states,  which  gives  positive  reactions 
with  the  serologic  tests  for  syphilis. 

Various  attempts  to  render  the  tests  more  specific  for  syphilis  by  variation  of 
the  antigens  have  thus  far  resulted  in  failure.  It  was  thought  that  the  intro- 

duction of  an  antigen  from  cultures  spirochetes,  that  is,  "specific"  antigen  in  the 
true  sense,  would  solve  the  specificity  problems.  Unfortunately  this  too  has  been 
unsuccessful  since  false  positive  reactions  have  also  been  obtained  with  such 
antigens. 

A  numl)er  of  procedures,  other  than  refinements  in  the  antigens,  have  been 
introduced  in  an  attempt  to  overcome  this  difficulty,  that  is  to  differentiate 
between  the  true  and  false  positi^■e  reactions.  Among  the  earliest  of  these  are 
those  of  Hecht  (2),  Wassermann  (3)  and  Witebsky  (4).  These  earlier  "con- 

firmation" tests  as  they  have  been  named  have  been  subjected  to  more  or  less 
extensive  trials  and  also  found  wanting.  More  recently  Kahn  (5)  has  introduced 
several  procedures  to  differentiate  true  from  false  positive  reactions,  so  called 
Kahn  verification  tests.  Kahn  classified  the  types  of  reactions  obtained  with 
his  various  \-erifications  tests  as: 

a.  '\Sypliililic  Type''' — a  i)attern  obscr\Td  by  Kahn  in  known  syphilitic  in- dividuals. 
b.  ''Biologic  False  Positive  {Nonsyphilitic)  Type" — a  pattern  observed  by  Kahn 

in  nonsyphilitic  individuals  and  in  certain  animals. 
c.  ''Iticonelusire  Type" — Those  patterns  which  do  not  conform  to  either  of the  al)o\  e. 
If  we  are  to  e^'aluate  serologic  reactions  on  the  basis  of  Kahn's  classification 

then  we  must  rcfjuire  tliat  syphilitic  serums  invariably  give  the  syphilitic  type 
of  reaction  and  the  nonsyijhilitic  serums  give  the  false  positive  type  of  reaction. 
Howe\-er,  what  has  experic^nce  shown?  It  has  been  demonstrated  that  early 
and  treated  syphilis  subjected  to  the  verification  test  usually  give  the  false 
positive  type  of  reaction.  On  the  other  hand,  blood  from  individuals  in  whom 
there  is  not  the  sliglitest  i<>ason  foi-  assuming  syphilis  has  given  syphilitic  types 
of  reaction.  Furthermore^,  in  some  (jf  the  latter  group  the  blood  became  per- 

sistently negative  in  a  relati\'ely  short  period  of  time  without  any  antisyphilitic 
treatment,  indicating  that  they  \vere  not  the  subjects  of  syphilis. 

An  (■xtcnsi\-e  study  of  Kahn's  fii-st  verification  test  (heat  differential  technique) 
(())  has  show  n  that  it  too  had  tlK>  limitations  of  the  earlier  test  (2,  3,  4)  mentioned 
abo\'e.  It  t(jo  fails  always  to  differentiate  the  true  from  the  false  positive  re- 

actions, especially  in  those  instances  where  dependence  for  diagnosis  necessarily 
rests  (jn  tlic  seiologic  reaction.  The  same  remarks  also  hold  true  for  his  more 
recent  "trii)lc-(iuantitati\-e"  and  "salt  dispersibility"  techniques. 

It  may,  theix^forc,  be  stat(>d  that  at  the  present  time  there  is  no  laboratory 
procedure  which  can  l)e  deix^nded  upon  to  differentiate  the  true  from  the  false 
positi\-e  reactions.    This  l)eing  so,  it  is  necessary  to  become  aware  of  diseases 
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which  may  give  a  false  positive  reaction.  This  will  serve  at  least  to  aid  us  in 
making  a  more  correct  diagnosis  in  evaluating  an  unexpected  routine  serologic 
reaction. 

As  stated  at  the  outset,  it  has  been  known  for  a  long  time  that  certain  diseases 
are  capable  of  producing  false  positive  reactions.  With  increasing  experience, 
the  number  of  such  diseases  is  being  added  to  and  it  is  of  paramount  importance 
that  the  diseases  in  question  become  kno\\'n  to  the  practicing  physician.  This 
knowledge  will  lead  to  greater  caution  on  the  part  of  the  practitioner  in  evaluat- 

ing serologic  reactions. 
Perhaps  the  most  frequent  occurrence  of  such  false  positive  reactions  is  in  the 

upper  respiratory  diseases  and  in  pneumonia.  It  has  been  found  that  as  high  as 
20  per  cent  give  false  positive  reactions  in  varying  degree.  These  reactions  are 
first  detected  7  to  14  days  after  the  clinical  onset  and  may  persist  for  many 
months.  It  is  known  that  the  severity  of  the  disease  bears  no  relationship  to  the 
occurrence  or  degree  of  positivity. 

Immunization  of  various  types,  particularly  cowpox  vaccination,  is  a  frequent 
source  of  false  positive  reactions.  Five  to  35  per  cent  of  individuals  who  develop 
a  "take"  following  the  vaccination  will  develop  false  positive  reactions.  This 
usuall.v  appears  7  to  14  days  after  the  "take",  may  be  of  high  titre  and  may 
persist  as  long  as  four  months.  Tetanus,  typhoid  and  other  forms  of  immuniza- 

tions may  also  be  sources  of  false  positive  reactions  but  to  a  lesser  degree  than 
cowpox  vaccinations. 

Infectious  mononucleosis  and  obscure  fevers  may  also  be  associated  with  false 
positive  reactions,  although  there  Is  considerable  difference  of  opinion  as  to  the 
incidence.  It  is  variously  given  as  from  5  to  20  per  cent  differing  with  the  type 
of  serologic  test  performed.  It  should  be  pointed  out  that  there  is  no  relation- 

ship between  the  titre  of  heterophile  reaction  and  the  titre  of  false  positi\'e reaction. 
Among  the  exanthems,  measles  and  scarlet  fever  may  give  false  positive  re- 

actions. Virus  diseases,  particularly  virus  pneumonia,  and  lymphopathia  ve- 
nereum may  sho^\-  false  positive  reactions.  The  incidence  of  false  positive  re- 
actions associated  w  itli  \  irus  pneumonia  has  been  stated  to  be  as  high  as  25  per 

cent.  Although  tuberculosis  has  been  mentioned  as  frequently  associated  with 
a  false  positive  reaction,  recent  investigations  disprove  this. 

In  acute  lupus  er.vthematosus  occasionally  a  false  positiA-e  serologic  reaction is  observed. 
Various  serologic  surveys  have  shown  that  as  high  as  50  per  cent  of  patients 

affected  with  malaria  will  give  false  positive  reactions.  IMembers  of  the  Armed 
Forces  returned  from  highly  endemic  areas  will  have  some  relapses  and  may  be 
the  source  of  additional  cases.  Therefore,  malaria  may,  in  the  future,  more 
frequently  be  the  cause  of  false  positive  reactions  in  this  country.  Among  the 
diseases  not  common  In  our  climate,  that  are  usually  associated  with  false  positive 
reactions  are  leprosy,  rat-bite  fever,  leishmaniasis,  Weil's  disease,  recurrent  fever 
and  spotted  fever. 
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The  diseases  just  discussed  by  no  means  include  all  in  Avhich  a  false  positive 

biologic  reaction  may  be  observed.  On  rare  occasions,  other  diseases  may  show 
such  a  reaction. 

There  are  a  number  of  factors  which  are  associated  with  the  occurrence  of  false 
positive  reactions,  that  should  be  borne  in  mind  in  considering  unexpected  reac- 

tions.   They  are,  briefly: 
1.  Serologic  Reactors:  Certain  individuals  are  more  likely  to  develop  false 

positive  reactions  than  others  under  identical  circumstances.  This  is  probably 
due  to  some  alteration  or  lability  of  their  sero-globulins. 

2.  Type  of  Serologic  Test  Employed:  This  undoubtedly  plays  a  role  in  the  in- 
cidence of  false  positive  reactions.  In  malaria,  for  example,  the  Hinton  test 

shows  a  lower  incidence  than  the  Kahn,  Kline  or  Kolmer  tests.  On  the  other 
hand,  upper  respiratory  infections  and  immunizations  produce  fewer  false  positive 
reactions  with  the  Kolmer  complement  fixation  test  than  with,  the  flocculation 
tests. 

3.  Type  of  Disease:  The  disease  also  plays  a  role,  since  it  has  been  shown  that 
leprosy  and  malaria  may  give  50  to  80  per  cent  false  positive  reactions  whereas 
tuberculosis  by  comparison  gives  only  1  to  3  per  cent  such  reactions. 

4.  Frequency  of  Performing  Tests:  It  has  been  found  that  the  incidence  of  false 
positive  reactions  is  directly  proportional  to  the  frequency  of  performing  the 
tests.  The  more  often  the  tests  are  performed,  the  higher  will  be  the  incidence 
of  detected  false  positive  reactions. 

In  general  it  can  be  stated  that  in  the  vast  majority  of  cases  false  reactions 
are  of  low  titre  and  usually  disappear  in  a  relatively  short  period  of  time.  Thus 
repeated  serologic  examinations  will  show  a  gradual  decrease  in  the  titre.  They 
often  show  varying  degrees  of  unaccountable  fluctuation  on  repeated  examina- 

tions. On  the  other  hand  high  titre  false  reactions  persisting  over  a  long  period 
may  occur  and  it  is  particularly  these  instances  that  constitute  the  difficult  cases 
in  diagnosis.  It  is  in  such  cases  that  it  is  often  impossible  to  answer  the  question 
"Syphilis  or  not?" 

The  occurrence  of  an  unexpected  positive  reaction  should,  of  course,  prompt 
a  full  investigation  of  the  case.  Among  the  procedures  that  should  be  followed 
in  the  investigation  are  a  careful  detailed  history  including  questions  as  to  prior 
genital  or  persistent  genital  lesions,  non-pruritic  persistent  eruption,  character- 

istic alopecia,  dates  and  results  of  previous  serologic  examinations,  prior  anti- 
syphilitic  treatment;  also  whether  the  patient  ever  had  any  of  those  diseases  or 
conditions  enumerated  above  which  may  cause  false  positive  reactions.  The 
individual  should  be  subjected  to  a  complete  physical  examination  special  attention 
being  given  to  tell-tale  scars,  pigmentation,  atrophic  areas,  Hutchinsonian  teeth, 
healed  interstitial  keratitis,  aortic  disease  and  hemiplegias  particularly  in  young 
individuals;  x-ray  studies  of  the  cardiovascular  and  osseous  systems  for  evidencf 
of  past  or  present  syphilitic  involvement;  serologic  examinations  of  i)arent;il 
bloods,  particularly  the  mother's,  of  contacts,  of  their  siblings  and  the  patient  - 
children;  spinal  fluid  examination  for  evidence  of  asymptomatic  neurosyphilis 
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repeated  laboratory  examinations  to  rule  out  those  affections  which  may  cause 
false  positive  reactions.  This  list  is  by  no  means  complete  but  will  serve  as  a 
guide  for  the  necessary  approach. 

CONCLUSIONS 

1.  The  serologic  tests  for  syphilis  in  use  today  are  not  truly  specific. 
'    2.  False  positive  reactions  are  obserA'ed  in  a  variety  of  nonsyphilitic  diseases 
and  conditions.    The  physician  should  be  constantly  aware  of  this  fact  in  evalu- 

ating positive  tests.    He  should  make  himself  aware  of  the  diseases  that  are 
likely  to  give  false  positive  reactions. 

3.  There  is  no  laboratory  procedure  at  this  time  which  will  invariably  differ- 
entiate between  the  true  and  the  false  positive  serologic  reactions  for  syphihs. 

4.  The  need  for  a  specific  test  for  syphilis  or  for  a  dependable  "verification" 
test  is  urgent. 

5.  The  diagnosis  of  syphilis  should  not  be  made  solely  on  unconfirmed  positive 
serologic  reactions  and  treatment  should  be  withheld  until  such  a  diagnosis  is 
definitely  established. 

6.  Individuals  with  unconfirmed  positive  serologic  reactions  should  be  sub- 
jected to  a  careful  historj^  a  thorough  physical  examination,  and  to  various  other 

laboratory  procedures  to  establish  or  rule  out  the  existence  of  syphilis. 
7.  All  findings,  clinical  and  laboratory,  should  be  evaluated  in  an  effort  to  es- 

tablish a  diagnosis  of  syphilis. 
8.  It  is  factual  to  state  that  in  a  small  percentage  of  cases  it  is  impossible  to 

decide  whether  or  not  syphilis  exists  in  spite  of  the  most  careful  and  detailed 
study  of  the  history  and  the  clinical  and  laboratory  data. 
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SPINAL  EXTRADURAL  ARACHNOID  CYST  ASSOCIATED  WITH 
EXTRADURAL  MALIGNANCY 

IRA  COHEN,  M.D. 

Aside  from  the  multiple  lesions  in  von  Recklinghausen's  disease,  multiple 
tumors  of  the  central  nervous  system  are  of  infrequent  occurrence.  Compara- 

tively speaking  multiple  growths  are  more  often  encountered  Avithin  the  cranial 
cavity  than  within  the  spinal  canal.  Multiple  meningiomas  both  over  the  con- 

vexity and  within  the  ventricles  have  been  reported,  as  have  bilateral  acoustic 
tumors  and  even  multiple  gliomas.  Simultaneous  growths  involving  the  brain 
and  the  spinal  cord  have  also  been  recorded.  The  association  of  intraspinal 
tumors  and  protruded  intervertebral  disks  has  recently  been  reported  from  the 
Mayo  Clinic  (2).  In  over  150  operations  for  spinal  cord  tumors  I  have  encoun- 

tered multiple  tumors  but  twice.  One  instance  was  that  of  two  meningiomas 
arising  from  the  inner  surface  of  the  dura  in  the  mid  thoracic  region.  They  were 
on  opposite  sides  of  the  cord  and  separated  by  about  one  and  a  half  cord  segments. 
The  other  case  to  be  here  reported  had  at  the  8th  thoracic  vertebra  an  extradural 
arachnoid  cyst  and  at  the  level  of  the  10th  thoracic  vertebra  an  extradural  neuro- 
(sympatico)  blastoma. 

CASE  REPORT 
History:  M.  R.  (Adm.  #524096),  a  48  year  old  housewife  was  admitted  to  Tiie  Mount 

Sinai  Hospital  on  August  22,  1944.  For  three  months  prior  to  admission  she  had  com- 
plained of  pains  in  the  left  lower  thorax  and  in  the  left  upper  quadrant  of  the  abdomen. 

For  five  weeks  she  had  been  obstinately  constipated.  The  first  of  several  gastro-intestinal 
x-ray  examinations  had  suggested  an  obstructing  lesion  which  was  not  confirmed  on  the 
subsequent  studies.  An  abdominal  exploration  was  carried  out  without  disclosing  any 
lesion.  When  the  patient  w-as  allowed  out  of  bed  it  was  noted  that  she  could  not  stand 
because  of  weakness  of  the  legs.  Over  the  ensuing  couple  of  days  a  complete  paraplegia 
developed. 

Examination:  On  September  19  examination  showed  a  small  gibbus  at  the  tenth  thoracic 
vertebra.  There  was  a  complete  flaccid  paraplegia.  The  deep  reflexes  in  the  lower  ex- 

tremities were  just  obtainable.  The  abdominal  reflexes  were  all  absent ;  there  was  absence 
of  plantar  flexion  bilaterally.  Position  sense  was  absent  in  the  toes,  vibration  was  absent 
to  the  free  border  of  the  ribs.  There  was  a  rather  indefinite  level  to  pain  at  the  tenth 
thoracic  dermatome,  with  a  small  belt  of  hyperaesthesia  above  this.  Spine  tenderness 
was  present  over  the  ninth  and  tenth  thoracic  spines.  A  lumbar  puncture  yielded  xantho- 

chromic fluid  with  a  complete  manometric  block.  The  fluid  contained  284  mg.  per  cent 
total  protein.  Roentgen  examination  of  the  spine  showed  partial  destruction  of  the  pedicle 
of  the  tenth  thoracic  vertebra  with  a  soft  tissue  mass  lying  along  side  of  it.  After  the 
operation  a  second  small  area  of  bone  absorption  was  noted  on  the  right  side  of  the  eighth 
thoracic  pedicle  (fig.  1). 

Course:  On  September  21  a  laminectomy  was  carried  out.  Opposite  the  eighth  thoracic 
vertebra  was  a  thin  walled  cyst  containing  clear  fluid.  It  measured  about  an  inch  and  a 
half  in  length  by  about  three  quarters  of  an  inch  in  the  other  two  diameter.?.  It  lay  on  the 
dura  a  bit  more  to  the  right  than  the  left.  It  was  readily  picked  up  from  the  dura  and 
a  very  small  neck  led  inside  the  dura  just  to  the  right  of  the  mid  line.  To  the  left  of  the 
exposed  dura,  opposite  the  tenth  vertebra  was  a  very  vascular  mass.    It  was  friable. 
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Small  fragments  only  could  be  obtained  with  a  curette,  which  seemed  to  fall  into  a  cavity 
lateral  to  the  spine.  The  wall  of  the  cyst  was  reported  as  arachnoid  tissue,  the  curettings 
of  the  other  tumor  as  neuro(sympatico)blastoma. 

The  first  spinal  puncture  done  after  the  operation  showed  that  the  block  persisted. 
In  view  of  the  character  of  the  tumor  radiotherapy  was  given,  and  suliscquent  manometric 

Fig.  1.  The  bone  lesions  at  the  eighth  and  the  tenth  thoracic  vertebrae. 

studies  showed  no  block.  The  only  change  in  the  physical  signs,  however,  was  a  lowering 
of  the  sensory  level  to  the  twelfth  thoracic  dermatome.  The  original  sensory  level  was 
due  to  the  arachnoid  cyst,  the  lower  level  corresponded  to  the  site  of  the  lower  tumor. 

COMMENTS 
It  is  impossible  to  state  whether  the  tumor  w  as  a  primary  one  extending  into 

the  canal  from  the  adjacent  adrenal  structure  or  whether  it  represented  a 
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metastasis.  Against  the  latter  was  the  lack  of  evidence  of  any  other  lesion 
clinically  or  by  x-ray  examination  of  the  chest. 

In  a  recent  report  of  a  spinal  extradural  arachnoid  cyst  Good,  Adson  and 
Abbot  (1)  give  the  total  of  such  cases  including  theirs  as  21 .  They  call  attention 
to  the  fact  that  the  majority  of  such  cysts  have  been  found  in  the  adolescent  group. 
Of  the  21  cases  onlj^  three  were  over  26  years  of  age.  In  a  report  in  1934  Elsberg, 
Dyke  and  Brewer  (3)  first  called  attention  to  this  tj-pe  of  lesion  in  adolescents. 
They  postulated  that  the  cysts  are  due  to  a  congenital  diverticulum  of  the  dura 
mater  or  to  herniation  of  the  arachnoid  through  a  congenital  defect.  In  support 
of  this  they  point  out  that  the  opening  is  near  the  dural  opening  for  a  nerve  root. 
In  the  case  reported  here  the  attachment  was  near  the  mid  line  as  it  was  in  the  case 
reported  by  INIayfield  and  Grantham  (4). 

SUMMARY 

A  case  is  reported  which  had  at  the  tenth  thoracic  \-ertebra  an  extradural 
neuro(sympatico)blastoma  and  at  the  eighth  thoracic  vertebra  an  extradural 
arachnoid  cyst.  The  latter  is  an  unusual  intraspinal  lesion,  especially  in- 
freciuent  in  adults. 
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THE  SURGERY  OF  GASTRIC,  DUODENAL  AND  JEJUNAL  ULCERE 
RALPH  COLP,  M.D. 

The  concept  is  gradually  being  recognized  that  gastro-duodenal  ulceration  is 
a  recurrent  disease  which  in  many  cases  is  psj'chosomatic  in  origin.  It  has  for  its 
basis  an  emotional  instability,  aided  and  abetted  by  aggravating  environmental 
factors  and  influenced  in  part  hy  seasonal  variations.  The  increased  secretion 
of  acid,  a  potent  factor  in  the  production  of  ulcer,  is  probably  the  result  of  these 
concomitant  factors,  but  not  the  primar^y  cause,  for  there  are  innumerable 
patients  who  suffer  from  definite  hyperacidity  yet  never  develop  an  ulcer.  If 
the  therapy  of  ulcer  is  to  be  ultimately  placed  upon  a  more  rational  basis,  then 
its  treatment  should  not  consist  of  diet  and  anacids  alone.  Any  qualified  phy- 

sician can  prescribe  a  proper  diet  such  as  that  of  Sippy,  and  institute  the  effective 
milk  and  aluminogel  drip  (Winkelstein  and  his  associates  (1 ,  2))  which  will  tempor- 

arily heal  an  ulcer,  but  the  permanent  cure  of  the  ulcer  diathesis  has  deeper 
implications.  It  still  presents  an  unanswered  challenge  to  the  internist,  gastro- 
enterologist  and  psychotherapist. 
In  its  inception,  ulcer  of  the  stomach  and  duodenum  is  certainlj'  not  a  surgical 

disease.  It  only  becomes  one  when  certain  complications  ensue  which  may 
threaten  the  life  of  an  individual.  The  indications  for  surgery  have  been  defi- 

nitely crystallized.  Gastric  ulcer  becomes  a  surgical  emergency  when  an  acute 
perforation  occurs.  It  ultimatelj^  becomes  a  surgical  problem  when  hemorrhages 
are  recurrent,  when  a  pyloric  stenosis  becomes  intractable,  when  the  symp- 

tomatology fails  to  respond  to  medical  therapy,  and  when  the  presence  of  a 
carcinoma  is  suspected.  The  differentiation  between  a  benign  and  malignant 
ulcer  may  offer  difficulties,  and  presents  a  pertinent  problem  in  all  gastric  ulcers. 
The  pre.sence  of  free  hydrochloric  acid  in  a  Rehfus  test  meal  does  not  eliminate 
the  possibility  of  a  new  growth.  The  fact  that  an  ulcer  grows  smaller  or  seem- 

ingly disappears  following  three  weeks  of  medical  treatment,  as  evidenced  by  the 
roentgen  examinations,  cannot  be  construed  to  mean  that  a  carcinoma  is  neces- 

sarily absent.  While  gastroscopic  examination  has  been  of  inestimable  value  in 
reducing  the  incidence  of  this  diagnostic  error,  its  worth  is  directly  proportionate 
to  the  skill  and  experience  of  the  gastroscopist  in  the  interpretation  of  the  patho- 

logic picture  which  presents  itself.  Besides,  there  are  areas  in  the  stomach  which 
the  flexible  Schindler  gastroscope  cannot  A'isualize.  We  have  remo\'ed  a  few 
gastric  ulcers  which,  according  to  all  gross  pathologic  criteria  were  considered 
to  be  benign,  but  which  were  proven  to  be  malignant  by  subsequent  microscopic 
examination.  It  is  true  that  a  benign  ulcer  rarely  undergoes  malignant  trans- 

formation, but  according  to  Klein  (8)  it  did  occur  in  two  instances  in  a  series  of 
one  hundred  and  forty-one  chronic  gastric  ulcers,  and  recently  Yarnis  and  Colp 
have  had  occasion  to  report  three  cases  of  benign  ulcer  in  association  with  an 
independent  gastric  carcinoma.    If  all  these  factors  were  born  in  mind,  there 
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would  be  less  hesitancy  on  the  part  of  the  medical  profession  in  subjecting  re- 
current gastric  ulcers  to  radical  surgery. 

The  indications  for  surgery  in  duodenal  ulcer  are  similar  to  those  in  gastric 
ulcer  except  that  the  question  of  maUgnancy  rarely  enters  into  this  clinical 
picture.  Duodenal  ulcers,  in  addition  to  acute  perforations  which  constitute 
an  emergency,  come  within  the  province  of  surgery  when  repeated  medical  cures 
have  failed  to  relieve  the  symptomatology,  when  hemorrhages  are  recurrent,  and 
when  an  intractable  duodenal  stenosis  or  pyloric  obstruction  exists. 
Many  of  the  advances  in  the  surgery  of  peptic  ulcer  are  those  which  have 

followed  the  progress  of  surgery  in  general.  Specific  advances  in  the  surgical 
treatment  of  peptic  ulcer  comprise  those  operative  procedures  which  have  been 
developed  in  order  to  attack  the  ulcer  problem  on  a  more  physiologic  basis. 

If  the  morbidity  and  mortality  of  major  siu'gery  in  gastroduodenal  ulcer  are 
to  be  kept  within  reasonable  limits,  certain  ante-operative  prerequisites  must  be 
carefully  followed.  Many  of  the  patients  who  are  admitted  to  the  surgical  ward 
service  of  any  large  metropolitan  hospital  have  suffered  for  years  from  the  de- 

vitalizing effects  of  recurrent  chronic  ulceration.  These  patients  as  a  rule  have 
lived  upon  a  poorly  balanced  diet,  deficient  in  vitamins  and  poor  in  nutritional 
content.  Bouts  of  persistent  vomiting  incident  to  pylorospasm,  pyloric  or 
duodenal  stenosis  invariably  produce  inanition,  dehydration,  avitaminosis,  hypo- 
proteinemia,  and  occasionally  alkalosis.  The  pensistent  oozing  and  seeping  of 
blood  from  a  mucous  erosion  or  the  crater  of  a  chronically  infected  ulcer  may 
produce  a  marked  and  chronic  anemia  with  all  its  implications.  All  these  phys- 

ical alterations  and  chemical  imbalances,  unless  carefully  and  accurately 
corrected  prior  to  operation,  militate  against  successful  major  surgery. 

We  feel  quite  strongly  that  the  chronic  complications  of  peptic  ulcer,  especially 
hemorrhage,  should  rarely  be  considered  a  surgical  emergency.  We  do  not  sub- 

scribe to  the  dictum  of  a  Viennese  surgeon  who  advocated  operation  within  the 
first  forty-eight  hours  in  patients  over  forty -five  j^ears  of  age  who  were  suffering 
from  a  massive  hemorrhage.  If  this  dictum  were  universally  followed,  the 
surgical  mortality  would  transcend  the  wildest  estimates,  even  if  these  patients 
received  intensive  preoperative  preparation.  Undoubtedly  the  administration 
of  blood  and  plasma  may  effectively  and  temporarily  increase  the  number  of  red 
blood  cells,  raise  the  hemoglobin,  elevate  the  blood  pressure  and  theoretically 
eliminate  shock,  but  the  impoverished  tissues  of  the  body  are  slow  to  recuperate 
from  the  dire  effects  of  a  pre-existing  anoxemia.  As  a  result,  a  dehiscence  of  the 
intestinal  suture  line  and  pulmonary  complications  are  frequent.  We  agree  with 
Crohn  and  Lerner  (7)  that  the  best  results  in  bleeding  ulcer  will  be  attained  by 
conservative  medical  treatment  along  the  lines  suggested  bj^  Muelengracht, 
deferring  operation  until  these  patients  have  fully  recovered  from  the  effects  of 
their  blood  loss. 

Prior  to  operation  most  patients  suffering  from  chronic  peptic  ulcer  require 
adequate  hydration  and  restoration  of  the  electrolytic  imbalances  by  the 
parenteral  administration  of  glucose  and  saline.  Hypoproteinemia,  if  present, 
may  be  corrected  by  the  oral  administration  of  a  high  protein  diet.    If  this  is 
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impractical  because  of  vomiting,  the  intravenous  use  of  blood  plasma  and  amino 
acids  may  effectively  elevate  the  lowered  serum  proteins.  But  patients  suffering 
from  the  effects  of  pyloric  stenosis  require  additional  preparation.  Daily  hot 
gastric  lavages  usually  relieve  pylorospasm  and  often  allay  the  local  inflam- 

matory reaction  to  such  a  degree  that  gastroduodenal  continuity  will  be  restored, 
and  the  accompanying  alkalosis  will  usually  respond  to  intravenous  saline  in 
adequate  amounts.  If,  in  spite  of  these  measures,  the  gastric  dilatation  persists 
and  the  alkalosis  becomes  increasingly  severe,  a  preliminary  jejunostomy  for 
alimentation  may  become  necessary.  The  indications  for  jejunostomy  which 
have  proven  to  be  so  invaluable  in  the  surgery  of  gastroduodenal  ulceration  (6) 
will  be  briefly  discussed  subsequently. 

After  a  patient  has  been  adequately  prepared  for  operation,  the  question  of 
anesthesia  arises.  All  types  and  combinations  of  inhalation  and  local  anesthetics 
have  been  employed  during  the  past  decade.  In  our  experience,  continuous 
spinal  anesthesia  with  ponfocaine  has  proven  to  be  the  most  satisfactory  in  the 
surgery  of  the  upper  abdomen.  This  method  permits  a  minimal  dose  of  the 
anesthetic  agent  to  be  primarily  injected  and  if  additional  anesthesia  is  required 
more  of  the  drug  may  be  introduced  through  the  lumbar  puncture  needle  which 
remains  in  place  through  the  operation.  However,  if  the  patient  is  unduly 
apprehensive,  sodium  pentothal  may  be  used  intravenously. 

The  abdomen  is  usually  explored  through  a  median  epigastric  incision  extending 
from  the  ensiform  to  the  umbilicus.  At  the  present  time  there  seems  to  be  almost 
universal  agreement  as  far  as  the  surgery  of  gastric  ulcer  is  concerned.  The 
local  excision  of  the  ulcer  with  or  without  gastroenterostomy,  and  a  sleeve 
resection  in  which  a  segment  of  the  stomach  bearing  the  ulcer  was  removed,  have 
been  definitely  discarded  because  in  many  cases  the  patients  were  unimproved. 
Often,  in  spite  of  gastroenterostomy,  the  gastric  ulcer  recurred  or  a  gastrojejunal 
ulcer  developed,  and  frequently  following  sleeve  resections  an  hour  glass  de- 

formity of  the  stomach  ensued.  In  most  clinics  these  antiquated  procedures 
have  been  replaced  by  a  partial  or  subtotal  gastrectomy,  an  operation  in  which 
the  pylorus  and  the  ulcer  bearing  area  of  the  stomach  are  removed.  Gastro- 

intestinal continuity  Ls  then  restored  by  a  Billroth  II  type  of  anastomosis,  or  one 
of  its  modifications. 

The  follow-up  results  following  subtotal  gastrectomy  for  gastric  ulcer  have 
been  excellent.  This  operation  is  invariably  accompanied  by  a  gastric  anacidity 
and,  in  our  experience,  recurrent  gastric,  duodenal  or  gastrojejunal  ulcer  rarely 
occurs  when  free  acid  is  absent.  However,  the  objections  to  the  operation  have 
mainly  centered  about  its  mortality.  In  a  presentation  before  the  New  York 
Surgical  Society,  Februaiy  26,  193G,  Klingenstein  (9)  presented  a  series  of  gastric 
ulcers,  from  1925  to  1935,  in  which  a  subtotal  gastrectomy  was  done.  The 
mortality  was  appreciable.  He  predicated  at  that  time  that  if  operations  in  the 
bleeding  stage  were  eliminated  and  resections  were  not  done  for  ulcer  in  the 
cardiac  portion  of  the  stomach,  the  mortality  would  be  materially  lessened. 

In  the  past  six  years,  in  a  series  of  consecutive  gastric  ulcers  in  which  a  subtotal 
gastrectomy  was  the  only  operation  employed,  the  mortality  was  distinctly 
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reduced.  However,  only  one  of  the  patients  was  operated  upon  during  an 
acute  episode  of  hemorrhage  and  in  five  cases  in  \\'hich  the  ulcer  was  juxta- 
esophageal,  a  palliative  gastrectomy  was  performed.  This  was  an  operation 
devised  by  Madlener  (10,  11)  in  1923  for  ulcers  which  were  proximal  to  the  re- 

entrant angle,  especially  in  the  poor  risk  patient.  In  this  procedure  a  pylo- 
rectomy  was  performed  leaving  the  ulcer  in  situ.  Subsequently,  Florcken  (12, 
13)  and  others  (14,  15)  resected  as  much  of  the  antrum  as  was  possible.  These 
obserA'-ers  reported  that  the  gastric  ulcer  which  had  not  been  remoA-ed,  eventually 
disappeared  according  to  roentgen  examinations,  and  that  the  patients  were 
relieved  clinically.  Four  patients  in  whom  a  palliative  gastric  resection  was 
done  have  remained  well.  Gastroscopy  and  roentgen  examinations  have  failed 
to  demonstrate  any  recurrence.  A  sufficient  period  has  elapsed  following  opera- 

tion so  that  the  disappearance  of  the  ulcers  could  not  have  been  attributed  to  a 
natural  spontaneous  regression  which  may  occur  during  the  life  cycle  of  an  ulcer. 
We  feel  that  the  resultant  anacidity  in  these  cases  protected  the  integrity  of  the 
gastric  mucosa. 

While  the  operation  of  gastric  resection  for  gastric  ulcer  has  been  accepted  by 
most  surgeons  as  the  procedure  of  choice,  there  is  no  unanimity  of  opinion  as  to 
the  surgical  treatment  of  duodenal  ulcer.  The  operation  of  subtotal  gastrectomy 
for  duodenal  ulcer  was  originally  advocated  by  ̂ "on  Haberer  in  1920.  It  was 
introduced  by  Berg  (3)  and  Lewisohn  (4)  at  the  Mount  Sinai  Hospital  in  1922, 
and  through  their  pioneering  efforts  this  procedure  has  gradually  gained  in 
popularity  in  this  country.  It  is  now  being  extensively  used  in  clinics  which 
many  years  ago  denoimced  the  procedure  as  unnecessary  because  it  was  their 
considered  opinion  that  a  simple  gastroenterostomy  had  been  effective  in  relieving 
the  symptoms  in  the  majority  of  their  patients.  But  gastroenterostomy  with 
or  without  removal  of  the  duodenal  ulcer,  and  the  various  plastic  procedures 
which  were  performed  after  the  ulcer  on  the  anterior  wall  was  excised,  did  not 
produce  such  excellent  follow-up  results  when  patients  were  carefully  followed 
for  years  and  questioned  in  personal  interviews.  In  many  the  symptoms  were 
unrelieved.  Pylorospasm  continued,  hemorrhages  recurred,  and  unfortunately 
a  few  were  made  worse  by  the  operation  of  gastroenterostomy  because  a  gastro- 
jejunal  ulcer  developed.  Gastrojejunal  ulceration  may  cause  agonizing  pain, 
persistent  vomiting,  severe  exsanguinating  hemorrhages,  and  often  perforations 
into  the  general  peritoneal  cavity  or  into  the  transverse  colon.  The  incidence 
of  this  untoward  complication  following  gastroenterostomy  has  been  reported  as 
high  as  50  per  cent  in  some  series  of  cases.  Its  etiology  is  not  definitely  known, 
but  many  gastrojejunal  ulcers  seem  to  develop  in  the  presence  of  a  persistent 
high  free  total  acid  in  patients  who  have  an  innate  tendency  to  develop  ulcer. 
Clinically,  the  operation  of  subtotal  gastrectomy  which  partially  eliminates 
the  humoral  phase  of  gastric  secretion,  causes  a  definitive  lowering  of  gastric 
acidity  in  most  instances,  and  j^roduces  an  anacidity  in  50  per  cent  of  the  cases. 
For  the  reason  that  a  gastric  anacidity  is  protection  against  further  development 
of  reciu-rent  ulceration,  and  the  fact  that  most  patients  are  definitely  relieved 
of  their  symptoms,  the  operation  of  subtotal  gastrectomy  continues  to  be  the 
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operation  of  choice  in  this  clinic.  However,  it  cannot  be  done  in  all  cases,  and 
is  contra-indicated  in  the  poor  risk  patients,  those  with  obesity,  hypertension, 
severe  myocarditis  or  diabetes.  In  these  patients  a  simple  gastroenterostomy 
must  suffice  in  spite  of  its  unfavorable  complications. 

Subtotal  gastrectomy  is  a  complicated  technical  procedure  and  requires 
specialized  experience.  The  real  hazard  of  the  operation  centers  mainly  about 
the  adecjuate  closure  of  the  transected  duodenum  which  often  may  pro\e  to  be 
extremely  difficult  if  the  ulcer  is  extensive,  if  the  tissues  are  bra^^•ny  and  in- 

durated, or  if  the  ulcer  is  deep  in  the  duodenum.  But  there  is  no  reason  to  re- 
move an  ulcer  if  certain  technical  difficulties  are  present.  I  have  never  felt 

that  its  removal  was  an  essential  part  of  the  operation  of  subtotal  gastrectomy 
as  long  as  the  entire  pylorus  and  antriun  were  resected.  In  the  final  analysis, 
the  operation  of  subtotal  ga.strectom.v  of  the  Billroth  II  type  diverts  the  gastric 
contents  and  puts  the  duodenum  at  rest  so  that  any  ulcer  which  has  been  left 
in  situ  bathed  by  the  alkaline  secretions  of  pancreatic  juice  will  ultimately  heal. 
These  clinical  impressions  were  further  confirmed  by  the  observation  of  Mage 
(5)  who  reported  that  gastrojejunal  recurrence  following  subtotal  gastrectomy 
for  duodenal  ulcers  were  not  greater  in  those  cases  in  which  the  ulcer  had  not  been 
radically  removed.  However,  if  the  danger  of  a  subtotal  gastrectomy  centers 
mainly  about  the  integrity  of  the  duodenal  suture  line,  then  drainage  should  be 
instituted.  This  does  not  always  protect  against  the  ra^^ages  of  a  spreading 
peritonitis  from  a  dehiscence  of  a  duodenal  stump  but  it  has  proven  invaluable 
in  directing  the  external  escape  of  duodenal  contents  in  most  cases.  Duodenal 
fistulae  no  longer  ]X)rtond  such  dire  consequences  for  the  immediate  institution 
of  suction  protects  the  surrounding  skin  against  the  ravages  of  activated  intestinal 
secretions  and  adequate  parenteral  therapy  is  usually  effectiA-e  in  combatting 
dehydration  and  chemical  imbalances.  If  life  is  threatened  because  of  a  complete 
loss  of  fluid,  food,  bile  and  pancieatic  secretions,  a  supplementary  jejunostomy 
for  alimentation  makes  possible  the  maintenance  of  nutrition  and  the  return  of 
the  aspirated  duodenal  contents.  Jejunal  alimentation,  together  with  par- 

enteral therapy  if  necessary,  will  maintain  a  patient  in  chemical  balance  and 
nutrition  until  the  duodenal  fistula  heals  spontaneously. 

Certain  other  advances  have  been  made  in  the  technique  of  gastric  resection. 
The  rubber  covered  clamps  which  were  applied  prior  to  transection  of  the  stomach 
have  been  discarded  in  favor  of  the  DePetz  sewing  instrument  which  lays  down 
a  double  row-  of  clips  through  which  the  stomach  may  be  divided.  This  machine 
is  usually  applied  proximal  to  the  re-entrant  angle  so  that  an  adequate  portion 
of  the  stomach  may  be  resected.  Gastro-intestinal  continuity  is  then  usually 
restored  by  a  termino-lateral  gastrojejunostomy  of  the  Hofmeister  type.  The 
anastomosis  is  now  made  anterior  instead  of  posterior  to  the  colon.  The  ante- 
coUc  anastomosis  undoubtedly  simplifies  the  operati^'e  procedure,  and  should 
a  gastrojejimal  ulcer  develop,  its  excision  would  entail  no  risk  of  injury  to  the 
middle  colic  artery.  In  addition,  no  differences  were  noted  in  the  immediate 
postoperative  course  and  follow-up  results  of  either  the  ante-  or  retrocolic  types 
of  termino-lateral  gastrojejunostomy.    During  the  past  six  years,  subtotal 
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gastrectomy  was  performed  for  duodenal  ulcer  in  one  himdred  and  sixty-three 
ward  patients.  The  results  were  recently  published  (16).  The  cases  were  di- 

vided into  two  series — series  A,  79  patients,  from  July  1,  1937  to  June  30,  1940, 
and  series  B,  94  patients,  from  July  1,  1940  to  June  30,  1943.    A  study  of  Table 

TABLE  I 
Analysis  of  deaths  in  subgroups 

Series  A 
NO.  or CASES NO.  OF DEATHS CAUSE  OF  DEATH 

MOR- 

TALITY RATE 

DnnHfinnl  Jiloer  48 3 (1)  Cerebral  thrombosis 
(2)  Generalized  peritonitis 
(3)  Alkalosis (1)  Duodenal  dehiscence 

Generalized  peritonitis 
(2)  Hemorrhagic  bronchopneu- monia 
(3)  Subphrenic  and  subhepatic 

abscesses 

% 

Bleeding  duodenal  ulcer 16 3 

6.25 

18.75 

Previously  perforated 
iilfcr 

duodenal 
15 2 (1)  Massive  atelectasis 

(2)  Pneumonia  after  drainage 
of  subphrenic  abscess 

13.33 

Total  
79 

8 10.13 

Analy TABLE  II 
sis  of  deaths  in  sitbgroups 

Series  B 

NO.  OF CASES NO.  OF DEATHS CAUSE  OF  DEATH 

MOR- 

TALITY RATE 

T)iinflf>nnl  nlfrpr 67 3 (1)  Hepatitis  and  pneumonia 
(2)  Pulmonary  embolism 
(3)  Diffuse  bronchopneumonia 
(1)  Duodenal  dehiscence 
(2)  Subhepatic  abscess 

Bleeding  duodenal  ulcer 

Previously  perforated iilppr 

16 1 

4.48 

6.25 

duodenal 

11 
0 0 

Total  94 4 4.26 

I  and  II  shows  that  the  mortality  of  Series  B  is  lower  than  Series  A.  This 
improvement  might  be  ascribed  in  part  to  the  increased  skill  of  the  operators, 
to  certain  changes  which  were  made  in  surgical  technique,  and  to  the  curtail- 

ment of  surgerj^  in  the  acute  phase  of  duodenal  bleeding  (Table  III). 
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It  was  stated  previously  that  the  indications  of  jejunostomy  for  ahmentation 
Yould  be  briefly  discussed.  Jejunostomy  was  employed  as  a  preliminary  pro- 
;edure  in  a  few  intractable  cases  of  pyloric  and  duodenal  stenosis,  in  which  gastric 
lilatation  and  alkalosis  were  unrelieved  by  medical  measures.  Inasmuch  as 
Tiajor  gastric  surgery  was  definitely  contra-indicated  in  this  type  of  high  in- 

testinal obstruction,  a  simple  jejunostomy  for  alimentation  was  performed 
ander  local  anesthesia.  Jejunal  feedings  of  the  Scott  Ivy  pabulum  invariably 
restored  nutrition  and  hydration,  and  corrected  the  alkalosis  within  a  short 
period  of  time.  In  addition,  the  atonic  stomach  now  partially  defunctionalized 
by  the  elimination  of  gastric  digestion  soon  regained  its  tone.  Simultaneously 
the  local  inflammatory  reaction  about  an  extensive  penetrating  duodenal  ulcer 
subsided  sufficiently  so  that  a  subtotal  gastrectomy  could  eventually  be  safely 
performed  without  undue  risk. 

Complementary  jejunostomy,  a  procedure  carried  out  at  the  same  time  as  a 
subtotal  gastrectomy,  \\as  performed  with  the  hope  that  the  procedure  might 

TABLE  III 
Comparison  of  the  statistics  in  series  A  and  B 

SERIES  A SERIES  B 
JULY  1,  1937  TO JULY  1,  1940  TO June  30,  1940 JUNE  30,  1943 

No.  of  cases  79 
94 8 4 

Mortality  percentage  10.13 4.26 
Drainage  of  duodenal  stump  

29 
72 

Antecolic  type  of  gastrojejunostomy  35 
91 Retrocolic  tvpe  of  gastrojejunostomy  44 3 

4 
32 Spinal  anesthesia  

16 

84 General  anestliesia  63 
10 

neutralize  the  deleterious  effects  often  caused  by  difficulties  in  gastric  emptying. 
Postoperative  gastric  atony  in  our  experience  occurred  quite  frequently  and  in 
one  instance  was  the  cause  of  death.  The  mechanisms  involved  in  the  pathologic 
physiology  of  atony  of  the  resected  stomach  are  not  all  known.  Acute  gastric 
dilatation  may  be  secondaiy  to  mechanical  factors,  such  as  an  occluding  edema 
of  the  gastro-enteric  stoma  which  is  often  inflammatorj'  at  first,  and  subsequentlj' 
is  abetted  by  the  biochemical  disturbances  incident  to  hypoproteinemia.  Occa- 

sionally an  acute  obstruction  may  develop  in  a  retrocolic  gastroenterostomy 
because  of  the  prolap.se  of  the  stoma  or  the  efferent  loop  into  the  lesser  omental 
sac.  In  a  few  cases  the  postoperative  development  of  plastic  exudate  and  ad- 

hesions may  be  sufficient  to  occlude  either  the  afferent  or  efferent  jejunum  pro- 
ducing a  high  intestinal  obstruction.  But  there  are  cases  of  acute  gastric  dilata- 

tion or  atony  in  which  neither  subsequent  operative  exploration  nor  post  mortem 
examination  reveals  any  anatomic  cause  for  the  clinical  sj'mptomatology  of 
obstruction.  This  type  of  gastric  ileus  has  been  attributed  to  muscular  paresis 
and  atony,  the  sequellae  of  unavoidable  surgical  trauma  and  iujuiy  to  the  vagus 
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nerve.  It  is  a  common  experience,  folloA\mg  a  simple  gastroenterostomy  or  a 
gastric  resection  that  twenty-four  to  forty-eight  hours  may  elapse  before  peri- 

staltic activity  is  partially  established.  The  resulting  stagnation  of  accumu- 
lated gastric  contents  and  blood  either  causes  repeated  vomiting  or  persistent 

gastric  drainage  through  an  indwelling  Levine  tube.  In  the  majority  of  the 
patients  these  difficulties  in  gastric  emptying  are  transient  and  inconsequential. 
If  thej^  persist  they  portend  serious  consequences.  It  is  the  systemic  effects 
produced  by  gastric  atony  in  its  varying  scA-erity  and  duration  which  adds  to 
the  morbidity  of  gastric  surgery.  It  was  in  those  gastric  and  duodenal  ulcers 
which  were  complicated  by  a  prior  stenosis  and  gastric  dilatation  that  comple- 

mentary jejunostomy  proved  its  worth  during  the  earl}^  postoperative  period. 
It  proved  especially  helpful  in  many  instances  in  Avhich  gastric  atony  occurred 
following  unusual  traumatic  and  complicated  procedures,  as  in  extensive  re- 

sections for  gastrojejunal  ulcers  or  those  ulcers  situated  in  the  cardiac  portion 
of  the  stomach.  It  is  undoubtedly  true  that  complementary  jejunostomy  was 
unnecessary  in  some  cases  as  judged  by  the  subsequent  uneventful  postoperative 
course,  but  even  in  these  patients  it  did  no  harm,  and  certainly  simplified  post- 

operative alimentation  and  curtailed  the  period  of  parenteral  therapy.  Nat- 
urally there  were  cases  in  which  a  postoperative  gastric  atony  developed  and  in 

which  a  complemcntaiy  jejunostomy  had  not  been  performed.  In  these  patients 
a  severe  gastric  atony  may  occur  from  the  very  beginning,  while  in  others  it  may 
not  be  evident  until  a  week  or  so  after  operation.  The  clinical  picture,  however, 
is  similar  in  both  groups  of  patients.  It  is  recognized  by  the  symptoms  and 
physical  findings  of  a  high  intestinal  obstruction  in  -which  progressive  deterior- 

ation occurs  in  spite  of  adequate  parenteral  treatment.  X-ray  examination 
often  discloses  a  dilated  stomach  in  Avhich  the  barium  is  completely  retained  and 
occasionally  an  obstruction  of  the  efferent  jejunal  loop  may  be  demonstrated. 
There  is  always  a  tendency  in  these  cases  to  be  conservative,  to  delay  operative 
intervention  until  it  is  often  too  late.  This  is  undoubtedly  the  reason  that  the 
results  of  secondary  procedures  in  these  cases  are  attended  by  such  a  prohibitive 
mortality.  We  agree  with  the  conclusions  of  Allen  and  Welch  (17)  that  in  the 
older  age  group  of  patients,  exploration  should  be  imdertaken  early  if  the  amounts 
obtained  by  gastric  aspiration  show  a  stationary  or  progressive  increase  and  the 
chemical  e\  i(lonces  of  a  marked  alkalosis  are  present.  In  the  younger  patients, 
conserA  atiA'c  measures  may  be  tried  for  a  longer  period  of  time.  If  exploration 
is  performed,  a  supplementary  jejunostomy  for  alimentation  which  may  be 
speedily  performed  will  usually  tide  the  patient  over  the  critical  period  of  gastric 
ileus. 

We  have  already  stated  that  one  of  the  late  complications  of  gastroenterostomy 
is  the  frequent  deA-elopmont  of  a  gastrojejunal  ulcer.  Unfortunately,  however, 
it  may  occasionally  occur  following  a  subtotal  gastrectomy  for  duodenal  ulcer. 
yiage  followed  fi\-e  hundred  and  two  patients  in  whom  a  subtotal  gastrectomy 
had  been  performed  for  duodenal  ulcer  for  varying  periods  from  1923  to  1940. 
Clinical  cA-idcncos  of  gasti  ojojunal  ulceration  were  noted  in  forty-one  cases.  The 
diagnosis  A\as  definitely  established  by  operation  or  by  autopsy  in  thirteen  cases. 
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Gastrojejunal  ulcer  is  always  a  serious  complication  and  the  therapeutic 
approach  to  the  problem  demands  an  intimate  knowledge  of  the  pathology  and 
pathologic  physiology  induced  by  these  lesions  (18).  It  is  important  to  know 
the  extent,  character,  and  location  of  the  ulceration.  Some  jejunal  and  marginal 
ulcers  may  erode  blood  vessels,  producing  severe  hemorrhage,  or  perforate  either 
into  the  free  peritoneal  cavity  or  into  the  colon,  causing  a  gastro-jejuno-colic 
fistula.  Other  slowly  penetrating  ulcers  may  be  effectively  walled  off  either  by 
the  transverse  mesocolon,  colon,  pancreas  or  intestines,  resulting  in  a  large 
intraperitoneal  inflammatory  exudate.  Occasionally  the  inflammatory  reaction 
may  be  so  extensive  that  either  an  acute  or  subacute  obstruction  of  the  gastro- 

enteric stoma  or  the  efferent  loop  may  result.  This  acute  inflammation  may 
e\-entually  subside  completely,  or  leave  within  its  wake  some  degree  of  obstruc- 

tion. Obstruction  of  the  gastroenteric  stoma,  especially  if  accompanied  by  a 
pylorospasm  or  duodenal  stenosis,  produces  a  dilatation  of  the  stomach.  The 
resulting  inability  to  retain  food,  and  the  loss  of  gastric  secretions  lead  to  those 
nutritional  disturbances  which  have  been  previously  described. 

All  patients  with  gastrojejunal  ulceration  should  receive  a  course  of  medical 
treatment,  if  not  permanently,  at  least  temporarily.  However,  when  medical 
treatment  becomes  ineffectual,  or  the  economic  condition  of  the  patient  is  such 
that  the  pattern  of  lii'e  cannot  be  made  to  conform  with  the  routine  prescribed, 
or  if  acute  symptoms  of  jejunal  perforation  become  manifest,  surgery  is  in- 

dicated. The  type  of  procedure  indicated  in  cases  of  gastrojejunal  ulcer  depends 
upon  the  existing  pathology  and  the  physical  condition  of  the  patient.  Past 
experiences  have  taught  us  that  if  better  and  more  satisfactory  follow-up  results 
ai'e  to  be  expected,  certain  operations  must  be  discarded.  Simple  excision  of 
marginal  ulcers  of  the  stomach  and  jejunum  with  some  type  of  plastic  repair 
has  proven  to  be  ineffectual.  The  addition  of  a  new  gastroenterostomy  in  addi- 

tion to  the  one  which  contains  the  ulcer,  or  the  separation  of  the  old  gastroenter- 
ostomy and  the  formation  of  a  new  stoma  are  of  little  permanent  value  when 

there  is  a  tendency  for  recurrent  ulceration.  Taking  down  the  old  gastroenteric 
stoma  with  the  excision  of  the  jejunal  ulcer  as  a  definitive  procedure  in  the  treat- 

ment of  gastrojejunal  ulceration  has  proved  to  be  unsatisfactory  in  most  cases. 
The  restoration  of  a  normal  anatomy  is  invariably  followed  by  re-activation  of 
the  duodenal  ulcer,  or  the  possible  development  of  a  gastric  ulcer.  However, 
under  certain  circumstances  these  palliative  procedures  may  be  necessary,  and 
may  effect  sufficient  physical  improvement  so  that  radical  surgery  may  be  even- 

tually performed.  The  ideal  treatment  of  a  gastrojejunal  ulcer  following  gastro- 
enterostomy is  a  resection  of  the  diseased  jejunum  and  a  subtotal  gastrectomy  of 

the  Billroth  II  type.  If  this  operation  results  in  a  gastric  anacidity  or  the  pres- 
ence of  low  acid  values  there  is  little  likelihood  of  subsequent  stomal  or  gastric 

ulceration.  However,  if  a  gastrojejunal  ulcer  should  develop  follo\\-ing  a  gastric 
resection  it  may  be  necessary  to  excise  more  of  the  stomach,  but  it  must  always 
be  remembered  that  there  are  individuals  in  whom  nothing  short  of  a  total 
gastrectomy  will  prevent  recurrence. 
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This  Twentieth  Century  marks  the  recognition  of  gastro-enterologj'  as  a  sub- 
specialty of  both  medicine  and  surgery.  In  previous  years  the  clinical  concepts 

of  ulcer,  carcinoma,  gall  bladder  lesions,  dysentery,  pancreatitis,  had  been  de- 
scribed and  established,  in  the  fullness  of  their  mature  conception,  by  able 

clinicians. 
This  present  century  is  characterized  by  the  fact  that  the  physiological  bases 

of  our  modern  conception  of  disease,  its  biochemical  substrata,  its  radiographic 
appearance,  and  the  proper  medical  and  surgical  approach  to  its  cure,  have  been 
succinctly  elucidated  and  finally  established. 

The  logical  bases,  the  scientific  explanation  of  the  biology  of  most  of  these 
pathological  processes  have  been  laid  down  by  great  pioneers,  many  of  them 
American,  Pavlow,  Cannon,  Ivy,  Carlson,  Meltzer,  Babkin,  Alvarez  in  physi- 

ology; Holzknecht,  Cole,  Haudek,  Barclay,  Graham,  in  roentgenology;  Hurst, 
Bargen,  Eusterman,  Sippy,  Thomas  R.  Brown,  Rehfuss,  Bensaude  in  clinical 
medicine;  the  Mayos,  Von  Haberer,  Finsterer,  Finney,  in  surgery.  These  are 
some  of  the  great  leaders  who  hsLxe  forwarded  the  science  and  the  art  of  the  prac- 

tice of  gastro-enterology  since  the  opening  years  of  this  eventful  century. 
Today  gastro-enterology  as  a  subspecialty  of  medicine  (and  too  of  surgery) 

has  arrived  at  years  of  maturity  and  of  recognition.  National  and  International 
societies  foster  the  scientific  propagation  of  its  development ;  the  American  Board 
of  Internal  Medicme  recognizes  a  "subspecialty  of  gastro-enterology"  as  does  the American  Medical  Association  in  its  annual  conclaves.  The  armed  forces  of  this 
and  other  countries  recognize  the  gastro-enterologist  in  his  specialized  sphere  of 
activity;  and  aptly  so,  for  a  very  considerable  percentage  of  the  whole  number  of 
morbid  and  disabled  soldiers  and  sailors  suffer  from  gastro-intestinal  derange- 

ments "organic"  or  functional. 
Out-patient  departments  and  clinics  in  large  numbers,  associated  with  general 

hospitals  in  this  country,  and  many  of  the  largest  and  most  progressive  hospitals 
and  institutions  recognize  special  medical  and  surgical  services  for  the  study  and 
care  of  disease  arising  in  the  alimentary  tract  and  its  associated  viscera. 

The  Mount  Sinai  Hospital,  true  to  its  reputation  for  the  quick  recognition  and 
appreciation  of  progress  in  the  various  fields  of  medicine  has  been  no  laggard  in 
respect  to  gastro-enterology,  in  fact,  in  many  aspects  and  ways  it  has  contrib- 

uted its  full  mead  and  share  in  the  scientific  advancement  of  this  specialized 
field.  In  the  early  years  of  the  century,  Lilienthal  and  Gerster  strode  the  surgi- 

cal wards  of  the  hospital  interested  impartially  in  all  phases  of  scientific  surgery. 
The  high-.sounding  Gerster,  (often  irritated  by  gout),  always  fair  and  just, 
masking  a  kindly  and  true  soul  under  an  autocratic  manner;  the  benevolent  and 
lovable  Lilienthal,  ingenious,  resourceful,  capable,  were  interested  alike  and 
evenly  in  all  the  surgical  problems  of  the  day. 

In  1914  this  dynasty  fell  on  the  shoulders  of  four  ver.y  competent  men  who, 
129 
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truly  1-epresentative  of  progress  coincident  with  the  changing  times,  soon  de- 
veloped specialized  spheres  of  activity  and  influence.  Charles  Elsberg  was  early 

recognized  in  neuro-surgery ;  Edwin  A.  Beer  in  genito-urinary  diseases,  A.  V. 
Moschcowitz  for  his  meticulous  care  and  infinite  patience  with  the  repair  of 
hernia.  To  Albert  A.  Berg  surgery  of  the  alimentary  tract  had  always  been  an 
item  of  extreme  interest,  not  alone  for  practice  in  surgery  but  for  the  statistical 
study  of  the  end-results  and  the  physiological  bases  of  its  associated  diseases. 
To  the  Surgical  Ser^-ice  of  Dr.  Berg  were  assigned  the  t\\enty-five  beds  reserved 
for  ojjerations  upon  the  alimentary  tract. 

The  foundation  of  the  "Wimpheimer  Ward  for  the  Surgical  Treatment  of  Dis- 
eases of  the  Stomach  and  the  Intestines,"  made  possible  by  the  generous  gift  of 

Mr.  Charles  A.  Wimpheimer  in  1917  gave  a  remarkable  stimulus  to  the  work  in 
this  broad  field.  It  allowed  for  the  segregation  of  similar  cases,  for  their  organ- 

ized study,  their  statistical  e\-aluation,  and  encouraged  research  in  the  physio- 
logical and  biochemical  supporting  sciences.  The  old  Ward  M  on  the  ground 

floor  of  the  previous  Children's  Pavilion  became  a  rallying  point  for  many  in- 
terests. Here  were  seen  for  the  first  time,  groups  of  identical  type  patients, 

gastro-enterostomies  for  ulcer,  cholecystectomies,  colectomies,  intestinal  tract 
sutures  and  anastomoses.  Ably  cooperating  were  his  associates.  Doctor  Rich- 

ard Lewi.sohn,  followed  by  Paul  W.  Aschner  (1929)  and  Sunday  mornings 
"Grand  Rounds,"  found  not  only  the  full  surgical  staff  and  visitors  but  also  the 
generous,  the  able,  the  practical  clinician  Dr.  Edward  A.  Aronson  and  his  staff 
from  the  Gastro-intestinal  Division  of  the  Out-patient  Department. 

For  soon  after  the  foundation  of  the  specialized  surgical  wards  for  gastro- 
enterology, the  need  and  advisability  of  medical  cooperation  became  apparent 

to  the  head  of  the  Surgical  Service.  The  first  recognition  of  medical  gastro- 
enterology' in  the  hospital  dates  from  the  inception  of  a  speciahzed  out-patient 

division  for  this  purpose.  The  organizational  leadership  fell,  and  rightly  so  to 
Dr.  Edward  A.  Aronson  who  on  the  Fourth  Floor  of  the  Clinic  on  INIadison 
Avenue  established  in  1913  this  speciahzed  subdivision  of  medicine  which,  soon 
gathering  momentum,  outgrew  its  rooms,  increased  its  personnel,  and  shortly 
became  one  of  the  fastest  growing  and  popular  and  Avell  organized  subdivisions 
of  that  teeming  hive  of  acti\-ity,  the  Out-patient  Department. 

Grand  Rounds  under  Berg  on  a  Sunday  morning  were  a  source  of  instruction 
and  of  pleasure.  Begun  at  9:30  promptly,  the  large  caravan  of  Surgical  and 
^ledical  associates,  the  House  Staff,  nurses  and  visitors  made  the  rounds  from 
bed  to  bed.  Discussion  was  open,  full  and  unlimited,  opinions  were  ventured 
without  restraint,  the  lowliest  could  be  heard  from.  The  discussion  ranged  over 
problems  of  diagnosis,  of  surgical  technic,  of  medical  indications,  of  physiological 
explanation  of  phenomena.  Careful  statistics  were  mandatory  and  the  subse- 

quent follow-up  of  previously  operated  cases  was  a  feature  of  the  greatest  care  and 
solicitude.  The  Rounds  would  continue  for  hours  with  unceasuig  interest  until 
the  clatter  of  dishes  and  carts  announced  the  ad\'ent  of  the  noon-day  meal.  But 
not  even  that  diversion  could  quell  the  scientific  interest  of  those  who  attended. 
The  morning  was  frequently  capped-off  with  the  view  of  a  visitor,  a  former  pa- 
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tient  who  haci  survived  for  years  the  operation  (rare  in  those  years)  of  total 
gastrectonw  for  carcinoma  of  the  stomach  who  demonstrated  his  full  return  to 
health  by  finishing  off  a  full  meal  to  the  delectation  of  Dr.  Berg  and  his  associates. 

On  the  medical  side  of  the  house  gastro-enterology  made  a  more  tardy  begin- 
ning. While  still  a  house  physician  this  author  served  under  the  bearded  and 

kindly  Dr.  Julius  Rudisch  whose  main  iterest  in  medicine  centered  upon  dia- 
betes mellitus,  its  control  and  the  study  of  acidosis  as  a  complication.  Everyone 

who  came  under  the  influence  of  this  generous  man,  had  to  earn  his  way  to  good 
Avill  by  working  on  the  problem  of  quantitati^'e  acetone  determination  in  the 
diabetic  urine.  Dr.  Herbert  Celler  had  tried  it  before  me,  and  gleefully  passed 
on  the  problem  to  my  amateur  hands.  It  was  easy  to  add  some  sodium  nitro- 
prasside  to  urine  and  develop  a  reddish-brown  coloration,  but  to  standardize  the 
technic,  to  develop  a  control  color-standard  presented  in  those  pre-colorimeter 
days,  an  imposing  problem.  During  the  discussion,  one  day,  of  the  difficulties 
of  the  problem  a  visitor  was  announced,  none  less  than  the  illustrious  Dr.  Max 
Einhorn  of  the  German  (later  Lenox  Hill)  Hospital.  Dr.  Einhorn  was  a  col- 

league and  friend  of  Dr.  Rudisch  and  his  entry  on  rounds  on  Ward  K  brought  to 
that  ward  a  breath  of  gastro-enterology  associated  with  a  scientist  and  clinician 
of  renoATO,  knoA\-n  the  world  over  for  his  inventiveness  and  ingenuity  and  his 
interest  in  gastric  and  pancreatic  problems.  Dr.  Einhorn  carried  with  him  a  new 
toy  he  had  devised,  a  duodenal  bucket  on  a  string.  The  bucket  would  be  swal- 

lowed by  the  patient  until  it  had  reached  the  duodenum,  whereupon  it  was  re- 
trieved by  means  of  the  string,  the  bucket  containing  golden  pancreatic  juice  for 

quantitative  analj'sis.  But  in  addition.  Dr.  Einhorn  arrived  with  a  new  long 
flexible  rubber  tube  or  catheter  which  could  be  swalloAved  or  passed  through  the 
pylorus  into  the  duodenum;  and  which,  when  aspirated,  brought  forth  duodenal 
and  mixed  pancreatic  juice  for  study  and  analysis.  I  presume  Dr.  Rudisch  inter- 

rupted his  discourse  on  diabetes  long  enough  to  .show  a  polite  interest  in  his 
visitor's  delectable  pancreatic  problems,  sufficient  to  inspire  Dr.  Einhorn  to 
leave  both  gadgets  \\ith  him  as  a  present  and  a  mark  of  lifelong  friendship. 
When  Einhorn  had  been  politely  escorted  to  the  door  with  the  salutary  farewell, 
Dr.  Rudisch  turned  to  me  and  handing  both  trinkets  to  me  said,  "Here  young 
man,  these  may  interest  you — play  with  them." 

Thus  began,  in  a  small  way,  the  early  studies  on  pancreatic  enzymes  and  func- 
tion in  the  medical  wards  of  the  hospital.  Soon  after,  in  1915,  a  very  similar 

catheter  for  the  study  of  gastric  secretion  was  devised  by  Dr.  Martin  Rehfuss  of 
Philadelphia,  and  his  series  of  publications  on  fractional  test  meals  of  the  stom- 

ach soon  replaced  the  older  Ewald,  Boas,  Riegel,  Leube  test  meals  in  interest 
and  in  worth  and  value.  Under  the  kindly  advice  and  aegis  of  Dr.  Sam  Book- 

man, Bio-chemist  to  the  hospital,  the  studies  in  IVIount  Sinai  on  test  meals,  frac- 
tionation, on  the  effects  of  pharmaceutical  agents  on  gastric  .secretion,  on  varia- 

tions in  secretory  curves  in  health  and  disease  took  a  rapid  step  forward,  as  did 
the  studies  on  pancreatic  secretion  and  functional  activities. 

The  early  and  untimely  death  of  Dr.  Edward  A.  Aronson  (1922)  less  than  nine 
years  after  he  had  founded  the  Gastro-enterological  Clinic  in  the  Out-patient 
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Department  was  a  source  of  great  sorrow.  His  office  and  mantle  fell  upon  my- 
self; ably  assisted  by  the  newly  arrived  Dr.  A.  Winkelstein,  as  well  as  by  Dr. 

Samuel  J.  Goldfarb  (then  an  amateur  radiologist)  by  Paul  Aschner,  Ed  Hol- 
lander, Samuel  Weiskopf  and  many  others,  the  clinic  grew  to  importance  and  to 

recognition  as  a  consultative  center  for  the  O.P.D.  and  as  a  focal  point  for  prob- 
lems gastro-enterological. 

Sub-total  Gastrectomy.  During  the  first  two  decades  of  this  century  the  opera- 
tion of  gastro-enterostomy  was  regarded  as  the  cure  for  all  gastric  diseases,  not 

only  for  ulcer,  but  often  for  functional  disturbances  as  well.  It  must  be  remem- 
bered that  the  roentgenographic  diagnosis  of  gastric  disorders  was  developed  in 

accuracy  and  precision  only  later  in  the  second  decade,  that  the  direct  recognition 
of  duodenal  ulcer  was  in  like  manner  stimulated  by  the  work  of  Lewis  Gregory 
Cole,  cf  Ackerlund  and  of  Clairmont.  Most  all  diagnoses  were  tentative;  any 
clinical  suspicion  of  carcinoma  must  be  resolved  by  the  only  certain  method 
namely  exploratory  laparotomy.  Once  an  abdomen  was  opened  for  gastric 
symptoms,  either  a  resection  for  suspected  malignancy  was  performed  or  else  a 
gastro-enterostomy  and  if  no  lesion  was  found,  a  gastro-enterostomy  was  often 
performed  since  supposedly  it  could  do  no  harm  and  even  a  functional  disturbance 
could  be  improved  by  so  simple  a  drainage  procedure  as  a  new  stoma  between 
stomach  and  intestine. 

But  soon  the  weather  thickened,  some  fogs  of  doubt  began  to  cloud  over  the 
unstained  reputation  of  gastro-enterostomy.  It  was  whispered  that  gastro- 
jejunal  ulcers  were  not  infrequent,  but  that  of  course,  was  heresy.  For  from 
above,  from  the  Western  authorities  and  from  the  country  at  large  came,  obiter 
dictum,  that  2  per  cent  was  the  upper  limit  of  incidence,  if  that  much.  But  the 
murmurs  of  discontent  and  doubt  were  rising  above  hushed  whispers,  and  here 
and  there  a  hardy  pioneer  soul  dared  to  state  that  gastro-enterostomy  was  a  poor 
operation  and  that  recurrent  ulcers  were  far  from  infrequent.  Later  the  un- 
f eared  voice  of  "thirty -three  per  cent"  Lewisohn  was  heard  high  above  the  discus- 
sional  din.  What  Lewisohn  actually  said  (1925)  was  that  33  per  cent  of  gastro- 

jejunostomy operations  developed  marginal  ulcers.  What  he  really  reported  was 
that  in  a  series  of  gastro-enterostomies  reviewed  by  him  at  the  hospital,  he  found 
33  per  cent  to  be  suffering  with  marginal  ulceration.  In  the  fury  and  clamor  that 
followed  his  publication  he  was  much  misquoted  and  misunderstood.  But  those 
who  knew  him,  who  realized  his  great  worship  of  truth,  his  personal  scientific 
integrity  and  his  zeal  for  clear  unprejudiced  thinking,  paused  long  enough  to 
recognize  that  here  was  a  real  challenge  to  an  operative  procedure  which  was 
outliving  its  usefulness. 

At  about  this  same  time,  even  before  it  (1917)  A.  0.  Wilensky  and  myself,  by 
means  of  kymographic  studies  and  fractional  test  meals,  had  been  studying  the 
physiological  results  of  this  same  operation  of  gastro-enterostomy.  Our  results 
led  us  to  doubt  that  the  operation  had  a  sound  physiological  basis,  to  question 
whether  acidity  was  sufficiently  reduced  and  motility  proportionately  accelerated 
to  warrant  the  use  of  the  operation  in  any  cases  except  those  of  pyloric  stenosis. 
In  those  years  Dr.  William  J.  Mayo  of  Rochester,  Minnesota  had  been  in  the 
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habit  of  periodically  visiting  The  Mount  Sinai  Hospital  on  his  travels  to  this 
city,  his  open  and  frank  unprejudiced  mind  seeking  facts  and  ideas  wherever  such 
originated.  Instigated  by  Dr.  Libman  he  sat  down  for  a  moment  in  the  old 
laboratory  on  Madison  A\-enue  to  listen  to  the  results  of  these  studies  on  the 
physiology  of  gastro-enterostomy.  As  the  shadows  of  the  afternoon  lengthened, 
— he  tarried  long — when  he  finally  departed  it  was  with  the  startling  suggestion 
that  two  young  men  accept  an  in\dtation  through  him,  to  the  American  Gastro- 

enterological Association  to  demonstrate  and  present  their  findings.  The  rising 
note  of  thanks  from  that  national  body  inrJuding  S.  J.  Meltzer,  Einhom,  Sippy, 
Friedenwald,  Cannon  that  May  in  Atlantic  City,  did  more  than  embarrass  two 
very  young  and  inexperienced  men.  It  brought  attention  and  I  hope  credit,  to 
the  active  interest  in  gastro-enterology  that  was  gathering  momentum  at  Mount 
Sinai,  and  centered  interest  in  the  criticism  of  the  accepted  operations  for  gastric 
disturbances  of  that  day  and  period. 

As  was  his  wont,  once  again  the  enquiring  Lewisohn  crossed  the  Atlantic  in 
search  of  rest,  recreation  and  naturally  of  knowledge.  It  was  summer  time  and 
the  Bavarian  Alps  in  1922  were  alluring  and  homelike;  gemuetliches  Innsbruck 
was  not  too  far  south,  and  there  w&s  to  be  found  the  surgeon  Von  Haberer,  who 
had  devised  a  new  operation,  partial  gastrectomy  for  the  cure  of  peptic  ulcer. 
The  return  voyage  on  the  Aquitania  was  the  stormiest  trip  in  thirty -seven  years, 
but  over  the  howling  of  the  gale,  and  between  the  spells  of  devastating  seasick- 

ness (to  which  he  was  immune)  he  enthusiastically  recounted  what  he  had  seen 
and  heard  from  Von  Haberer  and  waxed  enthusiastic  over  what  he  considered 
would  eventually  become  a  bright  new  future  for  gastro-intestinal  surgery, 
namely  the  radical  removal  of  a  greater  part  of  the  stomach  itself,  as  well  as  the 
offending  ulcer  (partial  gastrectomy). 

Resuming  liis  duties  as  Associate  Surgeon  to  his  Attending  Dr.  A.  A.  Berg,  he 
needed  little  persuasion  to  convince  his  senior  of  the  practicability  and  fitness  of 
the  new  operation.  Like  all  converts  to  a  new  faith,  the  enthusiasm  of  Dr.  Berg 
was  sincere  and  wholehearted.  The  details  of  the  operation  were  easily  mastered 
by  so  great  a  natural  technician  as  Berg,  renowned  for  his  skill  and  deftness.  The 
mortality  of  the  operation  at  first  high,  was  rapidly  reduced  to  within  safe  limits. 
The  results  of  the  operation  were  eminently  satisfactory ;  secretory  studies  proved 
that  post-operative  acidity  was  abolished  in  the  highest  percentag-e  of  cases, 
motility  and  emptying  time  of  the  viscus  was  increased  and  was  satisfactory. 
The  number  of  cases  which  underwent  the  operation  increased  apace ;  A\'ithin  a 
few  years  six  hundred  cases  were  statistically  possible  for  accurate  review.  In- 

defatigable follow-up  was  the  rule  and  inde.x  files  were  maintained  and  a  whole 
Social  Service  was  developed  to  trace  each  individual  who  had  undergone  the  new 
procedure. 

But  to  convince  the  profession  of  this  large  country  with  its  approbation  still 
fixed  iipon  the  older  procedure,  was  an  entirely  different  matter.  To  this  pur- 

pose. Berg  and  Lewisohn  took  the  stump  as  crusaders.  They  stumped  the 
country  with  no  uncertain  step;  on  one  occasion  the  Massachusetts  Medical 
Society  at  Springfield,  Massachusetts,  at  another  a  national  Society  at  Washing- 
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ton,  D.  C;  later  in  1933  the  American  Gastro-enterological  Association  again  at 
Washington,  these  were  all  discussional  sites  of  combat  where  the  earnest  at- 

tempt was  repeated  and  repeated  to  put  over  the  new  operation  and  to  convince 
the  medical  and  surgical  fraternity  of  its  practicalitj^  and  its  relative  safeness. 
Too  big  an  operation  for  so  small  an  ulcer?  No,  if  it  were  necessary  to  remove 
one  third,  or  cvpn  one  half  of  the  stomach  to  cure  a  gastric  or  a  duodneal  ulcer 
the  purpose  was  well  accomplished,  providing  gastric  acidity  were  abolished. 
Thus  grew  again  a  second  niotif,  an  important  and  resounding  corollary  fact, 
namely  that  the  elimination  of  the  e^id  was  the  primary  obiecti^'e  of  the  opera- 

tion, as  well  as  the  removal  of  the  ulcer.  Slowly  the  great  tide  of  public  medical 
opinion  s\™ng  to  the  new  thought.  Gradgingly  the  operation  was  conceded  as 
choice  in  "gastric"  ulceration.  Then  little  by  little  it  became  the  procedure  of 
choice  for  "duodenal"  ulcer  as  well.  Throughout  the  nations  the  mortality  was 
hammered  down;  first  14  per  cent,  then  9  per  cent,  then  7  per  cent,  and  5  per  cent 
until  recentl}^  different  clinics  report  mortalities  between  two  and  three  per  cent. 
Thus  was  a  campaign  in  which  the  The  Mount  Sinai  Hospital  was  one  of  the 
leaders  in  thought  and  action  brought  successfully  to  fruition — the  "Acid  School" 
had  won  the  fight  for  gastric  resection. 

In  the  fullness  of  his  years.  Dr.  A.  A.  Berg  stepped  out  of  the  Ward  Ser\ace  and 
became  Consulting  Surgeon  continuing  to  serve  the  one  institution  with  fidelity 
and  with  the  ability  derived  from  his  wide  and  mature  experience. 

Dr.  Richard  Lewisohn  took  over,  (1934  to  1937)  carrying  on  the  principles  and 
practices  of  progressive  gastro-intestinal  surgery  with  scientific  accuracy,  always 
honestly  facing  his  after-results  and  always  hailed  by  a  large  coterie  of  personal 
friends  in  the  profession  who  valued  his  opinion  and  his  frank  and  unbiased 
criticism. 

During  this  period,  even  before,  the  position  of  "Associate-in-Medicine"  had 
been  created  to  recognize  the  needs  of  specialization  in  the  medical  wards  of  the 
hospital.  Dr.  Nathan  Rosenthal  represented  hematology;  I  was  appointed  to 
represent  gastro-enterology  (1926).  Here  was  a  new  type  of  rank  on  the  attend- 

ing staff,  one  that  granted  privileges  of  clinical  research,  one  that  carried  the  duty 
of  studying  and  correlating  groups  of  cases  of  identical  clinical  material.  The 
correlation  of  all  proctological  examinations  naturally  followed,  as  did  participa- 

tion in  the' recently  founded  Consultation  Clinic  (1931)  and  the  privilege  of  free consultation  on  the  medical  wards  of  the  hospital. 
The  recognition  of  diseases  of  the  rectum  and  anus  as  a  surgical  subspecialty 

was  indicated  by  the  appointment  of  Dr.  Sylvan  Manheim  to  a  Proctological 
Surgical  Clinic  (193G)  in  the  expanding  Out-Patient-Department. 

The  affiliation  of  the  hospital  with  Columbia  University  (1930)  for  the  purpose 
of  Post-Graduate  teaching  did  much  to  create  greater  interest  and  utility  in  sub- 

jects gastro-intestinal.  For  from  the  very  initiation  of  such  teaching  the  courses 
in  gastro-enterology  were  among  the  most  popular  and  well  attended ;  in  this  last 
year  (1943)  one  Intensive  Course  alone  numbered  not  less  than  twenty-four  post- 

graduate practicing  physicians.  The  courses,  while  specialized,  included  internal 
medicine,  surgical  indications,  gastro-intestinal  physiology  as  well  as  the  under- 

lying pathology  and  bio-chemistry  of  alimentarj'  disorders. 
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The  Newer  Surgical  Services.  Gastro-enterology  is  easily  as  much  surgical  as 
it  is  medical.  When  Doctors  Ralph  Colp  and  John  Garlock  (1937)  took  over  the 
direction  of  surgical  gastro-enterology,  surgical  wards  and  material  were  even- 

tually divided  between  these  two  competent  leaders.  At  first  Colp  took  the 
intestinal  cases  (1934  to  1937)  Lewisohn  continuing  with  the  gastric  material. 
About  three  years  later  (1937)  a  change  occurred, — Colp  taking  th©  gastric  and 
Garlock  taking  the  intestinal  cases.  The  last  eight  years  l^^ve  seen  a  quickened 
tempo  in  the  handling  of  gastro-intestinal  surgical  oases,  the  newer  and  younger 
hands  approaching  the  ever-changing  proble^^f^  with  alert  vigor  and  quick  recog- 

nition of  innovations  in  technique  and  ip  operative  and  post-operative  care.  As 
a  single  example  of  the  mastery  of  surgical  technique  and  judgment,  one  may 
mention  the  successful  removal  of  carcinoma  of  the  cardia  of  the  stomach  through 
a  transthoracic  approach  as  fundamentally  concei\'ed  and  carried  out  by  Dr. John  Garlock. 

As  an  indication  of  the  times,  of  the  bold  and  capable  attack  on  surgical  prob- 
lems one  may  recall  a  recent  "Grand  Rounds"  on  Ward  R.  with  Dr.  Colp  when 

on  the  one  ward  one  could  interview  four  cases  of  "total"  gastrectomy,  simul- 
taneously convalescing  from  this  massive  surgical  procedure.  Wednesday 

mornmg  "Grand  Rounds"  beginning  at  9:15  and  ending  promptly  at  10:00  a.m. 
are  marked  by  precise  presentation  of  cases,  free  and  incisive  discussion,  frank 
and  scientific  criticism  open  to  all  visitors  and  well  attended. 

On  the  Thursday  morning  Rounds  Avith  Dr.  Garlock  one  may  review  surgery 
of  the  colon  and  intestine  in  all  its  various  aspects.  Colectomies,  sub-total 
colectomies,  intestinal  anastomoses  of  various  types,  reconstruction  surgery  for 
ulcerative  colitis,  and  much  of  the  newer  surgical  approach  to  the  cure  of  ileitis, 
all  are  available  for  stud}\ 

For  in  1932,  dated  from  The  Mount  Sinai  Hospital,  appeared  the  first  paper  or 
papers  on  a  new  clinical  entity  "regional  ileitis."  The  earlier  pathological  and 
clinical  studies  on  intestinal  granulomata  had  been  laid  down  by  Drs.  Eli  Mosch- 
cowitz  and  A.  0.  Wilensky  as  early  as  1923.  The  pathological  studies  of  these 
granulomata  had  been  re-begun  by  Drs.  Leon  Ginzberg  and  Gordon  Oppen- 
heimer.  The  combination  of  these  studies  with  the  clinical  and  surgical  observa- 

tions of  myself  and  Dr.  A.  A.  Berg  led  in  1932  to  the  formulation  of  the  entity  of 
"ileitis."  With  practically  no  hesitation,  -with  little  scientific  criticism,  but  with 
many  constructive  additions,  the  medical  profession  has  accepted  ileitis,  or 
regional  enteritis,  as  an  established  clinical  concept.  The  literature  today 
abounds  with  publications  and  figures;  in  ten  years  hundreds  of  cases  have  been 
recognized,  and  have  been  published  in  the  journals  of  practically  all  nations 
throughout  the  world.  The  Attending  Staff  of  this  hospital  have  thus  been  given 
proper  credit  for  the  recognition  of  a  disease,  which  loiows  no  limited  geograph- 

ical incidence  and  which  provides  an  ample  and  new  arena  for  extensive  surgical 
reparative  skill  and  original  initiative. 

The  Milk-Drip  treatment  of  peptic  ulcer  initiated  by  Dr.  A.  Winkelstein 
(1933)  deserves  close  attention  as  an  ingenious  and  eminently  original  and  satis- 

factory medical  approach  to  the  care  of  the  increasingly  important  subject  of 
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peptic  ulceration,  not  only  in  peace  times,  but  ever  so  much  more  so  during  the 
period  of  war. 

The  estabhshment  of  a  specific  laboratory  for  Research  in  Physiological 
Chemistry,  particularly  that  of  the  alimentary  tract  is  well  marked  by  the  ap- 

pointment of  Dr.  Franklin  Hollander  (1936).  Fundamental  research  in  the 
intricate  problems  of  gastric  secretory  activity  and  associated  questions  has 
brought  large  recognuion  to  an  indefatigable  worker  and  to  the  precise,  scientific 
hospital  laboratory  under  hi.-,  personal  supervision ;  this  laboratory  will  soon  be 
enlarged  through  the  generosity  o£  Dr.  A.  A.  Berg  to  spheres  of  still  greater 
utility.  Even  the  most  recent  developinent  in  gastro-enterology,  namely  gas- 
troscopy,  has  received  notice.  Gastroscopy  under  Dr.  Harry  Yarnis  has  gro^ATi 
A^thin  the  last  three  years  to  a  sizable  activity.  It  is  not  unusual  on  a  single 
morning  to  see  eight  or  more  cases  undergo  this  complicated  but  very  instructive 
and  helpful  diagnostic  procedure. 

Perhaps  the  part  being  played  by  this  hospital  in  the  progress  of  gastro- 
enterology throughout  the  nation  can  be  well  illustrated  by  one  not  insignificant 

type  of  fact.  The  American  Gastro-Enterological  Association  is  one  of,  if  not 
the  representative  body  of  scientists  representing  this  specialty  in  this  nation. 
Before  1917  only  Dr.  Manges  of  this  staff  was  a  full  member;  since  that  date  the 
membership  of  that  association,  though  limited  to  100  Fellows,  has  included  in 
the  course  of  these  last  twenty-seven  years  many  members  of  our  staff  including, 
Crohn,  Lewisohn,  Berg,  Winkelstein,  Colp,  Hollander,  Penner  (overseas)  and 
Klemperer. 

The  last  quarter  of  a  century  in  gastro-enterolog.v  has  been  noted  among  its 
innumerable  great  accomplishments,  for  rapid  and  progressive  strides  for  the 
better  understanding  and  recognition  of  diseases  of  the  ahmentary  tract.  With 
great  modesty  we  may  hold  that  Mount  Sinai,  a  small  institution  in  itself,  just  a 
private  hospital,  has  contributed  its  proportionate  share  to  such  progress.  In 
the  beginning  it  was  the  spirit,  the  initiative  of  Dr.  A.  A.  Berg  who  developed  the 
interest  and  who  created  the  staff  organization  for  its  progressive  development. 
In  the  more  recent  years,  all  of  the  Staff,  medical,  surgical,  pathological,  bio- 

chemical, has  served  ably  and  willingly  in  carrying  on  the  scientific  progress  in  a 
specialty  in  which  Mount  Sinai  is  well  recognized  as  a  fountain,  source  of  origi- 

nality, of  mature  criticism  and  as  an  institution  offering  a  wide  and  varied  clinical 
material  ably  studied  and  segregated. 

Our  own  men  overseas  are  carrying,  we  know,  the  reputation  of  the  hospital 
into  the  fields  of  war.  The  tremendous  experience  with  traumas  and  wounds  of 
the  abdomen,  will,  when  the  men  happily  return,  not  only  reinforce  ourdiminished 
staff,  but  will  in  their  homecoming,  reunite  us  again  for  greater  achievements  in 
the  reconstructive  period  of  the  new  universal  peace. 



UNILATERAL  ADRENAL  APOPLEXY^ 
Report  of  a  Case 

LEO  EDELMAN,  M.D. 

This  case  of  adrenal  apoplexy  is  reported  not  so  much  because  of  its  relative 
infrequency  as  the  fact  that  it  affords  an  opportunity  to  call  attention  to  the 
clinical  syndrome  of  adrenal  infarction  in  adults  recently  described  by  Keele  and 
Keele  (4)  and  also,  to  the  clear-cut  clinical  manifestations  of  spontaneous  peri- 

renal hemorrhage  upon  the  recognition  of  which  the  outcome  is  frequently  so 
dependent. 

History:  B.  S.  (Adm.  #507736),  male,  aged  61  years,  was  admitted  to  the  Surgical  Service 
of  The  Mount  Sinai  Hospital  July  3,  1943  complaining  of  severe  right  upper  abdominal 
and  loin  pain.  He  had  a  dull  ache  in  this  region  for  about  one  week  which  suddenly  be- 

came acute  six  hours  before  admission,  accompanied  by  nausea  and  persistent  vomiting. 
He  had  been  a  patient  on  the  Medical  Service  a  number  of  times  from  November  1940  to 
May  1943  for  chronic  pulmonary  emphysema,  hypertensive  cardiovascular  disease,  re- 

peated attacks  of  paroxysmal  auricular  flutter  and  two  attacks  of  mild  congestive  failure. 
His  pulmonary  symptoms  dated  back  to  influenza  pneumonia  in  1918.  He  was  last  hos- 

pitalized from  May  29-31,  1943  for  an  attack  of  paroxysmal  auricular  flutter.  At  that 
time  his  blood  pressure  was  200  systolic  and  98  diastolic.  There  was  no  history  of  trauma 
and  at  no  time  were  there  any  symptoms  referable  to  the  urinary  tract. 

Examination:  On  admission  the  patient  appeared  acutely  ill,  temperature  99.2°r., the  pulse  rate,  100,  respirations,  26  and  the  systolic  blood  pressure  140,  the  diastolic  88. 
There  was  moderate  pallor;  the  skin  was  moist  and  cold.  The  chest  was  emphysematous 
and  showed  dullness  and  diminished  breath  sounds  over  the  right  lower  lobe  posteriorly. 
The  heart  was  slightly  enlarged  but  without  evidence  of  cardiac  decompensation.  The 
abdomen  was  soft,  moderately  distended,  tender  on  deep  pressure  over  the  right  upper 
quadrant.  The  rectal  examination  was  negative.  The  admitting  physician  suspected 
pulmonary  or  mesenteric  infarction.  A  hypodermic  injection  of  morphine  controlled 
the  pain.  When  seen  a  few  hours  later  by  a  member  of  the  surgical  attending  staff,  he 
presented  a  striking  pallor,  appeared  drowsy,  and  not  in  spontaneous  pain.  The  blood 
pressure  rose  to  180  systolic  and  80  diastolic.  The  abdomen  was  moderately  distended, 
soft,  and  on  palpation  revealed  a  fixed  non-tender  mass  filling  the  right  upper  and  lower 
quadrants.  There  was  no  rigidity  or  muscle  spasm.  The  rectal  examination  was  negative. 
Vomiting  persisted.  A  retro-peritoneal  or  intra-abdominal  neoplasm  was  suspected. 
Abdominal  puncture  in  the  left  lower  quadrant  was  negative. 

Laboratory  Data:  The  urine  was  negative.  The  hemoglobin  was  80  per  cent  and  white 
blood  cell  count,  5,200.  The  Wassermann  was  known  to  be  negative  on  his  previous  ad- 

missions, and  an  additional  one  taken  on  this  admission  was  also  negative.  A  flat  plate  of 
the  abdomen  was  negative  for  free  air,  x-ray  opaque  calculus,  or  any  evidence  of  mechanical 
obstruction.  The  chest  plate  showed  evidence  suggestive  of  pneumonic  infiltration  in  the 
right  lower  lobe  with  a  small  amount  of  fluid  in  the  right  pleural  cavity.  The  patient 
was  observed  for  several  days,  during  which  time  he  ran  a  low-grade  temperature  ranging 
between  98.8°F.  and  101  °F.  The  abdominal  pain  persisted,  controlled  by  an  occasional 
dose  of  codeine  or  morphine.  The  hemoglobin  gradually  dropped  to  63  per  cent  but  the 
leucocyte  count  persisted  at  a  low  level,  6000  with  71  per  cent  polymorphonuclear  cells. 
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The  urea  nitrogen  was  21  mg.  per  cent.  The  abdominal  mass  became  more  clearly  defined, 
distinctly  oval,  smooth,  fixed,  and  occupied  the  right  flank.  An  intravenous  pyelogram 
taken  July  9th  showed  a  normal  left  urinary  tract.  The  right  kidney  was  displaced  mesially 
and  downward  with  incomplete  filling  of  the  pelvis  and  calyces.  The  right  psoas  muscle 
margin  was  indistinct.  A  barium  oncma  excluded  any  intrinsic  lesion  in  the  colon.  He 
was  seen  in  consultation  by  the  I'rological  Service  on  July  12  at  which  time  the  abdominal findings  were  confirmed.  Cystnscdpy  was  negative.  A  right  retrograde  pyelogram  again 
showed  the  mesial  and  downward  disphicement  of  the  kidney  by  a  mass  above  it  suggestive 

Fig.  1.  Retrograde  pyelogram  showing  mesial  and  downward  displacement  of  the  kidney 

of  upper  pole  renal  or  retroperitoneal  tumor  (fig.  1).  On  July  16, 1943,  under  cyclopropane 
anaesthesia,  the  right  kidney  was  explored  through  a  typical  lumbar  oblique  incision, 
including  partial  resection  of  the  12th  rib,  A  large,  tense,  hemorrhagic  looking  globular 
mass  was  exposed,  reaching  well  up  under  the  diaphragm,  extending  to  the  mid-line  and 
displacing  the  kidney  downward  to  the  right  iliac  fossa.  It  appeared  to  be  intimately 
connected  with  the  parietal  peritoneum  and  renal  capsule.  During  the  process  of  mobiliza- 

tion, the  mass  was  entered  into  and  about  8  ounces  of  thick,  old  blood  was  liberated.  At 
this  stage  it  was  impossible  to  differentiate  between  a  hemorrhagic  lesion  of  the  adrenal 
or  one  related  to  the  renal  capsule.    The  kidney,  together  with  the  major  portion  of  the 
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tumor  mass  including  a  segment  of  adherent  parietal  peritoneum,  was  removed  and  the 
wound  closed  with  drainage. 

Pathological  repo>i:"The  specimen  consists  of  resected  right  kidney  with  capsule  stripped 
previouslj'  and  only  attached  to  kidney  hilus.  The  capsule  is  markedly  thickened,  measur- 

ing up  to  2  cm.  The  pericapsular  tissue  shows  a  moderate  amount  of  fat  and  otherwise  is 
dark  red,  moderately  firm  and  moist  suggesting  a  hemorrhage.  Within  this  tissue,  a  portion 
of  adrenal  can  be  seen  showing  golden  yellow  cortical  tissue.  The  medulla  cannot  be 
made  out.  The  inner  surface  of  the  kidney  capsule  is  smooth  and  bluish  red  in  color. 
The  kidney  surface  is  smooth  except  for  a  few  flat,  irregular  depressions  measuring  up  to 
0.5  cm.  On  section,  the  kidney  parenchyma  is  pale.  The  ratio  is  normal.  The  cortical 
medullary  demarcation  is  fairly  distinct.  At  a  depressed  area  there  is  slight  atrophy  of 
the  cortex  due  to  scarring.  The  pelvis  and  calyces  are  not  dilated.  The  mucosa  of  the 
pelvis  shows  patchy  hemorrhages.  There  is  a  segment  of  5  cm.  of  ureter  which  is  not 
dilated  and  also  shows  hemorrhages.  The  large  branches  of  the  renal  artery  show  a  smooth 
intima  and  a  slightly  thickened  wall.    The  vein  is  not  unusual. 

Sections  show  necrosis  of  adrenal  with  massive  hemorrhage  and  early  organization 
into  perirenal  and  retroperitoneal  fat  tissue.    Arterio-sclerosis  of  adrenal." 

Post-operative  Course:  The  patient  made  an  uneventful  post-operative  recovery,  leaving 
the  hospital  two  weeks  after  operation.  At  no  time  was  there  any  evidence  of  adrenal 
insufficiency.  The  blood  pressure  at  time  of  discharge  was  140  systolic  and  88  diastolic. 
A  check-up  x-ray  of  the  chest  showed  complete  resolution  of  the  pneumonic  process.  When 
last  seen  on  November  18,  1944,  he  was  in  fairly  good  physical  condition.  The  blood 
pressure  168  systolic  and  108  diastolic. 

COMMENT 
This  case  is  the  second  on  record  at  The  Mount  Sinai  Hospital.  The  first 

was  one  observed  by  Dr.  A.  Hyman  (3).  The  patient  had  hypertensive  arterio- 
sclerotic cardio-vascular  disease  with  hemorrhage  into  the  left  adrenal. 

Hall  and  Hemken  (2)  found  thrombosis  of  the  adrenal  vein  the  most  frequent 
cause  of  hemorrhage  into  the  adrenal  in  adults.  It  is  more  likely  to  occur  in 
persons  with  chronic  heart  disease,  long-standing  tuberculosis  or  during  the 
course  of  an  acute  infectious  disease. 

According  to  Arnaud  (1)  there  arc  three  clinical  types  of  adrenal  hemorrhage  in 
adults: 

1.  The  peritoneal  type  with  abdominal  pain  and  vomiting; 
2.  The  asthenic  type  characterized  by  asthenia  alone  leading  to  death; 
3.  The  nervous  type  in  which  the  patient  is  found  in  coma  or  delirium  with 

only  bilateral  adrenal  hemorrhages  discovered  at  post  mortem. 
Lavenson  (1908)  (5)  added  a  type  in  which  sudden  death  occurs  with  no  ascer- 

tainable cause.    Bilateral  adrenal  hemorrhages  are  found  at  post  mortem. 
It  is  difficult  and  usually  impossible  to  recognize  the  existence  of  an  adrenal 

hematoma  during  life. 
Keele  (4),  based  on  a  study  of  the;  clinical  manifestations  in  his  and  thirteen 

other  reported  cases,  listed  the  following  signs  and  symptoms  constituting  a 
syndrome  of  adrenal  infarction  in  adults: 

Abdominal  pain,  gradual  in  onset,  increasing  in  severity,  non-radiating,  defi- 
nitely localized  to  the  upper  quadrant  external  to  the  umbilicus  and  about  2 

inches  below  the  cost;il  m;irgin; 
Localized  tenderness  over  the  aforementioned  ai'ea; 
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Absence  of  abdominal  rigidity; 
Vomiting,  copious  and  at  times  projectile  suggesting  intestinal  obstruction; 
Absence  of  fever  and  of  an  accelerated  pulse  rate; 
Absence  of  shock; 
Laparotomy  fails  to  reveal  the  cause  until  the  adrenals  are  explored. 
With  extension  of  hemorrhage  into  the  perirenal  tissues,  the  classical  signs 

of  spontaneous  perirenal  hemorrhage  make  their  appearance.    They  are : 
1.  Sudden  sharp  pain  in  the  kidney  region  and  upper  abdomen,  followed  by 

nausea,  vomiting,  abdominal  distention,  and  other  signs  of  peritoneal  irritation 
simulating  intestinal  obstruction,  usually  without  fever. 

2.  Pallor,  prostration,  and  other  signs  of  internal  hemorrhage  together  with 
the  appearance  of  a  perceptibly  enlarging  tumor  mass  in  the  loin  makes  the 
diagnosis  certain. 

The  rarity  of  this  condition  however  causes  the  most  typical  cases  to  go  un- 
recognized. In  the  few  instances  where  spontaneous  perirenal  hemorrhage 

was  correctly  diagnosed  preoperatively,  it  was  made  by  individuals  who  had 
previously  seen  a  similar  case. 

In  the  series  reviewed  by  Keele  (4),  four  of  the  ten  cases  died  in  less  than 
twenty-four  hours.  In  the  others,  symptoms  lasted  from  thirty -six  hours  to 
several  months.  Arnaud  (1)  quotes  a  case  in  which  a  cyst  weighing  four  pounds 
was  found  at  post  mortem. 

The  prognosis  is  dependent  entirely  on  the  treatment.  Based  on  the  findings 
by  Meyer  and  Singer  (6)  and  Polkay  and  Vynolek  (7)  conservative  treatment, 
when  the  presenting  signs  are  those  of  spontaneous  perirenal  hemorrhage, 
almost  invariably  results  in  a  fatal  outcome.    Surgery  offers  the  only  hope. 
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About  fourteen  years  ago,  the  late  Professor  Breasted,  head  of  the  Oriental 
Institute  of  the  University  of  Chicago,  pubHshed  a  translation  of  a  surgical 
papyrus,  the  original  text  of  which  was  believed  to  antedate  the  Ebers  papyrus 
and  very  probably  to  have  been  written  somewhere  between  4,000  and  5,000 
years  ago.  Following  Breasted's  publication,  a  number  of  papers  concerning 
the  Papyrus  appeared.  Most  of  them  were  written  by  orientalists  and  mainly 
dealt  with  the  meaning  of  Egyptian  medical  teiTns  found  in  the  document. 
Although  much  of  what  will  be  described  in  the  present  article  is  not  new,  it 
may  be  Avorth  while  to  give  a  short  account  of  the  injuries  and  diseases  men- 

tioned in  the  papyrus — especially  from  the  medical  and  surgical  viewpoint. 
The  Edwin  Smith  papyrus  consists  of  a  text  and  of  commentaries  added  by 

some  ancient  writer  a  few  centuries  after  the  original  had  been  Avritten.  Many 
of  the  terms  employed  in  the  document  were  no  longer  clear  to  the  Egyptian 
reader  of  a  remote  day  so  that — several  centuries  after  the  first  text  had  been 
written — explanatory  notes  were  added  and  incorporated  in  the  body  of  the 
document  by  an  ancient  commentator.  The  entire  document  must  already 
have  been  old  in  the  17th  century  B.C.  when  the  copy  that  has  come  down  to  us 
was  made. 

The  papyrus  contains  the  earliest  known  records  of  human  anatomy  and  physi- 
ology and  of  the  symptoms  and  treatment  of  injuries  to  the  head,  neck,  spine 

and  chest.  Unfortunately,  the  scribe,  who  some  time  during  the  17th  century 
B.C.  made  the  copy  which  has  come  down  to  us  from  the  old  manuscript  of  the 
original  author's  text  and  ancient  commentaries,  did  not  complete  his  work. 
He  stopped  in  the  middle  of  a  case  and  thus  lost  to  us  a  part  of  the  ancient  treatise 
which  probably  contained  a  description  of  injuries  to  the  abdomen  and  to  the 
lower  limbs. 

The  subject  matter  is  arranged  in  an  orderly  manner,  beginning  with  the  head 
and  passing  successively  to  the  nose,  maxilla,  temporal  region  and  ear,  lips, 
chin,  cervical  vertebrae,  clavicles,  humerus,  breast,  steriiocostal  articulations, 
ribs  and  thoracic  vertebrae. 

ANATOMICAL  TERMS  FOUND  IN  THE  PAPYRUS 

The  anatomical  terms  used  in  the  papyrus  are  often  drawn  from  commonly 
observed  objects,  and  are  used  to  render  anatomical  desciiptions  more  clear. 
Many  modern  anatomical  teiTns  have  a  similar  origin — e.g.,  pons  Varolii,  head 
of  the  femur,  vermiform  appendix,  etc. 

1.  The  word  "brain"  is  designated  as  the  "marrow  of  the  skull",  and  the 
cerebral  convolutions  are  likened  to  the  rippled  surface  of  metalHc  slag  on  the 
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top  of  molten  copper  A\hile  it  is  cooling;.  The  word  "l^rain"  is  found  seven 
times  in  the  Smith  papyi'us  aiul  is  of  fjrc^at  intcix'st  because  it  is  the  earliest  refer- 

ence to  that  organ  anywiieic  in  liumaii  records  (l^rcasted).  The  fact  that  a 
word  for  brain  was  not  known  at  the  time  wlien  the  original  text  of  the  papyi-us 
was  written  is  an  item  of  evidence  to  suppoi  t  the  I^elief  of  the  extreme  antiquity 
of  the  document  from  \\  h\c]\  our  copy  was  made  in  the  17th  century  B.C.  The 
process  of  embalming  of  llie  dead  goes  back  to  the  Old  Kingdom  mummies,  but 
at  that  lemote  period  the  bruin  was  not  disturbed  by  the  embalmers  (Elliot 
Smith),  and  it  is  po8sil)l(»  that  at  that  time  the  organ  was  not  known.  Some- 

where between  the  13th  and  the  18th  Egyptian  dynasties  (1780  to  1350  B.C.), 
the  embalmers  began  to  remove  the  Ijrain  thiough  the  nose  by  means  of  some 
kind  of  instrument  after  ])erforation  of  the  cribriform  plate  of  the  ethmoid  bone. 
At  that  period,  therefore,  there  must  have  been  some  word  for  "brain." 

At  the  early  period  at  which  the  original  document  was  written,  the  spinal 
cord  appears  not  to  have  been  known.  In  the  Eg>'i>tiaii  gnimmar  of  Gardiner, 
published  in  1927  (i.e.,  before  the  api)earance  of  Breasted's  translation  of  the 
Smith  ])ai>yi  us)  there  is  no  term  for  "spinal  cord"  or  for  "nerve."  The  peripheral 
nerves  must  have  been  seen  by  the  ancient  i)hysicians  but  before  the  3rd  century 
B.C.  a  distinctif)!!  was  not  made  tietween  nerves,  tendons  and  bloodvessels. 
Two  of  tlie  Alexandrine  anatomists,  llerophilus  and  Erisistratus,  are  usually 
given  the  credit  of  having  first  distinguished  between  nerves  and  bloodvessels 
and  of  ha\  ing  demonstrated  that  there  is  a  connection  between  the  brain,  the 
spinal  cord  and  the  peripheral  nerves. 

In  one  of  the  cases  described  in  the  Papyrus  (Case  6)  there  is  to  be  found  the 
first  mention  of  the  meninges  ("the  meml)rane  enveloping  the  brain"),  and  of 
the  cerel)rospinal  fluid. 

These  three  words — brain,  meninges  and  cerebrospinal  fluid — are  the  only 
terms  referring  to  the  ner\'ous  system  or  its  coverings  to  be  found  in  the  papyrus. 

2.  There  are  many  refei-ences  to  the  o.s,sco/<.s  system  and  to  the  following  bones: 
Skull 

Temporal 
Frontal 
Xasal 
^Maxilla 
Mandible 

Vertebrae 
Clavicle 
Scapula 
Sternum 
Ribs 
Humerus 

Of  the  48  cases  described  in  the  papyrus,  19  deal  with  injuries  to  the  bones 
of  the  skull.  In  nine  of  these,  the  skull  is  spoken  of  without  reference  to  any 
particular  part  of  the  cranial  l)ones,  but  iri  one  instance  the  frontal  bone  and  in 
five  cases  the  temporal  bone  are  specifically  mentioned.  The  word  used  for 
temple  is  to  be  found  22  times  in  the  i)apyrus  but  in  most  of  the  cases  it  is  not 
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used  to  describe  the  temporal  bone  as  such  but  the  temporal  region.  The  word 
used  for  "temple"  or  "tempoi'al  region"  is  not  to  be  found  in  any  hitherto  dis- 

covered document;  it  appears  to  be  entirely  new  and  an  ancient  commentator 
deemed  it  necessary  to  add  a  note  on  its  meaning. 

The  earliest  mention  of  the  cranial  sutures,  in  the  history  of  anatomy,  is  found 
in  the  Smith  papjTUs,  and  here  again  the  ancient  commentator  considered  it 
necessary  to  add  an  explanatory  note  regarding  the  term  used. 

In  two  cases  (Cases  6  and  8)  there  is  a  reference  to  the  fontanelles — "the  weak 
place  in  an  infant's  crown  before  it  becomes  whole."  It  is  not  surprising  that 
these  structures  Avere  known,  for  Egyptian  mothers  and  others  must  ha-\-e  been 
acquainted  with  the  fontanelles  of  new  born  babies. 

The  following  statements  regarding  some  of  the  bones  deserve  mention:  The 
term  used  for  the  clavicle  or  collar  bone  is  a  new  word  not  found  in  any  other 
papyrus  (Breasted).  In  our  document  it  is  called  "sickle  bone."  According 
to  the  papyrus,  the  heads  of  the  sickle  bones  are  attached  to  "the  upper  bone 
of  the  breast," — i.e.,  to  the  manubrium  of  the  sternum. 

In  several  cases  of  injury  to  the  inferior  maxilla,  the  two  rami  and  the  temporo- 
maxillary  articulations  are  referred  to,  the  connection  of  the  inferior  maxilla 
with  the  temporal  bone  being  likened  to  the  grasp  of  the  claw  of  a  two-toed  bird 
— the  condyloid  and  coronoid  processes  being  compared  to  a  bird's  claws. 

In  regard  to  the  spine,  the  text  makes  it  clear  that  the  ancient  author  appre- 
ciated that  the  spinal  column  is  made  up  of  a  number  of  vertebrae  joined  to- 
gether by  hgaments.  A  distinction  is  made  between  the  cervical  A^ertebrae 

"the  vertebrae  of  the  neck"  and  the  thoracic  vertebrae,  the  "backbone." 
In  addition  to  the  temporomaxillary  and  sternoclavicular  articulations,  the 

joints  between  the  vertebrae  and  those  between  the  ribs  and  the  sternum  are 
referred  to  in  the  papyrus. 

3.  The  papyrus  does  not  contain  any  clear  reference  to  the  muscles.  This  is 
rather  surprising  because  in  many  instances  of  injuries  to  the  limbs  by  battle 
axe,  muscles  must  have  been  exposed.  In  a  case  of  wound  of  the  skull  (^Case  7) 
with  meningeal  symptoms,  the  text  contains  an  interesting  passage:  "a  gaping 
wound  in  the  head,  penetrating  to  the  bone,  .  .  .  the  cord  of  his  mandible  is 
contracted."  The  ancient  author  gives  a  commentary  on  the  meaning  of  the 
words  "cord  of  his  mandible"  and  explains  that  they  refer  to  the  ligaments  at  the 
end  of  the  ramus  Avhich  are  fastened  to  the  temporal  bone.  Breasted  believed 
that  the  temporal  muscles  are  here  referred  to,  and  if  this  is  the  correct  inter- 

pretation it  is  the  only  mention  of  a  muscle  in  the  Smith  Papyrus.  However, 
to  the  writer  it  seems  equally  possible  that  the  reference  is  not  to  a  muscle  but 
to  a  ligament  or  to  ligaments. 

4.  As,  in  those  remote  times,  a  distinction  was  not  made  between  tendons, 
ligaments  and  bloodvessels,  the  papyrus  does  not  contain  references  to  the 
vascular  system.  However,  in  the  ancient  commentary  to  case  1  there  is  a  re- 

markable discussion  of  the  action  of  the  heart  and  of  the  methods  of  feeling 
(counting?)  the  pulse.  In  a  commentary  there  is  a  statement  that  there  are 
canals  from  the  heart  to  the  head  and  the  upper  and  lower  hmbs. 
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SYMPTOMS  DESCRIBED  IN  THE  SMITH  PAPYRUS 

Forty-eight  cases  are  described  in  the  text  of  the  papyrus  but  the  statements 
regarding  symptoms  and  physical  signs  are  very  brief.  The  complete  list  of 
cases  is  as  follows: 

Case  no. njuries  to  I  e  lea 
1 Wound  penetrating  to  the  bone 
2 Wound  penetrating  to  the  bone 
3 Wound  penetrating  to  the  bone  and  perforating  the  skull 4 Wound  penetrating  to  the  bone  and  splitting  the  skull 5 Wound  with  compound  comminuted  and  depressed  fracture  of  the  skull 6 Wound  with  compound  fracture  of  the  skull  and  rupture  of  the  membranes 7 Wound  penetrating  to  the  bone  and  perforating  the  sutures 8 Comminuted  fracture  displaying  no  visible  external  injury' 9 AVound  in  forehead  producing  a  compound  comminuted  fracture  of  bon© 10 

Wound  of  the  eyebrow  penetrating  to  the  bone 
11 Broken  nose 
12 Fracture  of  the  nasal  bones 
13 Fracture  extending  from  the  nose  laterally  to  the  maxilla  and  (probably)  into 

the  base^ 14 Flesh  wound  in  one  side  of  the  nose  penetrating  into  the  nostril 15 Wound  of  the  cheek,  perforating  the  bone 16 Fracture  of  bone  in  the  region  of  the  maxilla  and  zygoma 17 Comminuted  fracture  in  the  region  of  the  maxilla,  perhaps  extending  into  the base 18 
Soft  tissue  wound  in  the  temporal  region 19 Perforation  or  fracture  in  the  temporal  region 

20 Compound  fracture  in  the  temporal  region 
21 Fracture  in  the  temporal  region,  probably  not  compound 
22 Compound  comminuted  fracture  of  the  temporal  bone 23 Wound  of  the  soft  tissues  of  the  ear 
24 Compound  (?)  fracture  of  the  mandible 25 Dislocation  of  the  mandible 
26 Wound  of  the  upper  lip  extending  into  the  mouth 
27 Wound  of  the  chin 

Injuries  oj  the  neck 
28 Perforating  wound  of  the  throat  penetrating  into  the  oesophagus 
29 Wound  of  the  neck  penetrating  into  a  vertebra 
30 Sprain  of  a  cervical  vertebra 
31 Dislocation  of  a  cervical  vertebra  with  loss  of  sensation  in  the  limbs 
32 Displacement  of  a  cervical  vertebra  without  other  symptoms 
33 Crushed  cervical  vertebra  with  impaction;  loss  of  sensation  in  limbs 
34 Dislocation  of  the  clavicles 
35 Fracture  of  the  clavicle 

Injuries  of  the  upper  limb 
36 Fracture  of  the  humerus 
37 Fracture  of  the  humerus  with  a  wound  of  the  soft  tissues 
38 Simple  fracture  of  the  humerus 

1  Erroneously  called  a  compound  fracture  by  Prof.  Breasted. 
2  Called,  by  Breasted,  a  compound  comminuted  fracture  in  the  side  of  the  nose,  but  he 

states  that  the  description  indicates  that  more  than  the  nostril  was  involved,  and  that  the 
uppermost  part  of  the  maxilla  must  have  been  affected  by  the  injury. 
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Injuries  of  the  chest 
39 Tumor  or  ulcer  of  the  upper  chest*^ 40 Wound  of  the  upper  chest 
41 Infected  wound  of  the  upper  chest 
42 Sprain  of  sternocosttil  cirticul«itions 
43 Disloccition  in  sternocost<il  cirticuliitions 
44 Fracture  of  ribs  (probably  compound) 45 Bulging  tumors  on  the  chest 
46 Abscess  pointing  on  the  chest 
47 Gaping  wound  in  the  shoulder 48 Sprain  in  a  spinal  vertebra 

In  14  of  the  48  cases  described  in  the  papyrus,  there  is  no  mention  of  any 
symptom  or  sign,  and  the  only  reference  to  the  lesion  is  given  in  the  title  of  the 
case.  In  the  remaining  34  cases  symptoms  and  signs  of  the  injuries  are  referred 
to  in  more  or  less  detail. 

In  fractures  of  the  cranial  bones  and  other  injuries  of  the  head,  a  swelling  at 
the  site  of  the  injury  is  mentioned  a  few  times  (in  Cases  4,  5,  15,  16,  21)  while 
local  swelling  is  mentioned  in  a  case  of  fracture  of  the  humerus  (Case  38)  and  in 
three  cases  of  affections  of  the  upper  part  of  the  chest  (Cases  39,  45,  46)  in  one 
of  which  it  appears  probable  that  the  swelling  was  due  to  an  abscess.  Stiffness 
of  the  neck  (inability  to  bend  the  head  forward  on  the  chest  "to  look  at  the 
shoulders  and  the  chest")  is  mentioned  in  nine  of  fourteen  cases  of  fracture  of  the 
vault  of  the  skull,  in  one  case  of  wound  of  the  neck  (Case  29)  and  in  one  of  dis- 

placement of  a  cervical  vertebra  (Case  32)  but  it  is  not  mentioned  in  three  other 
instances  of  injury  to  a  cervical  vertebra. 

Bleeding  from  the  two  nostrils  and  the  two  ears  is  described  in  four  cases  of 
fracture  of  the  skull  (Cases  4,  5,  7,  8)  and  bleeding  from  the  nose  alone  in  two 
cases  of  fracture  of  the  skull  and  two  of  broken  nose  (Cases  6,11,12,  20) .  Hemor- 

rhage from  nose  and  ear  of  one  side  is  mentioned  in  two  cases  of  probable  fracture 
of  the  base  of  the  skull  and  one  of  fracture  in  the  temporal  region  which  may  have 
extended  into  the  base  of  the  skull  (Cases  13,  17,  21). 

Disfigurement  of  the  injured  part  is  casually  specified  in  a  few  cases — in  two 
cases  of  fracture  of  the  nasal  bones  in  which  the  nose  is  described  as  "bent"  or 
"disfigured." 

In  the  majority  of  instances,  signs  and  symptoms  are  mentioned  without 
much  description  but  in  a  few  cases  there  is  more  detail.  Thus  in  one  case  of 
penetrating  wound  of  the  head  (Case  7)  the  author  states  that  the  patient  may 
be  in  a  state  with  clammy  sweat  and  feeble  heart  action  or  he  may  have  fever 
and  his  face  be  congested.  In  a  case  of  comminuted  fracture  of  the  skull,*  a 
remarkable  description — for  those  ancient  times — is  given  of  cerebral  hemi- 

plegia (Case  8).  "His  eye  is  askew  on  the  side  ...  of  the  injury  of  the  skull, 
and  he  walks  shuffling  with  his  sole  on  the  same  side."    It  is  not  clear  whether 

3  As  explained  by  Prof.  Breasted,  the  word  breast  does  not  mean  the  mammary  gland 
but  it  indicates  the  soft  tissues  of  the  upper  part  of  the  chest  and  over  the  sternum.  For 
this  reason,  I  have  called  lesions  in  this  location  lesions  of  the  upper  chest  rather  than  of 
the  breast  (as  done  by  Breasted). 

*  As  already  mentioned,  this  case  was  erroneously  described  by  Prof.  Breasted  as  one  of 
compound  comminuted  fracture  of  the  skull  displaying  no  evidence  of  external  injury. 
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tliis  is  a  case  of  recent  or  old  injury ;  the  description  of  what  appears  to  be  a  partly 
paralyzed  and  spastic  lower  limb  (and  in  a  commentary  also  the  upper  limb) 
makes  one  suspect  that  the  injury  was  not  a  fresh  one.  The  ancient  author's 
statement  that  both  the  affected  e\^eball  and  the  in^'olved  lower  extremity  are 
on  the  same  side  as  that  of  the  injury  to  the  head,  led  Breasted  to  the  conclusion 
that  the  case  was  one  of  fracture  with  contrecoup  symptoms.  It  is  doubtful 
whether  the  mechanism  by  which  ipsilateral  pyramidal  symptoms  are  produced 
in  some  skull  injuries  can  be  explained  bj'  contrecoup  fracture;  aside  from  this 
it  is  of  no  little  interest  that  the  ancient  author  should  have  mentioned  the 
occurrence  of  paralysis  on  the  same  side  as  that  of  the  skull  injury.  Of  course, 
this  does  not  justify  the  conclusion  that  the  ancient  author  was  aware  of  the 
fact  that  after  a  skull  injury,  paralysis  of  the  limbs  usually  occurs  on  the  side 
opposite  to  that  of  the  bone  injury. 

In  this  case,  there  is  another  statement  which  is  of  very  great  interest.  The 
authors  cautions  the  reader  that  the  symptoms  (disturbance  in  the  power  of  the 
lower  limb,  etc.)  are  not  due  to  a  seemingly  spontaneous  formi  of  disease — i.e., 
some  internal  cause — but  due  to  what  may  be  termed  an  external  cause — i.e., 
the  injury  to  the  skull.  One  may  draw  the  conclusion  that  the  ancient  author 
knew  that  similar  disturbances,  i.e.,  weakness  of  a  limb,  etc.,  might  be  caused 
by  an  internal  disorder.  Therefore,  we  may  suspect  that  he  knew  something 
of  the  symptoms  of  what  we  call  cerebral  hemorrhage  or  cerebral  thrombosis. 

Loss  of  ability  to  speak  is  mentioned  in  five  cases  (Cases  13,  17,  20,  22,  33). 
Without  making  any  reference  to  the  learned  discussion  by  Dr.  Breasted  of  the 
meaning  of  the  Egyptian  word  used  to  describe  loss  of  speech,  it  appears  to  the 
present  writer  that  the  loss  of  ability  to  speak  was  due  to  various  causes — in  one 
case  on  account  of  pain  and  a  resulting  difficulty  in  opening  the  mouth,  in 
another,  to  actual  aphasia,  and  in  still  another,  the  individual  was  speechless 
because  he  was  unconscious. 

There  is  nothing  in  the  papyrus  that  would  justify  the  belief  that  the  spinal 
cord  was  known  as  an  anatomical  structure  in  those  ancient  times,  but  in  two 
cases  (Cases  31,  33)  there  is  evidence  that  the  ancient  author  knew  that  the 
symptoms  due  to  fracture  of  the  cervical  \  ertel)rae  might  include  loss  of  sensation 
(and  loss  of  power)  in  both  upper  and  lower  limbs  with  loss  of  control  of  the 
vesical  sphincter  and,  sometimes,  with  abdominal  distension  and  priapism. 

METHODS  OF  EXAMIXATION 

The  method  by  which  the  physician  makes  a  given  observation  is  often  not 
mentioned,  but  it  is  e^•ident  from  the  text  that  in  many  cases  such  an  examination 
is  presupposed  or  implied. 

JNIany  of  the  observations  were  made  by  inspection  and  in  a  few  eases  the 
reader  is  directly  instructed  to  inspect  the  wound.  In  other  instances  the 
patient  is  to  be  told  to  follow  directions.  For  example,  in  order  to  learn  whether 
the  patient  has  a  stiff  neck  (Cases  3, 4,  5,  8, 19,  29,  32)  or  in  order  to  learn  whether 
the  movement  of  the  neck  is  painful  (Case  30)  it  is  implied  or  the  patient  is  to  be 
actually  instructed  to  look  at  his  chest  and  shoulders — i.e.,  to  flex  the  head  on 
the  chest. 
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In  a  large  number  of  the  cases,  the  ancient  author  instructs  his  reader  to  pal- 
pate the  wound.  In  other  cases  the  palpation  of  the  wound  is  implied, — as  when 

crepitation  is  felt  in  fractures  of  the  cranial  bones,  the  inferior  maxilla,  the 
humerus  or  the  ribs.  Palpation  of  the  wound  is  evidently  recommended  in 
order  to  determine  whether  underlying  bone  has  been  injured  (Cases  1,  2,  18, 
27,  etc.)  or  whether  there  is  a  depression  of  bone  (e.g..  Case  5).  The  presence 
of  crepitus  when  the  injured  part  is  examined  is  mentioned  in  a  case  of  fracture 
of  the  nasal  bones,  one  of  the  upper  maxilla,  the  lower  jaw,  the  humerus  and  the 
ribs. 

The  conclusions  to  be  arrived  at  from  the  implied  examination  are  discussed 
in  many  of  the  cases.  Thus,  the  result  of  palpation  of  a  scalp  wound  will  dis- 

close whether  the  bone  is  uninjured  or  whether  it  is  fractured,  whether  or  not  a 
fracture  is  depressed  or  there  is  a  bony  defect  so  that  pulsating  brain  can  be  felt. 
The  inabUit.y  of  the  patient  to  close  his  mouth  after  an  injuiy  to  the  jaw  is  evi- 

dence that  the  mandible  is  dislocated  and  that  the  dislocation  must  be  reduced. 
The  examination  of  a  wound  in  the  lip  will  show  whether  or  not  the  wound  is  a 
deep  one  and  has  penetrated  into  the  mouth.  If  a  wound  in  the  neck  has  pene- 

trated into  the  gullet  the  patient  will  choke  when  he  swallows  water  which  will 
escape  throiigh  the  wound. 

Examination  of  the  cervical  spine  A\  ill  demonstrate  ^\■hether  there  is  a  dis- 
location or  displacement,  or  whether  the  patient  has  a  crushing  fracture  so  that 

"one  vertebra  has  fallen  into  the  next  one."  In  a  remarkable  commentary  the 
ancient  author  explains  the  mechanism  of  a  crushing  fracture  of  the  vertebrae; 
he  states  that  "'his  falling  head  downward  has  caused  that  one  vertebra  crush 
into  the  next — which  means  that  he  has  fallen  head  downward  upon  his  head 
driving  one  vertebra  of  his  neck  into  the  next." 

The  ancient  .surgeon  also  appears  to  recognize  that  in  fractures  of  the  clavicle, 
the  bone  fragments  usually  override  so  that  the  bone  seems  shortened.  As  we 
shall  see,  he  gives  instructions  how  the  overriding  fragments  can  be  brought 
into  proper  relation  to  each  other. 

In  one  of  the  cases,  the  ancient  author  states  the  patient's  heart  may  be  beating 
feebly  (Case  7)  and  one  w  onders  by  what  method  of  examination  that  conclusion 
was  arrived  at.    Were  the  pulsations  of  the  apex  of  the  heart  transmitted  to  the 
chest  wall  felt  or  was  the  conclusion  reached  from  feehng  the  pulse?    In  Case  1 
the  ancient  commentator  explains  to  some  degree  what  is  meant  by  the  word 
"examination."    Apparently,  the  ancient  author  knew  that  by  placing  his 
hands  or  fingers  at  various  points  on  the  body  of  the  patient,  he  could  gain 

'    information  regarding  the  "action  of  the  heart,"  and  he  appreciated  that  no 
matter  where  located  the  injury  might  have  an  effect  upon  the  heart  and  that  the 

'    heart's  action  was  an  indication  of  the  patient's  general  condition.^ 
'       In  a  number  of  the  cases  (Cases  7,  24,  28,  39,  41,  47)  mention  is  made  of  the 
'    fact  that  the  patient  has  fever.    This  was  probably  determined  hy  palpation I 
P        ̂   It  is  beyond  the  scope  of  this  paper  to  discuss  the  question  whether  the  ancient  surgeon felt  the  strength  of  the  pulse  or  whether  ho  also  investigated  its  rate,  and  if  the  latter  was 
"    the  case,  the  nature  of  the  instrument  used  for  time  measurements.    These  matters  are nterestingly  discussed  by  Prof.  Breasted. 
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of  the  surface  of  the  body  or  of  the  wound,  as  indicated  in  Case  39  where  the 
statement  is  made  that  the  patient  "is  hot  when  thy  hand  touches  him"  and  in 
Case  45:  he  is  very  cool  there  being  no  fever  at  all  .  .  .  "when  thy  hand  touches 
him." 

METHODS  OF  TREATMENT 

In  16  of  the  47  cases  which  are  described  in  the  Smith  Papyrus,  no  treatment 
of  any  kind  is  suggested, — in  most  of  these  sixteen  the  case  is  considered  hopeless. 
However,  in  a  few  instances  the  advice  is  given  to  pursue  a  waiting  policy  and  to 
begin  treatment  only  if  the  patient  shows  signs  of  improvement. 

In  five  cases  of  fracture  of  the  skull  (Cases  4,  7,  8,  17,  20)  in  one  of  maxillary 
fracture  (Case  16)  and  in  one  of  displacement  of  a  cervical  vertebra  (Case  32) 
the  advice  is  given  to  keep  the  patient  in  a  sitting  position  until  the  outcome  is 
clear — "until  he  has  reached  a  decisive  point."  The  ancient  author  does  not 
explain  why  the  sitting  position  is  recommended,  and  one  is  led  to  wonder  whether 
—especially  in  cases  of  cranial  injuries — this  position,  which  would  tend  to 
diminish  intracranial  pressure,  had  been  found  clinically  to  be  of  advantage. 

Whenever  treatment  is  recommended  it  is  either  by  topical  I'emedies  or  by 
surgical  procedures  or  a  combination  of  both  of  these. 

Treatment  by  topical  applications  or  remedies.  In  a  number  of  instances  of 
wounds,  the  reader  is  advised  to  apply  fresh  meat  at  first  and  later  to  apply  lint 
soaked  in  grease  or  honey  held  against  the  affected  part  by  bandages.  The 
substances  preferred  for  wound  dressings  appear  to  be  fresh  meat  as  a  pre- 

liminary followed  by  grease,  honey  or  an  unknown  substance.  The  application 
of  fresh  meat  to  wounds  gives  rise  to  the  speculation  whether  the  meat  (muscle) 
may  have  been  used  for  its  hemostatic  effect.  This  is  reminiscent  of  the  com- 

paratively recent  lay  custom  to  apply  meat  to  the  ordinary  "black  eye." 
These  substances  were  to  be  bandaged  on  the  affected  part  and  the  dressings 

changed  daily.  In  several  cases  of  fracture  of  the  nasal  bones  plugs  of  lint  soaked 
in  grease  are  to  be  introduced  into  the  nasal  passages  after  blood  clots  have  been 
removed. 

In  a  case  of  inflamed  wound  of  the  chest  wall  (Case  41)  topical  applications  to 
cool  and  dry  up  the  wound  followed  by  poultices  are  advised,  while  in  a  case  of 
possible  abscess  of  the  chest  wall  (Case  46)  cooling  applications  followed  by 
astringents  and  by  poultices  are  recommended.  ^Nlost  of  the  ingredients  used 
for  the  applications  are  not  identified,  although  Breasted  mentions  willow  (sah- 
cin)  acacia,  sycamore  and  some  mineral  substances.  In  only  one  case  (Case  9) 
is  there  a  recipe  for  external  application  accompanied  by  the  instruction  to  repeat 
a  magical  charm  when  the  remedy  is  being  applied.  Prof.  Breasted  beheves 
that  this  is  a  case  from  one  of  the  so-called  recipe  papi/ri  \vliich  has  in  some  way 
found  its  way  into  this  surgical  treatise.  The  Imt  tliat  a\  as  used  for  the  topical 
applications  was  made  of  some  vegetable  tissue  and  was  held  on  by  means  of 
bandages.  The  embalmei-s  were  skillful  in  making  and  applying  bandages, 
and  according  to  Breasted,  Elliot  Smith  and  others,  it  is  probable  that  linen 
bandages  for  surgical  use  were  also  made  by  embalmers. 
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Surgical  Treatment.  In  seven  cases  (Cases  3,  10,  14,  23,  20,  28,  and  47)  the 
ancient  author  advises  that  the  edges  of  a  wound  should  be  drawn  together  by 
stitching.  Breasted  states  that,  as  far  as  is  known  to  us,  this  is  the  first  mention 
in  ancient  surgery  of  the  use  of  sutures,  and  he  goes  to  some  length  to  explain 
his  conclusion  that  the  word  used  by  the  ancient  author  really  means  "stitching." 
In  some  instances,  the  ancient  author  speaks  of  drawing  together  the  edges  of  a 
wound  by  stitching  and  further  he  advises  that  if  the  stitches  have  become 
loosened,  that  the  wound  edges  should  be  approximated  by  .strips  of  adhesive 
linen.  It  is  probable  that  sticky  re.sin  which,  as  we  know,  was  much  used  in  the 
process  of  embalming,  was  applied  to  the  linen  strips. 

Treatment  of  Fractures.  The  success  of  Egyptian  surgery  in  immobilizing 
fractured  bones  has  been  demonstrated  by  the  large  number  of  well  united  frac- 

tures found  in  ancient  skeletons.  Many  illustrations  have  been  published  by 
Elhot  Smith  which  show  that  splints  covered  by  linen  were  used  for  the  immobiliza- 

tion of  the  affected  limbs.  The  Smith  papyrus  contains  only  a  few  statements 
regarding  the  reduction  of  fractures  and  their  immobilization  by  splints,  but — ■ 
because  they  show  that  the  ancient  surgeons  had  .some  idea  of  the  mechanism 
by  which  fractures  .should  be  reduced  and  the  bone  fragments  held  in  place — 
these  statements  are  of  no  little  interest. 

Cases  10  and  11  are  instances  of  fracture  of  the  nasal  bones.  The  nasal  pas- 
sages are  first  to  be  cleaned  of  blood;  then  a  plug  of  linen  saturated  with  grease 

is  to  be  introduced  into  each  nasal  pa.ssage  and  stiff  rolls  of  linen  applied  on  the 
outside  of  the  nose.  If  the  nose  is  bent  and  disfigured,  the  deformity  should  be 
reduced  before  the  plugs  of  greased  linen  are  inserted  and  the  stiff  rolls  of  linen 
applied  on  the  outside.  Essentially,  this  is  the  modern  method  of  treatment  of 
fracture  of  the  nasal  bones  with  deformity  of  the  nose. 

Case  35  is  one  of  fracture  of  the  clavicle.  The  patient  is  to  be  placed  fiat  on  his 
back  with  something  folded  between  his  shoulder  blades.  Then  the  shoulders 
are  bent  backwards  and  spread  in  order  that  the  bone  fragments  are  stretched 
apart  until  the  deformity  is  reduced.  Then  two  splints  are  to  be  applied  to  the 
upper  arm, — one  on  the  inner  .side  and  the  other  on  the  under  side.  Topical 
remedies  are  to  be  applied  and  the  .splints  kept  in  place  by  bandages. 

In  fractures  of  the  humerus  (Cases  36  and  37)  the  patient  is  to  be  placed 
"prostrate  on  his  back  with  something  folded  between  his  two  .shoulder  blades." 
The  shoulders  are  to  be  spread  out  .so  that  the  upper  arm  is  stretched  out  and 
the  ends  of  the  bone  fragments  fall  into  normal  relation  to  each  other.  Two 
splints  are  then  to  be  applied — one  on  the  inner  and  the  other  on  the  under  sur- 

face of  the  arm — and  these  are  to  be  held  in  place  by  bandages. 
With  only  a  little  left  to  the  imagination,  the  modern  reader  may  gather  that 

for  those  remote  times,  the  ancient  author  had  a  remarkable  understanding  of 
the  treatment  of  fractures. 

Likewise,  although  the  evidence  is  meagre  (one  case:  no.  25),  one  may  con- 
clude that  the  treatment  of  .some  dislocations  was  also  a  rational  one.  The 

method  for  the  reduction  of  a  dislocation  of  the  lower  jaw  (Case  25)  is  that 
which  is  still  in  use:  The  bone  is  grasped  between  the  two  thumbs  introduced 
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into  the  mouth  and  the  other  fingers  on  the  outside  under  the  chin,  and  the  dis- 
location is  reduced.  It  is  probable  that  the  manipulation  by  which  the  articular 

surfaces  were  brought  back  into  their  normal  position  was  similar  to  that  used 
today.  In  a  case  of  dislocation  of  the  clavicles,  the  ancient  author  does  not 
state  how  the  dislocation  is  to  be  reduced  but  he  makes  a  distinction  between  a 
forward  dislocation  which  is  reducible  and  a  backward  dislocation  with  an  ex- 

ternal wound  which  is  a  hopeless  condition. 
The  only  other  s\u'gical  procedure  mentioned  in  the  papyrus  is  in  the  discussion 

of  a  case  of  post-traumatic  (?)  boil  or  abscess  or  ulcer  on  the  chest  wall.  Here, 
the  author  recommends  that  the  affected  part  should  be  treated  with  the  "fire 
drill."  Breasted  concluded  that  the  procedure  was  cauterization  of  the  area. 
However,  it  seems  to  the  present  writer  that  the  condition  may  well  have  been 
an  abscess  because  in  the  same  paragraph-  in  which  the  "cauterization"  is  ad- 

vised, the  ancient  author  states  that  one  should  not  prevent  the  lesion  opening  of 
itself  for  "every  sore  that  opens  of  itself  dries  up  as  soon  as  it  is  open." 

COMMENT 
There  is  a  striking  difference  between  the  surgery  of  the  Smith  papyrus  and 

the  medical  therapy  of  the  ancient  papyri  thus  far  unearthed,  translated  and 
interpreted.  The  Smith  papyrus  demonstrates  that  at  a  period  in  which  in- 

ternal medicine  was  still  demonic  and  interwoven  with  magic  and  incantations, 
surgical  lesions  were  already  accurately  observed  and  in  many  cases  a  rational 
therapy  was  advised.  In  only  one  case  in  the  entire  papyrus — a  case  of  fracture 
of  the  skull — the  treatment  consists  of  a  curious  mixture  of  superstitions:  a 
poultice  for  drying  up  the  wound  is  to  be  made  from  the  egg  of  an  ostrich  and  a 
charm  is  to  be  said  over  the  wound.  The  treatment  of  this  case  is  unlike  that 
described  in  any  other  part  of  the  surgical  papyrus  and  reminds  one  of  what  is 
regularly  found  in  the  medical  papyri  of  a  later  age. 

The  Smith  papyrus  contains  the  earliest  known  references  to  the  brain,  to  the 
effects  of  a  cranial  injury  upon  the  power  of  the  limbs  of  one  side,  and  to  the 
effects  of  injury  to  the  \'ertebrae  upon  the  sensation  and  power  of  the  limbs  of 
both  sides  of  the  body. 

The  few  instances  in  which  the  ancient  author  indicates  how  fractures  of  the 
long  bones  are  to  be  reduced  and  the  manner  in  which  the  affected  parts  are  to  be 
immobilized,  is  illuminating  of  the  surgical  practices  of  those  remote  days.  It 
is  siuprising  that  mention  is  made  only  of  fractiu-es  of  the  humerus  in  the  upper 
limb  and  that  there  is  no  reference  to  fra'  tures  of  the  bones  of  the  forearm. 
Elliot  Smith  who  had  seen  more  than  one  hundred  fractures  in  ancient  Egyptian 
bodies,  states  that  "fracture  of  the  forearm — as  a  rule  the  left  ulna,  but  often 
both  bones,  and  sometimes  in  both  arms — has  always  been  exceedingly  common 
in  Egypt  in  comparison  \\ith  the  incidence  of  other  fractures.  This  is  true  of 
every  period  from  the  earliest  known  prehistoric  times  up  till  the  present." 

In  the  treatment  of  certain  fractures  of  the  long  bones,  the  use  of  two  splints  is 
advised  in  the  Smith  papyrus  but  Elliot  Smith  states  that  usually  four  splints 
were  used,  and  that  these  splints  were  either  of  wood  or  of  bark  covered  by  linen 
bandages. 
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The  Smith  papyrus  is  written  in  aphoristic  style  but  it  is  more  than  a  series 
of  aphorisms  because  of  the  descriptions  of  symptoms  and  of  methods  of  treat- 

ment. It  may  be  called  a  skeleton  textbook  which  contains  much  of  what  was 
known  of  injuries  in  those  ancient  days.  It  is  not  only  a  practical  treatise  but 
also  a  demonstration  of  Egyptian  idealism.  Withington,  in  his  artistic  and 
philosophical  "Medical  History,"  makes  the  statement  that  the  ancient  Egyp- 

tians were  "essentially  a  matter  of  fact  race;  types  of  those  practical  people  cf 
Avhom  it  has  been  well  said  that  they  practice  the  errors  of  their  fathers."  To 
the  Greek,  he  says,  science  was  a  majestic  goddess,  a  clear-eyed  Pallas  Athene: 
to  the  Egyptian  she  Avas  a  domestic  cow,  good  only  for  what  could  l)e  got  out  of 
her.  Breasted  acknowledges  that  before  his  translation  of  the  Edwin  Smith 
Papyms,  most  Egyptologists — himself  included — had  believed  that  Egj-ptian 
medicine  and  surgery  was  purely  utilitarian  and  materialistic.  The  ancient 
author  of  the  Smith  papyrus  certainly  was  an  exception.  The  author  and  the 
ancient  commentator  both  describe  and  explain  facts  concerning  hopeless  in- 

juries apparently  for  their  scientific  interest  alone.  The  conclusion  arrived  at  by 
Professor  Breasted  is  therefore  justified — that  even  at  this  earh^  period — almost 
five  thousand  years  age — knowledge  was  cultiA-ated  for  its  own  sake.  The 
Edwin  Smith  Surgical  Papyrus  is  therefore  the  oldest  milestone  yet  discovered 
on  the  long  road  to  modern  medicine  and  surgery ;  it  is  a  document  of  great  human 
interest  as  well  as  an  important  contribution  to  the  histor}'  of  medicine  and 
surgery. 
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METABOLIC  ASPECTS  OF  THE  SHOCK  PROBLEM 
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Regardless  of  its  cause,  shock  is  an  ever  present  problem  for  the  surgeon 
and  clinician.  War  greatly  accentuates  interest  in  this  problem,  for  everj^ 
battle  casualty  is  a  potential  candidate  for  wound  or  hemorrhage  shock  which 
almost  invariably  would  lead  to  a  fatal  outcome  unless  adequate  and  early 
therapy  be  available.  Although  great  progress  has  been  made  in  our  under- 

standing of  the  mechanisms  and  treatment  of  shock,  progress  which  is  re- 
flected in  the  improvement  in  mortality  figures  among  the  wounded  in  World 

War  II,  much  is  still  to  be  learned  before  shock  can  be  ehminated  as  a  serious 
cause  for  concern  in  the  operating  room  or  on  the  battlefield.  It  is  now  well 
recognized  that,  regardless  of  the  initiating  factors  involved,  almost  all  cases 
of  shock  are  characterized  by  a  decreased  circulating  blood  volume.  The  early 
correction  of  this  defect  by  transfusion  with  whole  blood,  plasma,  or  other 
suitable  blood  substitutes  is  the  keystone  of  modern  shock  therapy.  But  it  is 
realized  equally  well  that,  if  transfusion  is  delayed  or  is  inadequate  in  the  be- 

ginning, a  state  may  develop  in  which  no  amount  of  restoration  of  fluid  will 
save  the  victim.  This  condition  has  become  known  as  the  "irreversible"  stage 
of  shock  and  as  such  represents  a  major  therapeutic  problem.  Profound  anoxia 
and  a  markedly  hypodynamic  circulation  which  cannot  be  corrected  by  restoring 
the  blood  volume  are  important  features  of  "irreversible"  shock.  If  not  readily 
corrected  by  the  simpler  cardio-vascular  and  respiratory  reflexes,  anoxia  soon  be- 

gins to  impo.se  a  severe  strain  on  the  metabolic  activities  of  the  tissues.  Whether 
the  metabolic  alterations  due  to  anoxia  are  to  be  considered  as  initiating  or  as 
perpetuating  factors  for  "irreversible"  shock  is  not  yet  known.  Nevertheless, 
it  would  seem  that  a  careful  analysis  of  the  biochemical  features  of  shock  is  now 
necessary  if  we  are  to  de^•elop  a  rational  basis  for  the  therapy  of  "irreversible" 
shock.  It  is  the  purpose  of  this  report  critically  to  review  some  of  the  recent 
studies  bearing  on  this  subject. 
Many  significant,  although  often  isolated,  observations  have  been  made  in 

the  past  on  the  biochemical  changes  in  shock,  but  until  quite  recently  the  major 
emphasis  in  shock  research  has  been  on  hemodynamics.  And  rightly  so,  for 
there  is  little  doubt  that  the  circulatory  changes  are  of  primary  significance 
in  the  establishment  of  the  shock  syndrome.  Chemical  changes  had  been 
investigated  primarily  to  reveal  the  possible  existence  of  a  toxic  factor  as  the 
cause  of  tiaumatic  and  burn  shock.  Other  changes  had  been  clearly  recognized 
as  the  end  results  of  tissue  anoxia  and  as  such  ha^•e  been  dismissed  as  "terminal" 
if  they  could  not  be  re\-ersed  by  whatever  methods  of  therapy  were  in  vogue 
at  the  time. 

From  a  biochemical  standpoint  there  does  not  appear  to  be  a  great  deal  of 
152 
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difference  between  the  various  types  of  shock,  for  the  common  denominator 
in  all  is  tissue  anoxia.  Yet,  more  or  less  subtle  differences  are  bound  to  occur, 
depending  on  such  factors  as  the  amount  of  tissue  damaged  in  traumatic  and 
burn  shock  as  compared  to  hemorrhage  shock,  the  site  of  the  tissue  damage 
(i.e.,  visceral  or  peripheral),  the  presence  of  elevated  body  temperature,  as 
in  the  shock  accompanying  acute  infections,  etc.  Hemorrhagic  shock  is  the 
most  simple  biochemically,  for  all  the  changes  observed  can  be  attributed 
exclusively  to  circulatory  insufficiency  and  adjustments  thereto. 

In  any  consideration  of  the  chemical  changes  during  shock  it  Ls  of  utmost 
importance  to  establish  the  time  relationships  between  these  changes  and  the 
well  known  hemodynamic  alterations.  Among  many  workers  in  the  past  there 
has  been  an  unfortunate  tendency  to  isolate  from  the  blood  single  constituents, 
potassium  for  example,  and  to  attribute  to  them  an  etiological  role  in  the  develop- 

ment of  the  shock  syndrome.  In  so  doing,  they  usually  ignored  the  more 
fundamental  tissue  changes  which  had  produced  the  blood  changes  and  which 
had  occurred  because  shock  (anoxia)  was  already  established. 

The  chemical  changes  of  shock  can  be  divided  into  three  overlapping  cate- 
gories. Firstly,  there  are  those  which  presumably  precede  the  circulatory 

alterations,  are  considered  to  have  their  origin  in  damaged  tissue,  and  have 
often  been  incriminated  as  "toxic  factors."  The  voluminous  and  controversial 
literature  on  the  chemical  isolation  of  so-called  tgxic  factors  will  not  be  con- 

sidered in  this  review.  Secondly  there  are  more  subtle  biochemical  changes  in 
the  nature  of  homeostatic  reactions  to  stress.  With  few  exceptions,  these  are 
so  rapidly  overshadowed  by  the  more  dramatic  effects  of  tissue  anoxia  that  they 
are  difficult  to  isolate  and  evaluate.  The  third  group,  representing  those 
changes  due  to  tissue  anoxia,  has  been  the  subject  of  the  most  intensive  study 
in  recent  years.  The  anoxic  changes  are  complicated  by  the  fact  that  not  all 
tissues  of  the  body  are  subjected  to  the  same  degree  of  oxygen  deprivation  at  the 
same  time  or  rate  during  shock — and  that  different  tissues  show  different  degrees 
of  sensitivity  to  anoxia.  Circulatory  adjustments  occur  during  shock  so  that 
the  brain,  which  Ls  the  tissue  in  the  body  most  sensitive  to  anoxia,  maintains 
its  circulation  as  long  as  possible,  while  the  extremities  early  become  anoxic 
owing  to  peripheral  vasoconstriction.  In  addition,  certain  other  organs  may 
become  anoxic  earlier  than  others  because  of  the  intrinsic  nature  of  their  blood 
supply.  The  liver,  whose  blood  supply  is  predominantly  venous,  is  an  example. 
Moreover,  such  factors  as  the  previous  nutrition  of  the  organism  may  make  a 
difference  in  the  response  of  its  tissues  to  anoxia.  Thus,  for  the  proper  under- 

standing of  the  chemical  nature  of  shock  these  changes  must  be  studied  not 
only  in  terms  of  the  functioning  of  the  whole  animal,  but  also  of  its  individual 
parts.  And  finally,  it  must  always  be  borne  in  mind  that  the  demonstration 
of  the  failure  of  one  or  more,  or  even  all  functions  of  any  given  organ  during 
shock  does  not  necessarily  pro^•e  that  this  loss  is  critical,  though  it  may  be  if  it 
persists  long  enough.  Since  the  chemical  changes  due  to  tissue  anoxia  are  the 
most  important  in  irreversible  shock,  they  will  be  considered  fii'st  and  in  greatest detail. 
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METABOLIC  CHANGES  DURING  SHOCK 

a.  Blood. — The  problem  of  metabolism  in  shock  hinges  on  the  reactions  of 
the  organism  to  anoxia.  In  the  beginning  these  changes  are  mostly  reflex  in 
nature,  mediated  through  the  autonomic  ner\ous  system,  and  involving  the 
circulatory  system  (38).  They  are  designed  to  make  best  use  of  a  decreasingly 
available  blood  supply  and  to  conserve  as  long  as  possible  an  adequate  circula- 

tion to  vital  organs  such  as  the  bram  and  heart.  Splanchnic  and  peripheral 
vasoconstriction  occur  through  reflexes  mediated  by  the  sino-aortic  area,  vaso- 

motor center,  and  sympathetic  outflow,  counteracting  the  tendency  for  the 
blood  pressure  and  cardiac  output  to  fall,  and  maintaining  cerebral  and  cardiac 
circulation.  But  these  reactions  occur  at  the  expense  of  further  oxygen  depriva- 

tion of  the  tissues  in  which  vasoconstriction  occurs.  As  anoxia  progresses, 
alterations  on  a  broader  level  are  necessary  to  maintain  tissue  integrity.  The 
body  temperature  begins  to  fall  and  the  overall  metabolic  rate  decreases  (4,  14, 
44,  53,  73).  There  is  a  shift  from  aerobic  to  anaerobic  metabolism  at  the  cost 
of  a  loss  of  efficiency  in  terms  of  energy  yield  per  unit  of  substrate  used.  If 
this  last  reserve  fails,  the  integrity  of  the  cellular  enzymes  involved  in  energy 
yielding  reactions  is  probably  disturbed,  and  serious,  if  not  irre\-ersible,  damage 
to  the  tissue  ensues.  All  these  changes  are  bound  to  be  reflected  in  the  composi- 

tion of  the  blood  during  shock. 
The  last  column  of  Table*  I  summarizes  some  of  the  blood  chemical  changes 

during  shock.  Probably  the  earliest  is  a  rise  in  blood  sugar  due  to  epinephrine- 
induced  glycolysis  in  the  liver,  a  reaction  which  may  be  considered  homeostatic. 
This  rise  parallels  the  other  evidences  of  sympathetic  discharge,  but,  as  will 
be  described  below,  is  not  an  inevitable  concomitant  of  shock.  Most  of  the 
other  changes  appear  to  follow  the  decrease  in  venous  oxygen  content,  but  this 
relationship  is  often  obscured  because  the  oxygen  content  of  venous  blood  from 
different  parts  of  the  body  is  not  the  same  at  any  given  moment  diu-ing  shock 
(32,  92).  In  general,  however,  the  venous  oxygen  falls  progressively  during 
shock,  while  the  arterial  oxygen  remains  normal  until  the  verj'  end  when  it  may 
fall  coincident  with  respiratory  failure  (5,  14,  32,  35,  50,  73,  92).  Venous  blood 
from  an  extremity  is  usually  the  first  to  show  a  decline  in  oxygen  content, 
followed  by  that  of  the  portal,  hepatic  and  renal  ̂ •eins,  while  the  venous  oxygen 
content  from  the  brain  is  probably  the  last  to  decrease  (32,  92).  The  venous 
carbon  dioxide  content  usually  falls  slowly  at  first,  but  late  in  shock  may  drop 
sharply,  reaching  very  low  values  (3,  15,  35,  50,  53,  73,  92).  The  arterial  carbon 
dioxide  content  also  decreases,  but  at  a  slower  rate  than  the  venous  one.  The 
decline  in  carbon  dioxide  is  largely  due  to  an  increase  in  the  fixed  acids  of  the 
blood  such  as  lactic  acid  (3,  31,  50,  G2,  69,  75,  76),  pyruvic  and  other  alpha-keto 
acids  (3,  31,  41,  69)  and  amino  acids  (31,  39,  54,  60,  83).  Relatively  late  in 
the  course  of  the  above  changes  a  shift  in  the  blood  pH  to  the  acid  side  may 
occur  (1,  3,  35,  75).  Changes  in  nitrogen  metabolism  are  indicated  by  rises 
in  the  blood  concentrations  of  polypeptides  (26,  37,  82),  amino  nitrogen,  urea, 
creatine  (6,  39,  82)  uric  acid  (69,  82)  ammonia  (77)  and  non-protein  nitrogen  in 
general  (8,  15,  69,  90),  as  well  as  by  the  increased  urinary  excretion  of  nitrogen 
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and  sulphur  after  shock  due  to  trauma,  burns  and  hemorrhage  (15,  19,  21,  29, 
52,  83).  Finally,  there  occur  significant  elevations  in  the  blood  potassium 
(10,  50,  63,  94)  and  phosphate  (3,  13,  24,  44,  55,  69).  These  blood  and  urinary 
changes  in  shock  represent  the  summation  of  reactions  due  to  anoxia  of  tissues 
in  general  and  the  effects  of  decreased  circulation  and  anoxia  of  such  organs 
as  kidney  and  liver  with  consequent  alterations  in  their  function.  In  order  to 
understand  the  overall  metabolic  picture,  it  is  necessary  to  view  it  in  terms  of 
the  contributions  of  different  tissues  and  organs. 

b.  Peripheral  tissues  muscle. — During  the  development  of  shock  of  any  type 
it  is  generally  the  extremities  which  are  affected  first  because  of  the  early  oc- 

currence of  reflex  vasoconstriction.  Following  hemorrhage,  any  changes  in 
the  peripheral  tissues  may  be  safely  attributed  to  the  effects  of  impaired  circula- 

tion alone,  but  after  trauma  and  burns  there  may  be  superimposed  other  changes 
which  are  characteristic  of  the  injury.  In  terms  of  bulk  and  metabolic  activity, 
muscle  makes  up  the  greater  part  of  the  peripheral  tissue  and,  as  such,  probably 
is  the  site  of  most  of  the  chemical  changes  occurring  in  the  extremities  durmg 
shock.  Nothing  is  known  at  present  of  changes  occurring  in  such  other 
tissues  as  skin,  fat,  connective  tissue  and  bone. 

Compared  to  other  body  tissues,  muscle  is  quite  resistant  to  anoxia  and  ma}^ 
remain  viable  after  relatively  long  pei'iods  of  circulatory  restriction.  BoUman 
and  Flock  (13)  have  shown  that  rat  imisclr  will  recover  even  after  three  hours 
of  complete  obstruction  of  the  circulation.  Even  under  normal  circumstances, 
i.e.,  exercise,  muscle  is  called  upon  to  function  under  anerobic  conditions  for 
varying  periods  of  time  until  circulatory  adjustments  can  occur.  During  the 
anaerobic  phase  of  muscle  metabolism,  energy  is  derived  largely  from  glycolysis, 
the  end  product  of  which  is  lactic  acid.  Compared  to  aerobic  respiration, 
glycolysis  is  much  less  efficient,  since  four  to  seven  times  as  much  substrate 
must  be  utilized  anaerobically  to  yield  only  about  one  half  as  much  energy  as 
is  produced  under  aerobic  conditions  (59)..  Thus,  during  anoxia  one  may 
expect  a  high  rate  of  consumption  of  glucose  and  an  accumulation  of  lactate  and 
pyruvate  in  muscle.  Furthermore,  anaerobiosis  will  be  associated  with  a 
tendency  for  inorganic  phosphate  to  be  released  from  its  organic  combinations. 
And,  finality,  Baetjer  has  shown  that  under  conditions  of  local  anoxia  in  muscle 
potassium  escapes  from  the  cells.  In  the  case  of  shock,  all  the  changes  in  the 
blood  which  would  be  anticipated  in  view  of  the  above  reactions  have  been 
demonstrated  to  occur,  but  special  methods  have  had  to  be  designed  to  demon- 

strate some  and  to  prove  their  origin  in  muscle.  The  elevations  in  blood  lactate, 
pyruvate,  phosphate,  potassium  and  creatine  have  already  been  mentioned. 

Under  ordinarj^  circumstances  with  an  adequate  supply  of  glycogen  in  the 
liver  and  the  adrenal  medullae  are  intact,  shock  will  produce  an  early  rise  in 
the  blood  sugar  due  to  hepatic  glycogenolysis  by  epinephrin.  This  is  usually 
maintained  until  late  in  shock  and  compensates  for  the  increased  glucose  re- 

quirement of  anoxic  muscle.  Terminally,  however,  when  the  glycogen  supplies 
have  become  depleted,  the  blood  sugar  generally  falls  (17,  31,  42,  51,  85).  If 
the  liver  glycogen  of  rats  is  depleted  beforehand  by  fasting,  shock  results  in 
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little  or  no  rise  in  the  blood  sugar  at  first,  and  a  relatively  early  fall  as  shock 
progresses  (31).  If  the  adrenal  medullae  are  removed  and  epinephrin  secretion 
prevented,  hemorrhage  produces  a  prompt  fall  in  the  blood  sugar  (31).  Finally, 
by  making  use  of  the  eviscerated  rat,  we  have  demonstrated  conclusively  that 
an  increased  glucose  utilization  by  peripheral  tissues  (muscle)  occurs  during 
shock  (78).  In  this  preparation  the  gastrointestinal  tract,  spleen  and  pancreas 
were  removed  and  the  liver  was  excluded  from  the  circulation,  thereby  eliminat- 

ing the  major  source  of  glucose  for  the  organism.  Any  changes  in  blood  consti- 
tuents would  therefore  represent  processes  going  on  in  the  remaining  tissues, 

chiefly  muscle.  Since  the  li\-er  had  been  eliminated  and  no  other  adequate 
source  of  carbohydrate  was  available,  the  blood  sugar  declined  progressively 
as  it  was  utilized  and  the  animal  eventually  became  hypoglycemic  and  died. 
As  the  blood  sugar  fell,  the  blood  lactate  and  pyruvate  rose  onlj^  slightly  and 
the  ratio  of  lactate  to  pyruvate  remained  constant  until  terminally  when  there 
was  a  sharp  rise  due  to  the  onset  of  convulsions.  The  maintenance  of  a  normal 
ratio  of  lactate  to  pyruvate,  as  the  blood  sugar  fell,  suggested  that  glucose  was 
being  metabolised  normally  by  muscle  in  the  eviscerated  preparation.  In 
contrast  to  this  behavior  of  the  control  eviscerated  rat,  hemorrhage  in  the 
eviscerated  rat  produced  a  prompt  and  very  much  more  rapid  fall  in  the  blood 
sugar  and  a  pronounced  rise  in  both  lactate  and  pyruvate.  The  blood  lactate 
rose  more  rapidly  than  the  pyruvate  so  that  the  lactate/pyruvate  ratio  increased. 
The  sharp  fall  in  blood  sugar  in  the  eviscerated  rat  in  shock  indicates  the  rapid 
utilization  of  carbohydrate  in  the  periphery  during  shock  while  the  mounting 
lactate/pyruvate  ratio  demonstrates  that  the  metabolism  of  carbohydrate  is 
largely  anaerobic  (36). 

Since  the  phosphorus-containing  compounds  represent  the  main  energy 
reservoir  for  carbohydrate  metabolism  in  muscle  as  well  as  elsewhere,  their  fate 
diu'ing  shock  is  of  considerable  interest.  Of  these  compounds  adenosine  tri- 

phosphate (ATP)  is  among  the  most  important  as  a  source  of  energy-rich  phos- 
phate bonds  (58)  while  the  breakdown  of  creatine  phosphate  in  muscle  supplies 

much  of  the  phosphate  to  maintain  the  ATP  reservoir.  Under  normal  circum- 
stances the  balance  between  the  various  phosphate  compounds  is  very  discretely 

maintained  so  that  there  is  always  an  adequate  supply  of  ATP  and  other  energy- 
rich  phosphate  bonds  to  keep  the  metabolic  wheel  tiu-ning.  In  the  case  of  shock 
there  are  few  data  in  the  literature  to  indicate  whether  the  supply  or  rate  of 
turnover  of  ATP  and  other  energy-rich  phosphate  compounds  may  be  inade- 

quate. However,  there  is  evidence  of  some  alteration  in  phosphate  metabolism. 
Serum  inorganic  phospli.itc  rises  very  soon  after  muscle  trauma  and  burns 
(13,  24,  69),  and  somr\\li;ii  hiter  after  hemorrhage  (56).  Aub  and  Wu  (6)  and 
Neufeld  and  his  co-w  oi  kers  ((H))  noted  a  sharp  rise  in  blood  creatine  after  trauma 
and  Glenn  and  his  collal)oratois  (39)  reported  it  after  burns  in  both  blood  and 
lymph,  indicating  bieakdown  of  one  of  the  important  phosphorus  containing 
compounds.  BoUman  and  Flock  (13)  have  confirmed  this  in  studies  on  muscle 
phosphate  in  i-ats.  In  animals  suffering  from  tourniquet  shock  they  found  a 
definite  increase  in  the  inorganic  phosphate  and  a  moderate  decrease  in  creatine 
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phosphate  contents  of  the  muscle  of  the  untiaumatized  hmbs.  No  significant 
changes  in  ATP  were  found  in  these  same  muscles. 

Various  investigators,  including  Fleisch  (33),  Drury  (23),  and  Zipf  (93)  have 
commented  on  the  vasodilating  properties  of  ATP  and  its  breakdown  products. 
Recently,  Green  and  Bielchowskj^  (45)  have  described  ATP  and  pyrophosphate 
extracted  from  normal  muscle  as  shock-producing  factors,  when  injected  intra- 

venously, and  suggested  that  they  may  be  released  from  muscle  following 
trauma.  However,  ATP  has  not  been  found  in  plasma  of  animals  in  shock 
and  the  evidence  is  against  it  being  relea.sed  as  such.  Bollman  and  Flock  found 
ATP  and  creatine  phosphate  to  be  completely  broken  down  in  the  leg  muscles 
within  three  hours  after  application  of  tourniquets  to  these  legs  in  rats.  Escape 
of  ATP  into  the  blood,  therefore,  cannot  be  responsible  for  the  shock  which 
follows  release  of  the  tourniquets. 

Striking  changes  also  occur  in  the  nitrogen  metabolism  of  the  peripheral 
tissues  during  shock,  indicating  a  rapid  breakdown  of  protein.  After  burns  (26) 
and  muscle  trauma  (37)  polypeptides  have  been  reported  in  the  blood,  but 
these  data  have  never  been  adequately  confirmed.  Of  greater  significance  are 
the  elevations  in  the  blood  amino  nitrogen,  which  consists  primarily  of  amino 
acids  plus  some  uric  acid,  glutamine  and  other  undetermined  amino  nitrogen 
compounds.  As  will  be  mentioned  later  this  amino  nitrogen  accumulation  in 
the  blood  is  due  partly  to  failure  of  hepatic  function.  Howe\  er,  we  have  also 
shown  that  the  rise  in  blood  amino  nitrogen  Ls  greater  than  would  be  expected 
from  complete  hepatic  failure  alone,  indicating  that  there  must  also  be  an 
increased  production  of  amino  nitrogen  compounds  in  the  periphery  (31). 
This  impression  was  confirmed  by  comparing  the  rate  of  amino  nitrogen  rise 
in  the  blood  of  eviscerated  (hepatectomized)  rats  with  that  in  eviscerated 
shocked  rats  (78).  In  the  eviscerated  rat  there  is  a  steady  increase  in  amino 
nitrogen  due  to  the  absence  of  deamination  by  the  liver.  When  shock  is  in- 

duced by  bleeding  in  the  eviscerated  rats,  the  amino  nitrogen  rises  much  more 
sharply,  indicating  that  amino  acids  are  being  produced  at  a  greater  rate  by 
the  peripheral  tissue  through  protein  catabolism.  The  enhanced  protein  break- 

down results  not  only  from  the  generalized  tissue  anoxia  of  shock  itself,  but  also 
from  local  trauma  or  anoxia  which  may  in  turn  lead  to  shock.  Glenn,  Muus 
and  Drinker  (39)  have  reported  an  early  rise  in  amino  acid  nitrogen  in  the 
lymph  draining  from  burned  tissue  in  calves.  Hoar  and  Haist  (54)  noted  that 
after  the  release  of  pressure  cuffs  on  the  legs  of  dogs  the  plasma  amino  nitrogen 
began  to  ri.se  before  the  blood  pressure  had  fallen  to  shock  le\-els.  They  at- 

tributed the  primary  rise  in  amino  nitrogen  values  to  processes  going  on  in  the 
injured  tissues. 

The  significance  of  these  many  changes  in  the  peripheral  tissues  is  by  no 
means  clear.  A  decrease  in  muscle  tone  \\-hich  may  result  would  be  serious 
only  if  it  decreased  the  venous  return  from  the  extremities.  On  the  other  hand, 
these  metabolic  changes  may  have  important  effects  in  another  sense.  The 
greatly  increased  carbohydrate  utiUzation  decreases  the  amount  of  glucose 
available  for  the  brain.    The  acidosis,  which  probably  arises  almost  completely 
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from  the  muscle  changes  may  be  a  continuing  factor  in  the  shock,  hence  it  may 
be  of  importance  to  correct  it. 

c.  The  Liver. — In  diversity  and  scope  of  function  the  hver  occupies  a  position 
of  central  importance  in  metabolism.  Among  organs,  it  is  unique  in  receiving 
its  major  supply  of  oxygen  hy  ̂ -ein.  Under  normal  circumstances  70  to  80 
per  cent  of  the  blood  supplymg  the  liver  is  carried  by  the  portal  vein  (49,  65) 
and  ̂ IcMichael  estimates  that  this  accounts  for  about  60-65  per  cent  of  the 
oxygen  supply  of  the  liver.  Both  the  hepatic  artery  and  portal  vein  are  under 
neural  control  so  that  impairment  of  Wow  in  one  may  lead  to  a  compensatory 
increase  in  the  other.  Further,  there  is  e^•idence  that  blood  may  pass  through 
the  spleen  to  the  portal  \e\\\  I'elatively  unchanged  in  its  oxygen  content  and 
thereby  help  maintain  the  portal  \e\i\  oxygen  in  case  of  emergency.  Splenic 
A-ein  fiow  accounts  for  10-35  per  cent  of  the  total  portal  flow  (64).  Despite 
these  potential  safetj'  measures  there  is  good  reason  to  suspect  that  the  liver 
might  begin  to  suffer  (juite  early  from  oxygen  lack  in  sliock  and  that  some 
of  its  manifold  metabolic  functions  might  be  impaired  thereby.  Decreased 
blood  flow  in  the  intestines  has  long  been  recognized  as  a  feature  of  shock  (74). 
Blalock  and  LeA-y  (10)  noted  a  53  per  cent  decrease  in  portal  vein  flow  after 
only  a  moderate  hemorrhage  and  Wood,  Mason  and  Blalock  (92)  reported  an 
early  drop  in  the  portal  A  cnous  oxygen  content  after  hemorrhage. 

Recently  the  problem  of  the  l  ole  of  the  \\\ev  dui-ing  shock  has  been  the  subject 
of  a  series  of  reports  from  this  laboratory  (31,  32,  79,  80).  Use  was  made  of 
the  fact  that  the  amino  acid  content  of  the  blood  is  largeh'  dependent  on  the 
integrity  of  the  Wxev,  which  is  the  chief  site  of  amino  acid  deamination.  "WTien 
liver  function  is  normal,  relatively  large  amounts  of  amino  acids  may  be  intro- 

duced parenterall3'  without  causing  more  than  a  transitory  rise  in  the  blood 
amino  nitrogen  (86).  If  the  liver  is  removed  or  its  function  impaired,  amino 
acids  will  accumulate  in  the  blood  (12,  66).  Renal  function  does  not  appreci- 
abh'  influence  the  amino  acid  levels  for  even  after  nephrectomy  they  show  very 
little  increase  in  the  blood  (11).  It  is  obvious,  therefore,  that  in  any  pathological 
condition  the  blood  amino  acid  content  will  be  determined  primarily  by  the 
capacity  of  the  liver  to  deaminate  amino  acids  or  to  synthesize  protein  and 
secondarily  by  the  rate  of  amino  acid  production  through  protein  catabolism. 
In  the  case  of  shock  it  has  already  been  mentioned  that  the  amino  acid  content 
of  the  blood  rises  and  that  there  is  a  rapid  j:)roteiir  breakdown  in  the  periphery. 
AMien  the  first  obser\-ation  was  made,  it  was  presumed  that  there  was  a  failure 
in  hepatic  function  due  to  circulatory  insufficiency  and  anoxia  (31).  To  prove 
this,  it  was  necessary  to  show  (a)  that  the  liver  is  subjected  to  anoxia  during 
shock,  (b)  that  the  amino  acid  changes  can  be  correlated  with  the  anoxic  phase 
of  shock  and  (c)  that  anoxia  can  impair  the  liver's  ability  to  metabolize  amino 
acids.  I'sing  rats  and  cats,  we  found  that  the  oxygen  satiu'ation  of  the  portal venous  blood  fell  during  hemorrhage.  In  cats,  where  it  was  possible  to  measure 
it,  the  hepatic  atui  oxygen  saturation  showed  an  even  earlier  drop  demonstrating 
that  the  \\xe\-  becomes  xexy  anoxic  during  shock  and  that  the  hepatic  artery 
cannot  compensate  for  the  decrease  in  oxygen  carried  by  the  portal  vein.  A 
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highl)-  significant  correlation  was  found  between  the  portal  venous  oxygen 
saturation  and  the  blood  amino  nitrogen.  This  correlation  was  more  significant 
than  that  between  the  amino  nitrogen  and  the  peripheral  ̂ 'enous  oxygen  satura- 

tion or  the  blood  pressure,  suggesting  a  close  relationship  between  the  supply 
of  oxjfgen  to  the  liver  during  shock  and  its  ability  to  handle  amino  acids.  Fur- 

ther, it  was  shown  that  the  m  vitro  oxygen  consumption  of  liver  slices  from 
animals  in  shock  was  reduced  and  that  the  degree  of  reduction  was  proportional 
to  the  height  of  the  amino  nitrogen  in  the  blood.  To  determine  whether  anoxia 
itself  would  influence  hepatic  function,  the  effects  on  the  blood  amino  acids  of 
partial  and  complete  occlusion  of  the  circulation  to  the  liver  were  studied. 
Ligation  of  the  hepatic  artery  of  the  rat  was  found  to  have  no  effect  on  the 
blood  amino  acids.  Nor  did  hemori-hage  in  the  hepatic  artery -hgated  rat  cause 
any  greater  rise  in  amino  nitrogen  than  it  did  in  the  intact  animal.  This  sug- 

gests that  the  arterial  blood  supply  to  the  li\'er  in  the  rat  does  not  play  a  crucial 
role  in  the  response  of  that  organ  to  shock.  If  the  gastrointestinal  tract  and  the 
portal  \'ein  were  remo\-ed,  leaA'ing  the  hepatic  artery  as  the  sole  blood  supply 
of  the  liver,  this  organ  still  maintained  its  ability  to  handle  amino  acids,  although 
its  margin  of  safety  was  xery  low.  By  applying  a  clamp  to  the  hepatic  artery 
of  this  preparation  the  effects  of  total  occlusion  of  the  blood  suppl}'  to  the 
liver  for  varying  periods  could  be  studied.  It  was  found  that  under  these 
circumstances  the  blood  amino  acids  rose  during  the  time  that  circulation 
was  cut  off,  but  returned  to  normal  when  the  clamp  was  removed,  provided  it 
had  been  in  place  less  than  forty -five  minutes.  If  the  liver  was  kept  anoxic 
more  than  forty-five  minutes,  its  ability  to  metabolize  amino  acids  was  ir- 

reversibly damaged.  This  was  confirmed  by  showing  that  the  in  \'itro  oxygen 
consumption  of  liver  slices  from  clamped  livers  was  reduced  at  the  end  of  the 
anoxic  period,  but  returned  towards  normal  during  the  next  two  hours,  provided 
the  clamp  was  removed  before  forty-five  minutes,  but  not  if  the  liver  were  kept 
anoxic  longer  (80).  These  data  show  that  if  the  liver  is  kept  anoxic  long  enough, 
its  ability  to  metabolize  amino  acids  is  seriously  damaged.  Grieg  (47)  has 
confirmed  this  in  studies  on  the  in  vitro  metabolism  of  amino  acids  by  anoxic 
liver  slices.  We  may  thus  conclude  that  during  sliock  the  liver  may  be  sub- 

jected to  considerable  anoxia  and  that  during  this  period  of  restricted  circulation 
its  function  is  deranged,  at  least  in  respect  to  the  metabolism  of  amino  acids, 
this  damage  becoming  serious  if  anoxia  persists  too  long.  Protein  breakdown 
in  the  liver  because  of  anoxia  (must  also  be  considered  as  a  possible  part  of  this 
picture,  although  direct  data  on  this  point  are  not  available.  Hoar  and  Haist 
(54)  have  recently  confirmed  the  presence  of  a  disability  in  amino  acid  metabo- 

lism by  the  liver  in  rats  and  dogs  during  traumatic  shock. 
Although  there  have  been  few  systematic  studies  of  liver  function  in  shock 

and  relatively  little  attention  has  been  paid  to  the  liver  per  se,  there  is  ample 
evidence  in  the  literature  indicating  wide  spread  disturbance  in  liver  function 
during  shock.  Other  substances  which  are  metabolized  or  produced  primarily 
in  the  liver  have  been  found  to  be  altered  in  the  blood  in  such  a  manner  as  to 
suggest  hepatic  invoh-ement.    Thus,  uric  acid  (G9,  82)  and  ammonia  (77), 
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both  of  which  are  metabolized  chiefly  by  the  hver  accumulate  in  the  blood  much 
as  do  amino  acids.  Mylon,  de  Suto  Nagy  and  Winternitz  (67)  have  found 
prothrombin  and  fibrinogen  formation  depressed  during  shock.  Ebert  and  his 
associates  (27)  have  reported  plasma  protein  regeneration  to  be  diminished  after 
severe  hemorrhage.  Nishimura  (70),  using  the  azorubin-S  excretion  test,  found 
impaired  liver  function  during  shock  produced  b,y  intestinal  perforation. 

GljTogen  formation  and  breakdown,  very  important  liver  functions,  have 
been  studied  in  some  detail  by  Haist  and  Hamilton  (51).  The  earlier  finding 
of  Aggazzotti  (1)  that  the  liA'er  glycogen  is  reduced  after  hemorrhage,  was  con- 

firmed by  these  workers  in  shock  due  to  limb  clamping  and  by  Neufeld,  Toby 
and  Noble  (69)  in  the  shock  caused  by  tumbling  rats  in  the  Noble-Collip  wheel. 
Haist  and  Hamilton  (51)  further  showed  that,  following  the  administration  of 
sugar  by  stomach  tuhe,  the  shocked  rats  were  unable  to  store  glycogen  in  a 
normal  manner,  despite  a  high  blood  sugar  and  normal  absorption  of  glucose 
from  the  gastrointestinal  tract.  The  ability  to  store  glycogen  in  the  liver  was 
not  influenced  by  the  administration  of  insulin,  yet  the  blood  sugar  fell.  Al- 

though the  li\  er  glycogen  is  reduced  during  and  immediately  after  shock,  we 
ha^'e  found  no  significant  differences  between  the  liver  glycogen  of  rats  twenty- 
four  hours  after  a  moderate  hemorrhage  and  control  rats  fasted  the  same  length 
of  time  as  the  bled  ones  (31).  It  is  thus  apparent  that  if  the  animal  survives 
it  is  able  to  restore  its  liver  glycogen  within  twenty-foui-  hours. 

Examination  of  autopsy  material  in  both  animals  and  humans  also  gives 
evidence  of  liver  damage.  Central  liver  necrosis  was  noted  by  Weston  and  his 
co-workers  (89)  after  severe  hemorrhage  in  dogs.  Other  obser\'^ers  have  also 
described  hepatic  cell  degeneration  (25,  28,  68).  Elman  and  Lischer  (28)  noted 
a  decrease  in  stainable  cytoplasm  in  the  liver  cells  of  human  and  dogs  which 
they  attributed  to  loss  of  protein.  Clear-cut  evidence  of  hepatic  dysfunction 
of  hepatic  dysfunction  in  clinical  shock  is  occasionally  seen  in  the  not  too  well- 
defined  hepatorenal  syndrome.  No  adequate  studies  of  liver  function  in  clinical 
shock  exist. 

Despite  these  widespread  changes  in  liver  function  it  must  be  emphasized 
that  it  has  not  yet  been  proven  that  the  loss  of  any  or  all  of  these  functions 
is  a  critical  factor  in  survival.  In  all  likelihood,  the  length  of  time  during  which 
the  liver  is  anoxic  is  the  determining  factor,  for  moderate  periods  of  loss  of 
function  are  quite  compatible  with  recovery. 

d.  The  Kidney. — Failure  in  renal  function,  manifested  by  oliguria  or  even 
anuria,  has  long  been  recognized  as  a  feature  of  shock  in  man  and  animals 
and  has  been  attributed  to  decreased  blood  floAv  through  the  kidney.  Lauson, 
Bradley,  and  Cournand  (56)  have  recently  studied  the  renal  circulation  in 
shock  in  humans  and  have  demonstrated  a  reduction  in  the  rate  of  glomerular 
filtration  and  effective  plasma  flow.  Since  the  decrease  is  greater  than  can  be 
accounted  for  solely  on  the  basis  of  reduced  arterial  pressure,  they  suggest  that 
active  constriction  of  the  renal  A-essels  takes  place.  Renal  circulation  generally 
improves  with  therapy,  but  lags  behind  the  increase  in  cardiac  output  and 
blood  pressure.    Usually  the  renal  shut-down  is  temporaiy,  but  it  has  been 
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noted  clinically  by  the  above  authors  and  confirmed  experimentally  in  dogs  by 
Phillips  and  Van  Slyke  (72)  that,  if  renal  anoxia  persists  long  enough,  irreversible 
renal  damage  occurs.  The  observance  by  Penner  and  Bernheim  (71)  of  ischemic 
cortical  necrosis  in  the  kidneys  of  patients  dying  after  prolonged  vascular 
failure  further  emphasizes  the  potential  dangers  of  prolonged  renal  anoxia. 
Renal  failure  in  the  crush  syndrome  is  on  a  somewhat  different  basis  and  will 
not  be  considered  here. 

Renal  failure  will,  of  course,  be  reflected  in  the  blood.  Urea  and  other  non- 
protein nitrogen  compounds  which  depend  on  the  kidne}^  for  their  elimination 

will  accumulate.  Potassium  and  inorganic  phosphate  released  from  anoxic 
tissues  will  not  be  excreted  normally.  The  acidosis  will  not  be  counteracted 
by  the  kidney  which  would  normally  rapidly  excrete  the  organic  acids  in  the 
blood  and  form  ammonia  to  conserve  base. 

Table  I  summarizes  the  pertinent  data  on  the  metabolic  interrelationships 
between  the  peripheral  tissues,  liver,  and  kidney  during  shock  and  their  reflec- 

tions in  the  blood  chemistry.  It  may  be  noted  here  that  changes  in  fat  metabol- 
ism during  shock  have  not  been  mentioned.  This  is  due  to  the  paucity  of  data 

on  this  subject  and  not  to  its  lack  of  importance.  Particularly  in  the  liver, 
a  considerable  proportion  of  the  oxygen  uptake  by  tissues  is  associated  with  the 
metabolism  of  fat  and  several  of  the  enzyme  systems  involved  in  these  processes 
have  been  found  to  be  quite  sensitive  to  oxygen  lack.  It  is  quite  possible 
that  investigation  may  reveal  changes  in  fat  metabolism  during  shock  which 
are  of  considerable  interest  and  importance. 

TISSUE  METABOLISM  AND  ENZYME  SYSTEMS  IN  SHOCK 

In  the  previous  paragraphs  e\ddence  has  been  presented  indicating  wide- 
spread disturbances  in  intermediary  metabolism  during  shock.  In  the  last 

analysis  all  processes  of  metabolism  depend  on  the  integrity  of  enzymes  and 
enzyme  systems  for  their  normal  function.  Hence,  the  iuA-estigation  of  the 
metabolism  of  isolated  tissues  and  of  the  status  of  the  ̂ -arious  enzyme  systems 
in  these  tissues  during  shock  is  of  importance  and  ma.y  yield  a  clue  as  to  the 
fundamental  nature  of  the  metabolic  derangement  during  this  condition. 

Studies  of  this  type  have  been  performed  only  cjuite  recently,  and  only  a  few 
reports  of  this  work  have  appeared.  Some  of  these  reports  are  contradictory 
owing  largely  to  technical  differences  in  carrying  out  the  experiments.  In 
general,  two  types  of  investigation  have  been  conducted.  In  one  the  oxygen 
consumption  (Qo,)  and  sometimes  the  rate  of  glycolysis  of  isolated  tissues  from 
animals  in  shock  or  of  tissues  subjected  to  anoxia  in  vitro  have  been  measured 
and  the  effects  on  the  Qo,  of  the  addition  of  various  substrates  and  enzymes 
compared.  In  the  other  the  concentration  and  the  state  of  integrity  of  various 
enzymes  and  coenzymes  in  the  tissues  of  animals  in  shock  have  been  studied. 
It  should  be  recognized  at  the  outset  that  measurements  of  this  type  may  be  of 
limited  value  unless  all  factors  are  taken  into  account.  The  Qoj  of  tissue 
represents  the  overall  oxygen  consumption  due  to  a  ̂•ariet^'  of  metabolic  reac- 

tions and  it  is  quite  possible,  as  demonstrated  by  Lyman  and  Barron  (61), 
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for  a  tissue  to  be  pathological  and  j^et  have  a  normal  Qoj-  These  workers  found 
that  the  average  endogenous  Qoj  values  of  normal  and  nephritic  kidneys  were 
the  same,  although  the  oxidation  of  pja-uvate  and  lactate  were  greatly  reduced 
in  the  nephritic  kidneys.  Thus,  fundamental  changes  in  the  enzyme  make-up 
of  a  tissue  can  occur  without  altering  the  oxygen  consumption.  Previous  diet 
and  differences  in  substrate  in  which  the  Qo^  is  measured  may  greatly  affect 

TABLE  I 
Metabolic  interrelationships  during  shock 

PERIPHERAL  TISSUE 

Increased  glucose  uti- lization 

Increased  lactic  acid 
production 

Increased  pyruvic  and 
alpha  keto  acid  pro- duction 

Creatine  phosphate 
breakdown 

Adenosine  triphos- 
phate breakdown 

Release  of  inorganic 
phosphate 

Release  of  potassium 
Protein  breakdown 

to  polypeptides  and 
amino  acids 

Increased  glyco- 
genolysis 

Decreased  gb'co- 
genesis 

Release  of  inorganic 
phosphate Release  of  potassium 

Protein  breakdown 
(?) 

Decreased  metabo- 
lism of  amino 

acids  and  ammonia 
Decreased  urea  pro- 

duction 

Decreased  plasma 
protein  and  pro- 

thrombin syn- thesis 

Retention  of  organic acids 

Creatinuria  post 
shock 

Phosphate  retention 

Potassium  retention 
Decreased  excretion 

of  urea  and  XPX 
compounds 

Increased  nitrogen 
e.xcretion  post 
shock 

Fall  in  venous  O2 
Rise  in  sugar 
Fall  in  sugar  when 

glucose  utilization exceeds  supply 
Rise  in  lactic  acid 

Rise  in  pyruvic  and 
alpha  keto  acids 

Fall  in  COo Fall  in  pH 
Rise  in  creatine 

Rise  in  phosphate 

Rise  in  potassium 
Rise  in  polypeptides (?) 

Rise  in  NPN,  includ- ing amino  acids, 
uric  acid,  creatine, 
and  ammonia 

Fall  in  plasma  pro- 
teins 

the  result.  Fia-thermore,  in  the  study  of  the  enzymes  and  other  constituents 
of  a  tissue,  a  change  in  concentration  from  the  normal  may  not  necessarily 
be  of  significance  unless  it  can  also  be  shown  that  the  rate  of  turnover  of  the 
enzyme  system  is  also  abnormal  or  inadequate.  The  rate  of  turnover  of  an 
enzyme  system  may  be  quite  independent  of  the  absolute  concentration  of  the 
enzyme  at  any  one  time. 

Beecher  and  Craig  (9)  were  the  first  to  report  studies  on  the  metabolism 
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of  isolated  tissues  from  animals  in  hemorrhagic  shock.  They  reported  that 
neither  the  oxygen  consumption  nor  the  lactic  acid  output  of  brain  cortex, 
heart  muscle,  kidney  cortex  or  liver  were  significantly  changed  from  normal  in 
cats  fasted  sixteen  hours  and  then  subjected  to  hemorrhagic  shock.  Russell, 
Long  and  Wilhelmi  (79),  on  the  other  hand,  using  twenty -four  hour  fasted 
rats  and  forty-eight  hour  fasted  cats  found  a  very  considerable  reduction  in 
the  Q02  of  liver  slices  but  little  alteration  in  the  Q02  of  kidney  during  hemorrhagic 
shock.  The  differences  found  by  the  two  groups  of  inA^estigators  in  the  response 
of  the  liver  were  apparently  due  to  the  effects  of  fasting,  for  Craig  (18)  later 
confirmed  the  findings  of  Russell  and  her  associates  on  fasted  rats  and  further 
showed  that  anoxia  produces  a  much  smaller  change  in  the  Q02  of  livers  from 
fed  rats  than  in  those  from  fasted  ones.  It  is  not  known  whether  differences 
in  the  glycogen  content  of  the  livers  or  some  other  factors  are  responsible  for 
the  gi'eater  sensitivity  to  anoxia  of  the  livers  of  fasted  animals. 

The  nature  of  the  defect  in  respiration  of  liver  tissue  during  shock  is  not 
yet  known.  Russell,  Long  and  Wilhelmi  (79)  suggest  that  one  of  the  early 
effects  may  be  a  loss  or  disorganization  of  coenzyme  factors  essential  for  normal 
tissue  functions.  The}-  found  that  hot  -water  extracts  of  normal  liver  which 
contain  the  water  soluble  coenzymes,  effected  a  definite  improvement  in  the 
respiration  when  the  Qo.,  was  mildly  depressed  by  shock,  although  it  had  no 
effect  when  the  Q02  was  moderately  or  severely  reduced.  Similar  results  were 
reported  by  Grieg  (47),  who  in  addition  found  evidence  of  damage  to  the  protein 
part  of  the  oxidative  enzyme  systems.  Sodium  succinate,  a  readilj^  oxidizable 
substrate  for  normal  tissue,  produced  a  marked  but  temporary  increase  in  the 
oxygen  uptake  of  both  normal  liver  and  liver  from  bled  rats.  With  0.01  m 
succinate  the  increase  in  Qo,  over  the  no-substrate  level  was  the  same  for  noi-mal 
and  pathological  tissue  indicating  that  it  had  not  resulted  in  improvement  or 
repair  of  the  basal  respiration  of  the  liver  from  the  shocked  rats.  When  0.04  m 
succinate  was  used  there  was  a  still  greater  increase  in  oxygen  uptake.  Further- 

more, under  these  circumstances,  the  lower  the  basal  Qoj  during  shock,  the 
greater  was  the  increment  produced  by  the  0.04  m  succinate.  Since  the  rate  of 
oxidation  of  succinate  is  greatly  increased  by  mincing  or  homogenizing  the 
tissue,  this  response  may  be  an  indication  of  increasing  disorganization  of  liver 
tissue  as  shock  progresses.  This  impression  is  borne  out  by  unpublished  obser\-a- 
tions  by  Darrow  and  Engel  (20)  on  the  electrolyte  and  water  content  of  livers 
from  shocked  rats  which  indicate  considerable  tissue  disorganization.  Thus, 
although  the  succinoxidase  system  and  the  ability  to  take  up  oxj^gen  and  carry 
out  the  final  steps  of  hydrogen  and  electron  transport  thereby  appear  to  be  intact 
in  liver  from  shocked  rats,  there  is  no  evidence  that  the  increased  oxygen  uptake 
through  this  system  is  available  to  the  tissues  for  energj^  to  maintain  function. 
This  is  of  importance  in  view  of  the  suggestion  (57,  67)  that  succinate  m.a.y  he 
a  useful  therapeutic  agent  in  shock. 

Russell  and  her  associates  found  the  effects  of  hemorrhage  upon  the  oxygen 
uptake  of  kidney  cortex  to  be  relativelj^  shght,  even  after  profound  shock. 
With  glucose  as  a  substrate  the  respiration  was  better  maintained  during  .shock. 
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When  kidney  cortex  from  normal  rats  was  subjected  to  anoxia  in  vitro  for  sixty- 
minutes,  its  respiration  was  reduced  to  the  same  degree  as  U\'er  treated  similarly. 
However,  glucose,  which  had  no  effect  on  the  respiration  of  anoxic  liver  slice, 
nearly  doubled  the  Qo,  of  the  kidney  tissue  after  sixty  minutes  of  anoxia.  The 
ready  utilization  of  glucose  by  the  anoxic  kidney  may  be  one  factor  in  the  greater 
ability  of  that  organ  to  withstand  the  effects  of  anoxia  durmg  shock. 

Govier,  Greer  and  Grieg  ha\  e  published  a  series  of  reports  on  the  blood  and 
tissue  concentrations  of  se\-eral  of  the  B-complex  vitamins  in  their  free  and 
combined  forms  during  shock  (40,  41,  42,  43,  4G,  47,  48).  As  is  well  known, 
thiamine,  nicotinamide  and  riboflavin  when  combined  with  certain  other  com- 

pounds constitute  an  important  group  of  coenzymes  whose  presence  in  proper 
concentration  and  proportions  is  essential  for  the  normal  processes  of  metabo- 

lism. Thiamine  combines  with  phosphate  to  form  diphosphothiamine,  or  cocar- 
bo.xylase.  This  coenzyme  participates  in  a  variety  of  metabolic  reactions, 
among  the  best  known  of  which  are  those  concerned  with  the  metabolism  of 
pyruvic  and  other  alpha-keto  acids.  Accumulation  of  pyruvic  acid  in  the 
blood  is  a  characteristic  feature  of  thiamine  deficiency.  Govier  and  Greer, 
impressed  by  what  they  thought  were  similaiities  between  shock  and  thiamine 
deficiency,  such  as  ele\-ated  blood  pyruvate,  studied  the  effects  of  thiamine  on 
hemorrhagic  shock  in  dogs.  They  reported  that  thiamine  increased  the  survival 
time,  caused  a  rise  in  blood  pressure  and  produced  a  delayed  fall  in  blood  pyruv- 

ate. Study  of  the  plasma  thiamine  levels  by  Govier  showed  that  those  dogs 
having  a  high  plasma  thiamine  level  showed  a  greater  resistance  to  shock  by 
hemorrhage  than  those  with  low  plasma  thiamine.  Dogs  which  went  into 
shock  with  a  small  amount  of  bleeding  showed  an  increase  in  plasma  thiamine 
with  the  onset  of  shock,  while  the  more  resistant  dogs  showed  no  .such  rise. 
Fortifying  the  dogs  with  thiamine  beforehand  appeared  to  increase  their  re- 

sistance to  hemorrhage  somewhat,  although  it  by  no  means  prevented  shock. 
Since  thiamine  must  be  in  its  phosphorylated  form  in  order  to  function  as  the 
coenzyme  cocarboxylase,  the  effect  of  hemorrhage  on  dephosphorylation  of  co- 
carboxyla.se  in  muscle,  duodenum  and  liver  was  then  .studied  by  Govier  and 
Grieg  (43).  They  found  that  during  shock  and  anoxia  an  actual  dephosphoryla- 

tion of  cocarboxjdase  occurred,  muscle  and  duodenum  showing  a  greater  degree 
of  dephosphorylation  than  \i\ev.  Dogs  which  went  into  shock  with  a  small 
amount  of  bleeding  appeared  to  show  a  greater  dephosphorylation  than  the 
more  resistant  dogs.  Thiamine  therapy  resulted  in  a  rosyntliesis  of  cocar- 
boxyla.se,  the  latter  often  reaching  concentrations  oieater  than  at  th(>  start 
of  tlie  experiment.  In  ̂ •itro  experiments  coniirmetl  the  fact  that  animal  ti.s.sues 
break  down  c()carl)oxylase  undei-  anaerobic  conditions  and  that  cocarboxylase 
can  be  resynthesized  from  thiamine  aerobically.  Al(>xander  (2)  confirmed  the 
breakdown  of  cocarboxylase  in  iiiiiscle  in  (lo<is  durinii  liemorrhagic  shock,  but 
in  contrast  to  th(>  findings  of  (;()\iei-  and  Grieg,  reported  an  increase  in  free 
thiamine  and  coearl)()\ylase  in  the  liver.  The  therapeutic  claims  of  Govier 
and  his  associates  ha\  e  not  yet  been  confirmed. 

Similar  results  have  been  reported  by  Grieg  for  the  coenzymes,  cozymase 
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and  alloxazine  adenine  dinucleotide,  in  the  tissues  during  shock.  Cozymase 
is  an  important  coenzy  me  containing  nicotinamide,  while  alloxazine  adenine 
dinucleotide  contains  rilwflavin.  After  hemorrhage  in  dogs  the  coenzyme  con- 

tent of  brain,  muscle  and  liver  decreased  in  that  order,  the  decreases  in  cozymase 
being  more  consistent  than  those  in  alloxazine  adenine  dinucleotide.  Those 
dogs  Avhich  developed  shock  with  a  small  amount  of  bleeding  showed  a  greater 
tendency  to  destruction  of  these  coenzymes  than  did  the  more  resistant  animals. 
Therapy  with  nicotinamide  and  riboflavin  resulted  in  restoration  of  the  coenzyme 
concentrations,  but  no  data  are  given  as  to  the  therapeutic  value  of  these  sub- 

stances. Further  work  along  these  lines  is  indicated  to  determine  the  precise 
significance  of  coenzyme  destruction  during  shock  and  to  explore  the  value  of 
vitamin  therapy  for  shock. 

ENDOCRINE  FACTORS  IN  HOMEOSTASIS 
The  endocrine  glands  play  an  important  role  in  the  regulation  of  metabolic 

processes  under  normal  and  pathological  conditions.  This  control  is  of  great 
importance  in  maintaining  biochemical  homeostasis  for  the  organism.  Under 
conditions  of  stress  such  as  shock,  these  homeostatic  mechanisms  are  undoubt- 

edly called  into  play.  However,  information  on  this  subject  is  far  from  com- 
plete because,  except  for  the  adrenal  medulla,  the  evidence  for  the  participation 

of  the  endocrine  glands  in  the  metabolic  processes  of  shock  is  largely  indirect 
in  the  case  of  certain  glands,  and  entirely  unavailable  in  the  case  of  others. 

The  emergency  function  of  the  adrenal  medulla  has  long  been  known  and 
emphasized  through  the  work  of  Walter  Cannon.  The  hemodynamic  responses 
to  sympathetic  activity  and  epinephrine  secretion  during  shock  are  clearly 
of  the  nature  of  homeostatic  reactions  to  maintain  the  maximum  blood  flow 
to  vital  organs  during  the  period  of  stress.  The  epinephrine  hyperglycemia 
has  likewise  been  considered  a  protective  measiu-e,  although  the  precise  reason 
for  it  was  not  well  understood.  The  recent  demonstration  of  greatly  increased 
carbohydrate  requirement  by  the  tissues  during  shock  explains  the  protective 
value  of  the  epinephrine  hypei'glycemia. 

There  has  hecn  increasing  evidence  that  the  adrenal  cortex,  under  the  control 
of  the  adrenotropic  hormone  of  the  anterior  pituitary  gland,  plays  an  important 
role  in  the  body's  resistance  to  shock  and  other  forms  of  stress.  The  adrena- 
lectomized  animal  and  the  patient  with  Addison's  disease  are  notoriously  sensi- 

tive to  any  shock-inducing  procedures.  The  normal  animal  subjected  to  stress 
shows  unmistakable  signs  of  activation  of  the  adrenal  cortex.  Donahue  and 
Parkins  (22)  and  others  (81)  have  reported  depletion  of  lipoid  in  the  adrenal 
cortex  of  dogs  during  shock.  We  have  shown  that  this  is  a  much  more  rapid 
response  than  was  generallj^  supposed  (30).  Within  an  hour  after  hemorrhage 
in  rats,  lipoid  depletion  of  the  cortex  could  be  demonstrated  both  histologically 
and  by  chemical  determination  of  the  cholesterol  content  of  the  glands.  Sayers 
and  his  co-workers  (81)  in  this  laboratory  ha\-e  shown  that  lipoid  depletion  is 
indicative  of  activation  of  the  adrenal  cortex  by  the  pituitary  adrenotropic 
hormone  and  occurs  under  a  wide  A-ariety  of  circumstances  in  which  there  is 
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presumably  an  increased  requirement  for  adrenal  cortical  hormone.  Twenty- 
four  hours  after  a  non-fatal  hemorrhage  we  have  found  a  statistically  significant 
increase  in  the  size  of  the  adrenal  glands  of  rats,  further  evidence  of  their  in- 

creased activity  (30).  And  finally,  Weil  and  Browne  (88)  and  Venning,  Hoffman 
and  Browne  (87)  have  demonstrated  in  the  urine  of  postoperative  patients 
substances  with  the  properties  of  the  adrenal  cortical  steroids.  Winter  and  his 
associates  (81)  ha^-e  confirmed  this  in  the  case  of  burns,  again  suggesting  an 
increased  secretion  of  these  hormones  during  stress.  Despite  these  findings, 
hoA\  e\  er,  it  has  not  yet  been  possible  to  isolate  any  specific  metabolic  reaction 
attributalDle  to  adrenal  cortical  activity  during  shock.  This  is  undoubtedly 
due  to  the  fact  the  reactions  initiated  by  shock  so  rapidly  overshadow  what 
compensatory  processes  may  be  set  in  motion  by  the  anterior  pituitary-adrenal 
cortex  system  that  the  latter  become  extremely  difficult  to  detect.  The  adrenal 
coi'tical  steroids  have  been  shown  to  promote  the  retention  of  sodium,  chloride, 
and  wdivv  itiid  the  excretion  of  potassium,  to  increase  the  plasma  volume,  the 
blood  pressure,  and  liver  glycogen,  to  promote  gluconeogenesis  from  protein 
or  protein  breakdown  products,  to  decrease  glucose  utilization,  and  to  increase 
plasma  protein  synthesis,  all  reactions  which  ̂ \•ould  be  valuable  in  combating 
shock.  From  the  evidence  of  activation  of  the  glands  it  seems  reasonable  to 
suspect  that  these  reactions  may  be  taking  place  during  shock  even  though  they 
have  not  yet  been  demonstrated  then.  In  view  of  the  very  close  interrelation- 

ship between  the  hormones  of  the  anterior  pituitary,  adrenal  cortex,  thyroid, 
pancreas,  and  gonads  in  controlling  metabolism,  further  investigation  is  indi- 

cated on  the  behavior  of  these  glands  during  shock. 

DISCUSSION 

The  material  reviewed  represents  only  a  small  beginning  of  a  large  and  complex 
problem.  INIuch  has  been  learned  in  the  past  few  years,  but  even  where  progress 
has  been  made  there  are  still  many  serious  gaps  in  our  knowledge.  A  variety 
of  metabolic  defects  have  been  described,  but  it  has  not  always  been  possible  to 
determine  which  of  these,  either  alone  or  in  combination  with  others,  represent 
critical  disturbances  and  which  are  of  minor  significance.  Different  tissues  and 
organs  have  been  shown  to  be  affected  by  shock  at  different  rates  and  to  ̂ -arying 
degrees,  but  the  i-elative  significance  for  the  ultimate  outcome  of  partial  or 
complete  loss  of  organ  function  has  not  been  clearly  established.  In  the  case 
of  some  tissues,  data  on  their  metabolic  activity  during  shock  are  as  yet  very 
incomplete,  so  that  a  false  impression  of  their  importance  may  be  given.  Little 
has  been  reported  on  the  metabolism  of  brain  and  ner\  ous  system  or  heart, 
tissues  highly  sensitive  to  oxygen  lack,  although  work  is  in  progress  in  several 
laboratories.  This  work  is  of  great  importance,  for  a  demonstration  of  any 
.serious  metabolic  breakdown  in  either  the  central  or  peripheral  ner\  (nis  system 
would  do  much  to  explain  some  of  the  characteristics  of  late  shock. 

One  objecti\  e  of  this  type  of  research  has  been  to  establish  a  rational  basis 
for  the  therapy  of  the  so-called  "irreversible"  stage  of  shock,  that  stage  in  which 
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the  restoration  of  fluid  and  colloid  is  no  longer  effective  in  restoring  the  circula- 
tion. Profound  anoxia  is  a  prominent  feature  of  this  phase.  As  yet  no  entirely 

new  method  of  therapy  of  pro^Tn  value  has  been  evolved.  Based  on  the  bio- 
chemical evidence,  seA-eral  types  of  adjuvants  to  the  conventional  therapy  of 

shock  have  been  suggested  and  are  under  investigation.  These  involve  (a) 
attempts  to  correct  abnormalities  in  the  blood  chemistry  whose  persistance  may 
be  considered  as  "perpetuating  factors"  in  shock,  (b)  supplying  nutritive  sub- 

strates, (c)  supplying  components  of  enzyme  systems  known  to  be  damaged 
and  (d)  use  of  hormones.  ...  In  the  first  group  may  be  mentioned  the  revival 
of  interest  in  the  use  of  alkali.  Cannon  and  others  introduced  alkali  therapy 
by  mouth  and  parenterally  dining  the  last  ̂ \•ar,  but  as  the  methods  of  blood 
transfusion  and  preservation  were  improved,  alkali  therapy  was  largely  for- 

gotten. Recent  re-emphasis  on  acidosis  in  shock  as  a  perpetuating  factor  has 
lead  to  a  re-evaluation  of  this  type  of  therapy.  Fox  (34)  has  reported  en- 

couraging results  from  the  use  of  oral  sodium  lactate  in  burn  shock  in  humans. 
Levine  and  his  co-workers  (57)  describe  a  considerable  reduction  in  mortality 
in  dogs  brought  to  the  stage  of  "irreversible"  shock  by  hemorrhage  and  treated 
with  whole  blood  .supplemented  with  sodium  bicarbonate  and  glucose  and  with 
whole  blood  plus  sodium  lactate.  In  the  second  group,  that  of  supplying 
nutritive  sub.strates,  little  has  been  accomplished.  Levine  found  that  the 
addition  of  glucose  to  the  whole  blood  and  alkali  gave  somewhat  better  results 
than  whole  blood  alone.  Glucose,  alone  or  with  whole  blood,  has  not  been  of 
particular  value.  Sodium  succinate  has  been  suggested  by  Mylon,  de  Siito- 
Nagy  and  Winternitz  (67)  on  the  grounds  that  the  succmate  would  be  a  readily 
utilizable  substrate  during  anoxia  and  possibly  would  have  a  catalytic  effect 
on  tissue  respiration  as  is  suggested  by  in  vitro  work.  Ho\\ever,  Levine  found 
that  the  beneficial  effects  of  intravenous  sodium  succinate  in  shock  are  due  to 
the  sodium  ion  and  the  correction  of  the  acidosis,  for  it  is  no  more  effective  than 
sodium  bicarbonate.  The  use  of  the  various  B-complex  vitamins,  thiamine, 
nicotinamide  and  ribofla^'in  by  Govier,  Greer  and  Grieg  represent  the  first 
attempts  to  restore  coenzymes  which  are  destroyed  during  shock.  No  ade- 

quately quantitati^•e  data  are  a\'ailable  yet  to  evaluate  this  type  of  therapy. 
Among  hormones,  the  adrenal  cortical  steroids  have  been  the  subject  of  con- 

siderable interest .  Despite  some  early  enthusiastic  reports  there  is  no  evidence 
at  present  that  they  possess  any  real  value  in  the  treatment  of  shock  except  in 
cases  of  adrenal  insufficiency.  Under  normal  circumstances  the  secretion  of 
hormone  by  the  adrenal  cortex  in  response  to  stress  is  probably  a  very  deUcately 
balanced  i-eaction  Avhich  may  actually  be  hindered  bj^  indiscriminate  use  of cortical  hormone. 

When  shock  has  reached  the  so-called  "irreversible"  stage,  a  variety  of  complex 
disturbances  haA'e  taken  place  or  are  set  in  motion,  involving  almost  all  levels 
of  organization  of  the  organism.  It  is  unlikely,  therefore,  that  any  single 
therapeutic  agent  will  be  found  capable  of  correcting  these  defects.  A  thorough 
understanding  of  these  various  disturbances  and  their  ramifications  will  ])e 
needed  before  a  rational  plan  of  therapy  can  be  Avorked  out. 
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Fainting  is  an  exceedingly  common  reaction,  and  there  are  few  people  who 
have  not  fainted  or  been  close  to  fainting  one  or  moic  times  in  their  lives.  In 
most  instances  it  is  without  serious  clinical  implications.  Occasionally,  however, 
fainting  may  be  the  symptom  of  a  more  serious  disorder,  and  certainly  Avhen 
fainting  occurs  repetitively  it  is  always  symptomatic  of  a  significant  structural 
or  emotional  disturbance.  For  this  reason,  and  because  fainting  is  so  often 
confused  witli  epilepsy  by  the  clinician,  understanding  of  the  mechanisms  and 
the  correct  differential  diagnosis  of  fainting  are  of  great  importance. 
My  interest  in  the  problem  of  fainting  dates  from  House  Staff  days  at  The 

Mount  Sinai  Hospital.  There  the  advice  and  encouragement  of  Dr.  Mosch- 
cowitz,  on  wliosc  service  many  of  the  original  oi)servations  to  be  reported  here 
were  made,  stimulated  a  line  of  clinical  in\-estigations  which  has  continued  up 
to  the  present  time  and  promises  to  extend  well  into  the  future.  Subsequent 
association  with  the  late  Dr.  Soma  Weiss,  whose  extensive  contributions  to  the 
subject  of  syncope  represent  almost  tli(>  entire  bulk  of  our  current  knowledge, 
marked  a  second  period  of  great  iiisijirat  ion.  In  reporting  original  observations 
in  this  paper,  I  wish  to  acknowledge  the  collaboration  of  my  colleagues,  Drs. 
Sydney  Margolin  and  Frank  Engel  at  The  Mount  Sinai  Hospital,  and  Drs. 
John  Romano,  Eugene  B.  Ferris,  Jr.  and  T.  McLin  at  the  Peter  Bent  Brigham 
Hospital,  and  the  Cincinnati  General  Hospital. 

At  the  outset,  certaui  terms  should  be  clarified.  Fainting,  or  syncope,  gen- 
erally refers  to  a  transient  reaction  teiminated  by  brief  loss  of  consciousness  in 

which  there  is  decrea.se  in  the  tone  of  the  postural  muscles  and  falling.  Since 
unconsciousness  Is  usually  implied  when  one  speaks  of  syncope  or  fainting,  the 
terms  syncopal  reaction  or  fainting  reaction  are  used  when  referring  to  the 
symptom  complex  when  it  terminates  before  loss  of  consciousness  has  resulted. 
As  is  well  known,  in  many  types  of  fainting,  unconsciousness  may  be  forestalled 
by  assuming  the  recumbent  position.  Patients  may  deny  fainting  because 
they  have  never  actually  lost  consciousness,  yet  may  have  experienced  all  the 
symptoms  leading  up  to  unconsciousness,  which  they  prevent  by  lowering  the 
head  or  lying  down.  The  terms  used  by  most  patients  to  describe  their  syncopal 
experience  include  giddiness,  light-headedne.ss,  dizziness,  "graying-out,"  "black- 

ing-out," spots  before  the  eyes,  faintness,  etc.  The  physician  frequently  uses 
the  term  vertigo  in  referring  to  these  .symptoms.  This  is  incorrect.  The  term, 
vertigo,  should  l)e  restricted  to  the  sensation  of  rotation  of  self  or  environment, 
which  is  a  symptom  of  disturbance  of  the  vestibular  mechanism,  and  not  a 
symptom  of  syncope. 

It  should  also  be  pointed  out  that  the  clinical  picture  of  sj^ncope  may  be 
modified  by  the  chai'acter  and  severity  of  incidental  pre-existent  structural 170 



MECHANISMS  OF  FAINTING 171 

detects.  Thus,  elderly  patients  with  cerebral  arteriosclerotic  changes  may  be 
expected  to  lose  consciousness  ciuickcr  and  to  recover  more  slowly.  Similarly, 
such  patients  are  more  Hkely  to  show  focal  neurological  signs  during  and  following 
syncope.  Convulsive  movements,  usually  clonic  twitches,  may  be  anticipated 
in  any  patient  with  syncope  who  is  unconscious  long  enough  (more  than  10-15 
seconds),  but  they  will  develop  sooner  in  patients  with  pre-existent  cerebral 
disease.  It  is  rare  for  a  true  grand-mal  seizure,  with  tonic  and  clonic  phases,  to 
be  a  complication  of  syncope.  Indeed,  Ave  have  provoked  syncope  in  known 
epileptics  without  ever  inducing  a  true  epileptic  fit. 

CLASSIFICATION 

The  following  classification  is  based  upon  the  major  pathophysiologic  disturb- 
ance involved.    Each  type  will  be  discussed  in  detail. 

A.  Fainting  related  to  fall  in  blood  pressure  in  the  erect  position. 
1 .  Vasodepressor  syncope . 
2.  Chronic  orthostatic  hypotension. 

B.  Fainting  related  to  cardiac  asystole. 
C.  Fainting  related  to  local  changes  in  cerel)ral  ])lood  flow. 
D.  Fainting  related  to  paroxysmal  changes  in  caidiac  rhythm. 
E.  Fainting  related  to  obstruction  of  blood  flow  from  the  left  ventricle. 
F.  Fainting  related  to  anoxemia. 
G.  Fainting  related  to  acapnia. 
H.  Hysterical  fainting. 

A.  Fainting  related  to  fall  in  blood  pressure  in  the  erect  position 
Fall  m  blood  pressure  in  the  erect  position  constitutes  by  far  the  most  common 

mechanism  of  syncope.  Two  important  categories  may  be  described:  \  asode- 
pressor  syncope,  and  chronic  orthostatic  hypotension.  The  clinical  picture  of 
the  faint,  however,  is  essentially  the  same  in  both  categories.  This  type  of 
syncope  characteristically  occurs  in  the  erect  and  rarely  in  the  recumbent  position. 
The  symptoms  are  quickly  relieved  by  assuming  the  recumbent  position,  in 
milder  cases  even  by  simply  lowering  the  head,  but  may  recur  promptly  when 
the  erect  position  is  resumed.  The  earliest  symptom  is  weakness,  mo.st  marked 
about  the  legs,  followed  by  nausea,  sweating,  sighing,  respiration,  yawning, 
restlessness,  and  pallor.  These  symptoms  may  last  from  one  to  five  minutes, 
and  may  be  relieved  by  assuming  the  recumbent  posture.  Otherwise,  they 
are  followed  by  light-headedness,  blurring  of  vision,  unconsciousness,  and  falling. 
If  the  patient  is  maintained  in  the  erect  position,  loss  of  consciousness  may  be 
followed  in  15  to  30  seconds  by  convulsive  movements.  During  the  period  of 
developing  symptoms  the  blood  pressure  is  falling,  but  unconsciousness  does  not 
result  until  systolic  pressure  has  fallen  below  80  mm.  Hg.  Pulse  may  accelerate 
or  slow,  and  just  preceding  loss  of  consciousness,  varying  degrees  of  heart  block 
may  develop.  Because  of  this  last  feature,  some  investigators  have  referred  to 
instances  of  this  type  of  syncope  as  "vasovagal  syncope."  This  Is  not  a  good 
term,  since  it  has  been  frequently  demonstrated  that  atropine  will  block  this 
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vagal  element  of  the  reaction  without  preventing  syncope.  In  the  recumbent 
position,  blood  pressure  usually  rises  promptly,  pulse  returns  to  normal,  there 
there  is  flushing  of  the  face,  and  return  of  consciousness,  although  nausea  and 
sweating  may  continue  for  several  minutes. 

It  is  obvious  that  in  this  type  of  fainting  the  primary  defect  relates  to  a 
disturbance  in  the  blood  pressure  regulating  mechanism  in  the  erect  position  (1). 
To  effect  the  return  of  blood  to  the  heart  against  the  force  of  gravity,  certain 
compensatory  mechanisms  come  into  play.  These  probably  involve  venous 
tone,  muscle  tonus,  arteriolar  tone,  and  perhaps  certain  shunting 'mechanisms, 
but  the  relative  importance  of  each  of  these  has  yet  to  be  determined.  Most 
of  the  symptoms  and  signs  preceding  the  loss  of  consciousness  are  the  expression 
of  the  compensatory  devices  utilized  to  overcome  the  postural  defect,  i.e.,  pallor, 
sighing,  yawning,  restlessness,  vagal  overactivity,  etc.  The  actual  loss  of 
consciousness  relates  to  two  major  factors:  diminished  cardiac  output  and  in- 

sufficient systolic  pressure  to  raise  the  column  of  blood  from  the  heart  to  the 
brain.  The  unconsciousness  is  thus  an  expression  of  acute  cerebral  anemia. 
This  Is  attested  to  by  the  electroencephalogram,  which  invariably  reveals  high 
voltage  2  to  4  per  second  waves  at  the  point  of  loss  of  consciousness,  but  no  change 
during  the  premonitory  phase.  Figure  1  illustrates  the  typical  electroencephalo- 

gram, blood  pressure  and  pulse  changes  during  an  instance  of  this  type  of  syncope; 
in  this  case,  vasodepressor  syncope. 

The  major  points  differentiating  syncope  relating  to  falling  blood  pressure 
from  other  types  are  the  relation  to  posture  and  the  premonitory  period  of  1 
to  5  minutes  preceding  the  actual  loss  of  consciousness.  The  etiology  of  this 
type  of  fainting  will  bo  elucidated  further  in  the  discussion  of  the  subgroups 
that  follows : 

Vasodepressor  Syncope.  It  fs  convenient  to  subdivide  vasodepressor  syncope 
into  two  categories,  one  in  which  reflex  or  psychological  factors  play  a  dominant 
role  and  a  second,  in  which  structural  factors  leading  to  an  acute  disproportion 
between  ))l()od  volume  and  the  size  of  the  vascular  bed,  play  the  major  role. 
This  subdivision  Ls  not  meant  to  represent  a  strict  bipolar  classification,  but 
rather  emphasizes  the  two  extremes  in  the  etiology  of  a  more  or  less  homoge- 

neous syndrome  in  which  psychological,  reflex,  and  structural  factors  play  roles 
of  varying  importance.  From  the  point  of  view  of  therapj'  an  evaluation  of  the 
importance  of  each  of  these  factors  is  es.sential. 

The  first  type,  in  which  ps3'chologic  and  reflex  factors  jjlay  tiie  dominant  role 
is  an  acute  reaction  occurring  under  conditions  of  real  or  fantasied  injury  or 
threat  of  mutilation  in  persons  whose  postural  reactions  immediately  before 
were  normal.  It  is  the  rciiction  seen  so  frequently  following  venepuncture, 
minor  surgical  proceduies  and  minor  injury,  upon  \-iewing  mutilation,  autopsies, 
operation,  etc.,  upon  hearing  bad  news,  and  sometimes  it  follows  no  perceptible 
or  demonstrable  stimulus.  It  is  frequently  a  "first-time"  phenomenon,  re- 

petitive exposure  to  the  same  provocative  stimuli  seeming  to  "immunize"  the 
individual  against  recurrence  of  the  reaction.  This  learning  process  has  recently 
been  evaluated  in  a  more  or  less  quantitative  fashion  during  the  exposure  of  78 
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male  Univei-sity  students  to  altitudes  of  35,000  to  38,000  feet  in  a  decompression 
chamber.    In  spite  of  a  sustained  incidence  of  decompression  sickness  in  the 

JB.  VASODEPRESSOR  SYNCOPE 
tRECT    15  MIN.    6P  124/92    NO  SYMPTOMS 

VENE  PUNauBt 

ONE  MINUTE      BP  llj/90    NO  SYMPTOMS 

TWO  MINUTES     tf  \00j70    WEAK ,  SIGHING 

UNCONSCIOUS 

EH6       BECOVERV       rLU5H  bUS^Si 

Fig.  1.  Vasode pressor  syncope  following  venepuncture.  Premonitory  symptoms  of 
^eakness,  sighing,  sweating,  pallor,  nausea,  and  falling  blood  pressure  last  1  to  2  minutes. The  E.E.G.  shows  high  voltage  slow  waves  appearing  simultaneously  with  loss  of  con- sciousness, but  insignificant  changes  during  the  premonitory  period. 

group,  the  incidence  of  vasodepressor  syncopal  reactions  fell  from  18  per  cent 
on  the  first  flight  to  2  per  cent  on  the  seventh  flight  (2). 



174 GEORGE  L.  ENGEL 

Except  for  some  rare  types  to  be  mentioned  below,  efforts  to  establish  any- 
simple  sensory  modality  or  afferent  pathway  for  the  initiation  of  the  reaction 
have  failed  (1).  We  have  pro\-oked  vasodepressor  syncope  experimentally  by 
venepuncture,  arterial  puncture,  l)y  distension  of  duodenum,  colon,  rectum,  and 
vagina,  and  by  induction  of  mild  disturbances  in  consciousness,  but  usually  a 
second  attempt  to  provoke  the  reaction  by  the  same  stimulus  is  unsuccessful. 
Pain,  in  the  same  individual,  may  on  one  occasion  provoke  vasodepressor  syncope, 
and  on  a  second  occasion  abort  it  (1).  Ob\  iously,  psychological  factors  play 
an  important  role  in  this  type  of  \aso(l('pressor  syncope.  Whether  vasode- 

pressor syncope  develops  in  a  gi\  en  setting  appears  to  be  dependent  upon  many 
variables  including  the  nature  of  the  i)ers()n,  the  nature  of  the  setting,  the  in- 

dividual's preparation  for  the  noxious  stimulus,  his  capacity  to  diffuse  individual 
anxiety  through  such  means  as  ideal  ificat  ion  with  a  group,  the  specific  nature 
of  the  ego  defenses  used  previously,  and  tlic  acuity  and  intensity  of  the  noxious 
stimulus  (3).  The  greater  the  severity  of  the  noxious  stimulus  in  terms  of 
tissue  injury,  the  less  important  psychological  factors  become  in  the  genesis  of 
the  famt.  With  severe  enough  in  jui  y,  any  i)ers()n  ma}^  experience  vasodepressor 
syncope  regardless  of  previous  ego  strength.  It  represents  a  physiological  mode 
of  retreat  from  the  noxious  agent.  In  such  catastrophic  conditions  as  acute 
pancieatitis,  perforation  of  a  viscus,  or  acute  myocardial  infarction,  the  reaction 
is  likeh'  to  be  sustained  and  then  no  longer  should  be  classified  as  syncope,  but 
rather  as  acute  circulatory  collapse  or  shock,  depending  upon  the  intensity. 

When  vasodepressor  syncope  occurs  repeatedly,  either  following  minor  noxious 
stimuli  or  without  obvious  provocation,  in  a  person  with  no  evidence  of  any 
organic  disorder  which  leads  to  postural  fainting,  it  is  usuall}^  indicative  of  a  se- 

rious nt-uiotic  disturbance,  l^^ssciitiully,  it  r("pi'es(>nts  a  vegetative  neurotic  symp- 
tom complex  in  which  certain  disturbances  in  circulatory  dynamics  occur  con- 

comitantly with  emotions  of  fear  and  anxiety,  which  overwhelm  the  ego  and  lead 
to  a  flight  marked  by  weakness,  falling,  and  loss  of  consciousness  (sham  death?) 
(3).  While  we  arc  not  yet  prepared  to  outline  definitively  the  configurational 
personality  stiucture  or  more  specific  conflict  situations  in  vasodepressor 
syncope,  a  few  (^bserx  ations  seem  pertinent.  Neurotically  determined  vasode- 

pressor sjTicopc  is  more  common  in  men,  especially  in  men  characterized  by  con- 
siderable narcissistic  consideration  of  their  bodies.  Any  cut,  bruise,  injury, 

however  trivial  it  may  be,  appears  to  mobilize  an  exaggerated  degree  of  castration 
anxietj'.  Usually  there  has  been  considerable  attention  to  the  body  and  pride 
in  muscle  mass  and  athletic  endeavor.  It  is  of  interest  in  this  regard,  that  the 
few  women  with  repetitive  vasodepressor  syncope  we  have  studied,  have  re- 

vealed many  dominant  masculine  traits.  The  essential  differences  between 
neurotically  determined  \a.sodeiM'ess()r  syncope  and  hysterical  syncope  will  be 
pointed  out  in  a  subseciucnt  section. 

There  aie  a  few  rare  t\  |u's  of  \  asodepr(\ssor  syncope  in  which  reflex  factors 
play  a  dominant  role  while  [)sychological  factors  are  of  little  importance.  Most 
important  of  these  is  reflex  carotid  sinus  hypersensitivity  of  the  depressor  type. 
Instances  in  which  a  marked  fall  in  blood  pressure  and  no  asystole  occur  on 
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stimulation  of  the  carotid  sinus  are  rare.  We  have  observc^d  only  one  such  case 
in  more  than  fifty  examples  of  syncope  provoked  by  carotid  sinus  stimulation. 
More  often  vagal  and  depressor  types  are  mixed  and  after  atropinization  the  fall 
in  blood  pressure  is  not  sufficient  to  provoke  symptoms.  So  far,  this  Ls  the  only 
purely  reflex  tj^pe  of  vasodepressor  syncope  we  have  encountered.  Rarely, 
disease  of  the  brain  stem  may  lead  to  episodes  of  vasodepressor  syncope.  It 
has  been  seen  during  pneumoencephalography  and  in  patients  with  posterior 
fossa  neoplasm.  Drs.  Eugene  B.  Ferris,  Jr.  and  Charles  Aring  recently  told  me 
of  a  72  year  old  physician  who  had  had  a  number  of  episodes  of  typical  vaso- 

depressor syncope,  with  fall  in  blood  pressure,  sAveating,  and  bradycardia  during 
the  course  of  a  .year.  After  his  last  attack,  he  developed  progressive  neurological 
signs  and  finally  quadriplegia  and  died  tA\  o  days  later.  Postmortem  examination 
revealed  a  sclerotic  plaque  almost  completely  occluding  the  basilar  artery  and 
fresh  thrombus  at  the  point  of  stenosis.  Periodic  alterations  in  Vjlood  flow  to  the 
brain  stem  probably  accounted  for  this  patient's  syncope.  These  instances  of 
pure  reflex  or  neurogenic  vasodepressor  syncope  are  exceedingly  rare,  however, 
and  usually  present  associated  signs  or  symptoms  that  lead  to  the  correct  di- 
agnosis. 

The  precise  means  by  which  the  sudden  disturbance  in  circulatory  dynamics 
is  brought  about  in  these  types  of  vasodepressor  syncope  has  not  j^et  been  clari- 

fied. We  suspect  that  a  reflex  change  in  muscle  tonus  may  play  an  important 
role  and  that  phylogenetically  the  reaction  bears  some  relationship  to  the  phen- 

omenon of  sham  death  in  animals,  but  this  hypothesis  has  not  yet  been  subjected 
to  rigid  scrutiny.  Splanchnic  pooling  and  venous  pooling  in  the  lower  extremities 
have  also  been  suggested.  Once  initiated,  the  disturbance  may  last  hours  after 
the  noxious  stimulus  has  been  withdrawn,  the  blood  pressure  falling  and  symp- 

toms recurring  each  time  the  person  attempts  to  stand  up.  Most  often,  however, 
recovery  is  a  matter  of  minutes. 

At  the  other  end  of  the  etiologic  spectrum  are  cwamples  of  A  ahodepr(  ssor 
syncope  which  are  always  symptomatic  of  an  underlying  and  more  or  less  acute 
structural  or  physiologic  disorder,  and  which  disappear  as  soon  as  the  under- 

lying disturbance  is  corrected.  The  provacative  factors  which  lead  to  this  type 
of  syncope  are  those  which  result  in  an  acute  disparity  between  the  size  of  the 
vascular  bed  and  the  circulating  blood  volume  or  those  which  acutely  disrupt 
the  normal  postural  regulating  mechanisms.  The  patient  is  generally  as}'mpto- 
matic  in  the  recumbent  position,  but  experiences  rapid  fall  in  blood  pressure 
and  syncopal  symptoms  when  standing.  Obviously,  if  the  derangement  Ls 
extreme  enough,  evidences  of  collapse  become  apparent  even  in  the  lecumbent 
position,  and  then  one  is  dealing  with  acute  circulatory  collapse  or  shock.  Often 
syncope  is  the  first  symptom  of  the  underlying  disorder,  the  nature  of  which  is 
revealed  rather  promptly  on  examination.  In  contrast  to  the  patients  with 
vasodepressor  syncope  in  which  psychological  or  reflex  factors  play  the  dominant 
role  and  who  usually  recover  rather  promptly  from  their  faint  and  are  able  to 
go  about  their  business,  these  patients  often  show  continued,  and  sometimes 
progressive  evidence  of  being  ill,  even  though  their  postural  maladaptation  may 
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be  compensated  for.  The  common  causes  of  this  type  of  syncope  are  as  follows: 
Hemorrhage,  both  external  and  internal,  often  is  complicated  by  syncope.  With 
external  bleeding  psychological  factors  may  play  a  greater  role.  The  first 
symptom  of  gastrointestinal  bleeding  often  is  fainting.  A  common  story  of 
patients  with  bleeding  duodenal  ulcer  is  that  they  developed  weakness,  pallor, 
sweating,  nausea,  and  finally  faint  while  on  the  toilet  passing  a  tarry  stool. 
Obviously  the  bleeding  had  occurred  sometime  earlier,  and  the  combination 
of  the  motionless,  semi-erect  posture  and  the  obstruction  of  venous  return  dur- 

ing straining  in  the  presence  of  reduced  blood  volume  leads  to  fall  in  blood  pres- 
sure and  syncope.  Fever,  particularly  when  of  sudden  onset,  with  the  associated 

flushing  and  shunting  of  blood  to  the  skin,  may  lead  to  a  relative  enlargement 
of  the  vascular  bed.  Before  this  has  been  compensated  for  by  increase  in  plasma 
volume,  assumption  of  the  erect  position  may  be  accompanied  by  marked  fall 
in  blood  pressure  and  fainting,  due  to  inadequate  filling  of  the  blood  bed  and 
inadequate  return  of  blood  to  the  right  heart.  This  is  a  not  uncommon  occur- 

rence even  during  benign,  but  acute  infections  like  grippe,  tonsillitis,  etc.,  and 
patients  should  be  warned  of  the  danger  of  jumping  out  of  bed  and  standing 
motionless.  The  fainting  .seen  during  motionless  standing  in  hot  environments 
or  after  strenuous  exercise  results  from  similar  enlargement  of  the  vascular  bed. 
Acute  dehydration,  from  severe  vomiting,  diarrhea  or  sweating  may  reduce  plasma 
volume  acutely  enough  to  lead  to  fainting  in  the  erect  position.  Prolonged  re- 

cumbency, particularly  in  debilitated  persons,  often  results  in  a  decrease  in  the 
efficiency  of  the  mechanism  regulating  blood  pressure  upon  change  in  posture. 
The  factf)rs  invol\-ed  are  not  well  understood,  but  it  is  this  disturbance  that 
accounts  for  the  fall  in  blood  pressure  and  fainting  of  patients  getting  out  of 
bed  for  the  first  time  or  sitting  upright  on  the  bed-pan.  By  exercise  in  bed  and 
care  in  arising,  this  disturbance  is  usually  promptly  overcome.  Certain  drugs, 
notably  sodium  nitrite,  nitroglycerine,  amyl  nitrite,  and  magnesium  sulfate 
in  excessive  dosage  induce  fainting  in  the  erect  position  through  their  effect  on 
the  peripheral  circulation.  Exposure  to  volatile  organic  nitrite  compounds  in 
industry  may  be  the  source  of  epidemics  of  syncope.  Curare  may  induce 
postural  syncope  by  its  eff(H't  on  muscle  tonus.  Pregnancy  may  in  the  early 
months  be  associated  with  marked  postural  maladaptation.  The  exact  mech- 

anism is  unknown.  Because  of  the  nausea  during  the  period  of  falling  blood 
pressure  upon  arising  in  the  morning,  this  syndrome  may  be  confused  with  the 
usual  nausea  of  early  pregnancy.  We  have  observed  patients  ̂ \'hose  postural 
maladaptation  has  disappeared  after  a  few  weeks,  but  whose  morning  nausea 
continued,  so  the  two  are  probably  unrelated.  Post-infection:  after  a  number 
of  infections,  notably  influenza  and  infectious  mononucleosis,  postural ,  hypo- 

tension may  develop  and  may  persist  for  weeks.  The  reasons  for  this  are  not 
known,  but  it  obviously  involves  more  than  the  effects  of  prolonged  recumbency. 

Chronic  Orthostatic  Hypotension.  As  the  term  indicates  this  is  a  chronic  form 
of  postural  maladaptation  in  which  syncopal  symptoms  or  actual  syncope  occur 
each  time  the  patient  attempts  motionless  standing.  The  postural  maladap- 

tation is  extremely  resistent  to  therapy  and  once  initiated  it  may  persist  indefi- 
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nitely.  In  the  literature  this  syndrome  is  referred  to  as  "orthostatic  hypo- 
tension," "postural  hypotension,"  and  "orthostatic  circulatory  insufficiency." 

We  have  added  the  adjective  chronic  to  distinguish  it  from  vasodepressor  syncope 
which  is  also  a  postural  syncope  but  which  is  usually  more  or  less  self-limited. 

The  syndrome  occurs  most  often  in  middle-aged  or  elderly  patients,  and  is 
commonly  related  to  structural  damage  to  the  neural  pathways  concerned  with 
the  reflex  control  of  blood  flow  on  change  in  posture.  Thus,  it  is  seen  in  patients 
with  tabes  dorsalis  and  other  diseases  of  the  spinal  cord,  peripheral  neuritis,  and 
in  patients  with  evidences  of  disturbances  in  the  sympathetic  nervous  system  (4). 
It  is  also  seen  in  Addison's  disease,  where  the  already  low  blood  pressure  may 
fall  to  sjTicopal  levels  on  motionless  standing  and  rarely  in  patients  with  large 
varicosities  or  other  venous  anomalies  of  the  lower  extremities  (5). 

In  chronic  orthostatic  hypotension  the  association  between  the  erect  posture 
and  the  syncopal  symptoms  is  usually  very  obvious  to  the  patient,  and  hence 
the  diagnosis  is  readil}^  made.  The  patient  notes  symptoms  soon  after  arising 
in  the  morning  and  in  severe  cases  becomes  bed-ridden.  In  milder  instances 
the  patient  may  be  more  or  less  free  of  symptoms  when  active,  but  may  become 
faint  while  shaving,  standing  at  a  stove,  etc.  When  examined  on  a  tilt-table 
the  fall  in  blood  pressure  when  tilted  erect  is  usually  very  rapid  and  profound. 
In  milder  cases  the  marked  fall  in  systolic  pressure  may  be  preceded  by  a  period 
of  narrowing  pulse  pressure  (rising  diastolic  and  falling  systolic  pressures)  and 
increasing  tachycardia  lasting  8  to  15  minutes.  The  Valsalva  maneuver  (strain- 

ing against  closed  glottis  or  blowing  against  positive  pressure)  will  promptly 
provoke  syncope  at  this  stage.  The  unconsciousness  is  always  accompanied 
by  high  voltage  slow  waves  in  the  electroencephalogram. 

Increasing  tissue  pressure  in  the  lower  portion  of  the  body  may  lessen  the  fall 
in  blood  pressure.  Stead  (4)  has  demonstrated  that  the  fall  in  blood  pressure 
may  be  prevented  by  standing  the  patient  in  water  up  to  the  nipple-level.  Spin- 
garn  and  Hitzig  (6)  ha\'e  diminished  the  fall  in  blood  pressure  temporarily  by 
the  use  of  desoxycorticosterone  acetate  and  sodium  chloride  in  quantities  suffi- 

cient to  produce  a  small  amount  of  dependent  edema.  After  several  weeks  the 
beneficial  effects  were  lost.  MacLean  (7)  has  had  some  success  by  having  the 
patient  sleep  with  the  bed  elevated  to  an  angle  of  20  to  25°  particularly  when 
a  small  amount  of  edema  of  the  feet  accumulated.  The  use  of  sympathicomi- 
metic  drugs  like  ephedrine,  benzedrine,  paredrine,  and  paredrinol,  is  of  some 
benefit  m  the  mild  but  not  effective  in  the  more  pronounced  cases. 

B.  Fainting  related  to  cardia  asystole 
This  is  the  second  most  common  mechanism  of  fainting.  Clinically  this  is 

a  sudden  faint  and  may  be  distinguished  from  the  faint  due  to  falling  blood 
pressure  by  the  absence  of  the  premonitory  symptoms.  Loss  of  consciousness 
Ls  preceded  only  by  a  second  or  two  of  light-headedness.  Recovery  of  conscious- 

ness is  equally  abrupt  and  occasionally  the  patient  will  be  unaware  of  the  fleeting 
loss  of  consciousness  or  say:  "I  must  have  dropped  off  to  sleep  for  a  second." 
The  unpleasant  symptoms  of  nausea  and  sweating  are  usually  absent  or  insignif- 



178 GEORGE  L.  ENGEL 

icant.  The  relationship  between  the  development  of  symptoms  and  posture 
depends  upon  the  duration  of  the  cardiac  standstill.  Unconsciousness  develops 
in  the  standing  position  with  asystole  of  4  to  8  seconds,  in  the  sitting  position 
with  asystole  of  8  to  12  seconds,  and  in  the  recumbent  position  with  asystole 
longer  than  12  seconds.  During  the  syncope  the  patients  show  marked  palloi 
of  the  face,  and  pulse  and  blood  pressure  cannot  be  obtained.  Hyperpnea  is 
a  common  associated  symptom.  With  loss  of  consciousness  of  more  than  1  to 
2  seconds'  duration  the  electroencephalogram  re\'eals  high  voltage  slow  waves 
which  last  until  consciousness  is  recovered  (1).  This  is  illustrated  in  Figure  2. 
With  no  change  in  consciousness  and  with  only  fleeting  light -headedness,  the 
the  electroencephalogram  will  show  little  or  no  change  (1).  The  loss  of  con- 

sciousness is  obviouslj^  related  to  the  failure  of  blood  to  reach  the  brain  during 
the  period  of  asystole.  If  the  period  of  cerebral  anemia  is  sufficiently  prolonged, 
convulsive  movements  may  appear.  Usually  these  consist  of  clonic  movements, 
but  when  asystole  lasts  longer  than  30  seconds  a  rather  severe  convulsion  may 
develop. 

Cardiac  arrest  may  result  from  disease  of  the  conduction  system  of  the  heart, 
it  may  be  of  reflex  origin,  or  may  result  from  a  combination  of  both.  Reflex 
cardiac  standstill  is  by  far  the  more  common.  The  efferents  of  the  reflex  arc  are 
the  vagus  ner^'es.  The  right  vagus  nerve  supplies  the  S-A  node  and  stimu- 

lation leads  to  inhibition  of  the  auricular  beat.  The  left  vagus  nerve  is  distrib- 
uted chiefly  to  the  A-V  bundle  and  stimulation  leads  to  varying  degrees  of 

auricular-ventricular  block.  With  reflex  stimulation  either  or  both  mechanisms 
may  be  involved.  The  afferents  of  the  vagal  reflex  arc,  all  of  which  synapse 
in  the  brain  stem,  are  widely  distributed,  and  include  the  carotid  sinus,  aortic 
sinus,  eye  (oculocardiac  reflex),  and  various  portions  of  the  gastrointestinal, 
genito-urinary,  and  respiratory  tracts.  This  wide  distribution  of  afterent  sites 
for  the  vagal  reflex  arc  suggests  that  disease  in  many  portions  of  the  body  may 
lead  to  sensitization  of  the  vagal  reflex  arc  and  hence  to  potential  cardiac  stand- 

still. This  is  indeed  true,  but,  fortunately,  this  sensitization  only  infrequently 
leads  to  spontaneous  clinical  symptoms.  In  all  tj'pes  of  reflex  ̂ -agal  overactivity, 
atropine,  through  its  action  in  blocking  parasympathetic  impulses,  is  a  specific 
drug  and  is  of  great  value  in  diagnosis. 

Carotid  Sinus  Reflex  Hypersensitiviiy  {Cardio-inhibitory  type).  This  is  the 
most  common  type  of  reflex  vagal  o^•eracti^•ity  leading  to  asystole  and  syncope. 
The  afferent  impulse  is  mediated  through  a  branch  of  the  glosso-pharyngeal  (IX) 
nerve.  As  part  of  the  essential  mechanism  for  the  control  of  circulation,  partic- 

ularly to  the  head,  it  is  not  surprising  that  it  should  be  readily  influenced  by 
disease  or  drugs  in\-oh-ing  the  reflex  arc  directly  or  indirectly.  Sigler  (9),  in  a 
group  of  1886  patients  between  10  and  85  years  of  age,  was  able  to  provoke 
asystole  of  3  seconds  or  longer  by  massage  of  the  carotid  sinus  in  18  per  cent. 
In  81  patients  chosen  among  consecutive  hospital  admissions,  we  found  a  positive 
reaction  in  19  per  cent  (10).  Obviou.sly  then,  the  ability  to  produce  asystole 
by  massage  of  the  carotid  sinus  does  not  establish  that  to  be  the  etiology  of 
spontaneous  syncope.    The  diagnosis  of  s\Ticope  due  to  carotid  sinus  reflex 
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Fig.  2.  Cardioiiihibitory  carotid  sinus  reflex  syncope.  With  an  asystole  of  8  seconds 
thei'c  was  comijlete  loss  of  consciousness  with  falling,  followed  by  clonic  movements. 
Tlie  E.E.G.  showed  high  voltage  slow  waves  during  the  period  of  unconsciousness. 

hypersensitivit}'  of  the  cardio-inhibitoiy  type  is  only  \varranted  if  the  following 
criteria  are  satisfied:  (1)  the  loss  of  consciousness  is  sudden,  with  minimal  pre- 

monitory symptoms;  (2^  asystole  of  sufficient  duration  to  produce  changes  in 
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consciousness  can  be  produced  by  massage  of  the  carotid  sinus;  (3)  spontaneous 
attacks  do  not  occur  when  sufficient  atropine  or  ephedrine  has  been  given  to 
prevent  bradycardia  on  manual  stimulation.  If  spontaneous  attacks  occur  in 
association  with  pressure  on  the  neck  by  the  collar,  upon  turning  of  the  head, 
or  during  other  maneuvers  that  lead  to  local  stimulation,  the  diagnosis  Ls  aided. 
WTien  these  criteria  are  satisfied  it  will  be  found  that  there  are  relatively  few- 
patients  experiencing  spontaneous  syncope  as  a  result  of  a  hypersensitive  carotid 
sinus  reflex  of  the  vagal  type. 

Sensitization  of  the  carotid  sinus  reflex  arc  may  result  from  disease  of  any 
portion  of  the  reflex  arc  or  of  other  vagal  afferents.  Hypersensitivity  may  be 
associated  with  local  disease  involving  any  portion  of  the  reflex  arc,  i.e.,  around 
the  carotid  sinus,  such  as  arteriosclerosis  of  the  carotid  artery,  and  neoplastic 
or  inflammatory  masses  in  the  neck;  neuritis  or  other  processes  involving  the 
glossopharyngeal  or  vagus  nerves;  disease  of  the  brain  stem  invoh'ing  the  vagus 
nucleus;  myocardial  disease,  notably  coronary  artery  disease,  acute  rheumatic 
carditis,  and  toxic  myocardoses  (9,  11).  In  addition,  disease  of  other  afferents 
to  the  vagus  center  lower  the  threshold  to  carotid  sinus  stimulation.  This  has 
been  clearly  demonstrated  in  biliary  tract  disease,  where  in  a  group  of  23  patients 
with  more  or  less  acute  disease  of  the  gall  bladder  or  bile  ducts,  18  or  78  per  cent 
showed  a  hypersensitivity  of  the  carotid  sinus  vagal  reflex  arc  (10).  Seven  of 
these  patients  had  had  spontaneous  syncopal  symptoms.  A  similar  summation 
effect  has  been  seen  in  a  patient  with  renal  colic  (and  syncope),  a  patient  with 
glaucoma,  and  in  an  instance  of  distension  of  the  duodenum  by  balloon  (1 ) .  Cer- 

tain drugs,  notably  digitalis,  may  also  sensitize  the  reflex  arc.  The  demonstra- 
tion of  overactivity  of  the  vagal  reflex  arc,  taken  in  conjunction  with  the  associa- 

ted clinical  signs  and  symptoms  may  thus  prove  valuable  not  only  in  the  under- 
standing of  certain  spontaneous  syncopal  reactions,  but  also  in  the  differential 

diagnosis  of  the  underlying  condition.  For  example,  the  incidence  of  vagal 
carotid  sinus  reflex  hypersensitivity  is  high  in  obstructive  jaundice,  but  low  in 
jaundice  due  to  hepatitis  (10). 

It  is  not  possible  to  know  how  often  syncope  results  from  acute  disease  involv- 
ing vagal  afferents  other  than  the  carotid  sinus.  Rarely  a  chronic  reflex  reaction 

is  encountered.  Weiss  and  Ferris  (12)  reported  a  patient  with  a  traction  divertic- 
ulum of  the  esophagus  in  Avhom  the  passage  of  a  bolus  of  food  in\-ariably  led  to 

cardiac  standstill  and  fainting.  Atropine  prevented  the  reaction.  They  also 
have  reported  a  patient  Avith  a  sensitive  area  of  the  posterior  pharynx,  touching 
of  which  led  to  cardiac  standstill  and  fainting.  Iglauer  (13)  reported  a  case 
in  which  dilatation  of  a  stenosed  cardia  (cardiospasm)  caused  cardiac  standstill. 
These  types  of  reflex  vaso-vagal  syncope  are  rare,  but  should  be  readily  diagnosed. 

Stokes-Adams  Syndrome  is  the  eponym  applied  to  the  syncope  resulting  from 
asystole  in  the  course  of  heart  block  due  to  organic  inA  oh  emcnt  of  the  conduction 
system.  The  attacks  of  asystole  are  likely  to  be  long,  often  exceeding  a  minute 
in  duration,  and  the  syncopal  experience  is  often  complicated  by  convulsions. 
Between  attacks  the  pulse  is  slow  and  the  electrocardiogram  reveals  evidence 
of  heart  block  as  well  as  other  evidences  of  mj'ocardial  damage.  Stokes-Adams 
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syndrome  is  readily  distinguished  from  the  reflex  types  of  heart  block,  but  the 
superimposition  of  reflex  factors  should  not  he  o\erlooked.  Thus  atropine, 
by  eliminating  reflex  stimulation  of  the  vagus,  may  occasionally  reduce  the 
number  of  spontaneous  attacks.  Ephedrine  and  related  drugs  are  also  of  value 
if  the  myocardium  is  not  too  severely  involved. 

C.  Fainting  related  to  local  changes  in  cerebral  blood  flow 
The  cerebral  type  of  carotid  sinus  reflex  hypersensitivity  is  the  most  important 

example  of  this  mechanism.  Ferris,  Capps,  and  Weiss  (11)  in  their  original 
description  of  carotid  sinus  syncope,  distinguished  three  types,  vagal  (cardiac 
standstill),  depressor,  and  cerebral.  The  first  two  types  have  already  been  dis- 

cussed. In  the  cerebral  type  stimulation  of  the  carotid  sinus  led  to  unconscious- 
ness and  frequently  focal  neurological  signs  without  significant  change  in  pulse 

or  blood  pressure.  These  investigators  were  very  careful  to  establish  the  speci- 
ficity of  the  carotid  sinus  in  the  reaction.  This  they  did  by  massaging  other 

portions  of  the  neck  and  shoulder  and  by  occluding  each  carotid  artery  without 
provoking  syncope  as  well  as  by  local  anesthesia  of  the  carotid  sinus.  Sub- 

sequent investigators  have  been  careless  in  this  respect,  resulting  in  confusion 
wdth  hysterical  syncope,  some  instances  of  which  may  be  provoked  by  massage 
of  many  portions  of  the  body,  including  the  neck.  This  differentiation  will  be 
discussed  further  in  the  section  on  hysterical  fainting. 

Clinically,  the  cerebral  type  of  carotid  sinus  syncope  is  characterized  by  abrupt 
fainting  which  is  often  accompanied  by  focal  neurological  signs,  as  focal  convul- 

sions, mono-  or  hemiparesis,  paresthesias,  aphasia,  etc.  The  focal  neurological 
signs  are  predominantly  those  of  cortical  involvement  and  they  may  occur  in 
any  posture,  but  are  more  common  in  the  sitting  or  standing  positions.  The 
development  of  symptoms  is  usually  related  to  movements  that  result  in  stretch- 

ing of/or  pressure  on  the  carotid  sinus.  During  the  faint,  in  addition  to  the 
focal  neurological  manifestations,  there  may  be  pallor  or  flushing  of  the  face, 
hyperpnea,  but  no  significant  change  in  pulse  or  blood  pressure.  Frequently 
two,  and  even  three,  types  of  carotid  sinus  reflex  hypersensitivity  occur  together. 
The  cerebral  component  may  be  identified  by  stimulating  the  carotid  sinus 
after  atropinization,  which  eliminates  the  vagal  element,  and  by  following  the 
blood  pressure  during  stimulation  in  the  recumbent  position,  which  minimizes 
the  depressor  element.  During  the  period  of  unconsciousness  the  electroen- 

cephalogram reveals  high  voltage  slow  waves  arising  diffusely.  When  focal 
neurological  manifestations  of  cortical  origin  develop  without  unconsciousness, 
the  electroencephalogram  reveals  slow  waves  arising  from  the  cortex  contralat- 

eral to  the  signs  and  on  the  same  side  as  the  stimulated  carotid  sinus  (1).  Neither 
symptoms  nor  electroencephalographic  changes  result  when  the  carotid  artery 
is  occluded  below  the  carotid  sinus.  This  is  illustrated  in  Figure  3.  In  our  ex- 

perience (1,  3,  14),  diffuse  or  focal  slowing  of  the  electroencephalogram  has  been 
an  invariable  finding  in  the  cerebral  type  of  carotid  sinus  syncope.  All  the  cases 
we  have  seen  diagnosed  as  such,  which  failed  to  show  slowing,  either  had  very 
fleeting  (less  than  1  to  2  seconds'  duration)  and  minor  changes  in  consciousness 
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Fig.  3.  Cerebral  type  of  carotid  sinus  reflex  hypersensitivity.  Stimulation  results  in 
slow  waves  in  the  E.E.G.  from  the  ipsilateral  cortex  and  sensory  and  motor  symptoms 
of  the  contralateral  face,  arm  and  leg.  There  were  no  significant  changes  in  pulse  and 
blood  pressure. 
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and  showed  slow  Avaves  when  unconsciousness  was  more  prolonged,  or  they  were 
cases  of  hysterical  syncope  in  which  stimulation  of  many  other  portions  of  the 
body  was  equally  effective  in  provoking  syncope. 

The  mechanism  of  this  type  of  syncope  has  not  yet  been  conclusively  demon- 
strated. The  character  of  the  focal  neurological  manifestations  and  the  focal 

elect roencephalographic  changes,  the  undoubted  evidence  of  cereljrovascular 
disease  in  many  of  these  patients,  and  the  fact  that  the  carotid  sinus  mechanisms 
are  so  intimately  concerned  with  the  regulation  of  cerebral  circulation,  all  lead 
us  to  the  view  that  the  symptoms  result  from  reflex  constriction  of  cerebral  ar- 

teries. Ferris,  Capps,  and  Weiss  (9),  using  relatively  crude  methods,  were 
unable  to  detect  any  gross  changes  in  cerebral  blood  flow,  but  admittedly  were 
unable  to  rule  out  focal  changes.  They  noted,  however,  that  during  the  induced 
attacks,  the  cerebrospinal  fluid  pressure  dramatically  fell  and  the  pulsations 
diminished  and  that  during  recovery  the  pressure  temporarily  rose  above  normal 
and  the  pulsations  widened.  As  an  alternate  possibihty  they  suggested  a  direct 
reflex  to  the  mid -brain  uivolving  centers  concerned  with  consciousness.  It 
may  be  that  there  are  several  mechanisms  involved. 

Local  Cerebral  Disease  may  rarely  be  associated  with  sudden  loss  of  conscious- 
ness of  brief  enough  duration  to  be  classified  as  syncope.  Syncopal  symptoms, 

as  fleeting  light-headedness,  dizziness,  etc.,  may  also  occur.  This  is  seen  partic- 
ularly in  patients  with  hypertension  and  with  adA'anced  cerebral  arteriosclerosis, 

sometimes  as  a  prodrome  to  thromboses.  It  is  a  rare  occurrence  in  brain  tumor. 
Rarely  it  may  occur  as  a  prodromal  symptom  of  migraine.  The  mechanism, 
in  all  liklihood,  is  one  of  sudden  reduction  of  blood  flow  through  involved  blood 
vessels,  perhaps  due  to  spasm.  Any  transient  focal  neurological  sign  may 
accompany  such  a  reaction.  The  diagnosis  is  difficult  and  is  made  by  excluding 
the  other  types  of  syncope  and  establishing  the  presence  of  the  underlying 
stiTictural  disorder. 

Any  of  the  above  types  of  syncope  due  to  changes  in  local  cerebral  blood  flow 
may  be  followed  by  vasodepressor  sjucope.  This  is  primarily  a  psA'chological 
reaction  on  which  the  impending  or  threatening  loss  of  consciousness  acts  as  a 
provoking  stimulus.  We  have  witnessed  this  a  number  of  times  in  tense  and 
anxious  individuals  in  whom  the  induction  of  early  symptoms  of  cerebral  carotid 
sinus  reflex  syncope  was  followed  several  minutes  later  by  the  typical  changes 
of  vasodepressor  syncope  even  though  the  electroencephalogram  had  already 
returned  to  normal.  This  reaction  was  usvially  accompanied  by  evidences 
that  the  experience  had  provoked  considerable  apprehension.  As  with  most 
other  provocateurs  to  vasodepressor  syncope  this  was  less  likely  to  happen  on 
a  second  occasion. 

D.  Fainting  related  to  paroxysmal  changes  in  cardiac  rate  or  rhythm 
{other  than  asystole) 

Rarely  fainting  occurs  at  the  onset  of  a  paroxysmal  tachycardia.  This  has 
been  thought  proliably  to  result  from  a  transient,  acute  fall  in  cardiac  output 
with  resultant  cereljral  anemia.    Comean  (15),  however,  has  recently  demon- 
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strated  complete  cardiac  arrest  between  the  cessation  of  normal  rhythm  and  the 
establishment  of  auricular  fibrillation  in  a  patient  whose  attacks  of  fibrillation 
were  generally  ushered  in  by  syncope.  Sometimes  the  sj^mptoms  associated 
with  the  onset  of  paroxysmal  tachycardia  may  provoke  sufficient  anxietj^  to 
precipitate  an  attack  of  vasodepressor  syncope. 

E.  Fainting  related  to  obstruction  of  flow  from  the  left  ventricle 
This  is  a  presumptive  mechanism,  as  its  occurrence  has  never  actually  been 

proven.  The  fainting  seen  in  patients  with  aortic  stenosis  may  possibly  result 
from  such  mechanical  obstruction.  The  usual  story  of  syncope  in  aortic  stenosis 
is  that  the  loss  of  consciousness  occurs  abruptly  during  exertion,  and  may  be 
aborted  by  standing  still.  This  suggests  the  possibility  of  a  disparity  between 
cardiac  output  and  tissue  needs  due  to  the  mechanical  obstruction  of  outflow. 
The  possibility  of  a  reflex  from  the  aortic  arch  cannot  be  overlooked,  and  it  is 
well  known  that  in  such  patients  the  carotid  sinus  is  frequently  sensitive  to 
mechanical  stimulation.  In  dissecting  aneurysm  of  the  aorta,  obstruction  of 
flow  to  the  brain,  particularly  if  the  mouths  of  the  carotid  arteries  and  subclavian 
arteries  are  involved,  may  contribute  to  the  syncope  which  is  often  the  presenting 
symptom,    ̂ "agal  reflexes  from  the  aortic  arch  may  also  play  a  role. 

F.  Fainting  related  to  anoxemia 
Sudden  reduction  in  the  oxygen  saturation  of  the  arterial  blood  may  lead  to 

disturbances  in  the  level  of  awareness  and  sudden  unconsciousness.  (Loss  of 
consciousness  of  normal  people  exposed  to  atmospheres  of  low  oxygen  tension 
wUl  not  be  considered  here.)  Clinically  it  is  rather  rare.  We  have  reported 
one  case,  and  cited  another  from  the  literature,  of  fainting  in  a  patient  with 
congenital  heart  disease  (Tetralogy  of  Fallot)  (14).  This  patient,  who  was  only 
very  slightly  cyanotic  at  rest,  would  become  extremely  cyanotic  and  lose  con- 

sciousness under  any  circumstance  where  increased  cardiac  output  wiis  required, 
particularly  physical  exertion.  The  electroencephalogram,  after  the  patient 
walked  30  steps,  showed  high  \'oltage  slow  wa^'es.  The  patient  was  bed- ridden 
because  of  this  symptom.  Patients  with  chronic  pidmonary  disease,  i.e. ,  pul- 

monary fibrosis,  emphysema,  etc.  and  some  patients  with  congestive  heart 
failure,  who  already  have  some  degree  arterial  oxygen  unsaturation  may  become 
dizzy  and  lose  consciousness  during  exertion  or  during  exposure  to  rarified 
atmospheres  (aeroplane  or  mountain  trips).  The  increase  in  anoxemia  probablj' accounts  for  this. 

The  characteristic  physical  signs  of  the  underlying  disea.se  usually  provide 
the  clue  to  these  less  coniinou  syncopal  reactions. 

In  most  instances  tlie  direct  effects  of  the  anoxia  on  the  central  nervous  system 
result  in  the  disturbances  in  consciousness  and  syncope.  Occasionally  anoxia 
results  in  ̂ •asodepressor  syncope. 

G.  Fainting  related  to  acapnia 

\'igorous  overventilation,  with  the  resultant  blowing  off  of  carbon  dioxide,  re- 
duction of  arterial  carbon  dioxide  tension,  and  rise  in  arterial  pH  leads  to  reduc- 
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tion  in  the  level  of  awareness  in  all  normal  people  after  2  to  3  minutes.  This 
is  associated  with  numbness  and  tingling,  particularly  of  face  and  hands,  fullness 
in  the  head,  tinnitus,  and  floating  sensations,  and  it  is  accompanied  by  the 
appearance  of  slow  wa^■es  in  the  electroencephalogram.  The  patients,  however, 
do  not  fall.  The  disturliance  in  consciousness  and  slowing  of  the  electro- 

encephalogram both  are  greater  in  the  presence  of  low  blood  sugar  and  the  erect 
posture;  conversely,  high  blood  sugar  and  the  recumbent  po.sture  reduce  the  in- 

tensity of  the  reaction  (16).  If  hyperventilation  is  continued  for  longer  periods 
tetany  results.  It  is  our  opinion  that  the  disturbance  in  consciousness  and  the 
tetany  are  unrelated  phenomena.  Each  may  occur  in  the  absence  of  the  other. 
The  disturbance  in  consciousness  appears  to  be  related  to  a  combination  of 
decrease  in  cerebral  blood  flow  and  a  change  in  the  oxygen  requirements  of  the 
cerebral  tissue,  leading  essentially  to  a  relative  hypoxia  (17). 

Hyperventilation  is  a  common  neurotic  symptom.  It  may  occur  as  an  hyster- 
ical symptom  or  may  accompany  the  emotions  of  fear,  rage,  or  anxiety.  The 

sjTOptoms,  as  we  have  outlined  them,  are  not  those  of  syncope  as  defined  in  this 
paper  because  the  patients  do  not  fall.  Indeed,  the  disturbance  in  consciousness 
may  often  be  detected  only  by  direct  testing  and  it  may  be  followed  by  amnesia. 
However,  hyperventilation  may  provoke  true  syncope  by  at  least  four  different 
mechanisms:  (a)  The  subjective  symptoms,  with  the  sense  of  impending  loss 
of  consciousness,  may  provoke  vasodepressor  syncope  in  anxious  patients  by  the 
mechanisms  already  described,  (b)  Hyperventilation  m  the  erect  position  is 
always  associated  with  some  decrease  in  systolic  blood  pressure,  decreased  pulse 
pressure,  and  tachycardia.  In  patients  who  have  a  tendency  toward  orthostatic 
hypotension,  this  additional  burden  may  prove  the  "last  straw."  (c)  The  apnea 
seen  after  hyperventilation  may  rarely  be  accompanied  by  reflex  cardiac  stand- 

still, (d)  Hyperventilation  may  provoke  hysterical  fainting  in  susceptible  in- 
dividuals. 

Thus,  while  hyperventilation  per  se  does  not  result  in  syncope,  it  may  occasion- 
ally precipitate  syncope  indirectly.  Since  hyperventilation  is  used  by  many 

phj^sicians  to  provoke  epileptic  (petit  mal)  seizures,  these  alternate  possibilities 
must  also  be  kept  in  mind. 

H.  Hysterical  fainting 
Hysterical  syncope  is  an  important  variety  of  neurotically  determined  fainting 

which  is  to  be  contrasted  with  N-asodepressor  syncope.  In  the  discussion  of  the 
latter  type  of  syncope  we  jjointed  out  that  it  represented  a  vegetative  neurotic 
symptom  in  which  certam  disturbances  in  circulatory  dynamics  occur  concomit- 

antly with  emotions  of  fear  and  anxiety  which  overwhelm  the  ego  and  lead  to  a 
flight  marked  by  weakness,  falling,  and  loss  of  consciousness.  In  contrast, 
hysterical  fainting  appears  to  be  the  substituti\-e  or  symbolic  expression  of  an 
emotion,  an  attempt  at  a  partial  relief  of  the  chronic  unrelie\'ed  emotional  tension 
in  which  loss  of  consciou.sness  is  not  related  to  any  demonstrable  disturbance 
in  the  circulation  or  metabolism  of  the  brain.  A  more  detailed  discussion  of 
these  two  fundamental  psychologic  mechanisms  as  they  relate  to  syncope  will 
be  found  in  another  report  (3). 



186 GEORGE  L.  ENGEL 

1 1  HYSTERICAL  SYNCOPE 
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140  SECONDS     BP  100/70 
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70  SECONDS     BP  110/75 
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OPENS  EYES RECOVEKY 

Fig.  4.  Hysterical  svncopo:  FaiiitiiiR  followed  massage  of  the  left  trapezius  but  was 
unassociated' with  any  'chani;.  u;  1 :  ];.(;.,  pulse,  blood  pressure,  or  skin  color.  When  the syncope  was  induced  wlulc  patH  nt'.s  eyes  were  open,  the  eyes  closed  at  onset  of  uncon- sciousness and  alpha  rhythm  rcap])cared.  Unconsciousness  was  marked  by  loss  of  muscle 
tone,  falling,  and  lack  of  response  to  sensory  stimuli. 

Clinically  hysterical  fainting  tends  to  occur  more  frequently  among  \vomen. 
The  patients  often  exhibit  other  hysterical  manifestations  and  often  manifest 
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little  concern  about  their  frequent  faints  ("la  belle  indifference").  Fainting 
is  likely  to  occur  in  the  presence  of  others.  The  loss  of  consciousness  is  usually 
abrupt  and  dramatic  and  is  not  preceded  by  premonitory  symptoms.  Although 
the  patient  falls  or  slumps  to  the  ground,  injury  is  infrequent.  During  the 
faint  no  changes  in  color,  pulse,  blood  pressure,  or  respiration  are  noted  and 
sweating  does  not  occur.  Consciousness  is  not  regained  upon  attaining  the 
recumbent  position.  The  patient  may  remain  unconscious  for  an  indefinite 
period,  ranging  from  a  few  seconds  to  hours.  During  the  period  of  unconscious- 

ness, regardless  of  its  duration,  there  are  no  changes  in  the  electroencephalogram. 
This  is  of  the  greatest  importance  in  differential  diagnosis  for  in  all  the  other 
tj^pes  of  syncope  so  far  described,  in  which  the  change  in  consciousness  results 
ultimately  from  cerebral  hypoxia,  the  electroencephalogram  always  shows 
marked  changes  if  unconsciousness  is  complete  and  lasts  more  than  1  to  2  seconds. 
The  electroencephalogram  in  hysterical  syncope  is  illustrated  in  Figure  4.  It 
will  be  noted  in  the  second  half  of  the  record  that  Avhen  the  faint  was  provoked 
with  the  patient's  eyes  open  that  she  closed  them  during  the  faint  and  the  electro- 

encephalogram showed  return  of  alpha  rhythm. 
Consistent  with  the  hysterical  character  of  this  type  of  fainting  it  is  usually 

quite  easy  to  provoke  syncope  by  manipulation  of  almost  any  portion  of  the 
body,  particularly  with  the  aid  of  suggestion.  For  this  reason,  as  has  already 
been  mentioned,  confusion  with  the  cerebral  type  of  carotid  sinus  syncope  is 
quite  easy  if  areas  other  than  the  carotid  sinus  are  not  also  manipulated. 

DISCUSSION 

A  word  might  be  said  about  the  relative  incidence  of  the  various  types  of 
syncope.  Fall  in  blood  pressure,  cardiac  standstill,  local  changes  in  cerebral 
blood  flow,  and  hysteria  probably  account  for  99  per  cent  or  more  of  all  instances 
of  fainting.  Of  the  individual  types,  vasodepressor  syncope  is  by  far  the  most 
common,  particularly  when  one  considers  that  it  is  a  type  of  fainting  almost 
taken  for  granted.  Ahronheim  (18)  recorded  127  instances  of  vasodepressor 
syncopal  reactions  among  1,000  consecutive  air  cadets  following  withdrawal 
of  blood  for  a  Kahn  test.  The  total  number  of  vasodepressor  syncopal  reactions 
in  the  course  of  selective  service  examinations  and  at  Blood  Donor  Centers  in  the 
past  4  years  staggers  the  imagination.  The  remaining  types  occur  with  sufficient 
frequency  to  be  important  clinically,  but  are  relatively  rare  compared  to  vaso- 

depressor syncope.  While  hypersensitivity  of  the  carotid  sinus  reflex  can  be 
demonstrated  in  a  high  percentage  of  patients  the  occurrence  of  spontaneous 
sjTicope  by  this  mechanism  is  relatively  uncommon. 

The  correct  diagnosis  of  the  syncopal  reaction  can  usually  be  made  after  care- 
ful history  and  physical  examination.  In  obtaining  a  history,  special  attention 

should  be  directed  toward:  (a)  frequency  of  the  faint,  (b)  position  in  which  the 
faint  occurs,  (c)  nature  of  the  provocative  stimulus,  which  may  include  psycho- 

logical data,  (d)  the  occurrence,  nature,  and  duration  of  symptoms  preceding 
the  loss  of  consciousness,  (e)  the  duration  of  unconsciousness,  (f)  occurrence  of 
focal  neurological  symptoms,  (g)  the  speed  of  recovery  and  its  relationship  to 
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posture,  (h)  occurrence  of  tongue  biting  and  incontinence,  and,  if  possible, 
(i)  an  observer's  account  as  to  whether  pallor,  sweating,  changes  in  pulse,  or 
convulsive  movements  occurred.  These  historical  data  plus  a  specific  history 
and  a  physical  examination  to  reveal  structural  defects  of  importance,  will 
yield  the  necessary  information  for  the  correct  diagnosis  in  most  cases.  In 
patients  in  whom  repeated  fainting  is  the  presenting  symptom,  we  have  devised 
a  technique  of  examination  which  will  elucidate  the  mechanism  of  fainting  in 
most  instances.  It  requires  the  use  of  a  tilt-table  and  a  3-channel  electro- 

encephalogram. Two  channels  are  used  to  record  bipolar  tracing  from  left 
and  right  fronto-occipital  electrodes  and  one  channel  to  record  the  electro- 

cardiogram.   The  routine  is  as  follows: 
1 .  In  the  recumbent  position  5  minute  recordings  of  the  electroencephalogram, 

the  electrocardiogram  and  blood  pressure  at  1  minute  intervals. 
2.  In  the  recumbent  position,  vigorous  hyperventilation  for  3  minutes,  record- 

ings of  the  electroencephalogram,  the  electrocardiogram  and  blood  pressure, 
and  clinical  symptoms  including  level  of  awareness. 

3.  Rest  for  10  minutes;  occasional  blood  pressure  recordings. 
4.  Tilt  up  to  75°  quickly,  recording  electroencephalogram  and  electrocardio- 

gram during  the  change  in  position,  and  blood  pressure  readings  as  quickly 
as  possible. 

5.  Motionless  standing  for  15  minutes,  recording  blood  pressure,  electro- 
encephalogram and  electrocardiogram  at  1  minute  intervals,  or  continuously 

if  symptoms  develop. 
6.  Stimulate  first  right,  then  left  carotid  sinuses,  recording  electroencephalo- 

gram, electrocardiogram,  and  blood  pressure. 
If  there  is  a  reaction: 

(a)  Occlude  first  the  right,  then  the  left  carotid  artery  below  the  carotid 
sinus. 

(b)  Massage  other  portions  of  the  neck  and  shoulder. 
(c)  If  necessary,  repeat  the  latter  in  the  recumbent  position  and  after 

gr.  1/50  of  atropine  intravenously. 
7.  After  a  short  rest  period,  still  erect,  hyperventilate  \  igorously  for  3  minutes, 

recording  as  before. 
8.  Motionless  standing  for  5  minutes  after  hyperventilation. 
9.  Venepuncture  with  dull  needle  and  minimal  reassurance. 
We  have  utilized  this  technique  in  our  investigations  of  syncope  and  have 

found  it  possible  to  precipitate  syncope  in  the  great  majority  of  patients  suffering 
from  spontaneous  syncopal  symptoms.  It  is  usually  possible  to  establish 
whether  the  syncope  so  provoked  is  the  same  as  the  spontaneous  syncope. 
Ordinarily  the  clinical  data  alone  are  sufficient  to  establish  the  nature  of  the  spon- 

taneous syncope.  Occasionally  the  clinical  history  indicates  that  special  pro- 
cedures, such  as  introduction  of  a  balloon  into  gastrointestinal  tract,  exercise, 

etc.  be  included.  The  continuous  recording  of  pulse,  blood  pressure,  electro- 
cardiogram, and  electroencephalogram  plus  clinical  observations  as  to  color, 

sweating,  etc.  provide  all  the  criteria  to  establish  the  correct  diagnosis. 
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The  electroencephalogram,  of  course,  also  helps  to  rule  out  epilepsy,  since  the 
differentiation  between  fits  and  faints  may  occasionally  he  difficult.  Most  often 
the  differential  diagnosis  is  not  difficult  if  a  careful  history  is  obtained,  with 
special  reference  to  the  points  already  outlined  which  relate  specifically  to 
syncope. 

SUMMARY 

Fainting  has  been  classified  on  the  basis  of  mechanisms  as  follows: 
A.  Fainting  related  to  fall  in  blood  pressure  in  the  erect  position. 

1.  Vasodepressor  syncope. 
2.  Chronic  orthostatic  hypotension. 

B.  Fainting  related  to  cardiac  asystole. 
C.  Fainting  related  to  local  changes  in  cerebral  blood  flow. 
D.  Fainting  related  to  paroxysmal  changes  in  cardiac  rhythm. 
E.  Fainting  related  to  obstruction  of  blood  flow  from  the  left  ventricle. 
F.  Fainting  related  to  anoxemia. 
G.  Faintmg  related  to  acapnia. 
H.  Hysterical  fainting. 
The  clinical  differentiation  between  the.se  types  of  syncope  is  discussed  and  a 

technique  for  the  examination  of  patients  with  .syncope  is  presented. 
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ON  THE  RELATION  OF  THE  THYROID  TO  ALLERGIC  STATES 

ALBERT  A.  EPSTEIX,  M.D. 

It  is  not  the  intention  of  this  brief  communication  to  intrude  upon  the  highly 
speciaUzed  field  of  allergy.  Its  object  is  merely  to  record  some  experiences  in 
hospital  and  private  practice  which  indicate  the  necessity  of  greater  circumspec- 

tion in  the  analysis  of  "allergic"  cases,  in  order  to  ascertain  the  basic  and  ac- 
cessory factors  which  enter  into  their  composition.  The  subject  is  not  new,  but 

one  which  requires  reiteration.  The  final  diagnosis  and  treatment  often  lie 
outside  the  field  of  the  allergist's  endeavors. 

The  following  is  a  striking  example:  In  Januarj^  of  1919  a  young  married 
woman  was  referred  to  me  for  a  metabolic  study.  Her  complaint  was  asthma 
of  six  years'  diu-ation  which  was  growing  progressively  Avorse.  She  had  gone 
from  specialist  to  specialist,  both  here  and  abroad,  and  all  sorts  of  tests  and 
treatments  were  applied  without  permanent  effect.  Occasionally  change  of 
climate  or  location  gave  relief  for  a  brief  period.  The  reasons  for  improvement 
during  these  intervals  will  become  clear  later  on. 

The  problem  was  obviously  one  of  etiology  and  not  diagnosis.  The  physical 
findings  were  clear  cut,  and  pointed  to  bronchial  asthma.  The  antecedent 
history  relative  to  the  respiratory  tract  revealed  that  the  patient  had  had  a 
nasal  operation  thirteen  years  before,  and  that  she  Avas  subject  to  attacks  of 
tonsillitis.  She  was  regarded  as  definitely  allergic,  but  the  particular  agent  which 
provoked  the  attacks  could  not  be  ascertained  from  her  history. 

In  order  to  carry  out  the  purpose  for  Avhich  she  was  referred  to  me  I  suggested 
a  complete  metabolic  study.  The  patient  complained  of  being  nervous  at  the 
time  (she  had.groAATi  to  dread  visits  to  doctors)  and  asked  to  have  the  examination 
postponed.  This  Avas  agreed  upon  for  a  few  days  later,  but  the  appointment 
Avas  eventually  cancelled. 

On  the  Sunday  foUoAving,  I  received  a  call  from  the  patient's  hu.sband  stating 
that  she  Avas  suffering  from  a  seA^ere  paroxysm  of  asthma.  When  I  arriA^ed  the 
picture  Avhich  the  patient  presented  Avas  classical.  She  Avas  indigo  blue  and 
struggling  for  breath.  The  administration  of  the  customary  remedies  gave  her 
relief.  She  Avas  familiar  Avith  this  treatment  and  though  grateful  for  the  relief 
obtained,  she  did  not  return  to  the  office  for  further  examination. 

On  the  folloAving  Sunday  the  paroxy.sm  of  asthma  recurred  and  I  AA-as  sum- 
moned again.  The  same  palliative  treatment  Avas  applied,  Avith  the  Avarning 

that  unless  she  Avould  haA'e  the  examination  completed  there  Avould  be  no  further 
visits  from  me.  When  she  finally  came  I  informed  her  that  there  AA-as  no  need 
for  further  medical  examination.  Her  case  Avas  obvious.  Her  Avorst  paroxysms 
apparently  occurred  only  on  Sundays  Avhen  her  husband  spent  the  day  at  home. 

Briefly,  this  Avas  not  a  sex  problem,  but  one  due  to  cultural  incompatibility. 
Her  husband,  she  belieA-cd,  did  not  come  up  to  her  leA-el.  She  Avas  an  intelligent 
Avoman,  and  Avhen  I  explained  the  reasons  for  her  diflficulty,  she  agreed  to  change 
her  attitude  toAvard  her  husband.    There  Avere  no  further  asthmatic  attacks. 

191 
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In  retracing  her  history,  I  discovered  that  change  of  chmate  and  location  were 
beneficial  in  the  past  only  when  the  husband  did  not  accompany  her. 

The  recovery  from  asthma  was  complete.  Six  years  later  she  underwent  an 
appendectomy  under  ether  anesthesia  and  made  an  uneventful  recovery.  Ten 
years  later  she  succumbed  to  a  generaUzed  carcinomatosis  of  ovarian  origin. 

In  retrospect  one  could  infer  that  this  case  was  psychosomatic  in  its  evolution. 
This  case  is  unique  only  in  the  prompt  therapeutic  response  resulting  from 

the  elucidation  of  the  pro^'ocative  cause.  What  organic  substrate  was  involved 
remains  obscure — unless  we  regard  the  ovarian  malignancy,  which  terminated 
the  life  of  the  patient  ten  years  later,  as  a  factor.  In  this  connection  it  is  in- 

teresting to  note  that  Fishberg  (1918)  drew  attention  to  the  association  of  thyroid 
and  ovarian  dysfunction  in  an  asthmatic,  and  Widal,  Abrami  and  Gennes  (1922) 
also  recounted  a  case  where  asthma  appeared  to  have  been  related  to  this  type 
of  dysfunction. 

From  the  allergists  point  of  view  the  e.xplanation  of  the  above  case  might  be 
somewhat  as  follows:  Allergic  persons  (and  it  is  a.ssumed  that  the  persons  in 
question  .are  allergic)  especially  those  with  asthma  and  urticaria  appear  to  have 
hyperirritability  or  instability  of  a  portion  of  the  autonomic  nervous  system. 
An  asthmatic  patient  is  frequently  designated  as  a  vagotonic  individual; 

the  vagus  system  appears  overactive  and  is  not  always  held  in  check  by  the 
sympathetic.  Spasm  of  the  bronchial  muscles  re.sults.  Moreover,  not  only  is 
the  vagus  sy-stem  too  active,  but  it  is  hyperreactive  to  stimulation.  A  stimulus 
which  would  be  without  effect  in  a  normal  person,  it  is  stated,  will  be  followed 
by  a  vagotonic  response  with  resulting  asthma  in  an  allergic  patient.  This  is 
described  as  the  "trigger"  mechanism. 

The  nerve-reacting  mechanism  seems  "cocked  ready  to  shoot,"  in  the  asthmatic 
person.  Once  one  has  developed  the  asthmatic  state,  and  the  autonomic  nervous 
system  has  become  hyperre.sponsive,  the  "trigger  mechanism"  is  at  work,  and 
any  of  a  variety  of  impulses  may  produce  an  attack  of  asthmd.  The  contact 
with  an  "allergen"  is  not  always  essential.  Anything  that  will  throw  the  vagus 
into  activity  will  cause  trouble.  Irritating  gases,  indigestion,  shock,  fright, 
sudden  temperature  changes,  head  colds,  and  the  like  will  cause  asthma  under 
such  circumstances. 

It  is  further  stated  that  the  "trigger  mechanism"  can  be  set  in  cases  where 
there  is  no  specific  sensitization  to  an  allergen,  at  least  none  that  can  be  demon- 

strated. This,  it  is  claimed,  explains  some  of  the  cases  in  which  positive  evidence 
of  allergic  sensitization  is  lacking. 

The  concept  of  "trigger  action,"  however  does  not  elucidate  the  underlying 
mechanism  of  the  reaction,  nor  the  precise  reason  for  its  evolution.  It  merely 
suggests  the  path  along  which,  or  through  which,  a  certain  reaction  may  take 
place.  That  the  autonomic  nervous  system  participates  in  the  expression  of 
allergic  phenomena  cannot  be  denied.  It  appears  to  regulate  the  type  of  reaction 
between  stimuli  and  tissue  reactivity.    But  what  is  back  of  the  tissue  reactivity? 

Heredity  is  frequently  considered  as  a  factor  in  allergic  conditions.  Sporadic 
mention  has  been  made  of  the  relation  of  the  endocrine  system  to  allergic 
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diseases  and  cases  are  on  record  in  which  d3'sfunction  of  the  thyroid  gland  has 
been  found  to  play  an  important  part.  Moncorge  (1900)  and  Ley  (1910)  noted 
the  coupling  of  asthma  with  thyroid  dysfunction.  Levi  and  Rothschild  (1911) 
advanced  the  theory  of  an  endocrine  origin,  not  only  for  asthma,  but  for  spas- 

modic coryza  as  well.  They  basftd  their  assumption  on  the  frequent  improve- 
ment in  some  of  these  cases  on  thyroid  therapy.  Widal  and  Abrami  (1924) 

discussed  four  cases  in  which  exophthalmic  goitre  was  associated  with  asthmatic 
spasms;  and  Elliot  (1929)  described  five  cases  of  hyperthyroidism  and  one  of 
hypothyroidism  each  of  which  was  associated  with  asthma.  Two  were  relieved 
of  their  asthma  and  hyperthyroidism  by  thyroidectomy,  and  clearing  up  of 
definite  focal  infections.  Iodine  had  a  beneficial  effect  on  the  one  case  which 
was  continuously  hypothyroid. 

It  seems  to  me  that  the  difficulty  encountered  in  evaluating  an  allergic  case 
arises  from  the  customary  approach  to  the  problem.  The  allergic  response  is 
regarded  as  the  dominant  factor  and  not  as  the  end-point  of  a  series  of  biologic 
reactions.  The  order  should  be  reversed.  The  endocrines  should  be  placed 
first;  the  autonomic  nervous  system  as  the  intermediate  and  tissue  reactivity  as 
the  final  link  in  the  chain.  By  this  method  of  analy.sis  the  true  etiologic  factor 
may  be  discovered  and  the  effects  of  both  hyper-  and  hypo-activity  of  a  gland 
can  be  more  readily  understood. 

It  is  recognized,  of  course,  that  functional  disturbances  in  one  part  of  the  en- 
docrine system  may  lead  to,  or  result  in,  disturbances  in  other  parts  of  the  system. 

But  the  commonest  endocrine  dysfunctions  which  are  associated  with  allergic 
states  and  which  can  be  detected  clinically,  are  related  to  the  thyroid  gland. 

The  cases  selected  for  presentation  belong  to  this  group.  All  received  the 
customary  palliative  and  prophylactic  allergic  treatment,  yet  they  proved  re- 

fractory to  such  treatment. 

Case  1.  History:  T.  N.,  aged  13  years,  was  referred  to  me  in  April  1928  suffering  from 
Grave's  disease,  the  first  signs  of  which  had  become  manifest  six  months  before.  The basal  metabolism  was  plus  61  per  cent  and  the  clinical  findings  were  in  keeping  with  the 
diagnosis.  The  interest  of  this  case  lies  in  the  earlier  history,  in  her  family  antecedents 
and  in  the  ultimate  therapeutic  result. 

In  addition  to  a  number  of  diseases  of  early  childhood,  the  patient  was  subject  to  asth- 
matic seizure  since  infancy,  and  adrenalin  was  used  repeatedly  for  the  relief  of  the  par- 

oxysms. 
Her  family  history  was  particularly  impressive.  The  father  was  a  neurotic  individual 

who  suffered  from  a  bowel  condition  (mucous  colitis?).  He  later  became  a  pronounced 
psychopath.  The  mother  was  a  highly  emotional  individual,  subject  to  attacks  of  migraine, 
and  showed  both  clinical  and  laboratory  evidence  of  hyperthyroidism.  One  younger  sister 
also  had  hyperthyroidism  with  confirmatory  laboratory  findings. 

From  the  standpoint  of  heredity,  therefore,  the  patient  had  all  the  prerequ- 
isites for  the  development  of  an  allergic  state,  but  the  dominant  feature  amongst 

the  hereditary  stigmata  was  the  tendency  to  hyperthyroidism.  The  exact 
relationship  of  this  tendency  to  the  asthma  could  not  be  considered  certain  until 
a  thyroidectomy  was  performed.  Thereby  the  Grave's  di.sease  was  controlled 
and  the  asthma  completely  abolished. 
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Case  2.  History:  A  married  woman,  aged  52  years,  developed  asthma  directly  after  the 
onset  of  the  climacterium.  As  all  the  other  members  of  the  family  were  known  to  me,  I 
can  state  with  certainty  that  they  were  all  exempt  from  any  allergic  manifestations.  The 
outstanding  characteristic  of  the  family  was  obesity,  and  the  patient's  mother  had  diabetes. 

At  the  age  of  32,  the  patient  underwent  a  nephrectomy  for  a  calculous  pyonephrosis. 
She  remained  well  up  to  the  time  of  the  climacteriam.  In  general  the  physical  findings 
were  negative.  Of  the  laboratory  findings  two  points  stood  out,  namely  an  elevated  lipoid 
content  in  the  blood,  and  a  tendency  to  a  continuous  alkaline  tide  in  the  urine.  The  sig- 

nificance of  these  findings  was  not  fully  understood  at  the  time ;  however  lipoidemia  is  often 
encountered  in  the  climacterium.  Subseciuent  tests  for  allergy  were  negative.  Some 
reaction  to  bacterial  antigens  was  obtained — but  not  sufficient  to  point  to  a  specific  etiology. 
Notwithstanding  numerous  consultations,  the  asthma  proved  refractory  to  all  forms  of 
treatment,  and  became  so  intractable  that  the  patient  was  confined  to  bed  continuously. 
The  cough  was  constant,  extremely  exhausting,  and  was  accompanied  by  the  expectoration 
of  large  amounts  of  thick  viscid  mucus.  As  adrenalin  became  ineffective,  the  patient 
developed  a  narcotic  addiction.    She  was  bedridden  for  eleven  years. 

Domestic  conditions  were  not  of  the  best,  and  as  they  appeared  to  contribute  to  the 
distre.-is  of  the  patient,  she  was  finally  removed  to  a  nearby  resort.  She  remained  there 
but  a  few  days,  when  it  was  reported  that  she  had  developed  congestive  heart  failure.  She 
was  brought  back  immediately  by  ambulance. 

When  I  saw  the  patient  again,  I  was  amazed  to  find  her  suffering  with  acute  hyper- 
thyroidism with  cardiac  manifestations.  Intensive  lugolization  was  immediately  insti- 

tuted. The  change  that  took  place  in  the  patient's  condition,  even  within  the  first  twenty- four  hours,  was  remarkable. 
The  interest  in  this  case  does  not  reside  in  the  fact  that  the  Lugol's  solution  controlled 

the  sj-mptoms  of  hyperthyroidism,  but  the  associated  beneficial  effect  upon  the  asthma. 
lAigolization  was  continued  until  not  only  the  symptoms  of  hyperthyroidism  were  fully 
controlled,  but  the  asthma  was  completely  relieved.  The  narcotic  habit  was  also  checked 
and  the  patient  resumed  a  normal  life. 

M;iii\  \(  ars  have  elapsed  since  this  episode  and  no  major  asthmatic  attacks  have  de- 
veloped 111  the  interval.  Minor  attacks  followed  emotional  upsets,  at  which  times  iodine 

was  jjromptly  effective.    She  finally  died  of  a  coronary  artery  occlusion  at  the  age  of  72. 

The  importance  of  this  case  is  to  be  found  largely  in  the  que.stion  of  the  re- 
lation of  the  thyroid  to  the  production  of  the  malady.  There  was  nothing  in  her 

pre\-ious  history  preceding  the  major  thyroid  crisis  which  could  inculpate  the 
thyroid  as  a  factor  in  the  causation  of  asthma.  Two  questions  arise  at  this  point. 
"Did  II  latent  liyperthyroichsm  exist  prior  to  this  crisis  which  did  not  manifest 
it.self  by  any  of  the  criteria  to  which  we  are  acustomed?  Secondly,  did  it  bear 
any  relation  to  the  asthma?" 

Sub.sequent  experience  with  a  variety  of  so-called  allergic  conditions,  such  as 
asthma,  hay-fever,  urticaria  and  mucous  colitis,  with  and  without  specific  skin 
reactions,  lead  me  to  answer  both  these  postulates  in  the  affirmative.  Close 
inquiry  and  accurate  anal,ysis  often  reveal  the  fact  that  thyroid  dysfunction 
plays  an  integral  part  in  these  conditions. 

Case  3.  History:  M.  S.,  aged  .30  years,  who  had  an  appendectomy  at  the  age  of  13,  a  tonsil- 
lectomy at  24,  a  salpingectomy  and  oophorectomy  at  the  age  of  26,  had  attacks  of  asthma 

of  three  years'  duration.  A  heail  cold  charartci  izcd  b>'  rhinorrhea,  tearing  of  the  eyes  and 
sneezing  initiated  the  present  attack.  .After  several  months  of  having  a  "head  cold," the  patient  stated  that  it  spread  to  her  chest  and  since  then  she  has  had  spells  of  coughing 
and  constant  wheezing.    After  one  month  in  bed,  she  took  quinine  one  night;  this  was 
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followed  the  next  morning  by  severe  hives !  Later  that  day  her  asthma  became  very  much 
more  severe  and  she  received  her  first  injection  of  adrenalin.  Since  then  she  had  been 
hospitalized  and  under  observation  at  the  asthma  clinics  of  three  hospitals  without  any 
improvement. 

The  patient  was  admitted  to  the  Hospital  for  Joint  Diseases  on  March  10,  1935,  after 
having  been  in  a  'status  asthmaticus'  for  the  past  four  months  during  which  time  she received  three  or  four  injections  of  adrenalin  a  day  and  supplementary  morphine.  She 
had  lost  thirty  five  pounds  in  weight,  vomited  after  the  intake  of  food,  was  severely  con- 

stipated, had  headaches,  extreme  weakness  and  inabilitj'  to  walk.  During  severe  attacks 
in  the  past  year,  she  had  occasional  blood  streaked  sputum.    The  menses  were  regular. 

Examination:  On  admission  to  the  hospital,  she  was  pale,  sallow,  breathing  with  diffi- 
culty, wheezing  loudly  so  that  it  could  be  heard  several  feet  from  the  bed,  and  so  exhausted 

even  talking  for  a  moment  fatigued  her.  The  chest  was  full  of  rales  of  all  kinds.  The  heart 
sounds  were  faint,  obscured  by  the  wheezes.  The  heart  did  not  seem  increased  in  size;  the 
blood  pressure  was  160  systolic  and  80  diastolic;  the  abdomen  was  negative  and  there  was 
no  adenopathy. 

Abstracts  from  the  previous  hospitals  were  obtained.  That  of  one  hospital  showed  a 
gastrointestinal  x-ray  series  to  have  been  done  without  any  significant  findings.  The 
second  hospital  reported  a  possible  left  maxillary  sinusitis;  while  the  third  institution 
reported  a  moderate  reaction  to  corn  and  orris  root:  the  findings  were  otherwise  negative. 

Course:  After  several  days  during  which  adrenalin,  morphine  and  glucose  were  given 
without  any  marked  relief,  studies  were  made  on  the  blood  chemistry  which  showed  a 
cholesterol  of  136,  phosphorus  of  2.3,  and  a  normal  calcium.  Five  drops  of  Lugol's  solution were  administered  three  times  a  day.  In  a  short  time,  a  noticeable  improvement  was 
apparent  in  the  patient's  asthmatic  state.  Two  weeks  after  Lugol's  solution  was  started the  blood  cholesterol  showed  a  rise  to  196,  twelve  days  later  a  third  cholesterol  reading 
was  206.  At  the  time  of  the  third  cholesterol  determination,  the  patient's  asthma  had  so markedly  improved  that  it  was  possible  to  do  a  basal  metabolism  which  was  minus  12  per 
cent.  All  other  laboratory  tests  were  negative,  including  the  blood  count,  serology,  blood 
chemistry  and  urinalysis.  A  skin  eruption  was  reported  by  the  dermatologists  to  be  due 
to  iodine.  The  Lugol's  solution  was  continued  in  spite  of  this  and  after  a  period  of  several weeks,  the  eruption  definitely  improved.  The  patient  was  admitted  with  a  weight  of 
102  lbs.  which  rapidly  decreased  to  96  lbs.,  at  which  time  Lugol's  solution  was  started. Associated  with  the  improvement  in  her  asthmatic  .state,  the  weight  showed  a  rapid  and 
progressive  increase  until,  at  the  time  of  discharge,  May  4,  1935,  the  weight  was  106  lbs. 

She  has  been  followed  regularlj-  in  the  Out-Patient  Department.  Since  admission  and 
upon  the  last  examination  on  October  26,  1935,  she  had  continued  to  improve.  The  weight 
at  that  time  had  increased  to  129  lbs.  and  she  had  been  free  of  asthma  except  for  occasionaj 
wheezing.    The  eruption  was  much  less  marked.    Xo  other  abnormal  signs  were  elicited 

The  above  cases  are  cited  as  instances  of  the  association  of  asthma  with  hy- 
perthyroidism and  the  effect  of  treatment  directed  to  the  thyroid  upon  the 

asthma. 
In  my  own  experience,  asthma  is  more  frequently  associated  with  hyper-  than 

with  hypothyroidism.  Another  type  of  allergic  reaction  in  the  presence  of  hy- 
perthyroidism is  manifested  in  intestinal  disturbances  (mucous  colitis?).  The 

following  case  is  an  example. 
Case  4-  History:  A.  R.,  aged  21  years  was  referred  to  me  by  his  father  (a  physician)  in 

1929  suffering  from  what  appeared  to  be  colitis.  The  family  history  was  negative  except 
that  the  father  suffered  from  a  similar  complaint  but  to  a  lesser  degree. 

The  patient  had  had  most  of  the  diseases  of  early  childhood  including  a  streptococcus 
infection  of  the  throat  with  endocardial  involvement.  He  had  pneumonia  at  14  years  of 
age  and  scarlet  fever  at  16. 
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His  complaint  at  the  time  was  a  bowel  disturbance  of  several  years  duration  with  fre- 
quent bouts  of  diarrhea  alternating  with  constipation.  He  was  found  to  be  sensitive 

to  milk.  During  these  attacks,  he  showed  anorexia,  decrease  in  weight,  headaches  and 
dizziness. 

Examination:  The  patient  was  of  the  asthenic  type.  He  had  a  palpable  thyroid,  a 
slight  VonGraefe  and  a  tremor  of  the  fingers.  The  basal  metabolic  rate  was  plus  23  per 
cent.    The  rest  of  the  examination,  including  a  barium  enema,  was  negative. 

On  the  assumption  that  as  a  background  of  the  allergic  disturbance  there  was  a  hyper- 
thyroid  factor,  lugolization  was  instituted  with  complete  relief  of  the  symptoms. 

Borderline  cases,  presenting  features  of  both  hyper-  and  hypothyroidism  are 
not  uncommon,  and  if  any  allergic  condition  is  coexistent,  therapy  directed  to 
the  one  or  the  other  dysfunction,  or  a  combination  of  the  two,  may  effect  a  cure. 

There  are,  however,  certain  types  of  allergic  conditions  which  appear  to  be 
more  specifically  associated  with  hypothyroidism.  Amongst  these  are  urticaria, 
hay-fever,  and  angioneurotic  edema.  With  regard  to  urticaria,  many  writers 
insist  that  .sufferers  frequently  show  manifestations  of  hypothyroidism  and  that 
they  derive  benefit  from  thyroid  therapy.  Others,  however,  note  urticaria 
associated  with  hyperthyroidism  which  disappears  when  treatment  for  this 
condition  is  instituted.  I  am  inclined  to  the  view  that  hypothyroidism  is  by 
far  the  more  frequent  offender. 

If  we  consider  hypothyroidism  as  one  of  the  features  of  lipoid  nephrosis,  it 
is  significant  that  so  many  of  these  cases  give  a  history  of  urticaria  (sometimes 
giant  urticaria)  antecedent  to  the  symptoms  of  nephrosis.  Hay  fever  is  another 
condition  which  frequently  forms  part  of  the  history  of  nephrosis.  Be  that  as 
it  may,  the  association  of  hay -fever  with  hypothyroidism  is  not  at  all  uncommon. 
The  following  three  ca.ses  are  illustrative  of  this  point. 

Case  5.  (Courtesy  of  Dr.  J.  J.  Vorzimer)  History:  Male,  aged  34  years,  came  under 
observation  in  May  1940.  A  presumptive  diagnosis  of  hypothyroidism  was  made  based 
upon  the  symptoms  of  fatigue,  dryness  of  the  skin,  frequent  upper  respiratory  infections, 
which  upon  examination  by  a  nose  and  throat  specialist  were  found  to  be  due  to  an  allergic 
condition  frequently  seen  in  hypothyroidism.  The  diagnosis  was  confirmed  when  the  basal 
metabolic  rate  was  found  to  be  minus  34  per  cent,  and  cholesterol  312  mgs.  per  100  cc.  The 
patient  was  placed  on  thyroid  therapy,  taking  as  much  as  4  gr.  with  definite  clinical  im- 
provement. 

In  November,  1940,  his  basal  metabolism  rose  to  plus  26  per  cent;  cholesterol  was  166 mg. 
per  100  cc. ;  pulse,  84;  the  blood  pressure,  132  systolic  and  80  diastolic.  His  nasal  congestion 
had  disappeared  and  there  was  no  further  evidence  of  allergic  rhinitis. 

Ca.se  6.  (Courtesy  of  Dr.  J.  J.  ̂ 'orzimer.)  History:  Female,  aged  8  years.  Chief 
complaints:  obesity,  severe  constipation,  bowel  movements  only  with  enemata,  sluggish- 

ness, dullness  at  school  and  dry  skin.  In  addition  there  was  a  prolonged  history  of  asthma 
and  hay  fever. 

Examination:  52|  inches  in  height,  weight,  82  lbs.,  hemoglobin,  70  per  cent,  blood  pres- 
sure, 80  systolic  and  60  diastolic;  an  obese,  dull  child;  skin  very  dry  and  scaly.  The  heart, 

lungs,  abdomen  and  genitalia  were  negative.  The  basal  metabolism  was  minus  10  per  cent. 
In  January,  1943  a  low  calory  diet  and  thyroid  therapy  was  instituted,  beginning  with  ̂   gr. 
dessicated  thyroid  and  Feosol  two  tablets  three  times  a  day. 

Course:  Following  this  there  was  progressive  improvement.  In  June  1943  there  was  a 
loss  of  weight  of  7  lbs.  with  an  increase  in  height  of  I5  inches.  The  basal  metabolism  was 
plus  13  per  cent.    The  skin  was  less  dry  and  no  longer  scaly.    The  sluggishness  and  dullness 
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had  disappeared  and  marked  improvement  in  school  work  was  reported.  By  September, 
1944,  the  basal  metabolism  rate  was  plus  11  per  cent  and  the  weight  82^  lbs.,  the  height 
56i  inches.  The  child  is  now  normal  in  every  respect  and  has  daily  bowel  movements. 
She  had  very  little  difficulty  with  her  pollen  allergy.  There  have  been  no  asthmatic 
attacks. 

Case  7.  (Courtesy  of  Dr.  R.  Sussman.)  History:  J.  N.  came  under  observation  at  the 
request  of  his  otolaryngologist  on  May  1,  1943.  He  had  observed  puffiness  about  the  eyes 
for  the  past  two  weeks  and  difficulty  in  breathing  through  his  nose  and  believed  that  he  was 
suffering  from  some  kind  of  allergy.  In  addition  he  felt  tired  and  sluggish  and  cold  weather 
distressed  him.  His  family  history  is  significant  in  that  one  brother  had  a  coronarj^  throm- 

bosis at  the  age  of  23  and  a  second  brother  had  a  similar  attack  at  the  age  of  49.  One  other 
brother  has  leukemia.  The  father  died  of  coronary  thrombosis.  He  had  scarlet  fever  at 
the  age  of  5  which  was  followed  by  an  acute  nephritis.  Since  his  discharge  from  the  army 
about  a  month  ago  he  has  had  slight  dyspnea  on  moderate  exertion  and  felt  extremely 
sluggish. 

Examination:  The  patient  weighed  178  lbs. ;  his  color  was  pasty,  his  eyelids  puffy.  The 
mucous  membranes  of  the  nose  were  pale  and  succulent  and  there  was  an  obstruction  to 
inspiration  on  both  sides.  The  heart  rate  was  80  per  minute,  and  regular.  The  blood 
pressure  was  110  systolic  and  90  diastolic.  The  first  sound  at  the  cardiac  apex  was  redupli- 

cated; A2  was  louder  than  P2.  The  electrocardiogram  at  this  time  revealed  evidence  sug- 
gestive of  myocardial  damage;  an  iso-electric  T-1,  low  T-2  and  inverted  T-4.  A  tentative 

diagnosis  of  myxedema  with  myocardial  damage  and  allergic  effects  was  made.  A  basal 
metabolism  done  in  May  1943  was  minus  42  per  cent.  The  urine  examination  at  this  time 
was  negative;  specific  gravity,  1.033.  A  recheck  of  the  basal  metabolism  was  minus  35 
per  cent.  The  patient  was  placed  on  thyroid  (Armour)  in  doses  of  1  grain  a  day  and  was 
frequently  observed.  Within  two  weeks  his  weight  was  170  lbs.  Blood  pressure,  120 
systolic  and  80  diastolic,  and  the  electrocardiogram  revealed  definite  changes  toward  the 
normal.  The  patient  reported  feeling  very  much  better;  the  nasal  mucosa  had  shrunk  to 
normal  and  there  was  no  more  difficulty  with  inspiration.  The  puffiness  about  the  eyelids 
had  disappeared.  Fluoroscopic  examination  of  the  heart  showed  that  the  cardiac  contour 
had  decreased  in  size.  One  month  later  the  basal  metabolism  was  minus  12  per  cent. 
He  is  now  taking  1  grain  of  thyroid  daily.  His  current  weight  is  168  lbs.  and  he  is  feeling 
well.    His  hemoglobin  is  100  per  cent ;  the  blood  cholesterol  is  145  mgs.  per  100  cc. 

Our  concepts  of  disease  are  often  so  catagorical  that  only  the  gross  and  most 
obvious  evidence  is  regarded  as  conclusive.  Laboratory  findings  are  often 
relied  on  to  decide  a  cUnical  question.  No  cUnician  will  deny  the  value  and  the 
aid  often  derived  from  the  laboratory  but  it  is  well  to  remember  that  biological 
processes  often  interact  in  such  a  way  as  to  neutralize  the  evidence  by  which 
one  single  disturbance  might  reveal  itself.  Thus,  the  significance  of  negative 
laboratory  findings  is  not  always  realized  or  appreciated.  The  presence  of  normal 
or  nearly  normal  values  in  disease  may  represent  a  readjustment  and  a  balanced 
effect  of  a  number  of  biologic  processes. 

The.se  observations  gain  especial  significance  in  the  consideration  of  the 
relation  of  the  thyroid  to  allergic  conditions.  Certain  criteria  have  been  es- 

tablished for  the  evaluation  of  thyroid  function,  chief  of  these  are  the  basal 
metabolism  and  the  lipoid  content  of  the  blood.  In  Graves'  disease  the  basal 
metabolic  rate  rises,  while  the  cholesterol  content  of  the  blood  falls.  Conversely, 
in  myxedema  the  basal  metabolic  rate  falls,  and  the  cholesterol  content  of  the 
blood  rises.    But  we  all  know  that  there  are  a  great  manj'  intermediary  stages 
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Ijetween  these  two  extremes  in  which  these  criteria  fail  to  correspond  with  the 
chnical  evidence,  and  many  bizarre  combinations  occur.  Thus  contrary  to  the 
estabhshed  mles,  an  elevated  basal  metabolic  rate  may  be  accompanied  by  an 
increase  in  the  cholesterol  content  of  the  blood  and  vice  versa.  These  contra- 

dictory findings  assume  significance  when  one  takes  cognizance  of  the  fact  that 
they  are  the  result  of  biologic  readjustments. 

Allergy  has  been  defined  as  a  state  of  altered  reactivity  of  the  tissues  to  various 
stimuli  conditioned  by  the  antecedent  sensitization  by  the  same  or  allied  stimuli. 
In  a  previous  publication  on  "The  Reciprocal  Functions  of  the  Thyroid  Gland 
and  Iodine"  I  pointed  out  the  relation  of  the  thyroid  and  of  iodine  to  tissue, 
reactivity  in  general.  Whether  the  effect  upon  the  tissues  is  a  direct,  or  an  in- 

direct one,  through  the  autonomic  nervous  system,  or  through  the  remote  action 
upon  the  adrenals,  is  not  certain.  Whereas  thyroid  extract  heightens  tissue 
reactivity,  iodine  lowers  the  reactivity  of  tissues  to  sensitization  by  proteins, 
and  histamine  or  the  H-substance,  which  is  believed  to  be  operative  in  the 
production  of  allergic  conditions.  We  know  that  while  some  people,  through 
hereditary  influences  or  by  acquired  sensitiveness  become  peculiarly  reactive  to 
various  stimuli,  others  do  not.  From  these  observations  one  gains  the  impression 
that  beneath  the  increased  sensitivity,  this  inherited  or  acquired  tendenc,y,  there 
is  another  su]:)strate  of  altered  tissue  reactivity  which  is  the  result  of  thyroid 
dysfunction  or  iodine  deficiency. 

The  therapeutic  implications  of  this  hypothe.sis  are  quite  obvious.  It  is  true, 
that  when  two  distinct  causes  can  work  synergically  in  the  production  of  one 
disease,  we  can  conceive  that  the  removal  of  either  may  result  in  a  return  to  the 
normal  lialanced  state.  In  applying  this  thought  to  allergy,  we  find  that  this 
dictum  is  true  only  in  part. 

The  allergic  individual  is  like  the  person  who  stands  on  the  edge  of  a  precipice. 
Many  influences  may  cause  him  to  fall.  A  dizzy  spell,  a  gust  of  wind,  a  loose  rock ; 

all,  or  any  of  these  may  be  the  cause  of  his  undoing.  To  ward  oft'  dizziness,  to erect  a  shelter  from  the  wind,  or  to  reinforce  the  ground  may  protect  him  from 
a  fall,  but  in  the  end  he  still  remains  on  the  edge  of  a  precipice  and  always  in 
potential  danger.  The  measures  employed  in  the  treatment  of  allergic  diseases 
are  of  this  order — they  may  relieve,  but  they  do  not  eliminate  the  fundamental 
susceptibility.  Removing  the  offending  allergens,  desensitization  or  change  of 
climate  or  locality  are  only  palliative  measures,  which  do  not  ob\date  the 
fundamental  cause  of  the  disease.  To  this  end  proper  inquir.y  into  the  behavior 
of  the  thyroid  gland  by  laboratory  study  and  therapeutic  test  should  be  made 
in  all  cases  of  allergy,  certainly  in  those  cases  which  prove  refractory  even  to 
palliative  treatment.  I  have  no  desire  to  create  the  impression  that  the  modern 
methods  of  allergic  treatment  are  not  Avell-founded  or  that  they  are  ineffectual. 
I  do  feel,  however,  that  they  do  not  strike  at  the  core  of  the  trouble,  and  for  that 
reason,  the  results  attained  often  lack  permanency.  Associated  etiologic  factors 
must  be  sought  for  and  eradicated  or  corrected  in  order  to  effect  a  fundamental 
and  lasting  cure. 
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SUMMARY 

From  the  observations  made  I  would  venture  the  following  conclusions: — 
1)  When  hereditary  factors  play  a  part  in  allergic  conditions  other  hereditary 

stigmata  may  also  be  found,  and  those  pointing  to  thyroid  dysfunction  are  not 
uncommon. 

2)  Hyper-reactivity  of  tissues  due  to  thyroid  disturbances  often  precedes 
and  forms  the  substrate  for  allergic  sensitization. 

3)  The  presence  of  thyroid  dysfunction  may  not  be  demonstrable,  when  the 
allergic  condition  is  in  evidence.  Only  in  later  years  the  thyroid  factor  may 
become  predominant. 

4)  It  is  necessary  to  direct  attention  to  the  thyroid  factor  in  the  treatment 
of  allergic  diseases. 



AN  EVALUATION  OF  THE  KENNY  TREATIVIENT  OF  POLIOMYELITIS 

ALFRED  E.  FISCHER.  M.D. 
[From  the  Department  of  Pediatrics.  The  Mount  Sinai  Hospital.  New  York  City] 

The  Kenny  Method  was  started  by  an  Austrahan  nurse  who  learned  nursing 
in  a  small,  private,  rural  hospital.  She  did  her  early  work  in  the  Australian 
Bush  Country.  There  she  saw  paralyzed  patients  and  in  attending  them 
became  interested  in  physical  therapy  and  muscle  training.  After  having 
evolved  her  own  technique,  she  applied  certain  medical  terms  to  these  manip- 

ulations. Australian  physicians  who  learned  of  her  work  became  interested 
in  it,  but  because  of  her  lack  of  medical  knowledge,  were  reluctant  to  accept 
her  new  terminology  and  technique  in  the  treatment  of  patients  with  polio- 
myelitis. 

After  having  travelled  to  England  where  she  was  coldly  received.  Sister  Kenny 
came  to  America  in  1940  and  was  granted  the  privilege  of  treating  patients  in 
Minneapolis,  Minn.  Following  the  initial  clinical  trials,  she  was  sponsored  by 
the  National  Foundation  for  Infantile  Paralysis.  This  resulted  in  enormous 
publicity,  especially  in  the  lay  press.  Medical  clinics  all  over  the  country  be- 

came interested  and  when  poliomyelitis  struck,  as  it  did  in  many  parts  of  the 
United  States  dui-ing  the  past  four  years,  the  question  of  applying  the  Kenny 
treatment  immediately  arose  (1). 

As  a  result,  there  have  been  a  number  of  reports  on  the  Kenny  Method,  most 
of  them  having  been  written  by  orthopedists.  It  is  the  purpose  of  this  paper 
to  discuss  the  subject  from  the  point  of  view  of  a  pediatrician  who  has  observed 
the  use  of  the  Kenny  Method  during  two  recent,  large  epidemics. 

Before  so  doing,  I  would  like  to  summarize  briefly  the  reactions  of  the  various 
groups  of  specialists  to  the  treatment  in  order  to  give  an  over-all  picture  of  the 
medical  profession's  attitude  to  such  a  revolutionary  method. 

In  the  first  place,  the  orthopedists'  reaction  was  mixed,  perhaps  because  of 
Sister  Kenny's  lack  of  medical  knowledge  of  the  disease  and  the  fact  that  advance 
notices  of  the  method  were  not  favorable.  Because  of  their  antagonism  the 
orthopedists  at  first,  and  even  now  in  some  instances,  have  failed  to  evaluate 
properly  the  beneficial  features  of  the  treatment  (2).  On  the  other  hand,  the 
pediatricians,  for  the  most  part,  accepted  the  method,  but  with  some  reservation 
and  what  may  be  termed  healthy  skepticism  (3).  The  physical  therapists  im- 

mediately favored  it  since  it  greatly  increased  their  prestige.  Hospital  adminis- 
trators were  confronted  with  the  problem  of  having  poliomyelitic  patients  occupy 

beds  for  months  because  of  the  reluctance  of  physical  therapists  to  consider 
cases  well  enough  after  a  iew  weeks  to  be  discharged  from  hospital  beds  and  be 
treated  ambulatorily.  The  nursing  staffs  were  at  first  violently  opposed  to  the 
method  because  it  required  so  much  nursing  time,  however,  they  soon  learned 
that  nurses  readily  could  be  trained  in  the  new  technique.  With  the  aid  of  the 
National  Foundation,  ringers,  blankets  and  rubber  sheetmg,  etc.  were  procured, 
and  nurses  soon  were  proficient  in  the  proper  application  of  these  materials. 
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Before  going  further  in  the  discussion,  let  us  first  remember  that  poUomyelitis 
is  a  disease  which  A'aries  greatly  in  severity  and  in  which  some  patients,  appar- 

ently badly  paralyzed,  may  make  an  excellent  functional  recovery.  Sherman 
(4),  in  a  recent  study,  showed  again  that  the  spontaneous  course  is  usually 
favorable.  On  the  other  hand,  some  patients  with  less  involvement  do  not 
necessarily  recover  completelv. 

Furthermore,  in  evaluating  any  therapy  in  poliomyelitis  one  must  remember 
that  in  all  epidemics  there  are  large  numbers  of  non-paralytic  cases.  For 
example,  in  the  last  large  New  York  City  outbreak  in  1931,  perhaps  60  percent 
of  all  patients  reported  did  not  become  paralyzed  or  at  least  so  slightly  paralyzed 
that  their  muscle  weaknesses  were  negligible.  With  increased  alertness  on  the 
part  of  physicians  when  the  incidence  of  poliomyelitis  rises,  more  mild  cases  are 
diagnosed.  The  existence  of  large  numbers  of  non-paralytic  cases  reminds  one 
very  much  of  the  issue  raised  by  some  of  us  in  1931  over  the  routine  use  of 
convalescent  semm.  It  was  held  by  many  that  convalescent  serum  neutralized 
the  virus  and  that  many  cases  of  paralysis  were  prevented  or  arrested  by  its 
use.  It  was  subsequently  shown  (5),  however,  that  the  spontaneous  course  of 
the  disease  often  ended  before  paralysis  occurred  and  physicians  soon  realized 
that  they  no  longer  need  use  serum.  They  also  saw  that  serum  did  not  prevent 
death  in  the  fulminating  bulbar  cases.  We  now  find  ourselves  again  in  a  similar 
situation  with  a  new  and  more  difficult  therapy  to  evaluate. 

Let  us  enumerate  the  advantages  of  the  Kenny  Method: 
First,  in  the  early  stages  of  the  disease  the  application  of  hot  packs  to  painful 

areas  has  definitely  lessened  pain  and  improved  the  general  well-being  and  com- 
fort of  the  patient. 

Second,  the  so-called  spasm  in  the  muscles  which  are  painful  seems  to  dis- 
appear more  quickly  following  the  use  of  the  hot  pack  than  was  formerly  the 

case. 
Third,  technicians  have  trained  the  patient  in  the  knowledge  of  how  to  use 

the  muscles  of  the  body.  This  has  been  called  "awareness"  and  has  been  dis- 
tinctly helpful  in  retraining. 

Fourth,  the  application  of  fixed  casts  to  patients  in  the  early  part  of  their 
disease  has  been  eliminated.  Most  authorities  agree  that  this  was  harmful  in 
many  cases.  Without  fixed  casts  some  disuse  atrophy  has  been  prevented  and 
some  muscles  have  been  given  the  benefit  of  earlier  massage  with  a  resultant 
improvement  in  their  tone. 

Fifth,  even  in  cases  in  which  there  is  extensive  paralysis,  muscles  have  been 
kept  from  contracting  and  other  muscles  have  been  trained  to  substitute  for  the 
paralyzed  ones.  This  requires  continued  concentration  and  control,  and  months 
and  even  years  of  training.  Nevertheless,  if  a  good  lesult  is  achieved,  the  time, 
money  and  energy  spent  have  been  woilhw  hile.  Oi'thopedists,  however,  feel 
that  contractures  result  even  after  a  year  of  Kenny  treatment  as  soon  as  muscles 
are  put  to  work,  just  as  was  the  case  in  past  years  after  paralyzed  muscles  were 
removed  from  plaster  of  Paris  bandages. 

Sixth,  the  method  has  increased  the  care  which  patients  receive  in  the  early 
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stage  of  their  disease.    Formerly  nursing  and  medical  care,  especially  in  contagi- 
ous disease  hospitals,  was  necessarily  perfunctory  because  of  the  case  load  which 

existed  during  epidemics.    Now  trained  technicians  are  supplied,  and  patients 
are  more  frequenth^  examined  for  muscle  weakness. 
Now  as  to  the  disadvantages: 
First,  under  its  present  set-up,  much  of  the  treatment  has  been  taken  out  of 

the  hands  of  physicians  and  has  been  taken  over  by  physical  therapists,  or 
mereh'  by  so-called  Kenny  technicians.  It  is  obvious  that  any  disease  with  as 
many  different  and  threatening  manifestations  as  poliomyelitis  needs  thorough 
medical  supervision.  In  this  connection.  Sister  Kenny's  objection  to  the  use  of 
the  re.spirator  in  cases  with  intercostal  muscle  involvement  requires  no  comment . 

Second,  the  failure  of  physical  therapists  to  invite  orthopedists  and  accept 
their  advice  and  recommendations  for  splinting  is  deplorable.  Even  the  use  of 
movalile  casts,  a  compromise  with  the  older  fixed  orthodox  cast,  has  been  frow  ned 
upon  by  the  Kenny  advocates. 

Third,  many  of  the  ritual  features  are  superfluous  and  perhaps  harmful.  For 
example,  the  giving  of  an  enema  at  the  start  of  treatment  to  a  child  who  may 
have  a  paretic  bowel  or  bladder  is  certainly  contraindicated.  A  minor  objection, 
but  of  considerable  psychological  imjioitance.  is  the  taking  away  of  a  child's 
pyjamas.  In  one  instance  this  ci-eated  such  a  feeling  of  insecurity  that  the 
child  fell  asleep  from  sheer  exhaustion  after  an  hour's  tantrum.  The  roughness 
of  the  wool  blankets,  which  are  used  instead  of  bed  sheets  cause  annoyance  to 
some  patients.  There  seems  to  be  no  valid  reason  why  sheeting  cannot  be 
employed  during  the  greater  part  of  the  day  and  night.  The  use  of  footboards 
is  utterly  without  reason  in  patients  who  have  no  evidence  of  leg  or  thigh  weak- 

ness. Moreover,  most  patients  roll  or  roam  about  the  bed  at  will  and  the  foot- 
boards are  useless  to  them  anyway. 

Fourth,  another  unfortunate  factor  is  the  use  of  new  medical  terminology 
which  includes  phrases  like  "mental  alienation"  which  has  a  questionable moaning. 

Fifth,  frequent  packing  sometimes  pi-oduces  fatigue  which  in  cases  of  extensive 
muscle  involvement  is  of  no  therapeutic  advantage. 

Sixth,  instances  of  scoliosis  have  been  observed  within  three  months  of  the 
onset  in  cases  pronounced  non-paralytic  and  free  of  spasm  after  receiving  Kenny 
treatment.  This  disproves  one  statement  that  has  been  made,  namely  that  poor 
end  results  in  the  past  were  due  to  missed  muscle  spasm  or  paralysis  which  would 
have  been  picked  up  with  the  Kenny  technique. 

Seventh,  most  unfortunate  has  been  the  inclusion  in  statistics  of  cases  that 
have  not  been  treated  adequately  by  the  Kenny  Method.  The  case  loads  in 
some  hospitals  are  often  so  great  that  patients  are  packed  only  once  or  twice  a 
daj^  yet  these  patients  are  considered  as  having  recei\'ed  the  Kenny  treatment 
w  hen  their  ca.se  is  reviewed.  Furthermore,  as  so9n  as  children  feel  better  they 
will  not  lie  prone.  On  the  contrary,  they  jump  up  and  down  or  may  get  out  of 
bed  and  run  about  the  ward.  Can  these  cases  also  be  included  in  those  who 
have  recovered  with  the  help  of  the  Kenny  treatment? 
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Eighth,  the  method  is  expensive,  lahorious,  time-consuming  and  requires 
piolonged  hospitahzation.  If  it  is  proven  superior,  all  this  is  justified.  At 
present,  however,  this  is  a  moot  question. 

There  have  been  some  attempts  to  compromise  the  ad\'antages  and  disad- 
\  antages  of  the  method.  Unfortunately  there  has  been  a  good  deal  of  acrimoni- 

ous debate  for  and  against  the  method  with  the  result  that  even  the  many  pub- 
lished reports  still  leave  us  in  doubt  (6).  In  the  non-paralytic  cases  there  surely 

can  be  little  or  no  difference  whether  a  patient  is  treated  with  hot  packs  or  not 
as  far  as  his  end  results  are  concerned.  It  is  granted,  however,  that  there  is 
some  measure  of  increased  comfort  from  the  packs.  Since  we  have  said  that 
perhaps  60  percent  of  all  cases  in  most  modern  epidemics  are  non-paralytic,  it 
becomes  a  question  as  to  whether  an  expensive  and  time-consuming  method 
shall  be  instituted  at  the  start  in  every  case  admitted  to  a  hospital  with  a  diag- 

nosis of  poliomj'elitis.  Sister  Kenny  considers  that  the  skin,  subcutaneous 
tissue,  fascia,  muscles  and  tendons  are  involved  in  all  cases.  She  believes  it  is 
important  to  apply  hot  packs  to  all  muscles  and  tissues  which  are  in  spasm.  This 
is  a  theory  which  is  open  to  question,  for  as  every  physician  who  has  had  any 
knowledge  of  poliomyelitis  knows,  neck  spasm  or  rigidity,  for  example,  is  the 
result  of  meningeal  irritation.  As  soon  as  the  inflammation  of  the  meninges 
subsides  so  does  the  neck  rigidity.  Sister  Kenny  explains  it  differently.  She 
considers  this  spasm  a  symptom  of  muscle  pathology.  But  the  evidence  of 
primary  myopathy  in  poliomyelitis  is  unproven.  While  there  are  occasional 
cases  in  Avhich  neck  muscle  weakness  follows  the  early  rigidity,  this  is  not  as 
common  as  the  usual  reflex  spasm  from  meningeal  inflammation.  There  is  no 
objection  to  applying  hot  packs  to  the  neck  in  every  case  showing  neck  rigidity, 
but  it  Avould  only  seem  to  be  indicated  in  those  cases  in  which  there  is  a  good 
deal  of  pain.  Similarly,  hamstring  spasm  is  present  in  every  case.  We  have 
always  considered  it  a  sign  of  lower  lumbar  meningeal  irritation  and  have  called 
it  Kemig's  sign.  The  physical  therapists  call  it  spasm  of  the  hamstring  muscles 
and  tendons  and  believe  that  each  case  showing  it  should  be  packed.  Hamstring 
spasm  also  disappears  in  the  average  case  within  from  one  to  ten  days.  If  we 
should  pack  all  patients  with  a  positive  Kernig  sign,  should  we  not  pack  patients 
who  have  this  sign  as  a  result  of  other  spinal  cord  inflammation  such  as  meningo- 

coccus infections?  Obviously,  this  is  unnecessary.  Then — shall  we  pack  the 
rest  of  the  body  in  cases  showing  only  neck  or  hamstring  spasm?  I  think  the 
answer  lies  in  whether  or  not  there  is  pain  or  tenderness  in  any  portion  of  the 
skeletal  structure.  Muscle  pain  then,  is  the  chief  symptom  which  requires  the 
use  of  Kenny  packs.  Patients  receiving  the  pack  certainly  seem  to  be  more 
comfortable  than  they  were  in  previous  years  when  they  received  treatment 
with  casts  or  no  treatment  at  all. 

So  much  for  the  mildly  paralyzed  or  non-paralytic  patient.  The  question 
as  to  how  to  treat  patients  with  extensive  muscle  involvement  is  not  as  easy  to 
answer.  After  the  acute  stage  of  the  disease,  most  of  the  improvement  takes 
place  within  the  first  eighteen  months.  Most  orthopedists  who  have  seen  a 
good  many  cases  treated  hy  the  Kenny  Method,  feel  that  the  end  results  are  not 
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much  different  than  they  were  in  former  years.    Moreover,  the  new  treatment 
cannot,  nor  does  it  in  fact  claim  to  restore  muscle  functions  in  such  muscles  as 
were  formerly  classified  as  "trace"  or  "gone"  in  respect  to  power.  Whether 
hot  packs  help  such  cases  is  verj'  questionable.    Patients  seem  to  develop  spasm 
or  retain  their  spasm  as  soon  as  they  begin  to  use  their  muscles,  regardless  of 
the  claim  of  physical  therapists  to  the  contrar\^    Moreover,  one  sees  the  teclmi- 
cians  streching  the  muscles  just  as  the  orthopedists  did  in  former  days.  How- 

ever, if  such  patients,  because  of  a  spotty  type  of  paralysis,  have  fortunately 
retained  the  use  of  closely  associated  muscle  groups,  then  re-education  therapy- 
may  be  extremely  helpful  in  restoring  function.    Kenny-trained  physical 
therapists  do  this  very  well.    Of  course,  many  orthopedic  hospitals  instituted 
re-education  therapy  in  the  past,  but  it  was  not  as  well  planned  or  as  wide- 

spread as  it  is  now.    How  much  the  muscles  have  been  "upgraded"  is  again  a  , 
matter  of  subjective  evaluation.    Sometimes  the  improvement  is  striking,  at  ] 
other  times  disappointing  with  the  Kenny  technique  just  as  it  was  following  re-  * 
moval  of  casts  in  former  years.    We  must  not  forget  that  we  cannot  hope  for  ! 
return  of  muscle  function  in  patients  whose  anterior  horn  cells  have  been  largely 
destroyed.  The  chief  pathology,  in  spite  of  Sister  Kenny,  is  in  the  spinal  cord  and 
brain. 

I  have  enumerated  the  advantages  and  disadvantages  with  a  brief  discussion  j 
of  the  results  of  the  new  method.    Whether  we  are  actually  seeing  better  end 
results  has  not  been  answered  and  w  ill  not  be  answered  until  a  team  of  unbiased 
physicians  treats  every  case  of  poliomyelitis  from  its  onset. 

The  final  responsibility  for  the  care  of  these  patients  should  be  in  the  hands 
of  a  physician  who  has  been  trained  in  the  treatment  of  infectious  diseases.  He 
should  be  willing  and  eager  to  call  on  the  neurologist,  the  orthopedist  and  the 
physical  therapist  for  assistance  as  soon  as  the  indications  for  their  help  arise,  j 
For  any  one  of  these  specialists  alone  cannot  hope  to  give  the  patient  his  best 
possible  chance  for  complete  recovery. 

Perhaps  some  sort  of  registry  could  be  set  up  so  that  all  cases  of  poliomyelitis 
throughout  the  country  could  be  tabulated  according  to  muscle  involvement. 
Patients  could  be  examined  and  graded  in  a  standard  way  everj^  three  or  four 
days  at  the  onset  and,  after  a  while,  every  week  or  two.  In  such  a  way  progress 
according  to  one  or  another  method  of  treatment  could  be  definitely  evaluated. 

In  conclusion  we  must  acknowledge  mir  debt  to  Sister  Kenny  for  her  demon- 
stration of  what  she  calls  "muscle  spasm."  Most  of  us  will  agree  that  in  former 

years  we  either  overlooked  this  symptom  or  paid  little  attention  to  it.  Despite 
the  controversial  aspects  of  her  method,  Sister  Kenny  has  stimulated  our 
thoughts,  she  has  made  us  educate  more  people  in  the  technique  of  muscle 
training  and  has  led  us  to  think  along  new  lines  in  the  investigation  of  the  treat- 

ment of  poliomyelitis. 
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COMPRESSION  FRACTURE  OF  THE  SPINE  IN  THE  CAROTID  SINUS 
SYNDROME' 

ARTHUR  M.  FISHBERG,  M.I).,  a.m.  ROBERT  K.  LIPPMANN,  M.D. 

It  has  long  been  known  that  tlie  convulsions  of  epilepsy  and  the  spasms  of 
tetanus  may,  through  muscular  action,  cause  fractures  of  the  spine.  Greater 
interest  in  this  form  of  spinal  comprc-ssioii  fiacture  was  aroused  when  Stalker  (1) 
and  Wespi  (2)  independently  dcscrihcd  the  occui-rence  of  such  fracture  as  a 
result  of  the  convulsions  induced  hy  the  metrazol  treatment  of  psychosis. 
Further  observations  lunc  .shown  that  compression  fractures  of  the  vertebrae 
complicate  metrazol  convulsi\(>  1  l^eiapy  frecjuently  enough  to  form  a  serious 
drawback.  Polatin  and  hi.s  associates  (3)  found  compression  fractures  of  the 
spine  in  the  roentgenograms  of  43.1  per  cent  of  patients  in  whom  they  had 
induced  convulsions  by  metrazol.  Barix^tt,  Funkhauser  and  Barker  (4)  ob- 

served the  remarkably  high  incidence  of  45  jier  cent  of  compression  fractures  in 
epileptics.  The  fractures  also  occur,  although  much  more  rarely,  after  electric 
shock  treatment.  Spinal  fractuics  I'isulting  from  metrazol  convulsions  almost 
always  invoh'c  the  dorsal  Ncrtebrae  and  are  usually  multiple.  They  are  com- 

pression fractiux's  due  t(j  acute  anterior  flexion  of  the  spine.  Since  only  the 
\-ertebral  bodies  are  involved  and  there  are  no  dislocations,  it  is  not  surprising 
that  neurological  signs  or  .symptoms  due  to  injury  to  the  cord  or  roots  are  rarely, 
if  e\-er,  -c-n.  Except  apparently  in  tetanus,  with  which  we  have  no  personal 
expeiience,  healing  seemmgly  always  occurs  with  little  or  no  deformity. 

In  this  ])ai)(  r  we  desire  to  describe  the  occurrence  in  carotid  sinus  convulsions 
of  com])ression  fi  acture  of  the  spine  itlentical  with  that  hitherto  observed  in  the 
con\'ulsions  of  shock  treatment,  epilepsy  and  tetanus.  So  far  as  we  are  aware, 
compression  fractur(>  of  the  spine  has  not  hitherto  been  described  as  a  complica- 

tion of  the  carotid  sinus  syndrome. 
(■.\SE  REPORT 

History:  A  manufacturer  of  fifty-five  years  \\  as  Hist  seen  by  one  of  us  (A.  F.)  on  March 
28,  1938.  He  eomplaiiied  of  syiieoi>e  which  had  recurred  since  childhood.  The  sj'ncopal 
attacks  came  on  suddenly  and  lasted  l.ut  a  lew  seennds.  He  lost  consciousness  completely 
during  the  attack.  He  had  injured  iiinisell'  as  a  lesult  of  a  fall  in  an  attack.  He  felt  com- pletely well  soon  after  regaining  consciousness  after  an  attack.  The  attacks  had  been 
increasing  in  fre(iuency  in  recent  years.  The  patient  knew  of  no  factors  which  tended 
to  pi'ceipitate  an  attack. 

Ivxaniiiialioii  of  the  patient  revealed  that  he  was  suffering  from  the  carotid  sinus  syn- 
drome. Relatively  light  massage  of  the  right  carotid  sinus  produced  complete  cardiac 

standstill  which  was  r()llo\\('d  in  fen  oi-  fifteen  seconds  by  complete  loss  of  consciousness, 
and  then  tonic  and  chtnic  con\ulsioiis  of  extreme  se\-erity.  The  development  of  the convulsions  w  as  so  dramatic  I  hat  more  accurate  observations  could  not  be  carried  out: 
all  the  efforts  of  the  nur.sc  present  and  one  of  us  had  to  be  devoted  to  preventing  the  patient 
from  falling  off  the  table  as  a  result  of  his  convulsion. 

'From  The  First  Medical  Ser\  icr  i.f  Di-.  ( leorgc  Baehr  and  The  Orthopedic  Service  of 
The  Mount  Sinai  Hospital,  sulmntted  foi-  |)ul)lieation  Xovember  5,  1944. 
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The  patient  was  so  terrified  by  what  had  happened  that  lie  has  since  refused  again  to 
permit  the  reproduction  of  the  attack  by  pressure  on  the  carotid  sinus. 

The  patient  was  instructed  to  wear  a  loose  collar  and  given  atropine.  The  attacks 
became  much  less  frequent.  In  January,  1942,  the  patient  went  to  Florida.  There  he  felt 
so  well  that  he  discontinued  the  atropine  of  his  own  volition.  He  returned  to  New  York, 
February  12.  That  day  he  was  seated  in  a  chair  and  was  speaking  and  gesticulating  em- 

phatically to  several  nieniher.s  of  his  family  when  they  observed  that  lie  lia<l  lu.-r  mscious- 
ness  and  was  in  an  intense  clonic  convulsion.  He  began  to  slump  out  of  the  chair  toward 
the  floor  when  they  rushed  to  his  aid  and  laid  him  on  tlie  flodr.  The  excitement  was  such 
that  the  witnesses  could  not  describe  accurately  tlie  duiatinn  (jf  either  the  syncope  or  the 
convulsion.  All  were  agreed,  however,  that  the  patient  had  sustained  no  fall  or  blow  that 
could  have  produced  direct  or  jack-knifing  impact  to  the  spine  proper.  When  he  regained 
consciousness,  he  complained  of  intense  pain  in  the  middle  of  the  back.  Morphine  was 
required  to  control  the  excruciating  pain. 

Fig.  1 

Examination  at  this  time  revealed  a  tender  gibbus  corresponding  to  the  dorso-lumbar 
spine.  Percussion  over  this  area  caused  severe  pain  and  the  spine  was  maintained  in- 

flexible by  severe  muscle  spasm.  The  neurological  status  was  negative.  The  history  and 
findings  suggested  spine  fracture  secondary  to  the  muscle  pull  of  the  convulsion. 

The  patient  was  immediatelj'  referred  to  The  Mount  .Sinai  Hospital  where  x-rays  dis- 
closed a  partial  compression  fracture  of  the  body  of  the  twelfth  dorsal  vertebra  with  collapse 

of  about  three-fourth  of  normal  vertebral  height  as  well  as  compression  of  the  first  lumbar 
vertebral  bodj'  to  one-quarter  normal  height  (fig.  1).  Without  anesthesia,  correction  of 
the  deformity  was  attained  by  the  use  of  "Goldthwaite  irons"  and  the  spine  immobilized 
in  a  hyperextension  jacket.  Check-up  x-rays  taken  through  the  jacket  showed  excellent 
correction  of  compression  (fig.  2). 

In  the  hospital,  the  patient  was  kept  in  bed  on  a  board  while  physiotherapy  was  applied 
to  his  extremities.  There  were  no  complications.  He  commenced  sitting  and  standing 
one  month  later.  Walking  was  allowed  six  weeks  after  the  injury  and  was  not  accompanied 
by  pain. 
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Three  months  after  the  injury,  the  phistcr  jacket  was  removed  and  a  brace  applied 
which  was  discarded  gradually  over  a  period  of  eight  weeks.    Check-up  x-rays  at  intervals 

Via.  3 

revealed  satisfactory  maintenance  of  position  and  coniphiints  were  minimal.  Mobiliza- 
tion exercises  were  instituted  four  months  after  the  injury  and  two  months  later,  or  six 
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months  after  injury,  there  were  no  remaining  subjective  or  objective  clinical  evidences 
of  the  back  trauma. 

The  last  x-rays  taken  on  July  27,  1942,  seventeen  months  after  injury,  revealed  complete restitution  of  the  twelfth  dorsal  vertebra  and  restitution  of  the  first  lumbar  vertebra  to 
approximately  four-fifths  of  its  normal  height  (fig.  3). 

DISCUSSION 

The  above  observation  adds  hypersensitive  carotid  sinus  to  shock  treatment, 
epilepsy  and  tetanus  as  a  cause  of  convulsions  which  may  produce  compression 
fractui-es  of  the  spine.  Doubtless,  the  carotid  sinus  syndrome  is  a  rare  cause 
of  such  compression  fractures  because  it  only  exceptionally  produces  sufficiently 
violent  convulsions.  Treatment  of  the  condition  differs  in  no  important  respect 
from  that  of  other  spine  fractiu-es,  except  for  the  need  of  avoiding  any  risk  of 
pressure  over  the  vicinity  of  the  carotid  sinus  by  the  immobilizing  apparatus. 
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ULCERATIVE  COLITIS:  A  COOPERATIVE  HOSPITAL  PROBLEM 

JOHN  H.  GARLOCK,  M.D. 

It  is  because  of  Dr.  Moschcowitz's  great  interest  in  psychosomatic  medicine 
that  I  bring  up  for  rediscussion  the  problem  of  iilcerative  colitis.  It  is  one  of  the 
few  examples  of  psychosomatic  disease  that  requires  the  combined  efforts  of  so 
many  members  of  the  hospital  staff,  and  it  is  this  feature  of  the  management  of 
ulcerative  colitis  that  I  would  like  to  emphasize  at  this  time. 

The  sequence  of  events  in  the  development  of  ulcerative  colitis  from  its  onset 
to  the  later  stages  of  hyperplasia  and  polypoid  degeneration  and  even  carcinom- 

atous transformation  gives  one  food  for  considerable  speculation.  That  the 
disease  in  its  initial  phases  has  a  strong  psychogenic  or  neurogenic  background 
there  can  be  little  doubt.  I  might  mention  briefly  the  provocative  experiments 
of  Penner  and  Bernheim  and  the  reports  from  England  of  the  effect  of  the  aerial 
bombardment  of  London  in  1940  on  the  intestinal  tracts  of  dogs.  Once  ulcera- 

tions of  the  mucosa  develop,  whatever  their  primary  cause  may  be,  secondary 
infection  from  the  intestinal  tract  becomes  a  prominent  part  of  the  picture  and 
the  disease  progresses  to  infiltration  of  the  colonic  wall  by  the  products  of  in- 

flammation, the  formation  of  scar  tissue  and  polypoid  degeneration  of  the 
mucosa.  There  are  exacerbations  and  remissions  with  gradual  progression  of  the 
pathologic  process  until  the  colon  is  converted  into  a  greatly  thickened,  fibrotic, 
shortened  tube,  lined  by  infected  granulation  tissue  exuding  pus  and  blood. 
The  progress  of  the  disease  in  the  colon  is  reflected  in  the  patient's  general 
condition.  Because  of  frequent  rectal  discharges  with  associated  loss  of  fluids 
and  the  general  toxemia  caused  by  absorption  from  the  diseased  bowel,  gradual 
physical  deterioration  takes  place  with  weight  loss,  anemia,  a\-itaminosis  and 
toxic  manifestations,  such  as  fever,  arthritis,  skin  infections  and  ulcerations,  etc. 
With  the  underlying  psychogenic  basis  for  the  disease  still  operative,  perhaps 
considerably  magnified  because  of  the  now  important  physical  aspects  of  the 
disease,  the  patient  presents  one  of  the  most  pitiable  pictures  in  the  whole  field 
of  medicine. 

The  management  of  ulcerative  colitis  as  we  see  it  at  The  !Mount  Sinai  Hospital 
is  a  cooperative  problem  and  involves  the  services  of  physician,  gastro-enterol- 
ogist,  radiologist,  proctologist,  psychiatrist,  the  nursing  staff,  surgeons  interested 
in  and  conversant  with  the  various  aspects  of  the  disease,  hematologist,  derma- 

tologist and  the  social  service  worker.  In  order  that  the  treatment  of  the  disease 
may  he  most  effective,  it  is  important  that  each  patient  be  individualized  and 
that  his  problem  be  appraised  by  the  A^hole  group.  In  the  treatment  of  this 
serious  ailment  there  is  no  room  for  hide  bound  convictions  and  methods  of 
therapy  that  have  passed  their  period  of  usefulness.  There  must  be  elasticity  of 
thought  in  its  application  to  the  problem  at  hand.  Only  in  this  way  can  we 
develop  methods  of  therapy  which  will  produce  increasingly  more  favorable 
results. 

On  the  wards  of  the  hospital,  we  see  the  disease  in  various  stages  of  its  develop-i 
210  i 
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ment.  In  approximately  80  per  cent  of  the  patients,  it  can  be  effectively  con- 
trolled by  the  combined  efforts  of  the  medical  staff,  gastro-enterologist  and 

psychiatrist.  However,  in  the  remaining  20  per  cent,  conservative  medical 
treatment  fails  and  more  radical  management  must  be  considered.  Although 
the  surgeon  should  be  one  of  the  team  managing  the  cases  in  the  80  per  cent 
group,  he  becomes  an  important  factor  in  the  treatment  of  the  20  per  cent  group 
because  it  is  in  this  group  that  surgical  therapy  becomes  indicated.  Since  1937, 
when  the  group  treatment  of  this  disease  was  undertaken,  it  has  been  our  ob- 

jective to  establish  criteria,  acceptable  to  all,  for  the  surgical  treatment  of 
ulcerative  coUtis.  Perhaps  because  of  the  war,  in  spite  of  the  fact  that  the  stress 
and  strain  of  the  war  has  probably  increased  the  incidence  of  the  disease,  it  has 
seemed  that  these  criteria  are  not  as  clearly  appreciated  as  heretofore.  The 
time  seems  opportune,  therefore,  to  restate  our  views  on  the  surgical  manage- 

ment of  ulcerative  colitis  as  part  of  the  general  therapeutic  picture. 
In  the  past,  the  surgical  treatment  of  this  disease  consisted  of  appendicostomy, 

cecostomy  and  loop  ileostomy.  The  latter  usually  accomplished  its  purpose  of 
diverting  the  fecal  stream  but  was  usually  followed  by  marked  prolapse  of  the 
ileum.  The  purpose  of  the  other  procedures  was  primarily  to  permit  of  irrigation 
of  the  diseased  bowel  with  medicated  solutions.  Experience  has  shown  that  this 
form  of  therapy  was  based  on  fallacious  reasoning  and  that  the  important 
reciuisite  of  successful  surgical  treatment  was  complete  diversion  of  the  fecal 
stream.  On  the  basis  of  our  experience  to  date,  it  is  generally  agreed  that  surgery 
is  indicated  in  the  treatment  of  ulcerative  colitis  under  the  following  conditions: 

1.  Uncontrollable  bowel  hemorrhage 
2.  Acute  ulcerative  colitis  with  profound  toxemia  not  responding  quickly  to 

conservative  means 
3.  Impending  perforation  of  the  colon 
4.  Chronic  intractable  colitis  with  extensive  scarring,  polypoid  degeneration 

or  recto-vaginal  fistulae 
5.  Segmental  colitis. 
Furthermore,  it  is  our  conviction  that  ileostomy  is  indicated  as  the  initial 

surgical  procedure  under  the  following  circumstances: 
1 .  For  uncontrollable  hemorrhage.  Complete  diversion  of  the  fecal  stream 

puts  the  diseased  bowel  at  rest  and  minimizes  the  likelihood  of  further 
bleeding. 

2.  For  acute  colitis  Avith  profound  toxemia.  The  course  of  the  disease  is 
short  and  fulminating  and  the  patients  are  desperately  ill.  Without 
operation,  the  mortality  is  very  high.  Our  experience  indicates  that  the 
early  performance  of  ileostomy  is  a  life-saving  measure.  It  is  particularly 
in  this  group  that  medical  treatment  should  not  be  prolonged  and  that  the 
surgeon  should  be  called  early  in  the  course  of  the  disease.  There  are  too 
many  instances  of  fatal  procrastination  to  warrant  continuation  of  the 
policy  of  Avatchful  waiting. 

3.  For  impending  perforation.  Ileostomy  should  be  performed  as  an  emer- 
gency measure. 
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4.  Intractable  colitis  of  the  universal  variet}^  Ileostomy  is  the  first  step  of  a 
graded  resection  of  the  colon. 

The  marked  improvement  in  the  general  condition  of  the  patient  following 
ileostomy  is  one  of  the  remarkable  features  of  the  surgical  treatment  of  colitis. 
The  weight  gain  may  be  up  to  fifty  pounds ;  the  anemia  disappears ;  the  appetite 
improves  and  the  various  toxic  manifestations  abate.  In  the  acute  fulminating 
variety,  ileostomy  is  followed  by  a  dramatic  change  in  the  patient  with  a  drop  in 
temperature,  often  by  crisis  and  a  rapid  decrease  in  the  rectal  discharges.  Ileos- 

tomy should,  in  no  sense,  be  considered  a  curative  operation.  It  is  the  first 
stage  of  a  graded  operation  consisting  of  subtotal  or  total  colectomy.  It  is 
important  to  emphasize  that  we  have  observed  active  disease  still  present  in  the 
colon  two  years  after  its  exclusion  by  ileostomy.  Therefore,  re-establishment  of 
continuity  of  the  ileum  is  fraught  with  great  danger. 

If  the  disease  is  confined  to  the  left  colon  and  rectum  and  operation  is  deemed 
advisable,  transverse  colostomy  instead  of  ileostomy  may  be  carried  out.  This  is 
followed  at  a  later  date  by  resection  of  the  left  colon  and  rectum,  also,  if  indicated. 
If  the  rectum  and  lower  sigmoid  are  found,  on  sigmoidoscopic  examination,  to  be 
free  of  disease,  the  initial  operation  of  choice  is  an  ileosigmoidostomy  or  ileo- 
proctostomy  with  division  of  the  terminal  ileum  and  transection  of  the  colon 
proximal  to  the  anastomosis.  At  a  later  date,  the  excluded  diseased  bowel  is 
removed.    The  follow-up  results  in  this  group  have  been  excellent. 
When  ileostomy  has  been  performed  as  the  first  stage  of  a  graded  procedure, 

the  nature  of  the  subsequent  steps  will  depend  upon  a  number  of  factors.  If 
the  disease  is  universal  and  there  is  hopeless  involvement  of  the  rectum  as  well, 
as  indicated  by  the  presence  of  polyposis,  strictures  or  recto-vaginal  fistulae, 
further  surgery  will  consist  of  first,  a  subtotal  colectomy  and  second,  an  ab- 

dominoperineal resection  of  the  rectum.  If,  however,  the  rectum  is  not  too 
severely  involved,  it  is  our  pohcy  to  do  a  subtotal  colectomy  and  preserve  the 
lower  sigmoid  and  rectum  for  possible  future  use  in  re-establishing  intestinal 
continuity.  In  seven  patients,  after  a  wait  of  two  to  three  years  and  repeated 
examinations  indicated  apparent  complete  cessation  of  the  disease  and  return 
of  the  mucosa  to  normal,  we  disconnected  the  ileostomy  and  re-established 
intestinal  continuity  by  uniting  the  ileum  and  upper  rectum.  The  results  have 
been  astonishingly  good.  It,  therefore,  should  become  apparent  to  the  physician 
that  ileostomy  should  no  longer  necessarily  be  considered  a  permanent  dis- 

ability for  the  patient.  With  a  modern  viewpoint,  based  on  rapid  progress  in 
surgical  technique,  an  appreciable  proportion  of  these  patients  may  be  restored 
to  normal  physiological  intestinal  function. 

The  thoughts  expressed  in  this  paper  are  based  on  an  analysis  of  68  patients 
treated  surgically  between  September  1937  and  April  1944.  The  results  of  this 
inquiry  will  be  published  shortly.  Suffice  it  to  say  now  that  the  mortality  of 
ileostomy  has  been  reduced  from  the  old  figure  of  70  per  cent  to  15.7  per  cent. 
The  mortality  of  colectomy  has  proportionately  been  decreased.  In  the  group 
of  13  primary  ileosigmoidostomy  or  ileoproctostomy  followed  by  colectomy,  there 
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was  only  one  instance  of  progression  of  the  disease  to  the  rectum.  The  results 
in  the  group  of  segmental  colitis  have  been  unusually  good.  All  survivors  have 
been  transformed  from  chronic  invalids  to  healthy  useful  members  of  society. 

I  would  like  to  stress  again  that  this  marked  improvement  in  the  results  of 
surgical  therapy  over  those  in  by-gone  years  has  been  made  possible  by  the 
concerted  efforts  of  all  the  workers  enumerated  in  the  beginning  of  this  paper. 
It  serves  to  emphasize  the  necessity  of  considering  ulcerative  colitis  as  a  group 
hospital  problem. 



SIGNIFICANCE  OF  GASTRIC-JUICE  DEPLETION  ON  THE 
EFFECT  OF  NOVASUROL  DIURESIS 

S.  GLAUBACH,  M.D.,  Ph.D.  and  E.  P.  PICK,  M.D. 
[From  the  Beth  Israel  Hospital,  Newark,  N.  J.  and  the  Laboratories  of  The  Mount  Sinai 

Hospital,  New  York,  N.  ¥.] 

Despite  numerous  investigations  regarding  the  effect  of  Novasurol  on  blood 
and  tissue  chlorides,  the  question  still  remains  as  to  the  extent  to  which  the 
chloride  level  of  the  body  is  concerned  in  the  duu'etic  action  of  this  compound  as 
well  as  of  organic  mercurial  salts  in  general.  Ethridge,  Myers  and  Fulton  (1) 
haA  e  attempted  to  demonstrate  by  experimental  diuretic  tests  on  dogs  that  the 
simultaneous  administration  of  two  neutral  salts,  such  as  sodium  chloride  or 
potassiimi  chloride  with  Salyrgan,  resulted  in  no  appreciable  change  in  the 
cHuietic  response  such  as  is  noted  following  the  administration  of  Salyrgan  alone. 
Fliederbaiim  and  Krasucka  (2),  moreo\'er,  observed  a  lowered  response  to 
]Merl)aphen  after  the  ingestion  of  sodium  chloride. 

On  the  other  hand,  clinical  experiences  have  demonstrated  that  in  cases  of 
hypochloiMuiia  whew  ordinarily  organic  mercurial  diuretics  are  ineffective,  the 
addition  of  sodium  chloride  can  result  in  prompt  mercurial  diuresis  [Gold- 
ring  (3)J.  According  to  Melville  and  Stehle  (4),  the  principal  effect  of  Novasurol 
is  based  on  the  presence  of  sodium  chlorides  and  the  diuresis  of  salts  is  accom- 

plished by  means  of  the  excretion  of  sodium  chloride  from  the  tissues. 
The  importance  of  the  tissue  chlorides  in  mercurial  diuresis  is  illustrated  by 

the  fact  that  in  a  patient  kept  on  a  diet  rich  in  sodium,  but  lacking  in  chlorides, 
the  pi-eviously  satisfactory  mercurial  diuresis  disappears  as  a  result  of  the  relative 
chloride  deficiency  in  the  presence  of  an  excess  of  sodium  in  the  tissues  [Schoen- 
holzer  (5)]. 

Moreover,  the  significance  of  availability  of  the  chlorides  for  the  production 
of  mercurial  diuresis  can  be  illustrated  by  the  disappearance  of  the  diuretic 
effects  of  Salyrgan  on  dogs  rendered  hypochloremic  by  a  biliary  fistula  [Claussen 
(0);  Evan>  (7)]  and  the  reappearance  of  the  diuretic  response  following  the 
administration  of  sodium  chloride. 

Clinical  experience  has  pointed  to  another  important  factor  besides  the 
chlorides.  Keith  and  Whelan  (8),  Saxl  and  Edlbacher  (9),  Engel  and  Epstein 
(10)  made  it  clear  that  an  acidifying  salt  such  as  ammonium  chloride  increases 
Novasurol  diuresis  by  producing  acidosis  as  shown  by  a  fall  in  the  alkali  reserve 
and  an  increase  in  the  hydrogen  concentration  of  the  blood  plasma,  while  an 
alkalinizing  substance  such  as  sodium  bicarbonate  reduces  and  inhibits  mercurial 
diuresis,  sliifting  tlie  acid-base  balance  of  the  body  fluids  in  the  opposite  direction. 

This  l)rief  re\  iew  of  the  literature  reveals  that  the  diuretic  action  of  organic 
mercurial  salts  not  only  depends  upon  the  state  nf  hi/dmlion,  which  is  equally 
important  for  all  diuretics  Init  pruicipally  upon  two  other  factors:  1.  a  sufficient 
cliJori(h-larl  in  the  blood  and  tissues,  2.  a  certain  degree  uf  acidification  of  the 
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body.  Should  these  conditions  not  prevail,  organic  mercurial  diuretics  remain 
ineffective. 

To  test  the  vahdity  of  the  aforementioned  view,  investigations  were  carried 
out  on  five  dogs  with  a  stomach  fistula  in  which  the  latter  could  be  kept  closed 
or  opened  during  an  experiment.  It  is,  therefore,  possible  in  a  dog  with  an  open 
fistula  to  produce  conditions  which  are  encountered  in  certain  diseases  as  in 
pylorospasm  with  its  prolonged  emesis  leading  to  hypochloremia,  alkalosis  and 
dehydration.  Dragstedt  (11)  and  Ivy  (12)  and  their  co-workers  ha\'e  already 
demonstrated  in  animals  that  the  removal  of  the  gastric  juice  by  means  of  a 
fistula  results  in  a  50  per  cent  reduction  of  the  blood  chlorides,  alkalosis,  marked 
dehydration  and  in  a  rise  in  the  non-protein  nitrogen  of  the  blood. 

AIETHODS 

Our  experiments  were  carried  out  on  female  dogs  weighing  15  to  20  Kg. 
Bladder-fistulas  were  created  according  to  the  usual  technique.    Three  weeks 

Urine 
MaCI Volume 
mg-% incc 

GOO 60 
400 40 

200 20 '  Urine. cc. 

Hours      12  3  4  5 
Fig.  1.  Urine  and  NaCl  excretion  without  treatment;  stomach  fistula  closed. 

after  the  animals  had  completely  recovered  from  the  operation,  gastric  fistulas 
were  established  (13).  The  animals  were  subjected  to  the  experiments  only 
once  a  week.  The  animals  were  fasted  14  hours  previous  to  the  experiment  and 
no  water  was  given  to  the  dogs  during  the  test  period.  Spontaneous  urine 
output  was  recorded  in  the  case  of  each  dog  with  closed  and  opened  gastric 
fistula.  The  dogs  were  kept  in  harness  during  the  experiment.  The  urine  and 
the  gastric  juice  were  collected  at  half-hour  intervals,  the  volume  of  the  samples 
were  measured  and  the  quantity  of  sodium  chloride  was  determined  in  both 
urine  and  gastric  juice  specimens.  Novasurol  was  used  in  doses  of  5  mg.  per 
Kg.  and  injected  subcutaneously.  The  duration  of  the  experiment  was  usually 
five  hours. 

RESULTS 
The  results  obtained  were  similar  in  all  the  animals  used;  the  typical  findings 

on  one  of  the  dogs  are  represented  in  figures  1  to  5. 
Figure  1  shows  the  spontaneous  urine  output  and  its  sodium  chloride  concen- 
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Hours         12  3  4  5 
Fig.  2.  Urine  and  XaCl  excretion  without  treatment;  stomach  fistula  opened. 
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Fig.  3.  Urine  and  NaCl  excretion  after  injection  of  Xovasurol  at  f  ;  stomach  fistula  closed 
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Fig.  4.  Urine  and  XaCl  excretion  after  injection  of  X'ovasurol  at  |  ;  stomach  fistula  opened. 

tration.  The  gastric  fistula  was  kept  closed  throughout  the  experiment.  The 
urine  volume  and  the  sodium  chh^-ide  content  of  the  half-hour  specimens  remain 
fairly  constant  during  the  5  hour  te.'^t  period. 
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Figure  2  illustrates  the  spontaneous  urine  output  and  its  sodium  chloride 
concentration  when  the  gastric  fistula  was  kept  open.  While  the  urine  output 
remains  constant,  changes  in  the  sodium  chloride  concentration  can  be  observed: 
one  and  one-half  hours  after  the  start  of  the  experiment  the  sodium  chloride 
concentration  begins  to  decrease  and  at  the  end  of  the  test,  only  one-fifth  of 
the  original  concentration  can  be  found.  During  this  period,  the  gastric  secre- 

tion amounted  to  349  cc.  containing  chlorine  equivalent  to  2.9  Gm.  of  sodium 
chloride. 

Figure  3,  the  animal  received  Novasurol  suhcutaneously  at  the  beginning  of 
the  experiment;  the  gastic  fistula  was  kept  closed.  The  Novasurol  effect 
becomes  apparent  at  the  end  of  one  and  one-half  hours  after  the  injection  and 
the  urine  output  begins  to  increase  from  7  to  12  cc.  obtained  at  the  start;  it 
reaches  a  maximum  of  86  cc.  at  the  end  of  the  third  hour  and  at  the  end  of  the 
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Fig.  5.  Urine  and  NaCl  excretion  after  injection  of  Novasurol  at  ]"  ;  stomach fistula  closed  at  ̂   . 

fifth  hour  the  excretion  is  stUl  50  cc.  During  the  entire  five  hour  test  period, 
457  cc.  of  urine  were  excreted  with  the  total  amount  of  sodium  chloride  of  3.6 
Gm. 

Figure  4  shows  the  effect  of  Novasurol  on  the  dog  in  which  the  gastric  fistula 
was  kept  open  throughout  the  experiment.  In  contrast  to  experiment  3  (fig.  3) 
with  the  closed  gastric  fistula,  there  was  a  comparatively^  slight  increase  of 
diuresis  and  furthermore  was  an  increase  of  the  sodium  chloride  concentration 
lacking.  The  total  urine  excretion  during  the  entire  five  hours  was  212  cc.  and 
the  excretion  of  sodium  chloride  amounted  to  1.6  Gm.  During  this  period 
116  cc.  of  gastric  juice  were  collected  containing  chlorine  equivalent  to  1  Gm. 
of  sodium  chloride. 

Figure  5,  shows  the  results  of  an  experiment  in  which  Novasurol  was  injected 
as  usual  at  the  start  of  the  experiment,  the  gastric  fistula  being  kept  open  for  the 
first  two  hours  and  then  closed  for  the  remaining  three  hours.    Urine  and  sodium 
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chloride  excretion  follow  the  same  pattern  as  shown  in  figure  3  where  the  fistula 
■\vas  kept  closed  from  the  beginning  of  the  experiment.  This  finding  shows  that 
the  full  effect  of  Novasurol  is  depending  upon  the  presence  of  the  gastric  juice. 
During  a  complete  five  hours  experiment,  the  urinary  excretion  amoimted  to 
340  cc.  with  3.8  Gm.  of  sodium  chloride.  During  the  first  test  period  with  open 
fistula,  97  cc.  of  gastric  juice  with  chlorine  content  equivalent  to  0.6  Gm.  of 
sodium  chloride  were  secreted  with  a  simultaneous  urine  excretion  of  45  cc. 

DISCUSSION 
The  experiments  performed  on  dogs  with  bladder  and  stomach  fistulas  make 

possible  an  exact  analysis  of  water  and  salt  excretion  under  normal  conditions, 
and  those  following  Novasurol  administration. 

Due  to  the  fact  that  the  gastric  juice  can  be  removed  at  will,  means  are  avail- 
able to  determme  its  relation  to  urine  and  sodium  chloride  excretion.  It  was 

found  that  the  removal  of  gastric  juice  in  the  normal  animal  hardly  affects  the 
spontaneous  urine  excretion,  but  influences  the  sodium  chloride  concentration 
of  the  urine  which  begins  to  decrease  early  in  the  experiment  and  after  four  to 
five  houi's  amounts  to  only  one-fifth  of  the  original  sodium  chloride  concentration. 
It  seems,  therefore,  that  the  normal  organism  is  capable  to  prevent  a  serious 
depletion  of  the  sodium  chloride  depots  by  decreasing  the  output  of  sodium 
chloride  through  the  kidneys  thus  preserving  the  necessary  physiological  level 
of  sodium  chloride. 
The  question  presented  itself  as  to  whether  a  similar  safety-mechanism 

occurred  in  the  Novasurol  diuresis  when  gastric  juice  was  removed  at  the  same 
time.  This  question  was  of  special  interest,  since  Novasurol  diuresis  is  usually 
accompanied  with  considerable  water  and  sodium  chloride  excretion,  whereby 
the  excreted  amount  of  salt  is  not  only  due  to  the  increased  urine  output  but 
also  the  increased  urinary  sodium  chloride  concentration.  Our  experiments 
studying  the  effects  of  Novasurol  in  dogs  with  the  closed  and  opened  gastric 
fistulas  showed  definitely  the  effect  of  the  loss  of  gastric  juice:  the  water  and 
salt  excretion  were  distinctly  reduced  as  compared  with  the  values  obtained  with 
Novasurol  in  the  dog  with  the  gastric  fistula  closed.  The  reduction  in  the 
sodium  chloride  excretion  was  due  not  only  to  the  reduced  urine  output  but 
also  to  the  failure  of  the  kidney  to  increase  the  sodium  chloride  concentration 
as  it  is  usually  observed  after  Novasurol  administration.  It  may  thus  be  con- 

cluded that,  in  spite  of  the  strong  influence  of  Novasurol  on  the  sodium  chloride 
excretion,  the  organism  still  retains  the  ability  to  regulate  its  sodium  chloride 
level  and  to  prevent  an  excessive  loss  of  sodium  chloride  by  Novasurol. 

This  competition  between  the  regulation  of  sodium  chloride  excretion  by  the 
kidneys  and  the  effect  of  Novasurol  on  salt  excretion  is  only  then  apparent  when 
the  removal  of  gastric  juice  during  the  five  hour  experiment  is  maintained.  If, 
however,  the  open  stomach  fistula  is  closed  two  hours  after  the  injection  of  Nova- 

surol, i.e.,  at  the  time  when  the  Novasurol  diiuesis  usuallj'  begins,  then  the 
Novasurol  effect  is  unrestricted  and  is  characterized  by  both  a  marked  increase 
in  diuresis  and  in  sodium  chloride  urinary  concentration. 

It  may  be,  therefore,  assumed  that  the  protection  of  the  organism  from  exces- 
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sive  depletion  of  the  sodium  chloride  depots  is  effected  by  changes  in  the  acid- 
base  balance  in  the  body.  The  latter  appears  thus  as  important  regulator  in 
the  retention  and  excretion  of  the  chlorides  which  play  such  an  important  role 
in  the  furthering  of  diuresis  in  general  and  the  Novasurol  diuresis  specifically. 
The  necessary  blood  chloride  concentration  for  optimum  diuresis  must  be  reached 
by  a  shift  of  the  acid  alkali  balance  toward  the  acid  side. 
^  SUMMARY 

Spontaneous  urine  excretion  and  Novasurol  diuresis  were  studied  in  experi- 
ments on  dogs  with  bladder  and  stomach  fistulas. 

1.  The  removal  of  gastric  juice  reduces  in  normal  dogs  the  sodium  chloride 
concentration,  but  not  the  volume  of  the  urine. 

2.  The  removal  of  gastric  juice  in  dogs  treated  with  Novasurol  decreases  the 
diuresis  and  counteracts  the  increase  of  the  sodium  chloride  concentration  in 
the  urine. 

3.  It  is  assumed  that  the  shifting  of  the  acid-base  equilibrium  toward  the 
alkali  side  is  due  to  the  gastric  juice  removal  which  is  the  principal  reason  for 
the  depression  of  the  Novasurol  diuresis. 
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CRANIOPHARYXGEOMA  AND  SUPRASELLAR  ADAMANTINOMA* 
JOSEPH  H.  GLOBUS,  M.D.,  and  KENNETH  M.  GANG,  M.D. 

[New  York,  N.  Y.] 
INTRODUCTION 

In  a  brief  report  (1)  published  in  1923,  one  of  us  (J.  H.  G.)  recorded  the  chnical 
and  anatomical  findings  in  a  case  of  what  he  termed  a  teratoid  cyst  of  the  hypoph- 

ysis, a  type  of  a  tumor  which  would  now  be  termed  craniopharyngeoma.  Atten- 
tion was  then  called  to  the  fact  that  in  the  earlier  days  tumors  of  this  type 

were  described  under  a  large  assortment  of  names  such  as  cholesteatomas, 
dermoids,  epidermoids  and  occasionally,  when  cartilage  was  found  among 
their  histological  contents,  as  teratomas. 

The  term  cholesteatoma  was  first  employed  by  Mueller  (2),  because  of  the 
presence  of  cholesterin  crystals  within  such  cystic  tumors.  This  term,  however, 
was  rejected  by  Virchow  (3)  for  in  his  experience  such  crystals  were  not  uni- 

formly present  in  such  cysts.  Moreover,  he  regarded  these  crystals  as  the 
product  of  a  degenerative  process  and  not  at  all  distinctive  of  such  tumors.  He 
preferred  the  older  designation  of  Cruveilhier  (4)  "Tumeurs  Perlees"  and  was 
inclined  to  consider  the  pial  and  dural  tissues  as  the  source  of  these  tumors. 
Remak  (5),  in  opposition  to  this  view,  regarded  them  as  dermoids  and  therefore 
placed  these  tumors  in  the  category  of  teratoids.  Bonorden  (6)  described  a 
cyst  in  which  he  found  a  stratified  squamous  epithelial  lining  and  many  spherical 
concentrically  arranged  collections  of  squamous  epithelial  cells,  constituting 
.structures  simulating  epithelial  pearls.  Underneath  the  epithelial  cell  lining, 
he  found  groups  of  sebaceous  cells.  These  observations  indicated  the  ectodermal 
origin  of  the  tumor  and  led  him  to  the  conclusion  that  Rathke's  pouch  and 
the  hypophyseal  duct,  at  points  of  closure  of  the  primitive  medullary  tube, 
are  the  probable  source  of  origin  of  this  type  of  tumor. 
Among  others  who  studied  this  type  of  tumor  was  Beneke  (7).  He,  at  first, 

because  of  the  morphology  of  their  cellular  constituents  as  demonstrated  with 
the  aid  of  silver  stains,  considered  these  tumors  as  arising  from  the  endothelial 
lining  of  the  meninges.  Subsequently,  however,  having  found  hair  in  some  of 
these  tumors,  he  revised  his  opinion  and  suggested  an  epidermal  derivation  for 
some  and  an  endothelial  for  others. 

Bostroem  (8),  studying  the  histologic  character  of  the  so-called  cholesteatomas, 
decided  in  favor  of  their  epidermoid  nature  and  suggested  their  bigeminal 
origin,  since  they  contained  both  mesodermal  and  ectodermal  components. 
He,  too,  stressed  the  fact  that  in  the  course  of  the  formation  of  the  primary 
and  secondary  vesicles,  histogenetic  processes  take  place  in  enveloping  mesoderm 
and  ectoderm  in  areas  adjacent  to  zones  of  con.striction  in  the  medullary  tube. 
These  sites  favor  embryonal  misplacement  of  epidermis.  Such  cellular  heter- 

otopias, in  his  opinion,  serve  as  the  source  of  such  tumor  formations. 

*  From  the  Neuropathological  Laboratory  and  Neurological  Service  of  The  Mount 
Sinai  Hospital,  New  York,  N.  Y. 220 
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It  was  Erdheim  (9),  however,  who  was  able  to  identify  with  greater  accuracy 
a  separate  group  of  these  tumors,  such  as  are  found  at  the  base  of  the  brain  in 
the  vicinity  of,  and  connected  with,  the  pituitary  body.  Erdheim  was  aided 
in  his  study  of  these  tumors  by  his  previous  successful  investigation  of  epithelial 
cell  remnants  in  the  thyroid  region  in  relation  to  the  subinvoluted  thyroglossal 
duct.  It  led  him  to  the  search  for  similar  cell  remnants  along  the  involuted 
hypophyseal  duct.  He  found  such  cellular  residues  in  about  77  per  cent  of 
normal  adult  pituitaries,  usually  plastered  on  the  anterior  surface  of  the  proximal 
lobe.  The  cells  in  these  small  aggregations  were  of  the  squamous  epithelium 
type  exhibiting  intercellular  bridges  and  intracellular  keratin  granules.  He 
came  to  the  conclusion  that  the  so-called  cystic  cholesteatomas;  when  associated 

Fig.  1.  Semi-diagramatic  drawing  of  a  median  longitudinal  section  of  the  head  end  of 
11.4  mm.  Pig  embryo,  showing  R.  P.  (Rathke's  pouch);  I.  (Infundibulum) ;  0.  C.  (Oral cavity);  N.  (Notochord);  and  T.  (Tongue).    (After  Jordan  and  Kindred.) 

\Wth  the  pituitary,  took  origin  from  the  remnants  of  a  subinvoluted  hypophyseal 
duct.    He  suggested  for  such  cysts  the  term  hypophyseal  duct  neoplasms. 

Years  later,  Gushing  (10)  recommended  the  well  adopted  but  somewhat 
inaccurate  term  craniopharyngeoma  for  this  type  of  tumor.  The  inaccuracy 
wiW  become  evident  when  the  embryogenesis  of  the  hypophy.sis  is  reviewed. 

The  latter  has  two  separate  points  of  origin;  an  upward  evagination  of  the 
embrj^onal  oral  cavity  (fig.  1)  [it  is  to  be  noted  that  it  is  not  the  pharynx  that 
gives  rise  to  this  evagination  which  is  to  become  the  hypophyseal  duct  and 
subsequently  Rathke's  pouch — hence  the  inaccuracy  of  the  term  craniopharyn- 

geoma], and  a  do\\Tiward  evagination  from  the  floor  of  the  third  ventricle.  The 
former  gives  rise  to  the  anterior  lobe  of  the  pituitary  while  the  latter  to  its 
posterior  lobe.  The  accompanying  figures  1  to  3  schematicize  the  stages  in 
the  development  of  the  anterior  lobe  of  the  hypophysis,  with  particular  emphasis 
on  the  origin  and  fate  of  Rathke's  pouch  and  the  hypophyseal  duct.  It  will  be 
be  noted  that  in  the  course  of  development  the  hypophyseal  duct  disappears. 
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'  '  :■■■>'•'■'  '■•  i  i.iiilir\  o  102  mm.HumanEmbi-yo 
Fig.  2.  Semi-diagranuitic  drawing  of  a  selected  part  of  the  head  end  in  hiuuan  embryo, 

showing  the  several  stages  in  the  development  of  the  hj'poph\-sis  and  the  gradual  oblitera- 
tion of  the  hypophyseal  duct .  11.  P.  (Kathke's  pouch) ;  O.  C.  (Oral  cavity  i ;  I.  (Infundibu- lum);  N.  (Notochord);  T.  (Tongue);  IT.  D.  ( Hypopliyseal  duct);  A.  L.  (Anterior  lobe  of 

the  hypophysis):  R.  Ij.  (Residual  lumen  of  Rathke's  pouch);  P.  I.  (Pars  intermedia  of  the hypophysis);  N.  L.  (Neural  lobe  of  pituitaryj ;  and  V.  Ill  (Third  ventricle ) .  (Modified, 
from  Atwell.) 

Fig.  3.  Schematic  drawing  of  the  maturing  pituitary,  showing  the  location  of  the  hypo- physeal duct  resi(hies.  K.  R.  (Epithelial  rests);  A.  L.  (Anterior  lobe  of  the  hypophysis); 
R.  L.  (Residual  lumen);  X.  L.  (Xeural  lobe);  and  I.  (Infundibulum) . 
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but  leaves  behind  squamous  epithelium  residues  which  during  the  rotation  of 
Rathke's  pouch  find  their  way  to  the  surface  of  the  infundibulum  (fig.  3).  Now 
that  these  residues  can  be  definitely  traced  to  the  primordia  in  the  oral  cavity, 
it  can  be  readily  realized  why  tumors  which  have  their  origin  in  such  embryonal 
rests  may  contain  structures  duplicating  those  found  in  the  maturing  oral  cavity. 

Following  Erdheim's  demonstration  of  the  true  origin  of  these  tumors,  cases 
such  as  fall  definitely  into  this  category  were  described  under  other  names  or 
without  assigning  a  special  name  to  them.  This  was  particularly  true  of  the 
case  described  by  Farnell  (13).  Farnell,  under  the  term  of  an  extracerebral 
tumor  in  the  region  of  the  hypophysis,  described  what  now  appears  to  be  an 
adamantinoma  in  which  he  found  that  "in  the  older  portions  of  the  tumor  the 
cells  have  not  only  imdergone  horny  changes,  but  have  become  infiltrated  with 
lime  salts  and  appear  as  'abortive  enamel  prisms'  as  in  a  tooth." 

However,  soon  other  significant  contributions  made  on  the  subject  brought 
substantial  proof  of  the  accuracy  of  Erdheim's  observations.  Among  these 
are  those  of  Duffy  (14),  Critchley  and  Ironside  (15),  Feet  (16),  Beckman  and 
Kubie  (17),  Bailey  (18),  Globus  (1),  Frazier  and  Alpers  (19),  and  MacCallum 
(20). 

CASE  REPORTS 

In  presenting  the  clinical  and  anatomical  survey  of  the  fourteen  cases  to  be 
described,  it  was  found  advisable  to  divide  them  into  two  subgroups,  1)  the 
cystic  and  2)  the  solid  tumors.  In  all  probability  the  difference  in  the  con- 

sistency of  the  tumors  is  dependent  upon  the  character  of  the  primordial  material 
from  which  the  individual  tumors  are  derived.  This,  in  turn,  will  justify  the 
adaptation  of  a  simplified  terminology  and  classification  of  tumors  commonly 
grouped  with  the  craniopharyngeoma  and  adamantinoma. 

Case  1.  Cystic  hypophyseal  duct  tumor  (craniopharyngeoma)  in  a  girl,  aged  6  years. 
Vegetative  disturbances:  obstinate  constipation,  anorexia,  polydypsia,  polyuria,  fatigability, 
insomnia,  infantilism.  Mental  regression,  geiieral  and  focal  signs  of  an  expanding  intra- 

cranial lesion.  Transfrontal  craniotomy,  retrochiusmal  suprasellar  cyst  found;  operation 
interrupted,  exitus. 

History:  L.  P.,  (P.M.  #3713),  a  girl,  aged  6  years,  had  no  previous  illness  and  was  said 
to  have  been  quite  normal  up  to  the  time  of  the  onset  of  the  final  illness.  Six  months  before 
admission  to  the  hospital,  she  became  markedly  constipated.  She  did  not  sleep  well, 
became  restless,  lost  her  appetite  and  was  constantly  thirsty.  The  diagnosis  of  diabetes 
was  made,  and  the  child  was  treated  accordingly.  With  the  increase  of  thirst  and  water 
intake,  there  was  a  corresponding  increase  in  volume  and  frequency  of  urination.  The  child 
was  losing  strength,  and  would  frequently  complain  of  fatigue  and  stop  playing.  She 
became  irritable,  subject  to  constant  headache  and  finally  became  confined  to  bed  because 
of  general  weakness.  A  week  before  admission,  it  was  noted  that  the  child's  mouth  was drawn  to  one  side,  and  her  left  shoulder  twitched  frequently  and  drooped. 

Examination:  The  patient  was  somewhat  undersized,  with  a  profuse  growth  of  lanugo 
hair  all  over  lier  body.  There  was  ptosis  of  the  right  eyelid  and  an  external  strabismus  of 
the  right  eye.  The  left  pupil  was  larger  than  the  right,  both  pupils  reacting  to  light  and 
onconvergence.  There  wasaleft  facial  paresis  and  slight  weakness  of  the  leftupper  extrem- 

ity, which  was  held  in  the  hemiplegic  position.  There  was  also  slight  weakness  of  the 
left  leg.    The  deep  reflexes  were  more  active  on  the  left  side,  though  generally  reduced. 
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A  doubtful  Babinski  sign  was  present  on  the  left  side.  The  abdominal  reflexes  could  not 
be  elicited. 

Laboratory  data:  Urine  had  a  low  specific  gravity,  and  acetone  and  diacetic  acid  were 
present  on  repeated  examinations.  Lumbar  puncture  yielded  clear  fluid  under  increased 
pressure.  X-ray  examination  of  the  skull  showed  marked  enlargement  of  the  sella  turcica, and  evidence  of  increased  intracranial  tension. 

Course:  Transfrontal  craniotomy  was  done,  and  a  bluish  mass  was  found  to  the  inner  side 
of  the  right  optic  nerve.  The  mass  was  behind  the  pituitary.  Operation  was  interrupted 
because  of  poor  condition  of  the  patient.    She  died  within  a  few  hours. 

Fig.  4.  (Case  1).  Base  of  the  brain  showing  craniopharyngeal  duct  cyst  (craniopharyn- geoma)  in  the  interpeduncular  space.  It  is  partially  collapsed  and  rostrally  adherent  to 
the  optic  chiasm. 

Necropsy  findings.  (Brain  examination  only  permitted)  GROSS:  The  pia-arachnoid  was 
markedly  edematous  and  of  a  purple  hue.  The  convolutions  of  the  brain  were  markedly 
flattened.  A  large  purple,  fluctuant  mass  was  present  at  the  base  of  the  brain  (fig.  4). 
It  covered  the  optic  chiasm,  to  which  it  was  adherent,  and  filled  up  the  entire  interpedun- 

cular space.  Its  bulging  inferior  and  partially  free  surface  was  prolonged  into  a  funnel- 
shaped  process,  which  seemed  to  be  continuous  with  the  pituitary  body.  The  dorsal  sur- 

face of  this  mass  was  firmly  implanted  in  the  substance  of  the  brain.  The  optic  chiasm'and tracts  were  flattened. 
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The  tuber  cinereum  and  the  mammillary  bodies  could  not  be  identified  since  the  floor  of 
the  third  ventricle  was  stretched  and  flattened  by  the  tumor  mass,  which  almost  obliterated 
the  cavity  of  the  third  ventricle.  The  cerebral  peduncles  were  displaced  laterally  and  were 
reduced  in  size.  This  was  particularly  pronounced  on  the  right  side.  During  the  process 
of  detachment  of  the  brain  from  the  base  of  the  skull,  the  neoplasm  was  punctured  and  a 
dark  brown,  granular,  semi-fluid  mass  escaped  from  the  cavity.  On  opening  the  latter 
more  fully,  it  collapsed,  and  it  was  then  noted  that  it  was  a  rather  thin  walled  cyst,  lined 

Fig.  5  (Case  1).    Hypophyseal  duct  cyst  showing  a  cartilagenous  nodule  in  its  wall. 

by  a  corrugated  membrane  which  was  studded  with  numerous  small,  glistening  elevations. 
Cholesterin  crystals  were  demonstrated  in  the  contents  of  the  cyst.  The  cyst  was  4  cm. 
in  length  and  about  3.5  cm.  in  width.  It  had  markedly  stretched  the  vessels  constituting 
the  circle  of  Willis,  particularly  the  posterior  communicating  and  anterior  cerebral  vessels. 

The  third  nerve  on  the  right  side  was  compressed  and  flattened  by  the  neoplasm.  A 
horizontal,  longitudinal  section  of  the  brain  gave  a  still  better  view  of  the  gross  structural 
changes  that  were  brought  about  by  the  neoplasm .  The  cavity  of  the  cyst  was  fully  exposed 
and  its  inner  wall  was  disclosed.  The  lining  of  the  cyst  gave  the  appearance  of  a  mucous 
coat.  At  the  left  anterior  portion  of  the  cyst,  the  wall  was  thickened,  giving  rise  to  a 
tuberous  elevation,  cartilaginous  in  consistency,  and  somewhat  translucent  in  appearance 
(fig.  5). 
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The  pituitary  body  was  extremely  small  in  size,  compressed  and  lodged  in  a  shallow  sella turcica. 
Microscopic  observations:  The  cyst  was  of  fairly  uniform  thickness,  except  for  a  small 

part  in  which  there  was  present  a  nodule  of  cartilaginous  consistence,  and  in  its  major 
portion  was  composed  of  three  fairly  distinct  layers.  Its  lining  or  innermost  coat  was  a 
thin  sheath  of  stratified  squamous  Epithelium,  which  exhibited  in  various  parts  slight 

¥i<:.  Ga  (ri)|)or)  (Case  1).  Section  of  the  cyst  wall  showing  the  primitive  stratified 
f'pitlii'lial  lining.    Hematoxylin  and  eosin  stain. 

I'  lii.  Gh  I  Lower)  (Case  1).  Section  of  the  cy.st  wall  showing  a  collection  of  hornified epithelial  cells  with  structures  simulating  hair  follicles  on  either  side  of  an  epithelial  pearl. 
Hematoxylin  and  eosin  stain. 

variations  indicating  stages  in  the  development  (fig.  6a).  The  next  or  middle  layer  con- 
sisted of  loose  connective  tissue  which  contained  here  and  there  a  few  glandular  structures 

and  small  ducts.  The  acini  bore  a  strong  resemblance  to  those  in  sebaceous  glands,  while 
the  ducts  were  lined  with  tall  cuboidal  epithelium,  and  their  lumen  was  filled  with  pink- 
stained  colloidal  substance.  The  outermost  layer  was  in  the  nature  of  a  thin  but  fibrous 
capsule. 

The  innermost  layer  of  the  squamous  epithelium  as  already  suggested  had  retained 
the  features  of  embryonal  dermis.  Within  it  could  be  recognized  the  three  primitive 
la3'ers : 
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the  epitrichium,  the  intermediate  layer  and  the  lowermost  layer,  the  striatum  germina- 
tivium.  At  some  points  there  were  visible  cellular  collections  within  the  germinal  layer 
which  had  the  appearance  of  hair  primordia  (fig.  6b).  In  adjacent  parts  there  were  seen 
accumulation  of  deeply  staining  large,  epithelial  cells  arranged  in  concentric  fashion 
simulating  epithelial  pearls.  All  of  the  cells  displayed  some  degenerative  changes.  Al- 

though the  colls  at  the  periphery  retained  some  of  the  characteristics  of  the  basal  cell 
epithelium,  those  in  the  center  of  the  pearls  had  undergone  complete  hyalinization.  When 
special  stains  were  applied  (iron  hematoxylin)  the  intercellular  bridges  of  the  former  could 
be  demonstrated;  when  stained  with  Weigert'.s  kciatiu  .stain,  a  blue  color  was  imparted  to these  cells,  establishing  the  presence  of  keratohyalin  granules  (fig.  7). 

The  small,  cartilaginous  in  consistence,  mass  revealed  several  histologic  structures  of 
mesodermal  origin,  such  as  embryonal  cartilage  (fig.  8),  mucous  connective  tissue,  mesen- 
chj'matous  tissue,  newly  formed  bone  (fig.  9)  with  fairly  typical  bone  corpuscles,  calcified 

epithelial  cells.    Iron  hemato.xylin  and  eosin  stain. 

trabeculae,  endosteum  and  periosteum,  displaying  osteoclasts  and  osteoblasts,  marrow 
cells  with  yellowish  granules  giving  characteristic  iron  reaction.  There  were  also  a  collec- 

tion of  cells  arranged  in  a  long  cord  and  supported  by  a  fine  connective  tissue  showing, 
when  stained  for  fat,  irregularly  distributed  fine  fat  granules  (fig.  10).  Their  true  character 
could  not  be  ascertained.  Wlictlier  tliey  wore  embryonal  fat  cells  or  cells  of  the  category 
found  in  sebaceous  glands  remained  a  question. 

Comment:  This  ease  was  selected  as  the  first  to  be  described  in  thi.^^  series 
because  it  presents  tj^pical  clinical  manifestations  and  characteristic  histological 
features.  The  combination  of  vegetati\'e  disturbances,  such  as  obstinate 
constipation,  anorexia,  polydipsia  and  polyuria,  when  added  to  evidence  of 
dyspituitarism  (infantilism)  and  to  the  general  signs  of  increased  intracranial 
tension  and  focal  signs  arising  from  the  implication  of  the  brain  stem,  pointed 
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Fig.  8  (Case  1 ) .  S^'ction  of  t  he  cart  ilagiiKHis  iiddiilf  wit  Inn  t  lie  w  all  of  t  he  cyst  showing young  cartilage  cells.    Hematoxylin  and  eosin  stain. 

Fig.  9  (Case  1  i  Section  of  the  cartilaginous  nodule  showing  a  layer  of  calcified  bone 
with  periosteal  and  ( mlostcal  tissue  containing  foreign  body  giant  cells  and  cholesterol 
crystal  spaces,    llcmaioxylin  and  eosin  stain. 



CRANIOPHARYXGEOMA  AND  SUPRASELLAR  ADAMANTINOMA 
229 

definitely  to  an  expanding  lesion  within  the  interpeduncular  space.  The  age 
of  the  patient  favored  the  probability  that  the  tumor  was  of  the  nature  of  a 
hypophyseal  duct  neoplasm. 

Anatomically  the  tumor  belonged  distinctlj^  to  the  cystic  variety  which 
Duffy  (12)  would  group  with  the  benign  squamous  epithelial  cysts  and  which 
Gushing  (10)  had  named  craniopharyngeoma.  The  latter  term  has  been 
accepted  although  there  are  some  justifiable  objections  to  it,  in  that  the  actual 
origin  of  the  so-called  craniopharyngeal  duct  remnants  which  gives  rise  to  such 
tumors  is  not  really  in  the  pharynx  but  in  the  oral  portion  of  the  stomodeum. 
Of  particular  interest  in  this  case  was  also  the  presence  of  structures  which 

Fig.  10  (Case  1).  Section  of  the  cartilagenous  nodule  showing  a  collection  of  sebaceous 
gland  cells.    Iron  hematoxylin  and  eosin  stain. 

indicate  the  bigeminal  origin  of  the  tumor,  placing  it  as  was  originally  done  (1), 
among  the  autochthonous  teratoid  cysts. 

Case  2.  Cystic  hypophyseal  duct  tumor  {craniopharyngeoma)  in  a  boy,  aged  Sj  years. 
Sudden  onset  following  alleged  injury  to  the  head,  followed  in  order  of  occurrence  by  recurrent 
headaches,  ocular  palsies,  frequent  vomiting,  periodic  somnolence;  polydipsia  and  polyuria, 
uncinate  fits,  optic  atrophy,  and  endocrine  disturbances  of  the  hypopituitary  character.  Bitem- 

poral visual  field  defect  with  diminution  of  acuity  of  vision.  Calcifications  in  a  deep  sella 
turcica,  dissociation  of  pulse  and  temperature  curves.  Exploratory  craniotomy,  suprasellar 
part  of  a  cystic  tumor  removed.  Stormy  convalescence,  good  recovery;  patient  free  of  symptoms 
for  2  years,  re-entered  the  hospital  for  an  acute  ear  infection.  Ligation  of  jugular vein.  Exitus. 
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History:  J.  B.,  (P.M.  ̂ 8719)  a  boy,  aged  Z\  years,  had  met  with  an  accident  at  the  age 
of  3  years.  He  fell  three  short  steps,  sustaining  no  obvious  injurj^  and  exhibiting  no  imme- 

diate sequelae.  Three  months  later,  he  began  to  complain  of  headaches.  They  would  begin 
about  10:00  a.m.  and  persist  foraperiod  of  four  hours.  As  the  headache  would  subside,  the 
patient  would  appear  to  be  alert  and  return  to  play.  At  about  the  same  time,  it  was  noted 
that  his  left  eye  became  smaller  than  the  right  and  that  the  left  eye  was  turned  outward. 
Two  months  later  he  began  to  complain  of  epigastric  pain,  usually  following  the  headaches. 
The  pain  was  relieved  by  vomiting,  which  was  usually  followed  by  sleep  of  an  hour  or  more. 
On  awakening,  the  patient  would  be  free  of  any  discomfort  and  become  active  and  playful 
again.  In  the  course  of  that  month,  he  lost  about  10  pounds.  It  was  noticed  that  during 
that  period,  he  began  to  complain  of  thirst  and  drink  more  frequently.  He  also  would 
experience  peculiar  smells  which  he  described  as  "bad"  and  which  no  one  else  in  the  room could  detect. 

Examination:  The  only  positive  findings  included  the  following:  moderate. pallor  of  the 
discs,  especially  of  the  left;  a  slight  left  central  facial  weakness;  a  slight  weakness  of  the 
left  extremities;  an  equivocal  left  plantar  response;  and  endocrine  features  described  as 
of  the  hypopituitary  type.  Visual  field  examination  revealed  a  definite  diminution  in  range 
and  facility  of  vision  on  the  left  with  a  definite  temporal  field  defect  on  that  side. 

Laboratory  data:  X-ray  examination  of  the  skull  revealed  a  markedly  deepened  sella 
turcica;  marked  erosion  of  the  posterior  clinoids;  several  small  calcific  concretions  within 
the  sella  turcica  and  some  above  the  sella  turcica.  There  was  also  evidence  of  increased 
intracranial  pressure. 

Course:  The  diagnosis  of  a  tumor  in  the  sellar  region  was  made.  While  under  observa- 
tion, it  was  noted  that  the  occasional  moderate  rise  in  temperature  was  not  followed  by 

increasing  rise  in  the  i)ulsc  rate.  In  fact,  with  a  rise  in  temperature,  the  pulse  usually 
became  lower,  and  became  more  rapid  when  the  temperature  fell.  This  was  not  regular  in 
occurrence. 
He  was  subjected  to  an  exploratory  craniotomy  for  suspected  craniopharyngeoma.  A 

two  stage  transfrontal  operation  was  performed  and  the  sella  turcica  was  exposed.  The 
entire  suprasellar  portion  of  the  tumor  was  removed.  Following  the  operation,  there  was  at 
first  a  sudden  rise  in  temperature  which  gradually  came  down  to  normal.  It  continued  to  be 
somewhat  elevated  and  again  showed  a  discord  between  the  pulse  rate  and  the  temperature 
curve.  Otherwise,  the  convalescence  was  rather  smooth  and  at  the  end  of  eight  weeks, 
six  weeks  after  the  operation,  he  was  up  and  about  and  allowed  to  return  home.  However, 
the  pallor  of  the  left  disc  seemed  to  increase  and  now  there  appeared  a  pallor  of  the  right 
disc. 

Interval  history:  The  patient  remained  free  of  symptoms  for  a  period  of  two  years.  Five 
weeks  before  readmission  to  the  hospital,  he  complained  of  pain  in  the  right  ear.  There 
was  no  discharge  from  the  ear.  At  about  this  time,  he  developed  measles  which  lasted  about 
10  days.  Shortly  thereafter,  he  again  complained  of  pain  in  the  right  ear.  This  time  the 
temperature  rose  to  104°F.  A  physician  performed  a  myringotomy  and  evacuated  some pus.  The  patient  continued  to  run  a  septic  temperature  and  vomited  several  times.  Five 
daj-s  before  readmission  to  the  hospital,  he  passed  through  a  convulsi\e  episode  which 
lasted  about  30  minutes.  Shortly  before  entering  the  hospital,  he  comi)lained  of  pain  back 
of  the  ear. 

Second  admission:  On  admission,  the  child  was  found  to  be  rather  obese,  exhibiting  a 
pituitary  habitus  of  the  Froelich  type,  and  the  right  ear  showed  a  pulsating  discharge 
through  a  posteid-inferior  ])erforation.  There  was  slight  mastoid  tenderness  on  the  right 
side.  Bilateral  o\niv  atrtjphy  more  pronounced  on  the  right  side,  depressed  tendon  reflexes 
and  bilateral  Opjjcnhcim  and  Babinski  signs  were  the  significant  neurological  findings. 
The  patient's  temperature  continued  to  be  septic  and  elevated  to  106°F.  A  jugular  vein ligation  with  packing  of  the  right  transverse  sinus  was  performed.  Following  the  operation, 
the  patient  had  four  convulsive  seizures  and  died  17  hours  later. 

Necropsy  findings.    Brain.    Gross:  The  brain  was  swollen  and  edematous.  Numerous 
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fine  adhesions  were  present  in  the  right  frontal  region  between  the  pia-arachnoid  and  the 
dura  mater.  These  were  also  present  in  the  right  cribiform  region.  The  right  olfactory 
nerve  was  absent;  the  left  was  well  demonstrated.  In  the  interpeduncular  region  there 
was  seen  a  large  cystic  tumor  mass  measuring  about  2.5  cm.  in  diameter.  On  either  side  of 
this  mass  the  optic  nerves  were  flattened  and  displaced.  The  meninges  and  blood  vessels 
were  otherwise  negative. 

On  freeing  the  brain  from  the  sphenoid  bone,  the  cyst  (fig.  11)  was  found  occupying  the 
entire  interpeduncular  space  and  extending  forward  toward  the  cerebral  hemispheres  and 

Fig.  11  (Case  2).    The  base  of  the  brain  displaying  the  large  cyst  in  the 
interpeduncidar  space. 

underneath  them.  The  cyst  was  thin  walled  and  contained  greenish  yellow  material  with 
pockets  filled  with  a  gelatinous  substance.  It  was  adherent  to  the  walls  of  the  sella  turcica. 
The  sella  turcica  was  exceedingly  deep  (about  1.5  cm.  in  its  depth). 

On  sectioning  the  brain,  a  moderate  symmetrical  internal  hydrocephalus  was  found. 
Microscopic  observations:  Sections  of  the  cyst,  stained  with  hemato.xylin  and  eosin, 

revealed  a  band  of  distorted  connective  tissue,  lined  by  a  thin  layer  of  closely  packed  strat- 
ified squamous  epithelial  cells  (fig.  12a).  At  one  edge  of  the  section  there  were  cells  with 

large  oval  vesicular  nuclei  (fig.  12b),  extending  about  8  rows  in  depth  supported  by  a 
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basement  membrane  of  a  single  row  of  columnar  epithelium.  Near  this  area  there  was  a 
collection  of  calcified  lamellated  bodies  and  hornified  epithelial  cells  surrounded  by  endo- 

thelium cells.  The  adjacent  fibrous  tissue  contained  many  round  cells,  multinucleated 
giant  cells  and  calcified  blood  vessels. 

Comment:  Of  interest  in  this  case  is  the  fact  that  the  chnical  manifestations 
pointing  to  the  presence  of  an  expanding  intracranial  lesion  had  their  beginning 
at  the  early  age  of  3  years.  It  may  be  assumed  that  the  development  of  the 
tumor  preceded  the  onset  of  clinical  signs  and  symptoms.  The  fact  that  an 
accident  had  occurred,  without  any  obvious  serious  injury  to  the  head,  shortly 
before  development  of  symptoms,  does  not  bring  into  causal  relationship  the 
alleged  injury  with  the  development  of  the  tumor  or  related  symptoms.  In 
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this  case  the  deep  sella  turcica,  the  erosion  of  the  posterior  clinoids,  the  calcific 
concretions  within  and  above  the  sella  turcica,  and  other  evidence  of  increased 
intracranial  pressure  placed  the  lesion  in  the  sellar  region,  but  the  dissociation 
of  pulse  and  temperature  curves  could  be  considered  as  a  leading  diagnostic 
sign  pointing  to  implication  of  the  hypothalamus.  Although  the  patient  did 
well  after  the  first  operation  and  died  of  an  intercurrent  infection,  on  the  basis 
of  experience  with  other  similar  cases,  it  may  be  assumed  that  this  young  patient 
would  not  have  escaped  recurrence  of  symptoms  and  a  final  fatal  termination. 

Case  3.  Cystic  hypophyseal  duct  tumor  (craniopharyngeoma) .  Onset  at  the  age  of  13 
months  with  a  rise  in  te^nperature  and  convulsive  seizures  followed  by  paralysis  of  the  left 
abducens  nerve,  general  weakness  and  loss  of  weight.  Excessive  thirst  with  polydipsia 
and  polyuria  followed.  At  the  age  of  3  years  another  febrile  episode  with  convulsions  followed 
by  a  S  day  period  of  coma.  Subsequently,  temporary  loss  of  vision;  bilateral  primary  optic 
atrophy,  absent  deep  reflexes;  calcific  areas  above  enlarged  sella  turcica.  Craniotomy,  cyst 
in  the  interpeduncular  space  punctured  and  curetted,  followed  by  recovery.  One  year  later, 
polydipsia  and  polyuria,  and  protracted  somnolence  with  return  of  headaches.  Continued 
observations  for  6  years,  patient  exhibiting  progressive  decline. 

History:  C.  C,  (Surg.  *  60278),  a  Spanish  girl,  aged  3^  years,  was  admitted  to  the  hospital 
on  August  2,  1937.  At  the  age  of  13  months,  she  developed  a  febrile  illness  accompanied  by 
convulsive  seizures.  While  convalescing,  three  or  four  weeks  later,  it  was  noted  that  her 
left  eye  was  turned  out  and  that  the  child  acted  as  if  she  did  not  see  well,  bumping  into 
objects.  She  appeared  to  be  weak,  and  lost  weight.  Her  legs  progressively  assumed  a 
valgus  deformity.  She  developed  e.xcessive  thirst,  drinking  five  to  six  quarts  of  fluid  a  day, 
and  marked  polyuria.  At  the  age  of  3  years,  she  again  developed  fever  and  convulsions. 
She  was  hospitalized  and  treated  with  bromides  and  intravenous  fluids.  Following  one  of 
these  convulsions,  she  became  comatose  for  a  period  of  five  days.  When  she  regained 
consciousness,  it  was  discovered  that  she  was  almost  completely  blind.  The  blindness 
receded  gradually  so  that  at  the  time  of  admission  she  could  see  quite  well. 

Examination:  The  patient  was  a  bright  alert  female  child  of  85  years.  Blood  pressure 
was  70  systolic  and  50  diastolic.  There  was  bilateral  primary  optic  atrophy,  more  marked 
on  the  left  side,  and  some  weakness  of  the  left  superior  rectus  muscle.  Vision  in  the  right 
eye  was  5/20;  left  eye,  3/200.  Both  knee  jerks  and  the  left  ankle  jerk  were  absent.  The 
abdominal  reflexes  were  active. 

Laboratory  data:  Urine,  blood  cytological  and  blood  chemical  studies  were  negative. 
X-ray  examination  of  the  skull  showed  the  sella  turcica  to  be  increased  in  its  antero- 

posterior diameter  and  in  depth.  There  were  numerous  areas  of  calcification  in  the  supra- 
sellar region  and  to  the  right  of  the  sella  turcica.  There  was  slight  separation  of  the  frontal 

sutures. 
Course:  A  neoplasm  in  the  region  of  the  pituitary  body  was  diagnosed  but,  because  of 

fever,  surgical  intervention  was  deferred  until  August  23,  1937.  At  that  time  a  fronto- 
temporal  flap  was  made,  the  frontal  lobe  retracted  and  a  cyst  medial  to  the  optic  nerve  was 
found;  it  was  punctured  and  curetted.  Following  the  operation,  the  child  developed  a  left 
sided  weakness,  which  gradually  disappeared.  Vision  improved  remarkably,  her  tempera- 

ture returned  to  normal  and  her  water  intake  and  output  regained  a  normal  level. 
Surgical  specimen:  A  section  of  scrapings  of  tissue  taken  from  the  cyst  wall,  stained  with 

hematoxylin  and  eosin,  revealed  an  irregular  band  of  stratified  squamous  epithelial  cells 
covering  many  spherical  collections  of  hornified  and  some  calcified  epithelial  spheres  (fig. 
13).  There  was  also  a  background  of  poorly  staining  collagenous  fibrous  tissue.  A  few 
capillaries  and  a  small  area  of  hemorrhage  were  present.  The  diagnosis  was  that  of 
craniopharyngeoma. 

Second  admission:  (October  25,  1938).  The  patient  was  readmitted  about  a  year  after 
the  operation,  mainly  because  of  the  return  of  polydipsia  and  polj'^uria.    These  disturbances 
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ill  water  balance  were  partially  controlled  by  intranasal  administration  of  pituitrin.  At 
about  the  same  time,  the  patient  developed  somnolence,  sleeping  longer  in  the  afternoon 
than  she  formerly  had  been  doing. 

On  admission,  it  was  found  that  the  optic  nerves  were  pale  and  that  she  had  moderate 
weakness  of  the  left  arm  and  leg,  and  depressed  deep  reflexes.  Radiotherapy  in  the  region 
of  the  sella  turcica,  accompanied  by  intranasal  instillation  of  pituitrin  resulted  in  moderate 
improvement.  Areas  of  alopecia  developed  at  the  site  of  the  x-ray  exposures  and  the  radio- 

therapy was  stopped. 
Third  admission:  (April  3, 1941).  Since  her  previous  admission,  headache  recurred  every 

few  weeks,  lasting  several  hours,  and  was  accompanied  by  drowsiness.  Polydipsia  and 
polyuria  were  present  during  the  interval  of  almost  one  and  a  half  years.  At  this  time 
both  discs  were  found  to  be  white  with  very  clearly  defined  margins.  There  was  general 
hyporeflexia  with  some  weakness  of  the  upper  and  lower  extremities.  During  her  stay  in 
the  hospital,  she  passed  through  a  period  of  semi-stupor  and  vomiting.  Surgical  in- tervention was  considered  inadvisable. 

She  was  seen  in  the  Follow-up  Clinic  on  January  5,  19-43  and  found  to  be  apathetic  and 
showing  evidence  of  furtlier  decline.  The  polydipsia  and  polyuria  were  increasing.  Patient 
has  not  been  seen  since  that  date. 

Fin  1.3  (Case  3).  Section  of  the  .surgical  specimen  removed  at  the  first  operation  dis- 
plaving  a  band  of  stratified  squamous  epithelial  cells  overlying  spherical  collections  of hornified  and  calcified  epithelial  cells.    Hemato.xylin  and  eosin  stain. 

Comment:  This  case  of  a  child  of  3^  years  had  already  presented  the  frank 
manifestations  of  a  suprasellar  tumor  when  only  13  months,  with  symptoms 
which  in  retrospect  could  be  regarded  as  early  manifestations  of  this  type  of 
tumor  formation.  Of  particular  significance  were  the  manifestations  of  hypo- 

thalamic disorder,  polydipsia  and  polyuria,  elevation  of  temperature  and 
convulsions.  Histologically  the  tumor  was  clearly  of  the  kind  described  as 
craniopharyngeoma  or  stratified  squamous  epithelial  (papillary)  cyst  of  the  hy- 

pophyseal duct. 
Case  4.  Cystic  hypophyseal  duel  tumor  (craniopharyngeoma  with  adamanlinomatous 

islands)  in  a  boy  ai/cd  10k  years.  Onset  with  visual  impairment,  headaches,  endocrine  disturb- ances, attack  of  (ih'liiniiiKil  distress.  Appendectomy.  Subsequent  development  of  meningeal 
signs.  X-ray  cram  t  mil  ion  of  skull  revealed  calcification  in  the  suprasellar  region.  Craniot- 

omy, prechiasmal  cysl  found,    .{spirntion  with  partial  excision.    Rapid  decline  and  exitus. 
History:  M.  B.,  (P.M.  ■4-'.h)i:Ii.  a  \n,y .  uavd  10^  years,  had  noticed  failing  vision  for  six 

months  before  admission,  and  had  complained  of  occipital  and  frontal  headaches  for  two 
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months.  He  was  seen  once  in  the  Endocrine  Clinic  of  the  Out  Patient  Department  because 
of  these  symptoms  and  obesity.  Five  weeks  before  admission,  he  complained  of  nausea  and 
vomited  without  experiencing  abdominal  pain.  On  December  28,  1933,  one  day  before  his 
entering  the  hospital,  he  was  suddenly  seized  with  al)dominal  pain,  which  was  most  marked 
in  the  right  lower  quadrant  and  was  afCf)mpnniod  at  fir.st  by  vomiting. 

The  patient  was  markedly  obese  with  an  excessive  deposit  of  fat  about  the  hips,  breasts 
and  genitalia.  He  displaj'ed  underdeveloped  secondary  sex  features.  There  was  tender- 

ness and  rigidity  in  the  right  lower  (juadrant.  The  white  blood  cell  count  was  11,600  with 
87  per  cent  polymorphonuclear  leucocytes.  The  temperature  was  100°F.;  the  pulse  rate, 80  per  minute.    The  diagnosis  of  acute  appendicitis  was  made. 

Appendectomy  was  performed  and  an  acut  fly  inHamed  appendix  was  removed.  Twenty- 
six  hours  later  his  temperature  was  100  2  !•  an.l  pulse,  132.  He  complained  of  headache. 
Xeck  rigidity  with  some  limitation  of  fdiward  llcxion  of  the  head  and  suggestive  bilateral 
Kernig  sign  were  observed.  A  lumbar  puncture  revealed  clear  cerebrospinal  fluid  under 
normal  pressure,  containing  no  cells.  The  nuchal  rigidity  and  bilateral  Kernig  sign  became 
more  pronounced.  Further  study  disclosed  a  Ijilateral  Babinski  sign,  depressed  deep 
tendon  reflexes,  advanced  bilateral  papilledema  witli  retinal  hemorrhages,  diminished  visual 
acuity  in  the  right  eye  and  a  suggestive  tcm|)oral  liefcct  in  the  left.  There  was  modei'ate 
dulling  of  intellect.  The  blood  pressure  was  somewhat  elevated,  142  systolic  and 
94  diastolic. 

X-ray  examination  of  the  skull  revealed  erfjsion  of  the  posterior  clinoid  processes,  thin- 
ning of  the  dorsum  sellae,  and  linear  calcification  just  outside  of  the  sella  turcica,  at  about 

the  level  of  the  posterioi-  clinoids,  intorprcted  ;is  "calcification  in  a  Rathke  Pouch  Tumor." 
The  patient  l>ccame  pi'ogressi vel.\-  ni<iro  stup<ii-()us.  .\  craniotomy  was  done.  At  opera- 

tion, a  ry.st  ic  mass  was  found  in  t  lie  procliiasinal  region.  1 1  \\  ,is  aspirated  and  then  partially 
excised.  The  patient  did  not  react  well  post-opcrat  ively  and  his  Icmix'rature  rose  rapidly. 
He  died  on  the  second  day  after  the  operation. 

A'ecropsy  findings.  Brain.  Gro.s.s.The  cerebral  convolutions  were  flattened;  the  ol  factory 
bulbs  were  slightly  distorted  and  traumatized.  Th(^  optic  nerves  and  chiasm  were  edema- 

tous. The  gyri  recti  wei'C  fused  in  the  piccliiasmal  irgion.  Below  and  behind  the  optic 
chiasm,  there  was  a  cystic  tumor  mass  extending  to  the  belly  of  the  pons  (fig.  14).  The 
floor  of  the  third  ventricle  was  obscured  by  the  cj'st  and  the  dark  hemorrhagic  fluid  con- 

tained within  it.  The  posterior  clinoid  processes  and  dorsum  sellae  were  eroded  and 
thinned. 

On  sectioning  of  the  brain,  the  lateral  ventricles  were  seen  to  be  markedly  and  symmetri- 
call.v  dilated.  The  third  ventricle  wa.s  somewhat  larger  anteriorly.  In  front  of  the  middle 
commissure  all  that  w  .as  li'ft  of  the  tumor  was  a  segment  of  its  wall  sit  uated  directly  inferior 
to  the  anterior  ijoi  iioii  of  (he  lloor  of  the  third  xcni  ricli-.  It  wa.s  adherent  to  the  optic 
chiasm  which  was  somewhat  flattened.  The  cerebral  i)eduncles  adjacent  to  the  interpedun- 

cular space  were  moderately  disorganized.  The  third  ventricle  communicated  directly 
with  the  remnants  of  the  cyst.  The  oculomotor  nerves  were  displaced  posteriorly  and 
laterally. 

The  pituitary  body  was  found  attached  to  the  tumor.  The  cyst  wall  was  markedlj'  com- 
pressed and  showed  some  cavitation. 

Microscopic  obserralions:  Section  through  the  wall  of  the  cyst  displayed  a  lining  which 
consisted  of  stratified  squamous  ei^ithelium  of  the  embryonal  variety  (fig.  15a).  It  covered 
a  layer  of  loose  connective  tissue.  Within  this  comiective  tissue,  there  were  seen  islands  of 
cellular  material  of  vaiying  types.  In  one  part  there  were  papillary  projections  covered 
by  a  layer  of  columnar  cells  simulating  amcloldasts  (fig.  15b).  Deeper  within  this  structure, 
there  were  collections  of  hornifierl  c[)it  helium  and  here  and  there  little  alveolar  structures 
lined  by  columnar  epithelium.  Stellate  colls  were  also  found  within  this  region.  In  other 
parts,  there  were  hyalinized  and  hornified  stratified  epithelium;  some  were  arranged  in  long 
bands  and  others  in  round  collections  (fig.  16a).  Giant  cells  were  frequently  encountered. 
In  another  part,  the  tissue  was  made  up  of  dense  fibrous  material  interrupted  by  spaces 
such  as  are  often  seen  around  cholesterin  crystal  collections  (fig.  16b). 
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Comment.  In  this  case  the  endocrine  disturbances  very  Ukely  have  proceeded 
the  development  of  signs  of  increased  intracranial  tension.  Were  it  not  for 
the  surgically  verified  existence  of  an  acute  appendicitis,  the  abdominal  distress 
could  be  regarded  as  part  of  the  hypothalamic  disorder.  The  signs  of  meningeal 
irritation  are  not  uncommon  in  tumors  of  this  type,  in  all  probability  due  to  the 
escape  of  some  of  the  contents  of  the  cyst  into  the  subarachnoid  space.  The 

Fig.  14  (Case  4).    Tlie  base  of  the  brain  showing  the  partially   collapsed  cyst  in 
the  interpeduncular  space. 

histological  picture  of  that  tumor  requires  no  comment  beyond  the  statement 
that  it  falls  fully  in  the  category  of  the  cystic  tumors  of  the  hypophyseal  duct. 

Case  5.  Cystic  hypophyseal  duct  tumor  (craniopharyngeoma)  in  a  girl  aged  11  years,  observed 
for  four  years.  Patient  exhibited  signs  pointing  to  anatomic  disturbances  within  the  inter- 

peduncular space.    Craniotomy;  cyst  found  within  the  iiiterpeduncular  space;  exitus. 
History:  H.  D.  (P.M.  *  13025),  aged  15  years,  has  had  four  admissions  to  the  hospital. 

She  had  been  underweight  until  one  year  before  her  first  admission,  when  she  began  to  put 
on  weight  rapidly  so  that  within  eight  months  she  had  gained  30  pounds.  There  was  a  coin- 

cident increase  in  appetite  and  thirst  (she  drank  about  18  glasses  of  water  and  two  glasses 
of  milk  daily).    About  eight  months  later,  she  had  a  sudden  attack  of  pain  in  the  frontal 
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region  over  the  left  eye  which  was  accompanied  by  nausea.  This  episode  lasted  about  four 
hours  and  recurred  every  two  or  three  weeks.  Within  the  last  two  weeks,  there  has  been 
constant  pain  in  the  left  frontal  region  of  a  dull  character,  as  well  as  pain  in  both  eyes, 
more  so  in  the  left.  She  complained  of  pain  on  looking  upward  and  of  diplopia  when  looking 
to  the  right.    She  was  becoming  more  somnolent. 

Examination:  {First  admission,  September  19, 1940).  The  patient  was  an  obese  negro  girl 
with  slender  extremities  and  fat  distributed  chiefly  over  the  chest  and  abdomen.    The  gait 

Fig.  15a  (Upper)  (Ca.so  4i.  Section  (if  the  wall  of  the  cyst  sliowing  a  thin  layer  of 
Stratified  squamoufs  cpit holium ,  paiiialh  scijarated  from  the  underlying  supporting  con- nective tissue.    Heiua1o\ylin  ami  ccisin  slain. 

Fig.  15b  (Lower)  (Case  4).  Section  of  a  thicker  part  of  the  cystic  wall  showing  a  solid 
collection  of  cells,  the  free  surface  of  which  i,s  lined  by  coliinuiar  epitlielial  cells.  Within 
its  depth,  it  displays  collections  of  hornified  epitheliinn.    llematdNyliii  and  eosin  stain. 

was  normal  but  there  was  some  diminution  in  associated  movements  of  the  right 
arm.  The  left  pupil  was  dilated  and  fixed.  There  was  ptosis  of  the  left  lid  and  some  prop- 
tosis  of  the  left  eyeball.  All  movements  of  the  left  eye  except  on  left  lateral  gaze  were 
limited.  The  left  corneal  reflex  was  diminished.  There  was  bilateral  slight  papilledema 
and  fullness  of  the  veins  (left  more  than  right).  A  mild  right  supranuclear  facial  paresis 
was  present.  Muscle  power  was  good  except  for  slight  weakness  in  the  right  upper  extrem- 

ity.   There  were  no  sensory  changes.    The  deep  reflexes  were  generally  depressed;  the 
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left  ankle  jerk  more  so  than  the  right;  the  right  abdominal  reflexes  were  absent,  while  those on  the  left  side  were  active. 

Fir:.  l()a.  (\  ppcr)  f("aso4i.  beet  ion  of  a  thicker  portion  of  the  cyst  showing  long  strips of  hoi  niiicu  cpii  hciimn  :ui(l  an  oeoasional  foreign  body  giant  cell.  Hemato.xylin  and  eosin stain. 
Fk;.  101).  (Lower)  ((';',s('4).  Section  of  |a  thicker  layer  of  cyst  wall  showing  small masses  of  calcified  hone  and  free  surfaces  resulting  from  the  dissolution  of  cholesterin 

crystals.    Heniatuxylin  and  eosin  stain. 

Laboratory  data:  Urine,  normal.  Blood:  cholesterol,  355  mg.  per  cent;  esters,  210  mg.  per 
cent;  urea  nitrogen,  16;  phosphorus,  5.2;  calcium,  12.0;  total  protein,  7.7.  The  basal  meta- 

bolic rate,  minus  28  per  cent  (first  test) .  The  Wassermann  reaction,  negative.  The  Janney 
test,  negative.    X-ray  examination  of  the  skull  disclosed  an  enlarged  sella  turcica  with 
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irregular  flocculent  calcification  extending  from  the  floor  of  tlie  sella  upwards  for  about  IJ 
inches.  There  was  some  decalcification  of  the  dorsum  snllao  and  of  the  posterior  clinoid 
processes.  Laminographic  x-ray  study  of  the  skull  gave  no  additional  evidence.  X-ray 
examination  of  the  chest  and  long  bones  .showed  tm  ̂ ibncu  iual  findings.  Electroencephalog- 

raphy indicated  increased  intracranial  picssiii  i'  liiii  iiui  t  Ik;  presence  of  a  cortical  lesion. 
Course:  Shortly  after  her  admission  to  the  lios))it;il,  there  was  noted  a  partial  left  sided 

ptosis  and  fixed  pupil  with  paresis  of  the  eye  movements  in  upward,  downward  and  inward 
directions.  Three  days  later,  there  was  an  obvious  external  strabismus  and  a  dilated  fixed 
pupil  on  the  left  side.  A  provisional  diagnosis  of  craniopharyngeoma  had  been  made,  and 
three  weeks  later,  a  left  transfrontal  craniotomy  was  pctrformed  under  lor^al  anaesthesia. 
A  cyst  (craniopharyngeoma)  was  found  to  occupy  the  interi)eduncular  space  and  to  encroach 
slightly  upon  the  chiasm  beneath  its  posterior  border.  The  (ujiitents  of  the  cyst  were  evac- 

uated and  part  of  its  wall  removed. 
Surgical  specimen.  Gross:  Several  small  fragments  of  tissue  suspended  in  saline  received 

for  study. 
Microscopic  observations:  The  surgical  specimen  after  centrifuging  and  staining  with 

hematoxylin  and  eosin  presented  several  small  fragments  of  tissue  consisting  chiefly  of 
dense  bands  or  whorls  of  hyalinized  epithelium.  Scattered  through  some  of  the  stratified, 
pink-staining  tissue  could  be  seen  small,  round,  dark-staining  nuclei.  No  nerve  elements 
were  identified  by  the  Nissl  method. 

Diagnosis:  The  presence  of  hornified  epithelium  was  confirmatory  of  a  craniopharyn- 
geoma. 

Second  admission:  The  patient  was  readmitted  on  October  17,  194.3,  about  three  years 
after  operation,  with  the  account  that  she  was  doing  well  until  September  29,  1943,  when 
she  suddenly  passed  through  an  episode  of  unconsciousness  followed  by  vomiting.  Several 
days  later  she  had  another  seizure,  now  accompanied  by  a  convulsion.  Examination,  at 
this  time,  revealed  on  lumbar  puncture  an  increase  of  intracranial  pressure,  and  no  other 
findings  of  significance. 

Third  admission:  {August  11,  1944)-  This  time  her  admission  was  preceded  by  frequent 
bouts  of  vomiting.  Examination  yielded  few  positive  findings.  She  was  obese;  there  was 
some  proptosis  of  the  left  eye;  the  deep  reflexes  were  increased. 

The  cerebrospinal  fluid  was  under  increased  pressure,  and  the  total  protein  was  85  mg. 
per  100  cc.  The  electroencephalogram  was  interpreted  as  typical  of  idiopathic  epilepsy. 
Encephalography  showed  dilated  lateral  and  third  ventricles. 

She  was  subjected  to  revision  of  surgical  field.  A  large  cyst  was  found  in  the  interpedun- 
cular space.  It  was  opened  and  curetted.  Convalescence  was  satisfactory  and  the  patient 

left  the  hospital  sixteen  days  later. 
The  surgical  material  was  reported  as  containing  particles  of  hornified  material  and  an 

occasional  giant  cell  imbedded  in  necrotic  tumor.  The  diagnosis  again  was  cranio- 
pharyngeoma. 

The  patient  was  seen  in  the  Follow-up  Clinic  on  December  5,  1944.  Her  mother  reported 
that  the  child  slept  most  of  the  time  and  became  subject  to  frequent  fainting  spells.  They 
were  preceded  by  violent  headaches. 

Fourth  admission:  She  returned  to  the  hospital  on  December  9,  1944.  At  this  time  an 
examination  disclosed  the  following:  left  pupil  fixed  to  light;  left  abducens  nerve  paresis; 
a  right  central  facial  weakness;  a  slight  weakness  of  right  upper  extremity;  slight  increased 
deep  reflexes  in  the  lower  extremities;  Hoffman  and  Babinski  signs  on  the  right  with  absence 
of  abdominals  on  the  right;  and  some  awkwardness  in  moving  the  right  upper  extremity. 
Operative  intervention  was  seen  to  be  hazardous  and  inadvisable  so  she  was  subjected  to 
radiotherapy,  for  a  period  of  two  weeks.  No  change  in  her  clinical  manifestations  was  noted 
until  December  28,  1944,  when  she  had  an  attack,  preceded  by  a  cry  with  retraction  of  the 
head;  she  became  unconscious;  the  right  side  of  the  body  was  spastic,  deep  reflexes  of  both 
upper  extremities  were  absent,  right  lower  hyperactive  and  the  left  lower  diminished; 
but  on  both  sides  there  was  ankle  clonus.    Her  pulse  was  56;  blood  pressure,  102  systolic  and 
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82  diastolic.  Ilor  head  and  eyes  renuiined  in  lateral  rotation  and  extension  to  the  left, both  pupils  fixed,  the  left  greater  than  the  right.  A  deep  stui)or  followed  thi.s  attack  and continued  until  her  death  on  .January  4,  1945. 
^  Necropsy  findings.  Brani.  0/o.s.s.-  A  tumor  wa.s  found  overlying  the  sella  tur- 

cica, bulging  mainly  to  the  left  side.  It  occupied  (-(jmpleteiy  the  interpeduncular  space and  extended  hack  to  the  ccreheiio-pontine  angle.  It  was  covered  by  a  smooth  membrane 
through  which  could  he  seen  a  yellow  white  -ranular  appearing  material.  Uostrally, just  behind  the  .jptic  chiasm,  wliicli  was  oMvelojxMl  by  the  tumor,  there  was  a  small  solid 
nodule  of  tumor  ti.ssuc  Tlic  sella  turcica  was  tiattened  out  and  greatly  widened.  The pituitary  was  also  Hat  tencd  from  above  downwards  and  a  small  fragment  of  tumor  seemed  to rise  from  the  infundibular  stalk. 

On  reflecting  the  arachnoid  over  the  tumor,  tin-  latici-  was  found  to  be  maiidy  in  the 
nature  of  a  sac  which  seemed  to  narrow  .as  it  ,1c.m  ,  ,,,|,.,|  i,,uard  the  left  i)ontolacial  angle. 
On  careful  dissection,  the  lower  end  was  fuund  tn  l.c  n-ulily  .separai)le  from  the  underlying 

Fro.  17  (Case  5).  Coronal  s.^ction  of  the  brain  showing  marked  bilateral  internal  hy- drocephalus and  the  third  ventricle  almost  completely  occupied  by  the  cyst. 

pons.  At  this  point,  it  gave  the  impression  of  being  little  more  than  an  extension  of  the 
main  sac  with  the  adhesions  to  the  underlying  structures.  Also  at  this  point,  the  sac  was 
very  thin  but  here  and  there,  there  were  discernible  small  nodular  masses,  not  unlike  that 
found  in  the  main  mass  near  the  optic  chiasm.  The  trochlear  nerve  was  found  stretched 
over  the  sac  on  the  left  side.  Both  oculo-motor  nerves  were  thin.  This  was  particularly 
true  of  the  left. 

On  sectioning  of  the  brain,  the  entire  ventricular  system  was  found  to  be  enormously 
large  and  fairly  symmetrical.  The  cyst  which  was  fairly  thin  walled  in  its  dorsal  aspect 
broke  through  the  floorof  the  third  ventricle,  filled  the  third  ventricle  and  raised  a  stretched 
septum  pellucidum  (fig.  17).  The  interior  of  the  cyst  was  filled  with  numerous  collections 
of  crystal-like  material  and  at  one  point  at  its  ventral  aspect,  it  had  a  large  nodular  mass. 

Microscopic  observations:  Section  of  the  pituitary,  stained  with  hematoxylin  and  eosin, 
showed  the  latter  to  be  within  normal  limits,  displaying  no  uiuisual  features  except  a  certain 
amount  of  compression.    However,  directly  underlying  the  hypophysis  and  intimately  at- 
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taohed  to  it  was  a  zone  of  wide  band  of  connective  tissue  which  contained  islands  of  em- 
bryonal residues,  some  characteristic  of  hypophyseal  duct  remnants.  There  were  long 

strips  of  stratified  epithelium  with  a  distinct  basal  layer.  In  other  parts,  there  were  collec- 
tions of  hornified  epithelium,  some  showing  deposits  of  calcium  (fig.  18).  The  free  wall  of 

the  cyst  showed  collections  of  collagenous  fibers  enveloping  islands  of  hornified  epithelium 
and  an  occasional  foreign  body  giant  cell. 

Comment.  This  patient  had  been  under  almo.st  constant  observation  for  four 
years.  Early  symptoms  were  those  of  vegetative  disturbances  with  loss  of 
^mght  and  coincident  increase  in  appetite  and  thirst.  The  latter  manifestations 
when  added  to  the  focal  signs  such  as  ocular  muscle  disturbances  and  supranu- 

clear facial  paresis,  and  the  x-ray  findings  (flocculent  calcification  above  the 
floor  of  the  sella  turcica)  pointed,  of  course,  to  the  diagnosis  of  a  suprasellar 
cyst.  This  was  verified  by  a  craniotomy  and  histological  studies  of  biopsied 
material.    Recurrent  convulsive  seizures  which  simulated  idiopathic  epilepsy 

Fig.  18  (Case  3).  Section  ot  the  cyst  wall  attached  to  the  pituitary  showing  hypophyseal duct  embryonal  residues. 

marked  the  post-operative  course.  In  spite  of  her  three  readmissions,  further 
surgical  intervention  was  regarded  as  hazardous;  the  post  mortem  findings 
justified  this  decision. 

Case  6.  Cystic  hypophyseal  duct  tumor  (craniopharyngeoma) .  Early  symptoms  dated 
back  to  the  age  of  12  when  he  began  to  manifest  signs  of  vegetative  disturbances.  Mental  altera- 

tions preceded  his  admission  to  the  hospital.  There  followed  polydipsia  and  polyuria,  recurrent 
frontal  headaches  accompanied  by  amblyopia,  Jacksonian  seizures,  and  infantilism.  Craniot- 

omy disclosed  tumor  in  the  region  of  the  optic  chiasm  and  was  followed  by  a  rapid  decline. 
A  revision  of  the  surgical  wound  with  subtotal  removal  of  the  tumor.  Exitus. 

History:  R.  H.  (P.M.  #10850),  a  bo}'  aged  15  years,  was  normal  at  birth  and  developed 
normally  until  the  age  of  12  years  when  he  seemed  to  cease  to  grow.  At  that  time  it  was 
noted  that  he  was  rather  small  for  his  age  and  somewhat  feminine  in  appearance.  In  the 
subsequent  three  years  he  did  not  increase  in  height  at  all,  but  during  the  one  and  a  half 
years  before  admission  to  the  hospital,  he  gained  appro.ximately  30  pounds.  Five  months 
prior  to  his  admission,  he  began  to  lose  progressively  in  weight.    At  the  same  time  he  be- 
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gan  to  exhibit  changes  in  personality ;  formerly  a  bright  active  student,  he  became  indif- 
ferent, dull,  seclusive,  irritable  and  subject  to  increasing  somnolence,  often  sleeping  as  if  in 

stupor.  During  that  time  he  became  subject  to  attacks  of  nausea  and  projectile  vomiting, 
which  increased  in  frequency,  occurring  at  any  time  of  the  day.  For  the  last  three  to  four 
months,  he  developed  excessive  thirst  consuming  as  much  as  thirty  glasses  of  water  a  day 
and  voided  large  quantities  of  urine.  In  the  last  winter  he  had  been  unusually  sensitive  to 
cold  and  often  had  chills  at  night.  During  the  last  four  months,  he  was  subject  to  recur- 

rent frontal  headaches  associated  with  dimness  of  vision.  He  was  treated  by  injections 
of  endocrine  substances.  When  seen  at  the  Consultation  Service  of  this  hospital,  it  was 
thought  that  the  patient  had  an  expanding  lesion  in  the  suprasellar  region  affecting  botli 
pituitary  and  tuber  cinereum  functions.  Three  months  prior  to  his  admission  to  this  hos- 

pital, a  craniotomy  was  done  at  a  Jersey  City  hospital.  A  neoplasm  in  the  region  of  the 
optic  chiasm  was  found.  He  remained  in  that  hospital  for  one  month  in  a  state  of  apathy, 
somnolence  and  carelessness  in  habits.  He  was  unable  to  feed  himself.  Clonic  spasms 
occurred  repeatedly  on  the  right  side  of  his  body  which  was  always  held  rigid.  He  lost 
weight  rapidly.  He  voided  large  quantities  of  urine  and  vomited  frequently.  A  visible 
swelling  at  the  site  of  his  right  frontal  craniotomy  scar  developed,  and  he  was  brought  to 
this  hospital. 

Examination:  The  patient,  aged  15  years,  had  the  appearance  of  a  boy  of  8  to  10  years. 
He  soiled  himself  frequently.  The  skull  was  relatively  large  with  prominent  frontal  bosses. 
It  exhibited  a  well  healed  right  frontal  craniotomy  scar  with  the  bone  flap  being  elevated 
over  its  superior  posterior  aspect.  In  the  region  of  the  anterior  inferior  burr  hole  there  was 
a  soft,  non-pulsating  swelling.  Secondary  sex  characters  were  poorly  developed,  and  there 
was  a  eunuchoid  type  of  obesity. 

The  patient  was  well  oriented.  He  was  responsive  at  some  times,  giving  quick,  intelli- 
gent answers  and  at  other  times  seemed  completely  out  of  contact  with  his  environment. 

He  was  hypoactive  and  showed  retardation.  He  stated  that  he  understood  commands  but 
often  made  no  effort  to  execute  them.  His  memory  appeared  impaired.  Paragraphia  and 
perseveration  were  present.  Bilateral  papilledema  was  noted  with  some  temporal  pallor. 
He  exhibited  purposeless  rolling  of  his  head  and  trembling  of  his  extremities.*  There  were clonic  movements  of  the  left  arm,  and  a  tendency  to  bilateral  grasp  reflexes.  The  knee 
jerks  were  active  bilaterally.    There  was  paresis  and  hypotonicity  of  all  limbs. 

Laboratory  data:  The  cerebrospinal  fluid  was  clear  and  yellowish;  it  contained  266  cells 
of  which  260  were  well  preserved  red  blood  cells  and  6  white  blood  cells,  the  latter  consisting 
of  2  polymorphonuclear  neutrophiles  and  4  large  monocytes.  The  initial  pressure  of  cere- 

brospinal fluid  was  130  mm.  and  the  final  pressure,  10  mm.  The  Pandy  test  was  3  plus. 
The  urine  contained  2  plus  albumin  and  granular  casts.  The  blood  Wassermann  reaction 
was  negative.    The  blood  chemical  studies  were  negative. 

Course:  The  diagnosis  of  a  suprasellar  expanding  lesion  was  made.  The  probability 
that  the  third  ventricle  was  invaded  and  the  hypothalamic  region  affected  was  considered. 
A  right  fronto-parietal  craniotomy  was  performed  with  a  subtotal  removal  of  the  tumor. 
Approximately  three  hours  after  the  operation,  the  patient's  condition  became  very  poor. 
His  temperature  rose  to  108°F.,  and  the  pulse  rate  was  196  per  minute.  He  died  on  the same  day. 

Surgical  specitnen:  {ii63460).  It  consisted  of  many  small  fragments  of  tissue,  some  of 
which  were  firm  and  rubbery  in  consistency  and  others  of  calcareous  hardness.  Some  of 
the  fragments  were  studded  with  small  yellowish  crystalline  bodies  and  showed  many 
hemorrhagic  areas.  The  tissues  were  floating  in  a  reddish  yellow  opaque  viscid  fluid  which 
had  been  aspirated  from  the  cystic  mass  found  at  operation. 

Sections  of  surgically  removed  tissue  displayed  the  following  features :  there  was  a  fairly 
large  mass  of  slightly  disorganized  brain  tissue  containing  islands  of  what  appeared  to  be 
embryonal  remnants.  The  latter  were  characterized  by  irregularly  walled  regions  of  tissue 
presenting  a  free  surface  lined  by  pseudo-stratified  epithelium  underneath  which  there 
was  a  reticulum  of  mesenchymatous  material.    Within  the  latter  there  were  many  ring- 



CRAXIOPHARYXGEOMA  AXD  SUPKASKLLAR  ADAMAXTIxVOMA 243 

like  structures  containing  epithelial  cells  forming  whorls.  In  other  parts  similar  rings 
were  filled  with  epithelial  cells  which  had  undergone  hyalinization.  Then  there  were 
other  rings  which  were  lined  by  single  layered  epithelium  filled  with  a  homogeneous 
eosinophilic  material.  There  was  a  strong  possibility  that  tissue  from  the  main 
mass  of  the  tumor  itself  would  indicate  a  more  solid  character  of  the  neoplastic  process. 
While  the  diagnosis  of  craniopharyngeoma  was  considered,  the  possibility  of  an  adaman- 
tinomatous  form  of  craniopharyngeoma  was  also  borne  in  mind. 

A'ecropsy  findings.  Brain.  Gross:  The  removal  of  the  brain  proved  difficult  and  resulted in  laceration  of  the  left  temporal  lobe.  The  striking  feature  was  the  cyst  which  rose  out 
of  the  floor  of  the  third  ventricle  in  the  region  of  the  h3'pophyseal  stalk  and  the  discolored 
walls  of  which  could  be  seen  spreading  up  the  left  wall  of  the  ventricle.  The  cyst  seemed 
to  consist  of  two  parts:  one,  spherical  about  2  to  3  cm.  in  diameter  (the  wall  of  which  was 
torn),  in  the  anterior  part  of  the  ventricle;  the  other,  non-communicating,  about  4  cm. 
long  and  5  cm.  wide,  extended  obliquely,  posteriorly  and  upward,  pointing  toward  the  aque- 

duct of  Sylvius.  Hard,  yellow,  gritty-feeling  masses  were  felt  and  seen  about  the  basal 
part  of  the  spherical  cyst. 

Fk;.  19  (Case  6).  Section  of  the  cyst  showing  a  layer  of  stratified  squamous  epithelium 
supported  by  loose  connective  tissue  and  containing  hornified  epithelium  inclusions Hematoxylin  and  eosin  stain. 

On  sectioning  of  the  brain,  a  large  cyst  was  found  in  the  region  of  the  interpeduncular 
space.  It  measured  about  2  cm.  in  the  vertical  diameter  and  about  2|  cm.  in  the  horizontal 
diameter.  Its  upper  surface  had  displaced  the  thalamus  upward,  having  foreshortened  the 
third  ventricle  in  its  vertical  plane.  The  mesial  surface  of  the  cj-st  was  firmly  attached  to 
adjacent  brain  tissue  and  only  a  narrow  portion  of  its  dorsal  aspect  was  found  to  be  free. 
Near  its  anterior  extremity  the  anterior  pillar  of  the  fornix  was  found  to  fuse  with  the 
external  wall  of  the  cyst. 

The  pituitary  body,  except  for  its  more  fleshy  appearance,  was  grossly  normal. 
Microscopic  observations:  Section  of  the  cyst  wall  showed  it  to  consist  of  a  thin  layer  of 

stratified  squamous  epithelium,  containing  fairly  numerous  collections  of  hornified  and  some 
keratinized  squamous  epithelial  cells  (fig,  19).  The  epithelial  lining  overlay  a  collection 
of  homogenized  material  which  showed  throughout  breaks,  simulating  spaces  of  dissolved 
cholesterin  crystals. 

Comment.  In  this  instance,  infantili.sm  and  vegetative  disturbances,  namely, 
marked  fluctuation  in  weight,  the  disintegration  of  personaUty,  the  develop- 

ment of  increased  intracranial  tension  accompanied  with  polydipsia  and  polyuria, 
all  pointed  to  the  diagnosis  of  suprasellar  cyst.    The  appearance  of  unusual 
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sensitivity  to  cold  may  be  regarded  as  another  feature  of  hypothalamic  disorder. 
The  development  of  decerebrate  rigidity  is  a  striking  manifestation,  but  is  not 
out  of  keeping  w  ith,  the  location  of  the  expanding  lesion  leading  to  disturbances 
within  the  midbrain. 

Case  7.  Cystic  hypophyseal  duct  tumor  {craniopharyngeoma)  in  a  girl  agc<l  16  years. 
Signs  of  intracranial  involvement  appeared  at  the  age  of  7  years  and  ventriculography  then 
disclosed  an  obstructed  third  ventricle,  but  craniotomy  failed  to  disclose  the  lesion.  Decom- 

pression led  to  temporary  improvement.  Five  subsequent  admissions.  Gradual  development 
of  vegetative  disturbances,  mental  deterioration.  X-ray  revealed  calcification  above  sella. 
A  surgical  revision  at  which  part  of  the  cystic  tumor  was  removed.  Recovery  interrupted  a 
few  weeks  later  by  signs  of  increased  intracranial  tension.  A  second  revision  of  operative  field 
and  cyst  emptied  of  60  cc.  fluid  with  large  part  of  the  cystic  wall  removed.  Rapid  decliyie 
and  exitus. 

History:  E.  S.  (Surg.  #82843;  85859),  had  six  admissions  to  this  hospital.  When  she 
first  entered  this  hospital  on  October  30,  1935  she  was  7  years  of  age.  She  apparently  was 
well  until  six  weeks  prior  to  that  admission  when  she  fell  while  skating  and  struck  the  back 
of  her  head.  She  did  not  lose  consciousness,  was  able  to  get  up  and  return  home  without 
apparent  difficulty.  The  following  day  on  her  return  from  school,  she  complained  of  frontal 
and  temporal  headaches.  She  vomited.  Headache  and  vomiting  recurred  throughout  the 
next  two  weeks  and  she  was  taken  to  a  local  hospital.  There  a  subdural  hematoma  was 
suspected  but  various  laboratory  studies  excluded  it  as  a  diagnostic  possibility.  She  was 
then  brought  to  this  hospital. 

Examination:  The  child  appeared  to  be  undernourished.  There  was  marked  percussion 
tenderness  throughout  the  skull  and  a  rather  slow  pulse.  Blood  pressure  was  102  systolic 
and  74  diastolic.  The  pupils  were  fixed  to  light  and  accommodation;  they  were  irregular 
and  unequal,  the  right  larger  than  the  left.  The  left  palpebral  fissure  was  wider  than  the 
right.  The  fundi  showed  slight  pallor.  There  was  a  suggestion  of  a  left  homonymous 
hemianopsia.  There  was  some  weakness  of  the  left  upper  extremity  and  a  .somewhat  un- 

steady gait.  The  deep  reflexes  were  absent  in  the  upper  extremities  and  diminished  in  the 
lower.  There  was  a  Babinski  sign  on  the  left  side.  The  child  was  alert,  somewhat  over- 

active and  overtalkative.  Lumbar  puncture  yielded  fluid  at  a  normal  pressure,  containing 
10  lymphocytes  per  cu.  mm. 

Course:  An  expanding  lesion  was  considered  and  a  ventriculography  was  performed.  The 
latter  showed  moderate  dilatation  of  both  lateral  ventricles.  The  third  ventricle  failed 
to  fill.  Ventriculography  was  repeated  and  again  the  3rd  ventricle  did  not  fill.  It  was 
then  decided  to  explore  the  region  in  a  two  stage  operation.  As  a  result  of  the  decom- 

pression provided  by  the  first  stage  of  the  operation,  the  patient's  condition  improved  so remarkably  that  the  second  stage  of  the  procedure  was  thought  unnecessary.  The  headache 
disappeared  and  she  no  longer  vomited.  Her  conduct  improved  and  there  was  a  gain  of 
weight.    She  left  the  hospital  on  November  27,  1935. 

Second  admission:  She  returned  seven  months  later  on  June  14,  1936.  It  was  related  that 
she  continued  to  be  in  apparently  good  health  until  one  week  before  readmission  when  she 
fell  out  of  a  swing  and  struck  her  head  against  a  tree.  This  was  followed  by  dizziness, 
drowsiness  and  projectile  vomiting.  At  the  hospital  the  child  was  found  to  be  alert  and 
cooperative.  The  decompression  in  the  right  parietal  region  was  bulging  but  soft.  Neuro- 

logical status  was  essentially  the  same  at  the  time  of  discharge.  A  lumbar  puncture  was 
done  and  clear  fluid  was  obtained  under  an  initial  pressure  of  100  mm.  of  water.  During 
her  subsequent  days  in  the  hospital,  the  patient  vomited  repeatedly;  periods  of  drowsiness 
alternated  with  episodes  of  hyperactivity.  Another  lumbar  puncture  revealed  xantho- 

chromic fluid  with  600  red  cells  per  cu.  mm.,  while  a  subsequent  third  lumbar  puncture 
revealed  a  normal  fluid  under  normal  pressure.  Throughout  her  stay  in  the  hospital,  she 
manifested  an  extraordinary  irregularity  of  the  pulse,  which  ranged  from  54  to  128  per 
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minute.  At  the  end  of  three  weeks,  she  became  more  alert,  vomiting  ceased,  restlessness 
diminished  and  she  was  allowed  to  return  home. 

Third  admission:  She  reentered  the  hospital  at  the  age  of  15,  on  April  27,  194.3.  The 
interval  history  as  depicted  by  the  Follow-Up  record  showed  that  the  patient  did  well  for 
a  period  of  seven  years.  She  began  to  menstruate  early  at  the  age  of  10.  She  was  free  of 
headache,  did  not  vomit  and  was  free  of  symptoms  until  the  age  of  14  years  when  she  began 
to  display  conduct  disorder,  began  to  confabulate  and  show  disinclination  to  do  her  school 
work.  Following  the  fall  from  a  chair,  eight  months  prior  to  her  readmission,  she  developed 
a  persistent  incontinence  of  urine.  At  this  time,  she  exhibited  in  addition  to  her  previous 
signs,  bilateral  Oppenheim  and  Chaddock  signs.  There  was  a  basal  metabolic  rate  of 
minus  23  per  cent.  The  cerebrospinal  fluid  was  under  normal  pressure.  X-ray  examina- 

tion of  the  skull  disclosed  a  large  amount  of  calcification  above  the  sella.    She  improved 

Fig.  20  (Case  7).  Section  ot  tlic  surgical  specimen  revealing  tvpical  f(!atures  of  cystic 
craniopharyngeoma  (see  te.xt).    Hemato.xylin  and  eosin  stain. 

while  in  the  hospital  and  was  allowed  to  return  home  at  the  end  of  the  week.  The  diag- 
nosis of  craniopharyngeoma  was  made  at  this  time. 

Fourth  admission:  On  May  1943,  she  reentered  the  hospital  for  further  study.  A  pneumo- 
encephalogram  showed  both  lateral  ventricles  to  be  enlarged  with  the  left  displaced  upward 
and  medially  and  the  right  displaced  somewhat  laterally.  A  large  filling  defect  was  seen 
in  the  anterior  portion  of  the  left  lateral  ventricle.  The  findings  indicated  a  suprasellar 
mass  in  the  midline  and  slightly  to  the  left.  Surgical  intervention  was  considered  to  be 
too  hazardous. 

Fifth  admission:  She  reentered  the  hospital  on  July  5,  1943  with  a  bulging  decompression 
and  bilateral  papilledema.  She  was  subjected  to  a  craniotomy  and  partial  removal  of  the 
wall  of  the  craniopharyngeoma.  Following  the  operation,  there  was  marked  improvement 

!    and  she  left  the  hospital  on  August  10,  1943. 
Surgical  specimen:  Portion  of  cyst  wall  consisted  of  a  mass  of  tissue  globoid  in  shape, 

weight  I5  Gm.    It  was  hard,  although  slightly  elastic  and  showed  a  few  cartilaginous  spots. 
Section  consisted  of  a  stroma  of  connective  tissue  which  was  covered  by  fairly  wide  band 
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of  stratified  squamous  epithelium.  The  latter  showed  typical  arrangement  of  embryonal 
skin,  displaying  an  early  hair  follicle  formation,  collections  of  hornified  epithelium,  and  in 
some  instances  it  gave  rise  to  multilobular  cyst  formation,  each  one  lined  by  a  narrow  band 
of  squamous  epithelium,  the  contents  of  which  was  a  homogenized  pink-staining  substance 
(fig.20j. 

Sixth  admission:  The  patient  remained  free  of  symptoms  for  a  few  weeks  following  her 
return  home,  and  then  began  to  complain  of  headache,  vomiting  frequently  and  displaj'ing 
personality  changes  with  incontinence  of  urine.  E.xamination  revealed  unequal  pupils, 
the  right  larger  than  the  left,  optic  atrophy  on  the  right,  hyperactive  deep  reflexes,  bilateral 
Babinski  signs,  and  questionable  blurring  of  the  discs  on  the  left.  The  operative  field  was 
revised  and  the  cyst  approached  through  the  hemisphere.  It  was  found  to  be  large, 
containing  an  estimated  60  cc.  of  fluid.  A  great  deal  of  the  wall  was  removed  and  in  the 
process  of  the  removal,  a  large  arterial  trunk  was  cut.  The  bleeding  was  controlled.  Fol- 

lowing the  operation,  the  patient  did  not  do  well.  Her  condition  declined  gradually  and 
she  died  seven  weeks  after  the  operation. 

Surgical  specimen:  The  material  consisted  of  about  15  fragments  of  tissue  having  the  ap- 
pearance of  a  wall  of  a  cyst.  The  interior  was  .s|)rinkled  with  crystal-looking  calcium 

deposits.    In  a  few  areas,  the  wall  was  thickened  and  contained  a  cyst-like  structure. 
This  section  consisted  of  a  layer  of  connec  tive  tissue  containing  large  collections  of  small 

round  cells.  Within  this  connective  tissue  there  were  islands  of  hornified  epithelium  which 
were  surrounded  by  bands  of  stratified  squamous  epithelium  of  the  embryonal  variety. 
These  contained  an  occasional  collection  of  cells  simulating  formation  of  hair  follicles. 

Comment.  In  this  instance  the  patient  was  under  ob.servation  for  a  period 
of  over  nine  years.  Early  symptoms  began  at  the  age  of  seven  years.  A 
history  of  a  fall  seemed  to  mark  the  onset  of  symptoms.  There  was  loss  of 
consciousness,  with  no  immediate  sequelae  and  it  was  doubttul  whether  the 
injury  contributed  anything  to  the  clinical  picture.  Six  weeks  after  her  alleged 
injury,  she  began  to  display  focalizing  signs,  most  significant  among  which  were 
irregular,  unequal  pupils,  hxed  to  light,  early  primary  optic  atrophy,  and  left 
homonymous  hemianopsia.  An  exploratory  craniotomy  failed  to  disclose  the 
lesion  and  only  eight  years  later  when  a  large  amount  of  calcification  above  the 
sella  turcica  was  revealed  by  x-ray  examination  was  the  nature  of  the  tumor 
recognized.  At  that  time  she  presented  other  signs  favoring  this  diagnosis, 
such  as  the  moderate  amount  of  infantilism,  low  metabolic  rate,  and  what  was 
desc-ril)ed  as  urinary  incontinence.  They  all  pointed  to  probable  hypothalamic 
involvement.  This  was  verified  on  her  fifth  admission  by  a  craniotomy  and 
histological  study  of  biopsied  material.  Subsequent  events  were  characterized 
by  decline  and  further  removal  of  the  cyst  wall  and  its  contents  did  not  alter 
the  final  fatal  issue. 

Case  8.  Cystic  hypophyseal  duct  lumor  (craniopharyngeoma)  in  a  woman  aged  27  years. 
Signs  and  symptoms  began  at  the  age  of  20.    Amenorrhea,  cachexia,  loss  of  axillary  and  pubic 
hairs.  (iriiJar  muscle  iiivolrciticnl  and  signs  of  increased  intracranial  tension.  Deep  x-ray 
thcriipn  iritli  doiihlfiil  tempfiriirij  i  in  prorcinenl.  Craniotoin  ij .  cijstic  liiinar  in  proximity  of 
optic  cliiasin  found  and  cniplmt  if  its  rnnlenls.  Convalescence  willi  some  improvement  inter- 

rupted by  recurrence  of  huuluche.  roiiiiling,  somnolence  and  pain,  temperature  and  pvlse  dis- 
sociation.   Signs  of  meningenl  irritation  and  exitus. 

History:  A.  M.  (P.M.  ̂ (^ 88.59),  a  white  married  woman,  aged  25  years  at  the  time  of  her 
first  admission,  was  apparently  well  until  the  age  of  20.    At  that  time  she  became 
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amenorrheic.  Within  the  next  three  years  she  exhibited  an  appreciable  loss  of  weight, 
anorexia  and  generalized  weakness.  About  the  same  time  she  complained  of  polyuria  and 
parieto-occipital  headaches.  In  another  two  years  she  noticed  failing  vision  and  turning 
outward  of  the  left  eye.  At  about  the  same  time,  she  began  to  vomit  frequently  arid  com- 

plained of  occasional  attacks  of  vertigo.  Within  that  year  she  noticed  a  loss  of  hair  under 
the  axilla  and  over  the  pubis. 

Examination:  The  patient  was  of  small  stature,  and  had  scanty  pubic  and  axillary  hair. 
Her  teeth  were  wide  spaced  and  the  external  and  internal  genitalia  were  recorded  as  being 
infantile.  She  appeared  to  be  anemic  and  poorly  nourished.  Blood  pressure  was  100 
systolic  and  84  diastolic. 

The  neurologic  findings  included  the  following:  bilateral  optic  atrophj-  with  super- 
imposed papilledema;  bitemporal  hemianopsia;  diminished  visual  acuity:  O.D.  15/20, 

L.S. 15/50;  left  internal  rectus  weakness;  unequal  pupils,  the  right  larger  than  the  left, 
both  reacting  to  light;  a  right  central  facial  asymmetry;  an  equivocal  Babinski  sign  on  the 
right. 

Lahoratorij  data:  The  basal  metabolic  rate  was  minus  10.  Hemoglobin  was  65  per  cent, 
w  ith  3,700,000  red  blood  cells.  White  blood  count  was  6,400  with  55  per  cent  lymphocytes. 
The  blood  Wassermann  reaction  was  negative.  X-ray  examination  of  the  skull  revealed 
a  greatly  enlarged  sella  turcica,  erosion  of  the  posterior  clinoids,  depression  in  the  sphenoid 
sinus  and  suggested  irregular  calcification  in  the  suprasellar  region. 

Course:  The  diagnosis  of  a  pituitary  neoplasm  with  probable  extension  into  the  supra- 
sellar region  was  made.  Operation  was  considered  inadvisable  because  of  the  poor 

condition  of  the  patient.  She  was  given  x-ray  therapy  which  resulted  in  some  improvement 
in  the  visual  fields.    After  a  stay  of  eight  days,  she  left  the  hospital. 

The  x-ray  therapy  was  continued  and  completed  after  nine  exposures.  She  showed  fur- 
ther improvement,  gaining  15  pounds.  Headaches  and  vomiting  subsided  and  polydipsia 

and  polyuria  diminished.  There  appeared  a  slight  increase  in  the  pubic  hair  and  there  was 
one  brief  episode  of  vaginal  bleeding.  She  also  showed  improvement  in  her  mental 
faculties. 

The  improvement  was  only  temporary,  a  decline  in  her  condition  reappeared.  The  blur- 
ring of  vision  reappeared  in  both  eyes,  especially  in  the  left,  and  she  was  readmitted  to  the 

hospital  in  April  1933.  At  this  time  visual  acuity  had  depreciated  markedly,  O.D.  20/200; 
O.S.  6/200.  She  was  then  subjected  to  a  transfrontal  craniotomy  on  April  10,  1933.  A 
cystic  tumor  was  found  in  the  proximity  of  the  optic  chiasm.  Its  capsule  was  partially 
excised  and  its  contents  emptied. 

Following  the  operation  and  for  a  period  of  3  weeks,  the  patient  ran  an  unusual  type  of 
temperature  which  was  considered  hypothalamic  in  origin.  There  was  dissociation  between 
the  temperature  and  the  pulse  rate.  Then  moderate  improvement  set  in.  Some  vision 
was  regained.  She  also  gained  some  weight.  Her  basal  metabolic  rate  dropped  from  minus 
19  to  minus  29.  Her  anemia  became  more  marked.  Gastric  analysis  showed  complete 
achlorhydria.  In  the  course  of  the  next  few  weeks  the  blood  picture  improved  and  she  was 
discharged  on  May  30,  1933.  But  soon  after  her  discharge  from  the  hospital,  severe  head- 

aches, frequent  vomiting  and  impaired  vision  recurred.  Her  mental  state  varied  between 
somnolence  and  delirium.  She  was  readmitted  on  June  9,  1933  and  then  found  to  be  dis- 

oriented, and  somewhat  lethargic.  She  revealed  some  neck  ridigity  and  bilateral  Kernig 
signs.  The  right  pupil  was  fixed  to  direct  stimulation  but  reacted  consensually.  She  was 
almost  totally  blind.  Slight  ptosis  of  the  right  eyelid  and  right  internal  rectus  paralysis 
were  present.  She  lost  completely  the  sense  of  smell  and  showed  a  slight  lower  left  facial 
weakness  and  bilateral  Babinski  sign. 

Laboratory  data:  Lumbar  puncture  revealed  a  somewhat  hazy  cerebrospinal  fluid  under 
increased  pressure  with  about  200  cells  per  cu.  mm.  of  which  64  per  cent  were  polymorphonu- 

clear lymphocytes  and  34  per  cent  were  monocytes.  On  repeated  lumbar  punctures,  the 
cell  count  became  higher.    At  no  time  were  organism.s  found  by  culture  or  smear. 

It  was  thought  that  an  effusion  of  the  contents  of  the  pituitary  C3'st  had  caused  meningeal 

I 
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irritation.  Her  condition  declined  gradually  and  she  continued  to  run  a  febrile  course. 
It  was  found  inadvisable  to  explore  her  and  she  died  6j  weeks  after  her  final  admission. 

Xecropsy  findings.  Brain.  Gros.s:  The  brain  was  of  normal  size  and  slightly  injected. 
At  the  base  of  the  brain  in  the  region  of  the  pituitary  there  was  an  organized  discolored 
mass  in  which  were  involved  the  optic  chiasm  and  nerve.s.  It  was  not  possible  to  distinguish 
individual  structures.  At  the  postero-medial  angle  at  the  base  of  the  left  frontal  lobe  there 
was  a  small  cystic  swelling  from  which  a  brownish  cloudy  fluid  could  be  expressed.  The 
pituitary  fossa  of  the  sphenoid  bone  appeared  clear,  and  did  not  contain  any  recognizable 
pituilary  body.  Covering  the  base  of  the  brain  stem  and  the  inferior  surface  of  the  cere- 

bellar hemispheres  was  a  yellowish  fibrinous  exudate.  Smears  from  this  exudate  showed 
degenerated  polymorphonuclears  and  mononuclears  in  about  equal  numbers  and  a  small 
number  of  gram  positive  cocci  singly,  in  pairs  and  in  clumps,  many  of  them  intracellular. 

On  sectioning  of  the  brain,  a  circular  area  in  the  left  hemisphere  in  the  region  of  the 
inferior  portion  of  the  frontal  lobe  on  level  of  the  temporal  pole  occupying  the  subcortical 

Fig.  21  (Case  8).  Section  of  the  wall  of  the  cyst  showing  collections  of  hornified  and 
calcified  epithelium  with  scattered  foreign  body  giant  cells.    Hematoxylin  and  eosin  stain. 

region  was  well  demarcated  from  the  adjacent  brain  substance  by  a  thin  capsule  and 
enclosed  yellowish  gray  material.  On  its  ventral  aspect,  it  was  surrounded  by  a  crescentic 
zone  of  a  similar  character.  Tracing  this  area  backwards  it  assumed  the  character  of  an 
area  of  softened  tissue,  surrounded  by  a  hemorrhagic  zone.  It  extended  backward  as  far 
as  the  pituitary  region.  It  was  still  limited  to  the  left  hemisphere.  In  the  region  of  the 
pituitary  and  tulxT  cincreum  there  was  an  irregular  large  indurated  mass.  It  was  linked 
to  the  right  hemisphere  by  an  area  of  softened  tissue.  The  ventricular  system  was  dis- 

tended. The  right  lateral  ventricle  was  larger  than  the  left  in  the  region  of  the  anterior 
horn  and  bodies.  The  descending  horns  were  within  normal  limits,  but  the  posterior  horns 
were  somewhat  larger,  the  right  being  larger  than  the  left.  The  circular  zone  described 
had  the  appearance  of  an  abscess,  which  had  not  reached  complete  suppuration. 

Microscopic  observations:  Sections  of  the  mass  in  the  interpeduncular  space  stained  with 
hematoxylin  and  eosin  revealed  a  collection  of  epithelial  cells  with  acinar  formation. 
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Within  this  region  there  were  numerous  calcified  [bodies,  hyalinized  epithelial  cells,  multi- 
nucleated foreign  body  giant  cells  (fig.  21).  Adjacent  to  this  area  there  were  numerous 

collections  of  heavily  pigment  laden  phagocytes,  inflammatory  scar  tissue  and  giant  cells. 
These  surrounded  large  irregular  hyalinized  bodies. 

Comment.  This  case  of  a  woman  aged  27  .years,  aside  from  the  fact  that  she 
began  to  manifest  evidences  of  endocrine  and  hypothalamic  disturbances,  such 
as  amenorrhea,  associated  with  polydipsia  and  polyuria,  yields  no  features  of 
unusual  character  except  perhaps  for  the  dissociation  of  pulse  and  temperature 
curve. 

Case  9.  Cystic  hypophyseal  duct  tumor  (craniopharyngeoma)  in  a  woman  aged  50  years. 
Onset  years  prior  to  admission  with  diplopia,  followed  by  excessive  fatigability;  severe 
headache  and  vomiting;  focal  signs,  suggesting  chronic  basilar  meningitis.  X-ray  revealed 
erosion  of  dorsum  sellae.  Anti-luetic  treatment;  deep  x-ray  (hcrapi/  followed  by  improve- 

ment. Convalescence  interrupted  by  headaches,  dysphagia,  dysphonni  and  an  unsteady  gait. 
Craniolorx:,'  inh  rntptcd  hy  poor  condition  of  the  patient.    Exitus  12  hours  later. 

Histoi  ;i:  K.  S  (P.M.  X398),  a  woman,  aged  50  years,  was  apparently  well  until  \\  years 
prior  to  her  admission  to  the  hospital.  At  that  time,  following  a  cold,  she  suddenly 
developed  double  vision.  Shortl.y  thereafter,  it  was  noticed  that  her  eyes  turned  inward. 
One  year  later  she  began  to  complain  of  excessive  fatigability,  and  her  ocular  disturbances 
became  more  pronounced.  During  the  two  months  before  admi.ssion,  .she  began  to  have 
severe  headaches  which  were  accompanied  by  vomiting  and  regurgitation  of  food.  At  the 
same  time  her  left  upper  eyelid  began  to  droop  and  finally  the  entire  left  palpebral  fissure 
was  closed.  In  the  course  of  the  last  two  weeks,  the  right  upper  eyelid  began  to  droop. 
She  then  entered  the  hospital. 

Examination:  The  significant  neurological  findings  included  bilateral  paralysis  of  the 
third  nerve  and  paralysis  of  the  right  sixth  nerve. 

Course:  The  first  clinical  impression  was  that  of  chronic  basilar  meningitis.  Although 
the  cerebrospinal  fluid  and  blood  Wassermann  reactions  were  negative  and  there  was  no 
abnormal  number  of  cells  in  the  cerebrospinal  fluid,  a  luetic  character  of  the  meningitis 
was  considered.  X-ray  examination  of  the  skull,  however,  showed  a  marked  erosion  of  the 
dorsum  sellae  and  the  posterior  clinoid  processes.  An  area  of  calcification  was  noted  in  the 
left  frontal  region  involving  the  inner  plate.  The  patient,  nevertheless,  was  given  a  course 
of  anti-luetic  treatment  which  seemed  to  bring  about  some  improvement.  Both  visual 
fields  showed  slight  concentric  constriction;  there  was  no  absolute  scotoma  but  some  con- 

fusion of  blue  and  green  in  both  eyes.  In  view  of  the  x-ray  demonstration  of  sellar  destruc- 
tion and  the  probable  existence  of  a  pituitary  tumor,  she  was  given  a  course  of  deep  x-ray 

therapy.  She  responded  with  further  improvement  so  that  at  the  time  she  left  the  hospital, 
there  was  only  slight  restriction  of  function  of  the  intrinsic  and  extrinsic  eye  muscles,  and 
the  pupils  reacted  to  light  and  on  convergence.    There  was  less  paresis  of  the  eyelids. 

She  returned  to  the  hospital  two  months  later  because  of  the  development  of  headaches, 
difficulty  in  swallowing,  impairment  of  voice,  loss  of  weight  and  a  tendency  to  fall  backward. 
At  this  time  she  exhibited  a  complete  third  nerve  palsy  on  the  left  side  and  a  right  central 
facial  weakness,  unsteady  gait  and  a  nasal  speech.  An  encephalography  was  carried  out 
and  a  moderate  dilatation  of  the  ventricles  was  found.  The  posterior  end  of  the  third  ven- 

tricle was  not  visualized  and  there  was  some  displacement  posteriorly  of  the  aqueduct  and 
and  the  fourth  ventricle.  An  exploratory  operation  was  carried  out  and  a  tumor  was  found 
in  the  interpeduncular  region.  The  operation  had  to  be  interrupted  because  of  the  poor 
condition  of  the  patient.    She  died  12  hours  later. 

Necropsy  findings.  Brain.  Gross:  A  cystic  tumor  was  found  in  the  region  of  the  inter- 
peduncular space  (fig.  22).  It  was  intimately  adherent  to  the  underlying  basilar  portion 

of  the  occipital  bone.  The  overlying  structures  were  free.  The  third  nerve  on  the  left 
side  was  displaced  to  the  left.    The  anterior  end  of  the  cyst  protruded  forward  beyond  the 
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interpeduncular  space  underneath  the  temporal  pole  on  the  left  side.  The  cyst  was  filled 
with  brownish  red  material,  and  collapsed  on  removal.  It  had  a  bluish  capsule  which 
showed  in  several  areas  nodular  protuberances.  The  sella  turcica  was  deep,  and  the  pitui- 

tary body  was  small  and  apparently  separate  from  the  tumor  cyst. 
Microscopic  observations:  Section  of  the  wall  of  the  cyst,  stained  with  hematoxylin  and 

eosin,  displayed  small  collections  of  stratified  squamous  epit  helium.  There  were  also  fairly 
large  fragments  of  bone  formation  surrounded  by  large  masses  of  cells  characterized  by  a 
central  pyknotic  nucleus  and  a  large  mass  of  granular  cytoplasm.    Within  these  cell  masses 

Fig.  22  (Case  9).    Drawing  reconstructing  the  appearance  and  location  of  the  cyst 
there  were  small  islands  of  bone  (fig.  23) .  In  one  part  of  the  cyst  wall  there  were  glandular 
structures  simulating  those  of  the  mature  massa  intermedia. 

Comment.  Of  interest  in  this  case  is  the  presence  of  a  craniopharyngeal  cyst 
in  a  woman  aged  50  years.  The  early  signs  and  symptoms  simulated  those  of 
a  chronic  basilar  meningitis  and  she  was  treated  accordingly  for  a  while  in  spite 
of  the  disclosure  of  erosion  of  dorsum  sellae. 

Case  10.  Solid  hypophyseal  duct  tumor  {adamantinoina)  in  a  boy  aged  10  years.  One 
year  before  admission,  bilateral  optic  atrophy.  Shortly  before  admission  to  the  hospital, 
sudden  onset  of  headache  and  vomiting.    Temporary  improvement  followed  by  lethargy,  head- 
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ache  and  VOmiling.  In  atldilion  lo  pullm'  af  Imlh  iliscs.  Innilnli/in  of  I'l/r  inovemenls  lo  the  left, 
diminution  of  visual  acuiti/,  mjlil  hoimiti  i/hhhis  In  /nuniDpsi/i .  ilirrr  wrrc  foccil  signs  with 
evidence  of  meningeal  inilulwn.  Episodes  of  (leccrcbrate  rigitUtij.  Fapilledema.  Gen- 

eralized convulsion.    Rapid  decline,  exitus. 
History:  P.  Z.  (P.M.  #7104),  a  boy,  aged  10  years,  was  said  to  have  been  well  until  two 

months  before  he  was  admitted  to  The  Mount  Sinai  Hospital  (February  1,  1930),  with  the 
exception  that  an  ophthalmologist  several  years  previously  had  observed  changes  in  the 
patient's  discs  which  he  considered  to  be  an  optic  atrophy.  His  illnes.s  began  abruptly with  a  sudden  onset  of  headaches  followed  shortly  l)y  vomiting.  A  physician  who  examined 
the  child  regarded  sinusitis  as  the  cause  of  the  symptoms  and  prescribed  steam  inhalation. 
The  following  morning  the  patient  was  apparently  well  again  and  free  from  symptoms. 
Shortly  thereafter,  liowever,  he  was  found  to  be  somewhat  lethargic,  irritable  and  occasion- 

ally complained  of  headaches  which  were  followed  by  vomiting.    This  state  continued  until 

Fig.  2.^   '  -i  .  iion  u\  ihc  r\  >i  \\  all  .showing  the  peculiar  cell  groups  (see  text) and  the  Lslair.s  ui  liune  ti.s.suc.    HciiKitoxylin  and  eosin  stain. 

one  week  before  he  entered  the  hospital  when  the  frontal  headaches  became  more  intense 
and  he  complained  of  difficulty  in  breathing.  He  vomited  several  times  and  passed  through 
episodes  of  drowsiness. 

Examination:  The  patient  was  a  rather  well  developed  boy  who  appeared  quite  drowsy. 
His  fundi  showed  a  gray  pallor  of  both  discs,  and  there  appeared  to  be  some  limitations 
of  the  movements  of  the  eyes  to  the  left.  There  was  diminution  of  visual  acuit.y  and  a  right 
homonymous  hemianopsia.  There  was  a  right  central  facial  paresis  with  some  deviation 
of  the  tongue  to  the  right.  The  right  arm  and  leg  were  weak,  the  tleep  reflexes  on  that  side 
being  more  active  than  on  the  left  side.  The  right  upper  abdominal  reflex  was  the  onl\-  one 
obtained.  There  was  a  right  Babinski  sign.  His  neck  was  rigid,  with  a  moderate  bilateral 
Kernig  sign.  His  gait  was  staggering.  There  was  a  marked  tremor  of  both  hands  with 
aimless  spontaneous  movements  of  all  the  extremities. 

Laboratory  data:  A  lumbar  puncture  .yielded  apparently  clear  fluid  which  on  study  re- 
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vealed  480  cells  with  95  per  cent  monocytes  per  cu.  mm.  A  subsequent  lumbar  puncture 
showed  similar  fluid  with  a  cell  count  of  70,  of  which  90  per  cent  were  monocytes.  X-ray 
examination  of  the  chest  was  negative. 

Course:  On  the  day  of  admission,  the  patient  passed  through  an  attack  of  decerebrate 
rigidity,  assuming  a  position  of  extreme  opisthotonos  with  all  the  extremities  rigidly  ex- 

tended and  the  eyes  rolled  upward.  While  the  right  upper  and  lower  extremities  were  rigid 
in  extension,  the  right  forearm  tended  toward  pronation.  This  episode,  during  which  the 
patient  lost  consciousness,  lasted  about  five  minutes,  and  left,  as  a  residual  finding,  a 
marked  spasticity  on  the  right  side  of  the  body.  The  patient  passed  through  several  similar 
attacks  on  that  day.  The  following  day,  the  unilateral  rigidity  of  the  body  disappeared  and 
the  patient  returned  to  his  previous  state  of  alertness  and  relative  comfort.  In  view  of 
these  attacks,  and  the  pallor  of  the  discs,  an  expanding  lesion  in  the  left  hemisphere  was 
suspected.  With  the  advance  of  time,  he  seemed  to  regain  some  power  in  the  right  extrem- 

ities and  the  hemianopsia  had  also  seemed  to  disappear.  However,  the  mental  state  of 
the  patient  was  punctuated  by  episodes  of  drowsiness  and  was  marked  by  impairment  of 
memory.  The  Kernig  signs  became  more  marked,  and  the  deep  reflexes  were  no  longer 
obtainable.  At  times  a  bilateral  ptosis  of  the  eye  lids  was  noted.  The  possibility  of  a 
meningeal  invasion,  either  inflammatory  or  sarcomatous  in  character,  was  considered. 
However,  papilledema  appeared,  and  it  was  decided  to  aspirate  the  ventricles  (February 
26,  1930).  There  was  found  a  markedly  dilated  ventricle  on  the  left  side.  Following  this 
procedure,  the  patient  remained  comatose,  developed  Cheyne-Stokes  breathing  and  again 
exhibited  episodes  of  decerebrate  rigidity.  Several  days  later  he  had  a  generalized  convul- 

sion and  for  a  brief  period  he  seemed  to  come  out  of  the  coma.  Improvement  was  only 
temporary,  and  he  ceased  on  March  3rd. 

Necropsy  findings.  Brain.  Gross:  On  reflecting  the  dura,  the  brain  was  seen  to  be 
voluminous  and  unusually  soft  and  showed  evidence  of  intracranial  pressure.  On  lifting 
up  the  frontal  lobes  some  difliculty  was  encountered  due  to  an  adherent  tumor  mass  in  the 
region  of  the  sella  turcica.  This  mass  lay  partly  on  the  floor  of  the  sella  turcica  which  was 
greatly  widened,  while  the  upper  part  of  the  tumor  occupied  the  interpeduncular  space  and 
was  partly  imbedded  in  the  brain  substance  (fig.  24) .  The  tumor  measured  about  6  cm. 
in  its  longitudinal  diameter  and  3  cm.  in  its  transverse  diameter.  It  was  rather  firm  al- 

though in  some  places  there  was  cystic  formation.  It  was  pinkish  in  color  and  was  covered 
by  a  rather  firm  capsule.  The  optic  nerves  were  very  much  flattened  and  compressed  by 
the  lateral  parts  of  this  tumor  mass.  The  interpeduncular  cistern  posterior  to  the  tumor  was 
tremendously  dilated  with  some  fluid  of  dark  opaque  character.  The  pituitary  gland  could 
not  be  found  after  the  extirpation  of  the  tumor  and  was  assumed  to  form  part  of  the  tumor 
mass. 

On  sectioning  of  the  brain,  in  a  median  sagittal  plane,  a  large  tumor  was  found,  occupying 
the  entire  third  ventricle  (fig.  25).  The  tumor  mass  was  well  encapsulated,  shelled  out 
easily  from  the  ventricular  cavity  and  on  sectioning,  showed  a  granular  appear- 

ance, a  rather  glistening  surface,  an  occasional  small  cyst  and  a  suggestion  of  alveolar  ar- 
rangement. At  the  anterior  part  on  its  undersurface,  a  small  nodule,  measuring  about  3 

mm.  in  its  long  diameter,  wedge-shaped  and  attached  to  the  capsule  of  the  main  tumor, 
was  found  and  since  no  pituitary  gland  was  found  in  the  sella  turcica,  it  is  probable  that  the 
small  mass  was  all  that  was*  left  of  the  pituitary  body.  The  lateral  ventricles  were  sym- metrically enlarged. 

Microscopic  observations:  The  tumor  tissue  showed  three  different  histologic  structures. 
In  parts  of  the  tumor,  particularly  those  which  contained  small  cysts,  there  were  collections 
of  hornified  and  calcified  squamous  epithelium,  supported  by  a  mass  of  connective  tissue 
which  showed  on  the  surface  a  thin  epithelial  lining  (fig.  26a).  In  another  part  of  the  tumor, 
large  acini  were  lined  by  low  cuboidal  epithelium  (fig.  26b).  Some  of  the  acini  were  filled 
with  colloidal  material.  This  part  of  the  tumor  bore  strong  resemblance  to  the  mature 
pars  intermedia,  while  in  other  parts  of  the  tumor,  solid  buds  consisting  mainly  of  stellate 
cells  were  lined  by  tall  cuboidal  cells  which  resembled  ameloblasts  (fig.  27).  This  type  of 
structure  was  dominant  throughout  the  tumor. 
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Fig.  25  (Case  10).  The  median  sagittal  section  of  the  brain  demonstrating  the  solid 
character  of  the  interpeduncular  tumor. 
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Fig.  26a  (Upper)  (Case  10).  Section  of  the  tumor  showing  the  collections  of  hornified 
and  calcified  epithelium.    Hematoxylin  and  eosin  stain. 

Fig.  26b  (Lower)  (Case  10).  Section  of  the  tumor  displaying  structures  simulating 
pars  intermedia.    Hematoxylin  and  eosin  stain. 

Comment.  Here  is  the  first  instance  of  the  second  group  of  our  cases  in  which 
the  tumor  is  sohd  and  the  histologic  make-up  duphcates  the  structures  derived 
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from  primordia  in  the  embryonal  oral  cavity.  Associated  with  this,  there  are 
also  structures  which  are  characteristic  of  the  residua  of  the  hypophyseal  duct 
and  some  simulating  the  more  mature  pars  intermedia  of  the  hypophysis.  This 
case  manifested  evidence  of  more  acute  onset  and  more  rapid  evolution  of  the 
clinical  course.  The  nature  of  the  tumor  obviously  precluded  successful  surgical 
intervention. 

Case  11.  Solid  hypophyseal  duct  tumor  {adamantinoma)  in  a  man  aged  21  years.  History 
of  head  injury  a  year  earlier,  followed  by  headaches,  increasing  in  severity  and  frequency. 
Generalized  convulsions,  bilateral  papilledema,  focal  signs.  Exploratory .  craniotomy  with 
negative  findings.  Advancing  papilledema;  recurrence  of  headaches;  stupor;  ocular  muscle 
involvement;  pupillary  disturbances  and  signs  of  meningeal  irritation.  Exitus. 

Fig.  27  (Case  10).  Section  of  the  tuiiiDi  .slmw a  layer  of  ameloblasts  overlying  a  dense 
mass  of  stellate  cells.    Hematoxylin  antl  eosin  stain. 

History:  J.  R.  (P.M.  #4664),  a  man  aged  21  years,  was  admitted  to  the  hospital  on  June 
7, 1923.  One  year  before  admission,  he  was  kicked  on  the  head  by  a  horse  with  no  immediate 
symptoms  referable  to  that  injury.  Two  months  later,  he  began  to  complain  of  severe 
headaches  in  the  frontal  region;  they  were  intermittent  in  occurrence,  usually  lasting  two 
or  three  days,  then  disappearing  for  an  indefinite  period.  In  the  course  of  the  last  six 
months,  they  had  increased  markedly,  both  in  severity  and  in  the  frequency  of  their  occur- 

rence. Five  weeks  before  his  admission  to  the  hospital,  he  was  said  to  have  had  a  gen- 
eralized convulsion.  The  patient  felt  that  his  memory  had  been  growing  appreciably  poorer 

during  the  last  few  months  of  his  illness. 
Examination:  The  patient  exhibited  a  pathological  geniality,  with  constant  smiling  and 

silly,  over-emotional  behavior.  The  pupils  were  equal  and  regular  and  reacted  to  light  and 
on  convergence.  There  was  slight  horizontal  nystagmus,  especially  on  looking  to  the  left. 
He  had  bilateral  papilledema,  one  diopter  elevation  on  the  right,  2|  diopters  on  the  left. 
There  was  a  left  lower  facial  weakness.    Hyperalgesia  of  the  entire  left  side  of  the  body, 
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including  the  face,  was  present.  The  deep  tendon  reflexes  were  all  present  and  equal; 
the  abdominal  reflexes  were  active.    There  was  a  suggestive  left  Babinski  sign. 

Laboratory  data:  Urine,  blood  cytology  and  blood  Wassermann  reaction  were  negative. 
X-ray  examination  of  the  skull  was  negative. 

Course:  At  the  end  of  the  first  week  in  the  hospital,  the  left  central  facial  paresis  had  be- 
come much  more  pronounced  and  it  was  noted  that  the  left  patellar  and  suprapatellar  re- 
flexes became  more  lively  than  the  right.  The  Babinski  sign  on  the  left  was  now  definite. 

His  visual  fields  showed  bilateral,  generally  and  symmetrically  contracted  fields. 
Bardny  tests  were  negative.  On  June  15,  1923  an  exploratory  craniotomy  was  performed 
No  abnormalities  were  noted  at  this  time.  The  patient  made  a  satisfactory  recovery  from 
his  operation  and  remained  at  the  hospital  until  July  17.  During  this  post -operative 
period  the  papilledema  advanced  and  showed  2j  diopters  elevation  on  the  right  and  3  di 
opters  on  the  left.    He  left  the  hospital  for  a  few  months. 

In  December  1923,  he  was  again  operated  on.  There  is  no  data  avaiable  as  to  what  was 
found  at  that  time.  At  any  rate,  he  was  quite  well  until  April  1924,  when  he  again  began 
to  complain  of  severe  headaches.  On  April  25  he  had  a  severe  convulsion  and  lost  con 
sciousness.    He  reentered  this  hospital  the  following  day. 

On  readmission  he  was  found  to  be  in  deep  coma.  His  eyes  were  deviated  to  the  right 
The  pupils  were  fixed  to  light.  The  fundi  showed  bilateral  longstanding  papilledema  with 
atrophy.  His  limbs  were  all  in  extension,  and  the  left  arm  appeared  especially  weak  while 
the  right  arm  displayed  marked  purposeless  movements.  All  the  deep  reflexes  were  active 
except  the  right  Achilles  jerk  which  could  not  be  elicited.  The  superficial  reflexes  were 
absent.    There  were  bilateral  Hoffman  and  Babinski  signs. 

The  patient's  condition  declined  rapidly  and  he  died  on  the  second  day  in  the  hospital Necropsy  findings.  Brain.  Gross:  The  brain  showed  evidence  of  intracranial  pressure 
There  was  marked  softening  in  the  region  of  the  posterior  half  of  the  right  frontal  lobe,  of 
the  adjacent  portion  of  the  temporal,  and  of  a  narrow  zone  of  the  parietal  lobe.  The  base 
of  the  brain  was  markedly  distended  by  accumulations  of  spinal  fluid.  In  the  region  of 
the  interpeduncular  space  there  was  found  a  marked  elevation  (fig.  28)  in  the  floor  of  the 
third  ventricle  in  the  region  of  the  tuber  cinereum,  the  mammillary  bodies  having  lost  their 
identity.  The  infundibular  duct  was  markedly  distended,  passing  into  a  cystic  dilatation 
which  replaced  the  pituitary  body.  The  diaphragm  of  the  sella  turcica  was  extremely  thin 
and  beneath  it  was  a  distended  sac  measuring  about  1|  cm.  in  diameter  and  filled  with  yel- 

lowish, cheesy,  granular  material.    This  was  all  that  was  left  of  the  pituitary  body. 
On  sectioning  of  the  brain,  in  a  sagittal  plane  the  interpeduncular  mass  was  found  to  be 

solid  and  completely  obliterating  the  third  ventricle  (fig.  29). 
Microscopic  observations:  Section  through  a  characteristic  part  of  the  tumor  showed  a 

rich  stroma  of  connective  tissue  enclosing  large  islands  of  solid  epithelial  masses.  The 
latter  showed  at  the  periphery  a  dense  layer  of  columnar  cells  which  bore  a  strong  resem- 

blance to  ameloblasts  (fig.  30) .  Within  the  core  of  this  layer,  there  were  seen  epithelial  cells 
forming  a  syncytium  interrupted  here  and  there  by  stellate  cells.  In  another  field,  the 
ameloblasts  covered  a  layer  of  syncytial  cells  which  in  turn  overlay  a  layer  of  stellate  cells 
surrounding  a  dense  collection  of  cells  suggesting  pulp  cells. 

Comment.  From  the  point  of  view  of  its  histological  structure,  this  tumor  is 
strikingly  similar  to  that  in  Case  10.  Here  the  adamantinomatous  features 
are  more  or  less  uniform  throughout  the  tumor  showing  none  of  the  character- 

istics of  the  cystic  hypophyseal  duct  neoplasm. 
Case  12.  Solid  hypophyseal  duct  tumor  (craniopharyngeoma)  in  a  woman  aged  S3  years. 

A  tnenorrhea  three  years  earlier.  Six  months  before  admission,  pohjdipsia  and  polyuria  followed 
by  headaches,  vomiting,  dizziness,  anosmia,  impairment  of  vision,  generalized  weakness  and 
bilateral  papilledema  with  retinal  hemorrhages.  Ventriculography  disclosed  internal  hydro- 

cephalus, obstructing  the  third  and  fourth  ventricles.  Craniotomy,  negative  findings .  Gradual 
decline,  exitus. 
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History:  A.  R.  (Adm.  *460376),  a  Porto  Rican  housewife,  33  years  of  age,  entered  the 
hospital  on  July  26,  1940.    Six  years  earlier  she  passed  through  a  normal  pregnancy  and 

Fig.  28  (Case  11).  The  base  of  the  brain  showing  the  tumor  in  the  interpeduncular  space. 

Fig.  29  (Case  11).    Median  sagittal  section  of  the  brain  .showing  the  solid 
interpeduncular  mass. 

delivery,  but  shortly  thereafter  became  subject  to  persistent  vaginal  bleeding.  A  laparot- 
omy was  performed  after  w-hich  her  periods  were  regular  and  normal  for  about  3  years  until 

she  again  became  pregnant.    A  dilatation  and  curettage  was  performed  to  terminate  the 
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pregnancy.  This  was  follow  ed  by  an  abrupt  onset  of  complete  amenorrhea  and  a  moderate 
gain  in  weight,  from  110  to  119  pounds  in  the  course  of  the  following  year.  Six  months 
before  admission,  rather  suddenly,  she  began  to  e.xperience  an  increase  in  thirst  and  drank 
copious  quantities  of  water,  so  that  her  daily  fluid  intake  averaged  at  least  14  glasses.  At 
the  same  time,  she  developed  polyuria  and  had  to  get  up  7  to  8  times  the  night  to  void.  One 
month  prior  to  admission,  she  began  to  have  headaches,  most  marked  in  the  frontal  and 
occipital  regions,  most  severe  in  the  mornings  and  exacerbated  by  movement.  Two  weeks 
later,  she  began  to  have  attacks  of  vomiting,  occurring  when  the  headache  was  severe;  they 
were  accompanied  by  nausea,  dizziness  and  epigastric  pain.  At  about  this  time,  she  felt 
feverish,  had  a  bitter  taste  in  her  mouth,  and  could  not  detect  odors  as  well  as  previously. 
Her  vision  was  noticeablj-  impaired.  For  several  weeks  prior  to  admission,  she  complained 
of  feeling  weak  and  would  require  progressively  longer  periods  of  rest  each  day. 

Examination:  The  patient  was  a  well  developed,  moderately  obese  woman.  She  com- 
plained of  a  severe  headache.    Heart  and  lungs  were  normal,  and  blood  pressure  was  104 

Fin.  30  (Case  11).  Section  of  the  tumor  mass  showing  typical  ameloblasts  lining  the  solid 
l)uds  of  cellular  aggregations,  many  of  which  are  of  the  stellate  variety.  Hematoxylin and  posin  stain. 

systolic  and  60  diastolic.  She  seemed  somewhat  depressed,  somnolent  and  slightly 
irritable. 

Neurological  examination  disclosed  only  bilateral  papilledema  more  marked  on  the  right 
with  hemorrhages  in  both  discs.  There  was  no  impairment  of  vision,  and  the  visual  fields 
were  intact. 

Laboratory  data:  A  blood  count  on  admission  was  within  normal  limits.  Urinalysis  was 
negative.  The  blood  Wassermann  reaction  was  negative.  The  cerebrospinal  fluid  was 
clear,  under  normal  pressure,  contained  no  cells,  gave  negative  Fandy,  colloidal  gold  curve 
and  Wassermann  reaction.  The  total  protein  w  as  34  mg.  per  cent.  The  Janney  glucose  toler- 

ance test  was  normal,  and  there  was  no  glycosuria  produced  by  the  test.  Basal  metabolic 
rate  was  17  per  cent.    X-raj-  studies  of  the  skull  and  chest  were  negative. 

Course:  On  .\ugust  6,  1940,  ventriculography  was  performed,  revealing  marked  sym- 
metrical dilatation  of  the  lateral  ventricles,  while  the  third  and  fourth  ventricles  were  not 

visualized.  Shortly  thereafter  a  right  fronto-parietal  craniotomy  was  performed  on  the 
same  date.    The  third  ventricle  was  exposed  but  no  tumor  was  found.    Sections  of  the  cere- 



CRANIOPHARYNGEOMA  AND  SUPRASELLAR  ADAMANTINOMA 
259 

Fig.  31b  (Case  12).  Coronal  section  of  the  brain,  showing  the  location,  appearance  and 
consistency  of  the  tumor  invading  the  third  ventricle. 
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bral  cortex  of  the  right  hemisphere  removed  at  time  of  operation  were  reported  as  not  re- 
vealing any  significant  pathological  alterations.  Post-operativeW,  the  patient  became 

drowsy,  her  temperature  rose,  she  developed  paresis  of  the  left  arm  and  leg,  and  became 
incontinent.  Two  days  after  the  operation,  the  temperature  was  104°F.  and  she  lapsed into  coma,  with  complete  paresis  of  her  left  arm  and  leg.  An  emergency  reexploration  was 
jjerformed.  A  slight  extra-dural  clot  was  found.  The  right  frontal  lobe  was  retracted  and 
the  right  optic  nerve  exposed,  but  again  no  neoplasm  was  seen.  After  this  procedure,  the 
patient  remained  in  deep  coma,  and  a  lumbar  puncture  yielded  xanthochromic  cerebrospinal 
fluid  under  increased  pressure.  De.spite  supportive  therapy,  coma  and  hyperthermia 
persi.'itod  and  the  patient  died  on  the  second  day  after  the  operation. 

.Wciopfij  findings.  Brain.  Gross:  An  extradural  clot  was  found  adherent  to  the  bone 
flap.  Upon  removing  the  brain,  which  weighed  1300  Gm.,  and  reflecting  the  dura,  consider- 

able clotted  blood  was  found  in  the  superior  and  posterofrontal  regions  on  the  dorsolateral 
aspect  of  the  right  hemisphere.  Here  also  there  was  seen  the  operative  defect  in  the  cortex 
which  extended  ventrally  for  some  distance  in  the  neighborhood  of  the  posterior  end  of  the 
fissure  of  Sylvius.  The  remainder  of  the.  brain  and  its  leptomeninges  appeared  normal  in 
appearance  and  consistency  except  at  the  base  of  the  brain.  Here,  a  tumor  was  present  in 
the  interpeduncular  region,  which  it  occupied,  completely  displacing  the  optic  chiasm  ante- 

riorly (fig.  31  j, and  involving  all  the  structures  in  the  floor  of  the  third  ventricle.  The  mam- 
millary  bodies  were  not  visible  and  were  apparently  incorporated  in  the  tumor.  The  tumor 
had  a  fairly  smooth  outline  ami  a  yellowish  color.  On  palpation  it  was  soft  and  gave  the 
impression  of  being  cystic,  though  firmer  parts  could  be  made  out.  The  hypophyseal  stalk 
seemed  much  larger  than  normal  and  had  a  yellow  cystic  appearance  also.  The  sella  turcica 
was  enlarged  and  its  walls  were  very  much  thinned,  especially  in  the  posterior  portion. 

The  pituitary  seemed  larger  than  normal  and  was  yellow  in  color  and  of  soft  cystic 
consistency. 

On  sectioning  of  the  brain,  the  tumor  was  found  to  fill  completely  the  third  ventricle. 
The  tumor  seemed  to  be  adherent  to  the  floor  and  also  part  of  the  walls  of  the  third  ven- 

tricle, although  it  could  be  detached  from  the  upper  part  of  the  walls  and  the  roof  of  the 
ventricle  where  it  gave  the  impression  of  being  encapsulated.  The  tumor  was  solid  in 
consistency  and  presented  a  pearly  granular  surface  with  a  few  small  cystic  areas  filled  with 
grayish  gelatinous  material. 

Microscopic  observations:  Sections  of  the  tumor  stained  with  hematoxylin  and  eosin  and 
by  the  Weil  and  Nissl  methods  showed  it  to  consist  of  irregularly  branching  strands  and 
sheets  of  closely  packed  cells  supported  by  a  delicate  connective  tissue  stroma.  The  cells 
were  epithelial  in  appearance  and  had  large,  oval  and  clearly  defined  dark -staining  nuclei. 
The  outline  of  the  clear  staining  cytoplasm  of  these  cells  was  poorly  defined  except  for  the 
periphery  of  the  cellular  strands  and  sheets  where  they  formed  a  regular  row  of  uniformly 
sized  cells,  rectangular  in  outline  (fig.  32a).  The  cells  frequently  showed  papillary  and 
acinar  formations.  The  centrally  placed  cells  often  had  a  stellate  shape  giving  rise  to  deli- 

cate processes  assuming  the  appearance  of  cells  in  mesenchymal  tissue;  then  again  they 
appeared  to  be  rounded ;  their  cytoplasm  contained  round  globules,  their  nuclei  were  darkly 
stained  and  eccentrically  placed. 

Small  blood  sinuses  and  delicate  connective  tissue  fibers  were  also  seen  in  the  center  of 
the  less  densely  packed  cellular  aggregations  and  the  connective  tissue  surrounding  these 
aggregations  also  had  thin,  scant  fibers  and  blood  sinuses. 

Scattered  throughout  the  center  of  the  epithelial  cell  masses  were  found  small  collections 
of  cells  which  were  quite  different  in  appearance.  They  consisted  of  closely  packed,  some- 

what flattened,  oval  or  round  cells  with  clear  pale  pink  cytoplasm  whose  nuclei  were  either 
faintly  outlined  or  entirely  ab.sent  (fig.  32b).  The  cytoplasm  of  these  cells  appeared  kera- 

tinized and  they  apparently  represented  collections  of  degenerated  squamous  epithelial 
cells. 

The  brain  tissue  adjacent  to  the  tumor  showed  an  increased  number  of  glial  elements, 
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which  together  with  the  neighboring  nerve  cells,  freciuently  siiowed  advanced  degenerative 
changes.    Small  collections  of  tumor  cells  infiltrated  the  adjacent  iirain  tissue. 

Silver  stains  revealed  the  argyrophilic  nature  of  the  connective  tissue  both  within  and 
outside  of  tumor  cells. 

Sections  of  the  pituitary  body  revealed  the  latter  to  be  markedly  compressed  by  tumor 
tissue,  from  which  it  was  clearly  demarcated.  The  normal  acinar  arrangement  of  the 
pituitary  cells  was  replaced  by  flattened  ribbon  bands  of  otherwise  normal  cells.  The 
eosinophile,  basophile  and  chromophobe  cells  were  all  present  in  relatively  normal 
proportions. 

Fig.  32a  (Upper)  (Case  12).  Section  of  the  tumor  displaying  anastomosing  bands  of 
stratified  epithelium  enclosing  space  containing  hyalinized  material. 
Fig.  32b  (Lower)    (Case  12).    Section  of  the  tumor  showing  squamous  epithelial  lining, with  hornified  cell  enclosures. 

Comment.  In  this  instance  the  histological  character  of  the  tumor  duplicated 
that  noted  in  the  previous  two  cases  (Cases  10  and  11).  An  added  feature  is 
the  structure  simulating  that  of  the  mature  pars  intermedia  with  numerous 
epithelial  pearls  punctuating  various  points  of  the  tumor.  Histologically,  the 
tumor,  despite  its  solid  character,  is  structurally  closer  to  the  hypophyseal  duct 
neoplasm  of  the  craniopharyngeoma  variety. 

Case  13.  Solid  hypophyseal  duct  tumor  (craniopharyngeoma)  in  a  man  aged  ̂ 2  years. 
Onset  with  dimness  of  vision,  headache,  polydipsia  and  polyuria.    Loss  of  libido,  loss  of  axil- 
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lanj  hair.    Bitemporal  hemianopsia  and  other  focal  signs.    Craniotomy,  rapid  decline  and 
cvitus. 

H istory:  A.  W.  (P.M.  *  12129),  a  man  aged  42  years,  was  apparently  well  until  two  years 
before  entering  the  hospital,  when  he  developed  progressive  dimness  of  vision,' episodes of  moderately  severe  frontal  headache,  polydipsia  and  polyuria,  loss  of  libido,  and  decreaso 
of  axillary  hair.  Examination  at  that  time  revealed  bilateral  symmetrical  temporal  field 
defects.  He  was  given  a  series  of  intramuscular  injections  of  unknown  nature  during  the 
next  six  weeks,  and  his  symptoms  seemed  to  diappear  but  the  libido  did  not  return. 

Two  months  before  entering  the  hospital,  following  a  tooth  extraction,  the  patient 
developed  severe  bifrontal  headache  aggravated  by  coughing  and  straining.  During  these 
episodes  of  headache  he  was  unable  to  see  in  the  temporal  fields  bilaterally  but  overnight 
this  defect  would  disappear.  During  the  same  period,  he  noticed  that  his  visual  acuity 
was  failing  gradually. 

Examination:  The  patient  had  mild  acromegalic  features  with  large  hands.  His  beard, 
his  axillary,  pubic  and  chest  hair  were  scanty.  His  breasts  were  rather  prominent.  The 
pupils  reacted  well  to  light  and  on  convergence.  Visual  acuity  was  20/70  in  the  right  eye 
and  20/50  in  the  left.  Ophthalmoscopic  examination  revealed  some  pallor  of  the  discs, 
slightly  more  marked  on  the  left,  and  indistinctness  of  the  nasal  disc  margins.  There  wero 
bitemporal  field  defects  consisting  of  multiple  paracentral  scotomata  in  the  lower  temporal 
fluadrants,  a  right  centrally  located  temporal  scotoma,  islands  of  micropsia  and  teleopsia 
in  both  temporal  fields  (most  pronounced  in  the  inferior  temporal  quadrants),  and  bitem- 

poral hemianopsia  for  color  (most  pronounced  in  the  lower  quadrants).  Muscle  power, 
reflexes,  sensattion,  coordination,  gait  and  station  were  within  normal  limits.  The  mental 
status  revealed  no  apparent  changes.    The  blood  pressure  was  128  systolic  and  86  diastolic. 

Laboratory  data:  Urine,  blood  cytology,  blood  chemistry,  and  blood  Wassermann  reaction 
were  all  negative.  The  glucose  tolerance  test  revealed  a  "flat  curve."  The  basal  meta- 

bolic rate  was  minus  6  per  cent.  Electroencephalography  was  reported  as  showing  no  focal 
signs,  but  a  diffuse  and  symmetrical  delta  activity.  Lumbar  puncture  revealed  the  cere- 

brospinal fluid  to  be  under  an  initial  pressure  of  130  mm.  of  water,  with  normal  dynamics, 
a  cell  count  of  8  lymphocytes  per  cu.  mm.,  a  4  plus  Pandy  reaction  and  protein  of  214  mg. 
per  cent ;  the  colloidal  gold  and  Wassermann  reactions  were  negative.  X-ray  examination  of 
the  skull  was  negative. 

Course:  The  diagnosis  was  tumor  in  the  region  of  the  hypothalamus,  probably  a  cranio- 
pharyngeoma.  One  week  after  admission  a  pneumoencephalography  was  performed.  It 
revealed  markedly  dilated  ventricles  with  absence  of  filling  of  the  anterior  part  of  the  third 
ventricle.  The  patient's  fundi  showed  progressive  increase  in  blurring.  After  he  had  re- 

covered from  the  effects  of  the  pneumoencephalograni,  a  right  frontal  craniotomy  was  per- 
formed, on  the  fifteenth  hospital  day.  On  retracting  the  right  frontal  lobe  the  optic  nerves 

appeared  displaced  anteriorly  and  laterally  by  a  mass  underlying  but  not  attached  to  the 
chiasm.  On  introducing  a  fine  needle  into  the  lesion  3  cc.  of  clear  fluid  were  aspirated. 
Aspiration  was  then  attempted  from  the  portion  of  the  lesion  lying  to  the  left  of  the  midline; 
this  was  followed  by  profuse  arterial  bleeding  which  was  controlled  with  difficulty.  It 
was  then  noted  that  the  right  cerebral  hemisphere  had  become  swollen  and  tense,  as  though 
hemorrhage  had  occurred  into  the  right  lateral  ventricle.  The  bone  flap  was  then  replaced 
and  a  moderate  size  decompression  was  left.  Following  the  operation  the  patient  was 
alternately  somnolent,  euphoric,  facetious  and  disoriented.  Two  days  after  the  operation 
a  lumbar  puncture  revealed  bloody  cerebrospinal  fluid  under  a  pressure  of  380  mm.  of  water; 
on  removal  of  50  cc.  of  fluid  the  pressure  dropped  to  70  mm.  of  water.  Subsequent  lumbar 
punctures  showed  gradual  decrease  in  the  amount  of  blood  present ;  the  fluid  became  xantho- 

chromic two  weeks  following  the  operation. 
The  patient  ran  an  irregular  fever  with  peaks  of  102  and  103°F.  for  ten  days  after  the 

operation.  Although  the  cause  for  this  fever  was  obscure,  sulfathiazole  was  given.  This 
was  discontinued  after  the  temperature  fell  to  about  99°F.  A  few  days  later  the  tempera- 

ture rose  again  to  104°F.  A  week  after  the  second  rise  in  temperature,  some  evidence  of 
pneumonia  in  the  right  base  was  noted.  ^ 
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The  patient  became  progressively  more  stuporous,  developed  twitching  of  the  hands  and 
ower  facial  muscles  on  both  sides,  and  later  exhibited  a  bilateral  grasp  reflex.  He  died  at 
-he  end  of  the  sixth  week  in  the  hospital. 

Fig.  33  (Case  13).  Coronal  sections  of  the  brain  showing  (a)  (Upper)  the  tumor  in 
he  proximity  of  the  optic  chiasm  and  (b)  (Lower)    the  tumor  within  the  third  ventricle. 

Necropsy  findings.  Gross:  At  autopsy  multiple  pulmonary  emboli  and  infarcts  of  the 
ing  were  found.    A  confluent  bronchopneumonia  in  the  bases  of  both  lungs  was  present. 
Brain:  In  the  region  of  the  floor  of  the  third  ventricle  there  was  a  smooth  greenish  yellow 

lass  filling  the  interpeduncular  space;  this  mass  appeared  to  be  continuous  with  the  in- 
mdibulum.    The  posterior  communicating  arteries  were  displaced  laterally  by  the  mass; 
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Fig.  34a  (Upper)    (Case  13).    Section  of  the  tumor  showing  bands  of  stratified  squamous 
epithelium  and  the  enclosed  hyalinized  connective  tissue.    Hematoxylin  and  eosin  stain. 
Fig.  34b  (Lower)    (Case  13).    Section  of  the  tumor  showing  embryonal  hair  follicles. 

Hematoxylin  and  eosin  stain. 

otherwise  the  arteries  at  the  base  of  the  brain  appeared  normal.  The  pituitary  body  ap- 
peared normal  in  size  and  consistency. 

On  sectioning  of  the  brain,  there  was  very  marked  bilaterally  symmetrical  internal 
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liydrocephalus  affecting  all  the  ventricular  subdivisions  including  the  aqueduct  and  fourth 
ventricle.  In  the  interpeduncular  space  there  was  a  fairly  large  mass  of  neoplastic  tissue 
which  on  sectioning  seemed  to  be  continuous  with  the  piiuilari/  body,  although  a  line  of  de- 

marcation could  be  seen  between  the  tissue  and  what  was  left  of  the  normal  pituitary.  The 
tumor  was  closely  adherent  to  the  optic  chiasm  and  the  optic  tracts  directly  posterior  to 
the  optic  chiasm.  Posteriorly  this  tumor  could  be  traced  into  the  third  ventricle  and  found 
projecting  slightly  to  the  right  in  the  front  of  the  anterior  pillar  of  the  forni.x  filling  the 
entire  hypothalamic  part  of  the  third  ventricle  and  extending  dorsad  (fig.  33).  The  tumor 
had  a  yellowish  gray  appearance;  in  the  inferior  surface  it  seemed  to  be  covered  by  a  number 
of  little  seed-like  granules.    Its  cut  surface  also  showed  a  coarse  granular  appearance. 

Microscopic  observations:  Sections  of  the  tumor,  stained  with  hematoxylin  and  eosin, 
revealed,  as  its  main  histologic  feature,  long  and  irregularly  arranged  sheaths  of  strati- 

fied squamous  epithelium  (fig.  34a),  carrying  with  it,  and  in  parts  enclosing,  a  layer  of 

Fig.  35  (Case  13).  Section  of  the  tumor  showing  the  cells  simulating  those  of  sebaceous 
glands.    Hematoxylin  and  eosin  stain. 

fibrous  connective  tissue  containing  a  considerable  amount  of  homogeneous  collagenous 
material  and  thin  walled  blood  vessels.  Some  such  vessels  contained  dense  collections  of 
small  round  cells.  In  some  parts  the  stratified  thinned  epithelium  was  arranged,  giving 
rise  to  villus-like  projections  within  the  core  of  which  there  were  many  large  cells  in  the 
pale  nuclei  and  finely  granular  cytoplasms.  In  other  parts  of  the  tumor,  there  were 
epithelial  columns  imbedded  in  a  homogeneous  connective  tissue  substance  simulating  hair 
follicle  formation  (fig.  34b) ,  while  in  other  parts  there  was  a  well  segregated  and  well  encapsu- 

lated collection  of  cells  (fig.  35)  which  duplicated  in  all  essentials  the  cells  exhibited  in  Fig- 
ure 4  in  Case  1,  which  bore  a  strong  resemblance  to  cells  encountered  in  sebaceous  glands. 

Sections  through  the  anterior  lobe  of  the  pituitary  body  disclosed  tumor  tissue  of  a 
character  similar  to  that  found  in  the  main  tumor  mass.  It  was  found  lodged  in  a  groove 
on  the  dorsal  surface  of  the  pituitary  body,  separated  by  a  capsule  displaying  no  invasive 
tendencies.    The  pituitary  itself  was  flattened  and  compressed.    Many  of  the  cells  showed 
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disintegrating  changes,  but  most  of  the  anterior  lobe  showed  only  mild  degenerative alteration. 

Comment.  In  this  case  the  tumor  is  grossly  solid  but  on  microscopic  investi- 
gation it  is  found  to  consist  of  squamous  epithelial  bands  enveloping  fairly 

solid  cords  of  connective  tissue.  Within  the  latter  there  are  encountered 
foreign  body  giant  cells,  numerous  areas  of  hornified  epithelium,  large  groups 
of  cells  suggesting  the  structure  of  sebaceous  glands  and  scattered  papillae  with 
suggestive  structure  of  primitive  hair  follicles.  The  occurrence  of  the  tumor 
in  a  man,  aged  42  years,  is  of  clinical  significance. 

This  tumor  as  in  the  preceding  case  is  best  grouped  with  the  solid  form  of 
hypophyseal  duct  tumor  of  the  craniopharyngeoma  variety. 

Case  14-  Solid  hypophyseal  duel  tumor  (craniopharyngeoma)  in  a  man  aged  64  years. 
Early  symptoms,  fatigability,  soinnolence  and  severe  headaches.  Blurred  and  double  vision. 
Focal  signs.  Ventriculography  showed  faihire  of  anterior  part  of  third  ventricle  field.  Cra- 

niotomy, tumor  in  the  floor  of  the  right  lateral  ventricle  removed.    Rapid  decline,  exitus. 
History:  H.  G.  (P.M.  12154),  a  man,  aged  54  years,  was  apparently  well  until  six 

months  before  entering  the  hospital,  when  he  developed  increasing  fatigue,  drowsiness  and 
memory  impairment.  Two  months  later  he  became  subject  to  severe  frontal  headaches 
which  were  worse  in  the  morning  and  occurred  four  to  five  times  a  week.  At  about  the  same 
time  his  vision  became  blurred  and  he  complained  of  double  vision.  At  times  the  left  side 
of  his  visual  field  appeared  black. 

Examination:  The  patient  was  mentally  dull.  Recent  memory  was  definitely  impaired. 
There  was  some  difficulty  in  recalling  names  but  there  was  no  definite  aphasia.  The  mar- 

gins of  the  right  disc  wer  e  blurreil  in  the  upper  nasal  portion.  Vision  was  impaired  in  both 
eyes;  objects  and  color  were  recognized  better  in  the  nasal  than  in  the  temporal  fields.  The 
left  palpebral  fissure  was  larger  than  the  right.  A  slight  facial  asymmetry,  apparently 
mimetic  in  character  was  present.  There  was  slightly  less  sustained  effort  in  the  left  arm 
than  in  the  right  arm.  The  biceps  jerks  were  slightly  more  active  on  the  left  side.  The 
sense  of  pain  was  diminished  on  the  left  side,  involving  the  face,  trunk  and  extremities. 
The  blood  pressure  was  170  systolic  and  110  diastolic.    The  pulse  rate  was  48  per  minute. 

Laboratory  data:  Blood  cytology,  chemistry  and  Wassermann  reaction  were  negative. 
ITiiuo,  negative.  Basal  metabolic  rate  was  minus  33  per  cent.  X-ray  examinations  of  the 
skull  and  chest  were  negative.  Electroencephalographic  studies  yielded  no  positive 
findings.  Lumbar  puncture  yielded  cerebrospinal  fluid  under  an  initial  pressure  of  135 
mm.  of  water  with  normal  dynamics.  The  fluid  was  bloody.  When  centrifuged,  however, 
the  supernatant  fluid  was  colorless. 

Course:  The  diagnosis  of  a  thalamo-hypothalamic  lesion  on  the  right  side  was  made.  On 
the  ninth  day  in  the  hospital  a  left  frontal  ventriculography  was  performed.  It  showed 
considerable  dilatation  of  both  lateral  ventricles  and  the  third  ventricle,  but  the  anterior 
portion  of  the  third  ventricle  filled  poorly;  the  fourth  ventricle  was  not  visualized.  Four 
days  later  a  right  frontal  craniotomy  was  performed.  Through  a  transventricular  approach 
a  large  firm  tumor  was  removed  from  the  floor  of  the  right  lateral  ventricle.  Following  the 
operation  the  patient  developed  a  left  hemiparesis ;  his  temperature  rose  to  103°F. ;  the  blood pressure  began  to  drop  and  despite  all  supportive  measures,  the  patient  e.xpired  on  the 
second  post-operative  day. 

Surgical  specimen:  The  specimen  consisted  of  several  small  irregular  pieces  of  reddish 
yellow  tissue  with  a  total  weight  of  7.5  Gm. ;  the  largest  piece  measured  2x2x1  cm.  Some 
portions  of  the  tissue  were  solid  and  appeared  lobulated;  other  portions  were  cystic  and  were 
surrounded  by  a  thin  smooth  membrane.  Some  fragments  of  tissue  consisted  of  many 
small  cysts  having  the  appearance  of  a  bunch  of  grapes.    The  tissue  in  general  appeared 
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to  be  inoderately  vascular.  About  1  cc.  of  yellow  cloudy  fluid  was  also  received  (this  was 
obtained  by  aspiration  of  the  tumor  mass  at  the  time  of  operation) . 

Sections  of  the  surgical  material  stained  with  hematoxylin  and  eosin  revealed  densely 
cellular  tumor  tissue  composed  of  irregular  collections  of  stratified  squamous  epithelium 
with  a  well  defined  basal  layer  (fig.  36)  surrounding  large  cores  of  loose  connective  tissue 
which  contained  a  moderate  number  of  thin  walled  blood  vessels.  The  connective  tissue 
core  had  a  myxomatous  appearance  and  was  composed  primarily  of  loosely  arranged  fusiform 
cells  among  which  were  scattered  small  round  cells,  polymorphonuclear  leucocytes  and 
phagocytic  cells ;  within  the  connective  tissue  cores  there  were  also  some  round  empty  spaces 
having  the  appearance  of  vacuoles.  At  the  periphery  of  the  tumor  tissue  there  were  a  few 
areas  of  hemorrhage. 

Necropsy  findings.  Br  ain.  Gross:  Under  the  bone  flap  there  was  an  area  of  extradural 
blood  clot  corresponding  in  size  to  the  defect  in  the  skull  and  measuring  about  i  inch  in 

Fig.  36  (Case  14).    Histologic  structure  of  the  tumor  (sec  text).  Hematoxylin and  eosin  stain. 

thickness;  there  was  no  moulding  of  the  right  cerebral  hemisphere  due  to  the  blood  clot. 
The  dura  under  this  was  somewhat  adherent  to  the  brain.  There  was  a  moderate  increase 
in  the  subarachnoid  fluid  diffusely  over  the  left  cerebral  hemisphere.  In  the  region  of  the 
interpeduncular  space  there  was  a  dark  red  smooth  mass  projecting  from  the  inferior  sur- 

face of  the  brain  and  measuring  about  2  cm.  in  diameter. 
The  pituitary  gland  showed  no  abnormalities. 
On  sectioning  of  the  brain,  a  marked  defect  was  seen  in  the  right  hemisphere  in  the  middle 

of  the  frontal  lobe  extending  from  the  surface  at  the  level  of  the  middle  of  the  second  frontal 
convolution,  inward  and  widening  on  its  way  to  communicate  with  the  lateral  ventricle 
on  the  same  side.  This  defect  was  bordered  on  its  sides  by  an  area  of  discoloration, 
widening  as  it  extended  inward  toward  the  ventricles.  The  discolored  area  represented 
friable  softened  tissue.  At  that  level  of  the  septum  pellucidum  was  a  marked  thickening 
and  apparently  occupied  by  tumor  tissue.  In  the  depth  of  this  defect  there  was  a  large 
excavation  which,  in  all  probability,  represented  an  area  from  which  tumor  tissue  was 
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removed  at  operation.  Further  back  on  the  level  of  the  optic  chiasm  an  area  of  discolor- 
ation, probably  tumor  tissue,  was  found  to  involve  almost  the  entire  head  of  the  caudate 

nucleus  and  part  of  the  adjacent  thalamus.  The  internal  capsule  was  still  visible  although 
there  was  also  some  discoloration.  The  hypothalamic  region  was  discolored  on  both  sides 
and  part  of  the  optic  chiasm  seemed  to  be  invaded  by  this  discoloration.  The  corpus 
callosum  on  its  ventral  aspect  was  also  softened  and  gave  the  impression  of  being  invaded 
by  tumor  tissue  extending  to  the  sei)tum  pellucidum.    The  ventricles  were  free  of  blood. 

Microscopic  observations:  Sections  through  the  anterior  portion  of  the  third  ventricle 
stained  with  hematoxylin  and  eosin  revealed  considerable  disorganization  of  tissue  and 
large  areas  of  hemorrhage  in  the  tissues  surrounding  the  ventricle.  In  some  portions  of 
the  disorganized  area  there  were  large  collections  of  polymorplioiuiclear  leucocytes.  No 
tumor  cells  were  seen. 

Sections  through  the  pituitary  body  stained  with  hematoxylin  and  eosin  revealed  large 
necrotic  areas  in  the  anterior  lobe;  in  some  portions  of  the  necrotic  areas  there  were  dens(^ 
collections  of  polymorphonuclear  leucocytes.  There  were  onl}^  a  few  areas  within  the 
anterior  lobe  in  which  the  glandular  tissue  was  fairly  well  preserved. 

Sections  of  the  cerebral  cortex  stained  with  hematoxylin  and  eosin  revealed  slight  thick 
ening  of  the  smaller  blood  vessels  throughout  the  cortex.  Otherwise  there  were  no  signit- icant  abnormalities. 

Comment.  Of  particular  interest  in  this  case  is  the  solid  character  of  the 
tumor,  as  in  the  preceding  two  instances,  though  the  microscopic  structure  is 
that  of  a  cystic  hypophyseal  duct  neoplasm.  It  contains  bands  of  stratified 
squamous  epithelium  of  a  fairly  primitive  type  overlying  collections  of  poorly 
differentiated  connective  tissue  cells  with  scattered  small  collections  of  young 
cartilaginous  cells. 

SUMMARIZED  ANALYSIS  OF  CLINICAL  MANIFEST .\TIONS  AND 
SELECTED  FEATURES 

Age  Incidence:  The  impression  is  gained  from  a  review  of  the  literature  that 
this  type  of  tumor  is  encountered  more  commonly  in  the  younger  age  groups. 
Frazier  and  Alpers  (19)  found  that  70  per  cent  of  the  adamantinomata  studied 
by  them  occurred  in  patients  under  20  years  of  age.  They  stated  that  the 
youngest  recorded  patient  revealing  this  type  of  tumor,  reported  by  Olivecrona, 
was  5  years  of  age.  Gushing  (10),  however,  later  included  in  the  group  of 
craniopharyngeoma  reported  by  him  one  patient  3^  years  of  age,  and  several 
over  60  years  of  age.  Bailey  and  his  co-workers  (11),  in  a  survey  of  138  cases 
collected  from  the  literature,  have  also  found  that  these  tumors,  "although 
common  in  childhood  are  by  no  means  confined  to  this  age  period."  He  found 
that  symptoms  in  the  cases  of  the  reviewed  group  began  at  the  following  periods: 
0-10,  20  cases;  10-20,  40  cases;  20-30,  27  cases;  30-40,  20  cases;  40-50,  12  cases; 
50-00,  9  cases;  and  over  00  years,  4  cases.  Our  series  also  demonstrates  the 
great  range  in  age  incidence.  Two  of  our  patients  (Cases  2,3)  were  only  3| 
years  of  age  on  admission  to  the  hospital,  and  one  of  them  had  exhibited  signs 
of  an  intracranial  lesion  at  the  age  of  13  months.  In  both  instances,  the  tumor 
was  of  the  cystic  A'ariety.  The  oldest  patient  in  our  series  (Case  14)  was  54 
years  of  age.  Two  other  patients  were  over  40  years  of  age  (Cases  9,13),  and 
the  others  were  distributed  according  to  age  on  admission  as  shown  in  the 
accompanying  table. 
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on  Adn 
1  -10 
11-20 
21-30 
31-40 
41-50 
51 

Number  oj  Cases 
5 
3 
2 
1 
2 
1 

Sex:  As  already  noted  by  other  investigators,  there  is  no  significant  variation 
in  sex  rate  incidence.  Tn  fact,  in  our  material  there  is  equal  distribution  between 
the  two  sexes. 

Trauma:  Three  of  the  patients  gave  a  history  of  trauma  to  the  head  shortly 
before  the  onset  of  symptoms.  .  There  was  no  reason  to  believe  that  there  was 
anything  but  a  coincidental  relationship  between  the  trauma  and  the  develop- 

ment of  the  tumor.  In  a  previous  study,  one  of  us  has  already  pointed  out 
that  trauma  plays  a  very  doubtful  role  in  the  development  of  cerebral  neoplasm 

Onsel:  The  initial  symptom  in  one  of  our  patients  (Case  3)  was  a  convulsive 
episode,  followed  by  visual  disturbances.  The  convulsions  were  associated 
vnth.  an  acute  febrile  disease,  however,  and  may  have  assumed  a  role  in  the 
disease  process  under  discussion  only  by  drawing  attention  to  the  visual  dis- 

turbances. In  all  other  cases,  there  was  a  gradual  onset  of  symptoms.  In 
no  case  was  the  patient  aware  of  the  disease  process  for  more  than  about  5 
years.  On  the  other  hand,  symptoms  had  been  in  progress  for  considerable 
periods  of  time  (as  long  as  5  years)  before  any  of  the  patients  was  hospitalized. 

The  initial  symptoms  varied.  Signs  of  increased  intracranial  pressure  were 
the  most  common  presenting  complaints,  particularly  headaches  and  vomiting. 
Visual  disturbances,  reduction  or  loss  of  vision  and  diplopia  were  more  prom- 

inent initial  complaints  in  4  cases  (Cases  3,4,9,13).  Vegetative  disturbances, 
particularly  obesity,  disturbance  in  water  balance,  abnormal  secondary  sexual 
characteristics  and  somnolence  appeared  early  in  all  cases  except  Case  9. 

General  Manifestations  of  Increased  Intracranial  Tension:  Headache  was  a 
manifestation  common  to  all  observed  cases.  No  general  statement  can  be 
made  as  to  the  location  of  headache — except  to  say  that  in  itself  it  has 
no  locaUzing  value. 

Vomiting  was  another  frequent  symptom,  occurring  in  almost  all  of  the  cases 
observed  at  some  time  during  the  clinical  course. 

Papilledema  and  Optic  Atrophy:  While  the  former  is  considered  as  due  to 
increased  intracranial  tension,  the  latter  is  in  many  instances  the  result  of 
direct  pressure  of  the  tumor  upon  the  optic  chiasm,  tracts  or  nerves.  They 
are  considered  together  vxnder  this  heading  for  convenience  only. 

Fully  developed  papilledema  affecting  both  discs  was  present  in  only  5  cases 
(Cases  4,6,7,8,12).  Three  cases  disclosed  slight  papilledema  (Cases  5,13,14). 
Optic  atrophy,  on  the  other  hand,  was  noted  in  six  cases  (Cases  2,3,6,8,10,13), 
two  of  which  (Cases  6,8)  had  also  shown  papilledema.  Two  cases  exhibited 
neither  papilledema  nor  optic  atrophy  (Cases  1,9). 

No  deductions  could  be  made  as  to  the  relationship  of  the  site  of  the  tumor 

(21). 



270 JOSEPH  H.  GLOBUS  AND  KEN'iVKTH  M.  GAXG 

to  the  development  of  papilledema  or  primary  optic  atrophy,  nor  does  the  age 
of  the  patient  bear  any  relationship  to  these  two  variants  in  the  implication  of 
the  optic  nerves. 

Extrinsic  Ocular  Manifestations:  Some  disturbances  in  the  extrinsic  ocular 
mechanism  were  present  in  ten  cases  (Cases  1,2,3,5,7,8,9,10,11,14),  although 
these  were  neither  a  common  early  complaint  nor  a  prominent  feature  in  the 
further  course  of  the  patient.  They  ̂ -aried  from  involvement  of  a  single  muscle 
to  complete  bilateral  thiid  nor\  o  palsy  (Case  9).  Ptosis  was  described  in  six 
cases  (Cases  1,2,5,8,9,14),  unilateral  in  each  case  except  Case  9.  The  individual 
muscles  involved  included  the  internal  rectus  (Cases  1,2,8)  and  superior  rectus 
(Case  3).  One  patient  (Case  9)  displayed  bilateral  oculomotor  nerve  palsy  as 
well  as  a  right  abducens  palsy.  Conjugate  deviation  of  the  eyes  was  present  in 
one  case  (Case  11)  and  deficient  conjugate  movement  of  the  eyes  in  another 
(Case  5).  Pupillary  abnormalities  were  present  in  five  of  the  cases  (Cases 
1,5,7,9,11),  the  manifestations  including  minor  inequalities  of  pupillary  diameter 
to  complete  fixation  of  a  dilated  i)ui)il.  Proptosis  was  present  in  one  case 
(Case  5). 

Visual  Fi'ld  Di.sliirliancc:  Creat  variation  in  the  extent  of  visual  field  defects 
is  encoiuitered  in  t  his  type  of  tumor.  In  this  respect  this  type  of  tumor  behaves 
much  like  any  other  timior  in  this  location  (22).  The  records  of  our  patients 
unfortunatelj'  do  not  contain  information  concerning  the  visual  field  disturbances 
in  each  case.  Among  the  cases  adeiiuately  studied  from  this  point  of  view, 
temporal  field  defects,  either  unilateral  or  bilateral,  were  the  most  commonly 
encountered  type  of  defect  (Ca.ses  2,4,8,13,14)  with  homonymous  hemianopsia 
present  in  two  cases  (Cases  7,10). 

Visual  Acuity:  Diminution  of  \  ision  was  not  only  a  frequent  early  symptom 
but  also  a  common  finding,  witli  significant  asymmetry  in  the  reduction  of  the 
acuity  of  vision  in  the  clinical  covuse.  Complete  terminal  amaurosis  was 
encountered  in  only  one  case  (Case  8).  One  patient  (Case  13)  displayed 
"islands"  of  micropsia  and  teleopsia. 

Vegetatirc  Dislurbuna  s:  ( )i  great  clinical  significance  and  an  aid  in  the  locahza- 
tion  of  the  lesion  \\v\i.\  the  se\eral  vegetative  disturbances.  Seven  patient 
manifested  polydipsia  and  polyuria  (Cases  1,2,3,5,6,12,13).  Gastrointestinal 
complaints,  including  constipation  (Case  1),  anorexia  (Cases  1,2,3,8),  and 
epigastric  pain  (Cases  2,12)  were  not  without  importance.  Although  weight 
loss  naturally  accompanied  the  anorexia  in  the  four  cases  in  which  the  latter 
was  present,  obesity  was  found  in  five  patients  (Cases  3,4,0,11,12),  several  of 
whom  Avere  described  as  "Froehlich  type",  associated  with  hypogonadism  and 
underde\  elopcd  secondary  sexual  characteristics.  A  disturbance  in  hair  dis- 

tribution was  noted  in  several  cases,  with  lanugo  hair  described  in  one  case 
(Case  1)  and  loss  of  axillary  and  pubic  hair  at  the  age  of  20  constituting  an  early 
symptom  of  another  patient  (Case  8).  Amenorrhea  was  a  prominent  complaint 
among  the  femal  patients.  In  only  one  case  (Case  13)  were  mild  acromegalic 
features  described;  this  patient  proved  to  have  a  suprasellar  soUd  tumor,  at 
variance  with  the  findings  of  Critchley  and  his  co-workers  (13)  that  acromegaly 



CKAXIOPHAKYNGEOMA  AND  SUPRASELLAK  ADAMANTINOMA 271 

occurred  only  among  the  group  of  intrasellar  tumors.  In  our  case  the  pituitary 
gland  itself  was  intact.  In  agreement  with  the  findings  of  Frazier  and  Alpers 
(17),  in  the  few  cases  in  whom  basal  metabolic  rates  were  determined,  negative 
values  were  obtained. 

The  foregoing  constellation  of  symptoms  and  signs,  which  we  have  grouped 
under  the  heading  of  vegetative  disturbances  have  most  frequently  been  re- 

ferred to  in  the  literature  as  endocrine  and  particularly  "pituitary"  in  origin. 
In  the  majority  of  cases  studied,  the  pituitary  body  was  only  moderately  affected 
by  compression.  In  only  one  instance  (Case  2)  was  it  not  found;  in  another 
instance  (Case  8)  no  grossly  recognizable  pituitary  tissue  was  found  but  histo- 

logically, a  few  remnants  were  discovered  at  the  periphery  of  the  tumor;  in  a 
third  instance  (Case  10)  a  small  nodule  of  tissue  measuring  about  3  mm.  in  its 
long  diameter  was  all  that  was  left  of  the  pituitary,  while  in  the  fourth  instance 
(Case  11)  a  yellowish,  cheesy  granular  matei:ial  in  the  depth  of  the  sella  turcica 
was  all  that  was  left  of  the  pituitary  body.  On  the  other  hand,  since  most  of 
the  tumors  extended  for  a  considerable  distance  in  the  suprasellar  region,  they 
compressed  and  in  all  probability  disturbed  the  normal  function  of  the  hypo- 

thalamic structures.  A  similar  situation  was  noted  by  one  of  us,  Globus  (23),  in 
the  study  of  pineal  tumors.  It  was  found  there  that  the  vegetative  phenomena, 
which  are  exhibited  by  patients  with  pineal  tumors,  are  not  due  to  specific 
pineal  hormonal  effects  (since  they  are  present  only  in  a  small  number  of  pine- 
alomas)  but  are,  most  likely,  due  to  involvement  of  vegetative  centers  in  the 
hypothalamus  by  either  direct  invasion  or  secondary  pressure  effects. 

Pulse  and  Temperature  Dissociation:  A  form  of  discord  between  the  tempera- 
ture curve  and  that  of  the  pulse  rate  was  noted  in  some  cases.  It  points  to  a 

disturbance  in  the  heat  regulating  mechanism,  which  has  its  seat  in  the  hypo- 
thalamus and  the  neighboring  vasomotor  regulating  centre.  The  type  of  dis- 

sociation in  which  the  pulse  rate  does  not  follow  the  fluctuations  in  temperature 
was  a  condition  already  noted  in  a  previous  communication  (24)  in  which  it 
was  pointed  out  that  tumors  (and  probably  other  types  of  lesion)  in  the  hypo- 

thalamic region  are  hkely  to  produce  this  disorder.  It  may  thus  be  considered 
as  a  significant  localizing  sign. 

Miscellaneous  Neurological  Findings:  Many  findings  suggested  involvement 
of  various  regions  of  the  central  nervous  system,  both  near  to  and  distant  from 
the  site  of  the  primary  pathology.  Pyramidal  tract  signs,  such  as  Babinski  or 
Hoffman  signs,  absent  abdominal  reflexes  and  variations  in  the  strength  of  deep 
tendon  reflexes  were  present  in  10  cases  (Cases  1,2,3,4,5,7,8,10,11,14).  Cere- 

bellar signs,  including  generalized  hypotonia,  tremor,  and  unsteady  gait  were 
found  in  three  cases  (Cases  6,9,10).  One  patient  (Case  12)  complained  of 
olfactory  dulling  and  gustatory  hallucinations.  Dulling  of  intellect  was  noted 
in  several  cases,  but  no  psychometric  studies  were  done.  In  8  cases  unilateral 
central  facial  weakness  was  described  (Cases  1,2,5,8,9,10,11,14).  Frequent 
attacks  of  decerebrate  rigidity  were  a  prominent  feature  of  one  case  (Case  10) 
and  hemisensory  disturbances  were  present  in  2  cases  (Cases  11,14). 

Cerebrospinal  Fluid:  Cerebrospinal  fluid  studies  were  made  in  ele\'en  cases. 
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No  consistent  abnormalities  were  found.  Pressure  was  elevated  beyond  normal 
limits  in  only  one  case  (Case  5).  Protein  content  was  increased  in  two  cases 
(Cases  5,13).  Pleocytosis  was  found  in  one  case  which  showed  480  mononuclear 
cells  per  cu.  mm.  of  cerebrospinal  fluid  (Case  10),  one  200  cells  (Case  8),  one  10 
cells  (Case  7),  and  one  8  cells  (Case  13),  with  no  bacterial  organisms  found, 
suggesting  a  sterile  (reactive)  meningitis  due  to  irritation  of  the  meninges  by 
the  cyst  contents. 

X-ray  Findings:  X-ray  studies  of  the  skull  were  done  on  13  of  the  patients. 
All  of  the  patients  except  three  (Cases  11,12,13)  showed  changes  in  the  sella 
turcica  vaiying  from  erosion  of  the  clinoid  processes  to  diffuse  enlargement  of 
the  sella.  Abnormal  calcifications  were  described  in  7  patients  (Cases  2,3,4, 
5,6,7,8)  located  in  the  suprasellar  region.  Calcifications  were  present  within 
the  sella  as  well  as  above  it  in  one  case  (Case  2).  Air  studies  were  done  on  6 
patients,  5  of  whom  were  found  to.  have  dilated  lateial  ventricles  (Cases  5,7,12, 
13,14).  The  third  ventricle  was  dilated  in  2  of  thc>  patients  (Cases  5,14).  In 
the  other  cases  studied,  the  third  ventricle  either  ditl  not  fill  at  all  or  showed  a 
definite  filling  defect.  In  one  case  (Case  9)  in  whom  tlie  third  ventricle  was 
not  outlined,  it  was  reported  that  the  acjueduct  was  \isualized  and  displaced 
posteriorly. 

Radiotherapy:  Dee])  x-ray  therapy  was  administered  to  three  cases  (Cases 
3,5,8).  In  one  instance  (Cas(>  5)  no  impio\ement  was  noted.  In  another 
(Case  3),  there  was  a  brief  sul)sidence  of  some  of  the  symptoms.  In  a  third 
instance  (Case  8),  there  was  significant  abatement  of  all  symptoms,  including 
an  increase  in  the  visual  fields  for  a  period  of  one  year. 

Surgical  Intervention:  Operative  intervention  was  attempted  in  all  of  the 
cases;  in  Case  10,  only  a  ventricular  aspiration  was  carried  out.  In  3  cases 
(Cases  1,9,13),  because  of  the  poor  condition  of  the  patients  during  the  pro- 

cedure, the  operation  was  interrupted  before  completion.  In  2  cases  (Cases 
11,12)  the  tumor  was  not  found  at  operation.  In  all  other  cases,  the  cyst 
contents  were  evacuated  and  acces.sible  portions  of  the  tumor  were  removed. 

Survival  Periods:  Six  patients  (Cases  1,4,0,12,13,14)  died  within  the  immediate 
post-operative  period  following  their  first  operation  at  The  Mount  Sinai  Hos- 

pital. One  of  these  (Cases  0)  had  had  a  previous  craniotomy  at  another  hos- 
pital. In  three  of  the  ca.ses  (Cases  4,6,14),  the  operation  had  apparently  been 

a  procedure  with  no  untoward  occurrences,  yet  marked  post-operative  hyper- 
thermia developed.  Three  patients  (Cases  8,9,11)  showed  improvement  for 

several  months  after  operation,  although  no  tumor  had  been  found  in  one  of 
these  cases  (Case  11),  and  the  operation  had  been  interrupted  in  another  (Case 
9). 

One  patient  (Case  2)  died  2  years  after  operation,  from  a  mastoid  infection. 
One  case  (Case  3)  survived  for  5^  years,  post-operatively ;  at  that  time  she  showed 
recurrence  of  signs  with  greater  severity.  Subsequently,  contact  with  the 
patient  was  lost.  The  longest  survival  period  in  our  series  was  9  years,  in  a 
child  (Case  7)  who  had  had  a  decompression  and  two  subsequent  craniotomies 
for  partial  removal  of  the  cyst  wall. 
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From  the  foregoing  statement,  it  is  obvious  that  operative  intervention 
contributed  very  Uttle  in  estabUshing  a  lasting  or  permanent  cure,  in  spite  of 
the  fact  that  we  are  deaUng  with  a  tumor  that  can  be  accurately  recognized  and 
its  character  identified  in  fairly  early  clinical  stages  of  its  development.  It 
would  seem  as  Bailey  and  his  co-workers  (11)  said  that  in  the  great  majority  of 
instances  the  tumor  appears  to  be  of  a  benign  character  and  seems  to  meet  the 
favorable  conditions  for  the  surgeon.  Despite  this,  Gushing  (10)  felt  that 
"until  some  method  is  devised  whereby  the  usually  multilocular  epithelial 
lesion  can  be  destroyed  or  inactivated  in  situ  the  mortality  will  doubtless  remain 
high."  A  similar  gloomj'  outlook  as  to  the  expectation  of  life  in  the  majority 
of  such  cases  was  expressed  by  Frazier  (12). 

SUMMARY  OF  ANATOMICAL  OBSERVATIONS 

The  gross  appearance  of  the  hypophyseal  duct  tumors  varied  slightly,  the 
exposed  surface  being  somewhat  round  or  elliptical  in  outline.  When  cj'stic, 
these  tumors  were  provided  with  a  fairly  thick  capsule  readily  recognized  in 
the  exposed  parts,  but  to  a  large  extent,  hidden  from  view  where  it  was  inti- 

mately adherent  to  adjacent  brain  tissue  from  which  it  could  not  be  separated 
without  destruction  of  brain  substance. 

On  the  average  the  tumors  were  quite  large,  occupying  the  entire  inter- 
peduncular space,  often  extending  rostrad  beyond  the  optic  chiasm  and  by 

their  dorsal  expansion  raised  the  floor  of  the  third  ventricle  or  broke  through 
it  to  invade  the  ventricle.  The  structures  within  the  interpeduncular  space 
were  usually  compre.ssed,  flattened  and  often  displaced.  Frequently,  they 
were  adherent  to  the  tumor.  This  was  particularly  true  of  the  optic  chiasm, 
optic  tracts  and  oculomotor  nerves.  Where  the  floor  of  the  third  ventricle 
was  displaced  upward,  structures  such  as  mammillary  bodies  and  the  tuber 
cinereum  were  deformed  or  altogether  lost  their  identity. 

As  already  mentioned,  the  tumors  were  more  frequently  of  the  cystic  variety 
while  a  considerable  number  were  of  the  soUd  type.  When  cystic,  they  usually 
contained  a  greenish  or  yellowish  browTi  viscid  fluid.  Many  such  cysts  exhibited 
in  one  or  more  parts  of  the  wall  islands  of  solid  tumor  tissue  and  areas  of  cal- 
cification. 

The  solid  tumors,  the  so-called  adamantinomas,  which  often  contained  a  few 
scattered  cysts,  were  less  Ukely  to  be  enveloped  by  distinct  capsule  and  in  parts 
where  they  were  in  relation  to  the  floor  of  the  third  ventricle,  they  have  fused 
with  brain  tis.sue  and  often  broke  through  it  to  enter  the  third  ventricle.  Within 
that  ventricle,  they  presented  the  appearance  of  a  papillary  growth.  Not 
infrequently  the  third  ventricle  was  fully  occupied  by  the  tumor  and  the  floor 
3f  the  ventricle  was  no  longer  recognizable  and  probably  entirely  replaced  by 
tumor  tissue. 

Histologic  features:  The  greater  number  of  tumors,  as  already  mentioned, 
vere  of  the  cystic  variety  and  disclosed  a  fairly  uniform  histologic  character, 
ihat  of  a  .simple  papillary  cyst.  The  wall  of  the  cyst  consisted  of  a  layer  of 
ionnective  tissue  lined  by  a  regular  band  of  stratified  squamous  epithelium  in 
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various  stages  of  development  and  various  phases  of  degeneration.  The  lining 
gave  rise  to  numerous  verrucous  nodules  consisting  of  heaps  of  squamous  epithe- 

lial cells  projecting  into  the  cystic  cavity.  Alternating  with  this  there  were, 
in  .some  instances,  collections  of  cells  .simulating  hair  follicles,  and  other  col- 

lections of  cells  suggested  epithelial  pearl  formations.  Within  the  connective 
tissue  substratum,  as  well  as  in  the  adjacent  hyalinized  ti.ssue,  foreign  body 
giant  cells  were  often  encountered,  and  characteristic  spaces  of  dissolved  cho- 
lesterin  crystals  were  numerous. 

Several  of  these  tumors  contained  within  the  thicker  parts  of  the  wall  many 
embryonal  residues  simulating  cartilage,  bone,  hair  follicles,  sebaceous  cells, 
acinar  structures  simulating  those  of  the  pars  intermedia  and  enamel  organ  in 
various  stages  of  development.  The  presence  of  the  structures  simulating 
enamel  organ  primordia  made  it  difficult  to  draw  a  sharp  line  of  demarcation 
between  the  simple  papillary  cyst  and  the  solid  form  of  hypophyi?eal  duct 
tumors,  the  adamantinomas.  The  latter,  where  fully  developed,  presented 
features  in  striking  contrast  to  the  cystic  tumors.  They  contained  tracts, 
sheaths,  and  narrow  bands  of  squamous  epithelium.  The  latter  appeared  to 
branch  and  anastomose,  forming  complicated  structural  designs.  The  domi- 

nant cellular  elements  by  their  form  and  arrangement  bore  a  strong  resemblance 
to  the  embryonal  enamel  organ.  In  the  more  typical  areas,  there  could  be 
discerned  a  basilar  layer  of  cohimnar  cells  (the  ameloblasts) ,  a  layer  simulating 
the  stratum  intermedium  and  another  layer  consisting  of  the  so-called  stellate 
cells.  A  frequent  occurrence  in  this  type  of  tumor,  and  somewhat  less  common 
in  the  cystic  tumors  were  glandular  structures  bearing  strong  resemblance  to 
the  acini  characteristic  of  the  pars  intermedia  in  the  mature  pituitary  body. 
In  addition,  there  was  an  abundance  of  supporting  tissue  consisting  of  fibrous 
material  often  hyalinized. 

Embryologic  considerations:  Attention  was  already  called  in  foregoing  pages 
that  the  tumors  under  consideration  have  their  origin  in  residues  of  the  cranio- 
oral  (pharyngeal)  duct.  These  residues  are  in  the  nature  of  aggregations  of 
epithelial  cells  which  have  strayed  away  from  their  point  of  origin  to  the  surface 
of  the  infundibular  stalk  at  its  junction  with  the  hypophysis.  These  residues 
form  lower  and  upper  groups  and  attempts  have  been  made  to  distinguish 
between  tumors  presumably  derived  from  lower  and  those  ai'ising  from 
upper  group  cells.  Those  derived  from  the  lower  group  remain  within  the 
sella  turcica.  Those  arising  from  the  upper  group  are  said  to  form  above 
the  sella  turcica.  From  there  they  extend  upward,  raising  the  floor  of  the 
third  ventricle,  often  completely  occluding  it.  It  is  also  said  that  the  former 
constitute  the  majority  of  cases.  None  of  these  observations  are  borne  out  by 
the  findings  in  our  material  or  by  a  survey  of  material  reported  elsewhere.  It 
seems,  as  shown  by  our  material,  that  no  distinction  can  be  made  between 
tumors  derived  from  one  or  another  group  of  cells,  much  as  it  would  be  desirable 
to  consider  the  cystic  tumors  as  those  arising  from  an  upper  cell  group  and  the 
solid  tumors  from  a  lower  cell  group.  While  the  latter  are  more  likely  to  be  of 
the  adamantinomatous  character,  and  contain  structures  pointing  to  an  origin 

I 
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from  primordia  lower  in  the  cranio-oral  tract,  it,  nevertheless,  is  not  possible 
to  go  beyond  an  assumption. 

Pituitary  body:  The  pituitary  bodies  in  a  large  number  of  cases  were  within 
fairly  normal  limits.  In  only  a  few  cases  were  they  compressed  showing  evidence 
of  disintegration.  In  one  case  (Case  2)  there  was  no  record  of  the  presence  of 
the  pituitary  and  no  vestige  of  the  gland  was  noted  in  the  wall  of  the  cyst  (no 
serial  sections  were  cut).  A  .similar  condition  was  found  in  Case  11  where  the 
pituitary  was  replaced  b}^  yellowish  cheesy  material  while  in  two  other  cases 
(Cases  8,10)  very  small  remnants  of  pituitary  tissue  were  all  that  was  found. 

CONXLUSIONS 

1.  Fourteen  ca.ses  of  hypophyseal  duct  tumor  are  described. 
2.  The  tumors  were  found  to  be  derived  from  residues  of  the  so-called  cranio- 

pharyngeal  (cranio-oral)  duct. 
3.  The  tumors  were  subgrouped  as  cystic  and  solid;  and  in  each  subgroup 

there  were  those  which  were  identified  as  papillomatous  and  those  which 
were  partially  or  dominantly  adamantinomatous. 

4.  The  tumors  often  implicated  the  floor  of  the  third  ventricle,  or  broke 
through  it  to  expand  into  the  third  ̂ 'entricle,  thereby  causing  hypothalamic disorders. 

5.  Clinically,  the  recorded  cases  presented  constellations  of  symptoms  and 
signs  which  offered  sub.stantial  diagnostic  leads.  Among  the  lattei',  in 
order  of  their  significance  and  in  varying  degree,  were: 
(a)  Vegetative  disturbances,  such  as  retarded  growth,  disturbance  in  fat 

distribution  with  occasional  underde\-elopment  of  secondary  sex 
cliaracteristics  (Froelich's  syndrome),  imbalance  in  water  metabolism 
(polydipsia  and  polyuria),  amenorrhea,  loss  of  libido,  pulse  and  tempera- 

ture discord,  anorexia,  obstinate  constipation. 
(b)  General  manifestation  of  increased  intracranial  tension,  which  in- 

cluded headache,  accompanied  by  nausea  and  vomiting,  papilledema 
and  mental  retardation. 

(c)  Signs  due  to  direct  pressure  by  tumor:  optic  atrophy,  loss  of  acuity 
of  vision,  hemianopic  field  defects,  pyramidal  and  cerebellar  signs. 

(d)  X-ray  findings,  consisting  of  calcifications  in  or  about  the  .sella  turcica. 
6.  Surgical  intervention  in  many  instances  resulted  in  but  temporary  relief 

and  at  best,  in  a  relatively  longer  surA  ival  period. 
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CASE  HISTORY 

History:  A  house  wife,  aged  46  years,  was  admitted  to  The  Mount  Sinai  Hospital  on  Feb- 
ruary 12,  1943  in  a  state  of  coma  of  sixteen  hours  duration.  It  was  said  by  members  of  the 

family  that  with  the  exception  of  a  non-productive  cough  which  began  14  months  ago,  the 
patient  had  had  no  previous  illness.  The  cough  disappeared  for  a  short  period,  and  about 
8  months  prior  to  admission  she  developed  pain  in  the  right  side  of  the  chest  and  fever.  This 
was  diagnosed  as  pleurisy  and  she  was  confined  to  bed  for  2  months.  She  made  a  fair  re- 

covery but  soon  thereafter  began  to  exhibit  wheezing  respirations  suggestive  of  bronchial 
asthma.  Adrenalin  was  ineffective  in  controlling  the  asthmatic  attacks,  ^'arious  skin 
tests  failed  to  reveal  an  allergic  etiology.  Bronchoscopy  did  not  disclose  an}-  abnormalities 
in  the  trachea  or  bronchi  at  the  time  of  the  examination.  In  September  1942  she  began  to 
experience  substernal  pain  which  at  first  intermittent  in  character  became  progressivelj' 
worse.  On  the  evening  of  February  11,  1943  when  seen  at  her  home  she  appeared  to  be  in 
status  asthmaticus.  It  was  said  that  this  ctmdition  began  the  day  before  when  after  a  fit  of 
coughing  she  suddenly  developed  dyspnoea,  cyanosis  and  wheezing  respiration.  Inasmuch 
as  the  usual  therapeutic  measures  such  as  epinephrine  1 :1000,  epinephrine  in  oil,  etc.  proved 
of  no  avail  in  controlling  the  sj^mptoms,  her  physician  administered  20  cc.  of  ether  in  oil, 
for  the  purpose  of  sedation.  Although  most  of  this  was  expelled,  the  patient  went  into  a 
shock  from  which  she  recovered  in  about  30  minutes.  On  regaining  consciousness  she  re- 

mained in  respiratory  distress. 
At  this  time  on  physical  examination  the  patient  appeared  markedly  cyanosed  and  gasp- 

ing for  breath.  The  respirations  were  shallow  and  rapid  with  a  rate  of  40-50  per  minute. 
Her  chest  appeared  distended  and  on  percussion  was  tympanitic  throughout.  Auscultation 
disclosed  generalized  sonorous  rales  indistinguishable  from  those  of  true  bacterial  asthma. 
Her  heart  showed  no  abnormalities,  but  the  pulse  was  rapid.  She  answered  questions  ra- 

tionally although  with  difficulty,  due  to  the  embarrassment  in  her  breathing.  She  pointed 
to  the  upper  part  of  the  sternum  as  the  seat  of  the  greatest  discomfort. 

In  an  attempt  to  give  relief,  she  received  within  the  space  of  two  hours,  i  grain  of  papa- 
verin,  100  mg.  of  nicotinic  acid  intravenously,  0.5  cc.  of  epinephrine  1 :1000, 1  cc.  of  epineph- 

rine in  oil  as  well  as  10  cc.  of  aminophyllin  intravenously  without  the  slightest  effect. 
The  dyspnoea  and  the  wheezing  respiration  continued  even  though  oxygen  was  continu- 

ously administered  through  a  nasal  catheter.  It  was  therefore  decided  that  sedation  was 
the  treatment  of  choice  and  the  patient  was  given  3  grains  of  Seconal  and  3  grains  of  sodium 
amytal  by  mouth.  Following  this  she  gradually  became  somnolent  and  lapsed  into  uncon- 

sciousness. The  following  day,  February  12,  1943,  she  was  brought  to  The  Mount  Sinai 
Hospital. 

Examination:  On  admission  she  was  in  a  stuporous  state,  witli  manifest  cyanosis  and 
wheezing  respiration.  Physical  examination  showed  the  neck  veins  distended,  the  trachea 
was  shifted  to  the  left  and  the  respiratory-  iiiu\  f  incnt.s  of  the  left  side  of  the  chest  were  very 
much  diminished.  On  percussion  that  si.lc  as  comijared  with  the  right  presented  marked 
tympany  both  anteriorly  and  posteriorly.  The  resonance  at  the  right  base  was  impaired. 
On  auscultation  coarse  rales  and  wheezing  respiration  were  especially  audible  over  the  right 
lung.  There  was  a  diminution  in  the  breath  sounds  over  the  left  lung.  The  heart  was  in 
the  normal  position  and  the  sounds  were  of  good  quality.  The  blood  pressure  was  100  sys- 

tolic and  60  diastolic.  The  liver  was  palpable  2  fingers  below  the  costal  margin.  The  rest 
of  the  examination  was  negative  except  for  absence  of  deep  reflexes. 
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Course:  The  history  of  continuous  wheezing  and  the  shifting  of  the  trachea  to  the  left  to- 
gether with  the  restricted  respiration  of  the  left  chest  suggested  the  possibility  of  tracheal 

obstruction.  Since  the  x-ray  examination  which  was  made  immediately  on  admission 
showed  no  abnormality  in  the  lungs,  it  was  decided  that  she  should  be  bronchoscoped. 
Bronchoscopy  on  this  occasion  disclosed  a  smooth  lobular  tumor  5  cm.  above  the  carina. 
The  mass  moved  from  side  to  side  and  seemed  to  be  sucked  in  alternately  to  the  left  and  right 
main  bronchus  with  each  inspiration.  The  tumor  appeared  to  arise  from  a  broad  base  on 
the  posterior  wall  of  the  trachea  and  proved  to  be  readily  removable  with  very  little  bleed- 

ing. Following  this  procedure  t  he  (•\  an(i.sis  and  dyspnoea  which  had  persisted  continuously 
for  36  hours,  disappeared  almost  cuiiiplcii'ly  and  the  patient  resumed  normal  breathing. 
At  this  time  her  temperature  had  risen  to  WVF.  and  it  was  decided  to  give  sulphathiazole 
prophylactically  because  of  the  possibility  of  a  complicating  pneumonia. 

The  ftjllowing  morning  after  only  one  gram  of  sulphathiazole  had  been  given  intra- 
venously, the  blood  urea  was  found  to  be  36  mg.  per  cent.  The  blood  chlorides  were  610; 

the  carbon  dioxide,  48  volumes  per  cent.  The  urine  showed  2  plus  albumin,  the  presence  of 
urobilin,  1 :2  and  a  few  hyalin  and  granular  casts  with  a  moderate  number  of  red  blood  cells. 
The  hemoglobin  was  68  per  cent,  the  red  blood  cells  3.6  million.  The  white  blood  cells 
10,950  with  75  per  cent  segmented  polynuclear  cells,  8  per  cent  nonsegmented,  lymphocytes 
15  per  cent  and  monocytes  1  per  cent. 

In  the  belief  that  her  comatose  state,  in  spite  of  regular  respirations,  may  have  been  due 
to  barbiturate  intoxication,  although  she  had  only  received  six  grains  in  all  (3  grains  of 
Seconal  and  3  of  sodium  amytal),  she  was  given  6mg.of  picrotoxin  intravenously.  Following 
this  she  opened  her  eyes,  appeared  aware  of  her  environment  but  could  not  answer  questions. 
The  same  dose  of  picrotoxin  was  repeated  on  four  successive  occasions  but  with  no  improve- 

ment. Throughout  the  nine  days  of  hospitalization  she  never  fully  regained  conscious- 
ness, except  that  occasionally  she  would  open  her  eyes  and  look  about  blankly. 

A  neurological  examination  did  not  point  to  any  localizing  cerebral  lesion.  The  neurolo- 
gist. Dr.  Joseph  H.  (  ilohiis,  cxprcsspd  the  opinion  that  hypoventilation  of  the  brain  coupled 

with  the  sedation  weie  jHoijaljIy  responsible  for  the  prolonged  episode  of  unconsciousness. 
The  electroencephalogram  showed  diffuse  abnormal  cerebral  activity  with  !io  evidence  of 
any  focal  lesion. 

Treatment  consisted  of  repeated  intravenous  injections  of  Ringers  solution  with  calcium 
gluconate,  10  per  cent  glucose  and  blood  transfusions,  all  without  any  results. 

.\fter  several  days  the  patient  developed  fine  rales  at  the  base  of  the  left  lung,  suggestive 
of  pneumonic  infiltration.  Peculiar  bulbous  lesions  appeared  all  over  the  body  especially  at 
points  of  pressure.  The  temperature  remained  at  high  levels  ranging  between  102°  and 
104°F.  The  pulse  rate  was  between  110  and  140  beats  per  minute.  The  respiratory  rate which  had  come  down  to  24  per  minute  after  the  removal  of  the  tumor  rose  three  days  after 
admission  to  between  36  and  40  per  minute.  She  developed  edema  of  the  face  and  back  as 
well  as  chemosis  of  the  conjunctivae.  The  urinary  output  decreasetl  and  the  blood  urea  be- 

gan to  mount.  Although  the  uremia  had  apparently  begun  before  sulphathiazole  had  been 
admini.stered  in  any  appreciable  ciuantity,  it  was  thought  advisable  to  exclude  anuria  due  to 
blockage  by  suli)hat hiazolc  cr.x  sl ;ds.  (  '\-stoscopy  however,  showed  no  evidence  of  obstruc- tion anil  ilic  urinary  finw  was  present  on  both  sides.  The  total  output  of  urine  increased 
somewhat  following  this  i)r()co<hire,  but  not  to  any  marked  extent.  On  the  17th  of  Febru- 

ary, five  days  after  admission,  the  total  output  nf  urine  was  2.50  cc  in  24  hours.  The  specific 
gravity  was  1014  and  albumin  was  2  plus.  The  blood  urea  nitrogen  on  February  14,  two  days 
after  admission,  was  184  mg,  per  100  cc.  TIkmc  was  no  rise  in  blood  pressure  which  initially 
showed  a  systolic  of  100  and  a  diastolic  <>[  m.  Three  days  before  exitus  there  was  a  sudden 
appearance  of  icterus  associated  with  hemorrhagic  vesicles  and  numerous  echymosis  in 
various  parts  of  her  body.  The  patient  showed  distinct  evidence  of  uremia  and  died  on 
February  20.  It  was  the  opinion  of  Dr.  .Jo.seph  H.  Globus,  who  re-examined  her  two  days 
before  she  died,  that  the  cerebral  symptoms  were  due  to  an  encephalopathy  secondary  to 
transient  anoxemia. 
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N ecropsy  findings .  The  essential  gross  necropsy  findings  as  reported  by  Dr.  Paul  Klem- 
perer  were  as  follows : 

Trachea.  On  separating  the  esophagus  from  the  trachea,  a  pyramidal  tumor  was  en- 
countered at  the  posterior  and  right  lateral  aspect  of  the  trachea  which  was  intimately  con- 

nected with  the  tracheal  wall.  This  measured  4  cm.  in  length  and  2.5  cm.  at  the  base.  The 
tip  of  this  mass  was  situated  near  the  bifurcation  <if  the  trachea.  It  was  well  encapsulated, 
of  brownish  color  and  moderately  soft  consistency  .  .Vdherent  to  it  was  the  vagus  nerve. 
On  the  inner  aspect  of  the  posterior  tracheal  wall  above  the  bifurcation  at  the  same  level  as 
the  external  tumor  mass,  there  was  an  area  denuded  of  mucosa.  In  the  base  of  this  two 
cartilagenous  rings  were  visible  which  showed  irregular  edges  as  if  the  terminal  parts  had 
been  resected. 

In  addition  there  were  present,  marked  acute  pulmonary  emphysema  and  edema  of  the 
lungs;  bronchopneumonia  at  the  right  lower  lobe;  acute  congestion  of  the  liver,  spleen  and 
kidneys,  necrotizing  inflammation  of  the  lower  half  of  the  esophagal  mucosa;  multiple 
petechiae  of  the  skin  and  small  submucosal  hemorrhages  in  both  kidney  pelves,  bladder, 
colon  and  rectum;  moderate  hypertrophy  of  the  right  ventricle  and  subicterus. 

Microscopic  findings.  Trachea.  The  tumor  of  the  trachea  was  found  to  be  an  infiltrat- 
ing cylindroma  which  ensheathed  the  vagus  nerve. 

Lungs.  There  was  evidence  of  marked  emphysema  and  bronchopneumonia  in  the  right 
lower  lobe.  The  rest  of  the  lung  showed  congestion,  edema  and  hemorrhages  into  the 
alveoli  and  bronchi. 

Heart.  There  was  intimal  thickening  of  one  coronary  branch,  otherwise  no  abnormalities 
were  present. 

Liver.  The  main  finding  consisted  of  severe  congestion  of  the  central  portions  of  the 
sinusoids,  atrophy  and  disappearance  of  central  zone  of  liver  cell  cords  and  fatty  infiltration 
of  the  liver  cells  in  the  peripherj^  of  the  lobules.  The  cytoplasm  of  the  liver  cells  showed 
fat  globules  together  with  clumps  of  bile  pigment.  The  nuclei  of  man}-  cells  appeared  to  be breaking  up  into  small  round  dark  stained  fragments. 

Spleen.    There  was  evidence  of  marked  congestion  and  decrease  in  the  lymphoid  tissue. 
Kidney.  Congestion,  edema  and  definite  degeneration  of  the  tubular  epithelium  in  the 

cortex  with  vacuolization  and  disappearance  of  cells  appeared  to  be  present.  In  addition 
there  were  degeneration  of  tlie  tubular  epithelium  in  the  medulla  and  carryorrhexis  with 
formation  of  numerous  dark  round  fragments  as  well  as  submucosal  hemorrhages  of  the 
calyces. 

Brain.  The  scalp,  calvarium  and  dura  were  negative.  The  leptomeninges  were  clear  and 
glistening.  Grossly  the  brain  appeared  normal  although  it  was  slightly  softer  than  usual. 
The  vessels  at  the  base  of  the  brain,  the  pituitary  gland  and  the  inner  ears  were  negative. 

On  sectioning,  the  most  striking  lesion  was  found  bilaterally  and  symmetricallj'  within 
the  globus  pallidus  which  showed  markedly  reduced  consistency,  and  was  exceedingly 
friable  with  a  greyish-red  discoloration.  This  was  evidenced  in  the  most  internal  part  of 
each  globus  pallidus.  The  lateral  portions  as  well  as  the  putamen  seemed  to  be  intact. 
Throughout  the  white  substance  of  both  cerebral  hemispheres  there  were  small  punctate 
areas  of  discoloration  which  seemed  to  be  either  minute  areas  of  red  softening  or  areas  of 
extravasation.  These  were  also  found  within  the  middle  cerebellar  peduncle  and  the  teg- 

mentum of  the  pons. 
Microscopic  Description.  "In  the  region  of  the  globus  pallidus  there  is  a  large  area  of very  recent  rarefaction.  There  is  no  apparent  reactive  phenomenon  in  the  form  of  gliosis 

or  inflammation.  The  cerebral  cortex  elsewhere  shows  no  abnormality.  With  the  Nissl 
stain,  the  aforementioned  area  noted  in  hematoxylineosin  preparation,  shows  complete 
cellular  depopulation  or  else  they  have  failed  to  stain.  Patent  vessels,  although  moderately 
sclerosed,  are  seen  in  this  area.  At  the  periphery  there  seems  to  be  an  increase  in  the  num- 

ber of  glia;  some  of  which  are  of  the  compound  granular  corpuscle  varietj-." Diagnosis.    Encephalomalacia  due  to  anoxemia  in  the  region  of  the  globus  pallidus. 
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DISCUSSION 

Under  ordinary  circumstances  the  presence  of  cough  antedating  true  asthmatic 
seizures  is  a  frequent  occurrence.  The  original  diagnosis  of  bronchial  asthma  in 
this  patient  was  to  a  certain  extent  therefore  justified,  despite  negative  findings 
of  allergy,  especially  since  bronchoscopy  six  months  prior  to  admission  to  the 
hospital  did  not  reveal  any  obstructive  lesion  in  the  respiratory  tract.  The 
negative  bronchoscopic  findings  were  probably  due  to  the  fact  that  at  the  time  of 
the  examination  the  infiltrative  lesion  of  the  trachea  was  insufficiently  pronounced 
to  be  detected.  The  bronchospasm  responsible  for  the  wheezing  respiration 
simulating  true  bronchial  asthma  could  therefore  not  have  been  due  to  tracheal 
obstruction  as  such,  but  in  the  light  of  the  subsequent  autopsy  findings,  to  vagal 
irritation  induced  by  the  infiltration  of  the  cylindroma  into  and  about  the  vagus 
nerve.  That  stimulation  of  the  vagus  produces  bronchial  constriction  is  well 
known.  The  gradual  invasion  of  the  fibres  of  the  vagus  nerve,  by  tumor  cells  as 
observed  microscopically,  could  therefore  account  for  the  irritation  of  this  nerve 
with  the  resulting  cough  and  the  intermittent  attacks  of  asthma  in  the  early 
phases  of  the  patient's  illness,  whereas  the  more  or  less  complete  investment  of 
the  vagus  by  the  neoplasm  would  explain  the  continuous  wheezing.  The  onset 
of  so-called  status  asthmaticus,  unusual  in  bronchial  tumors,  was  probably  due 
to  the  combined  effect  of  sud  denobstruction  at  the  bifurcation  of  the  trachea  and 
the  persistent  bronchospasm  induced  by  intense  stimulation  of  the  vagus  nerve. 
The  reason  for  the  failure  of  various  anti-asthmatic  remedies  to  control  the  pa- 

tient's symptoms  thus  becomes  patent.  Obviously  we  were  dealing  with  an 
"asthma  sjmdrome"  due  not  to  edema  and  spasm  of  the  bronchi  on  an  allergic 
basis,  but  to  an  unusual  form  of  bronchospasm  caused  by  the  mechanical  and 'or 
possibly  chemical  irritation  of  the  vagus  nerve  by  the  infiltrating  growth  on  the 
one  hand,  and  intermittent  bronchial  obstruction  by  a  pendulating  mass  on  the 
other.  This  combination  of  factors  proved  to  be  responsible  for  the  interference 
with  the  normal  respiratorv  exchange  and  led  to  a  progressive  state  of  anoxemia. 
Under  such  circumstances  six  grains  of  barbiturates  could  be  sufficient  to  accen- 

tuate the  anoxic  state  in  a  brain  whose  oxidative  functions  were  already  de- 
pressed, and  thus  precipitate  a  state  of  coma.  The  ravages  of  oxygen  deficiency 

were  clearly  demonstrable  in  the  encephalomalacia  observed  in  the  region  of 
globus  pallidus. 

Cerebral  Changes  Due  to  Anoxemia.  That  anoxemia  may  give  rise  to  degenera- 
tion in  the  central  nervous  system  has  been  shown  by  a  number  investigators. 

A  recent  pertinent  report  by  Suggs  (1)  deals  with  the  case  of  a  32  year  old  female 
patient  who  had  been  given  3  grains  of  nembutal,  \  grain  of  morphine  sulphate, 
and  xTo  gi'ain  of  atropin  sulphate,  prior  to  nitrous  oxide  anesthesia  for  an  opera- 

tion of  an  incomplete  abortion.  After  15  minutes  of  anesthesia,  the  patient 
ceased  breathing.  She  was  revived  within  an  hour  and  li\'ed  for  41  days  in  a 
state  of  semiconsciousness  with  a  temperature  between  101°  and  104°F.  and 
pulse  of  110  to  140.  ̂ ^arious  laboratory  studies  such  as  urine  examination  and 
blood  chemistry  were  found  to  be  negative.    At  autopsy  the  most  striking  finding 
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consisted  of  cerebral  and  basal  ganglia  degeneration.  The  remaining  organs 
showed  moderate  parenchymatous  degenerative  changes  in  the  kidneys  and  liver 
in  addition  to  a  lung  abscess  in  the  lower  right  lobe. 

EJlect  of  Oxygen  Deficiency  on  the  Liver.  The  development  of  jaundice  as  a 
result  of  anoxemia  has  been  studied  by  numerous  workers,  notably  Rich  and 
Resnik  (2);  Rich,  Bumstead  and  Barron  (3);  Hesse  (4),  Ladewig  (5),  Monroe  A. 
Mclver  (G) ;  Buchner  (7)  and  others.  Rich  and  his  associates  have  demonstrated 
that  simple  anoxemia  brings  about  not  only  atrophic  shrinkage  of  the  liver  cells 
but  also  necrosis  of  the  central  live  lobules  in  the  absence  of  heart  failure  and- 
evidence  of  passive  congestion  in  the  lungs,  spleen  or  any  other  organs.  The 
cells  about  the  efferent  vein  in  contrast  to  those  in  the  pei-ipheral  region,  are  defi- 

nitely more  sensitive  to  the  effects  of  a  deficient  oxygen  supply,  just  as  they  are 
apparently  more  sensitive  than  the  peripheral  cells  to  the  toxic  effects  of  chloro- 

form and  other  poisons.  Rich  and  Bumstead  have  also  shown  that  accompany- 
ing this  liver  damage  is  a  concommittant  depression  of  the  excretory  function  of 

the  liver  so  that  its  ability  to  excrete  bilirubin  injected  into  the  blood  stream  is 
impaired.  When  necrosis  of  the  central  liver  cells  is  sufficiently  widespread  the 
features  of  regurgitation  jaundice  appear  because  whole  bile  leaks  into  the  blood 
from  the  broken  canaliculi  in  to  the  necrotic  area.  Similar  liver  changes  have 
been  described  in  various  anemias  and  in  cases  of  cardiac  decompensation  where 
anoxemia  plays  the  dominant  role  in  the  development  of  a  retention  type  of 
jaundice. 

In  airmen,  who  died  as  a  result  of  anoxemia  due  to  the  effect  of  atmospheric 
conditions  at  high  altitudes,  Ladewig  describes  round  or  polyhedric  vacuoles  in 
the  liver  nearest  to  the  acinous  centers,  which  do  not  contain  fat  or  glycogen. 
Corresponding  alterations  could  be  produced  in  guinea  pigs  and  rabbits  under 
atmospheric  conditions  similar  to  those  at  high  altitudes  by  keeping  animals  in 
low  pressure  chambers  under  normal  pressure,  but  reduced  oxygen  content  of  the 
respiratory  air.  Rossin  (8),  for  example  described  parenchymatous  degeneration 
and  necrosis  in  the  central  portions  of  the  lobules  in  guinea  pigs  and  rabbits  sub- 

jected to  low  oxygen  tension.  Identical  liver  degeneration  has  been  reported 
by  Hesse  in  individuals  thro\m  into  an  anoxemic  crisis  through  suffocation  or 
drowning. 

Renal  Changes  due  to  Anoxemia.  That  oxygen  want  is  also  responsible  for 
urinary  suppression  and  uremia,  the  pathological  substrate  of  which  consists  of 
tubular  degeneration  in  the  kidneys,  has  been  demonstrated  both  clinically  and 
at  necropsy.  The  abnormal  physiological  effects  upon  the  renal  output  in  the 
case  of  a  healthy  male,  who  overbreathed  for  45  minutes  and  failed  to  breathe 
again  as  he  intended  to  do  after  the  fifth  time,  has  been  reported  by  McCance 
(9).  In  this  clinical  experiment  acute  anoxemia  followed  and  was  sufficiently 
severe  to  cause  unconsciousness  for  about  8  minutes.  The  subject  was  in  a  state 
of  collapse  for  two  hours  and  recovered  completely  in  three  hours.  During  the 
period  of  sjmcope  five  samples  of  urine  were  collected  and  analyzed  with  results 
as  follows:  1)  The  process  of  ammonia  excretion  and  the  ability  to  concentrate 
liydrogen  ions  was  unimpaired.    2)  The  rate  of  excretion  of  creatinine  and  of 
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sulphates  were  reduced  respectively  to  three  quarters  and  two  thirds  of  their 
initial  values.  3)  The  rate  of  excretion  of  urea  was  reduced  to  one  fifteenth  of  its 
original  value.  "Part  of  this  reduction  maj'  have  been  due  to  great  increase  in 
the  excretion  of  ammonia."  4)  The  rate  of  excretion  of  water,  sodium,  potas- 

sium, chlorine  and  phosphorus  was  reduced  from  one  fifth  to  one  fifteenth  of  their 
original  values.  5)  Urea  clearance  fell  from  107  per  cent  of  normal  to  17  per  cent 
during  the  period  of  collapse.  It  remained  subnormal  for  three  hours  then  rose 
to  114  per  cent. 

The  theoretical  explanation  of  these  observations  according  to  McCance  is 
obscure,  because  not  enough  is  kno\\-n  of  the  way  urea,  creatinine  and  sulphates 
are  normally  excreted  and  especially  how  the  clearance  of  these  three  substances 
are  related  to  true  glomerular  clearances.  "The  fall  in  the  excretion  rates  of 
creatinine,  urea  and  sulphates  possibly  other  salt  ions  coupled  with  the  proba- 

bility that  some  fall  of  blood  pressure  took  place  suggest  some  fault  in  glomerular 
filtration." 

The  basis  for  the  renal  disturbances  following  anoxemia  as  above  described 
becomes  clearer,  in  the  light  of  the  necropsy  findings  in  a  series  of  cases  who  died 
from  "crush  injuries"  in  the  bombing  of  London  as  recently  reported  by  Bywaters 
and  Beall  (10),  Beall  (11)  and  his  co-workers;  Mayon-Whyte  and  Solandt  (12); 
Glen  (13);  Young  and  McMichael  (14)  and  others.  The  patients  studied  ranged 
in  ages  from  1 1  and  upwards.  The  victims  were  rescued  after  having  been  buried 
for  three  or  more  hours  under  debris  from  devastated  buildings.  Some  of  them  had 
sustained  crush  injuries  to  their  legs  and  developed  shock,  whereas  others  with 
the  exception  of  a  hematoma  in  an  extremity  resulting  from  an  overlying  boulder 
presented  no  demonstrable  injury  either  to  the  soft  or  skeletal  tissues.  After 
recovery,  as  a  result  of  replacement  of  the  circulatory  fluids  the  majority  of 
patients  developed  oliguria,  smoky  urine  and  edema.  Death  in  uremia,  \\ith 
markedly  elevated  blood  urea,  followed  after  about  a  week  in  most  instances, 
some  few  however  recovered. 

In  this  connection  the  clinical  and  pathological  findings  in  a  girl,  11  years  of 
age,  pinned  under  debris  for  three  hours  are  of  pertinent  interest.  Complete 
examination  in  this  patient  revealed  no  injury  except  for  a  hematoma.  She  was 
drowsy,  manifesting  pitting  edema  from  hip  to  toes  and  almost  complete  anuria 
except  for  a  few  cc.  of  urine.  In  spite  of  treatment  the  blood  proteins  decreased 
from  6.4  to  4.8  mg.  The  blood  pressure  rose  to  145  systolic  and  110  diastolic 
and  the  blood  urea  to  399  mg.  per  100  cc.  before  death.  The  temperature  re- 

mained subnormal  throughout.  At  autopsy  most  of  the  tubules  contained  a 
peculiar  debris  that  stained  a  brick  red  color  with  eosin.  The  tubules  showed 
marked  degeneration,  and  some  of  the  cells  lost  their  outlines  completely.  The 
glomerulae  were  normal  and  the  capsular  spaces  were  not  dilated.  In  the  cases 
reported  hy  Bywaters,  the  degenerati\'e  changes  took  place  in  the  proximal  con- 

voluted tubules  and  pigment  casts  were  present  in  more  distant  parts.  The 
lungs  showed  focal  hemorrhages  and  patchy  edema,  while  the  liver  displayed 
parenchymatous  degeneration  and  edema  in  the  region  of  the  portal  system  with 
dilated  lymphatics. 
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The  question  whether  an  unidentified  toxic  derivative  from  crushed  or  necrotic 
muscles  is  responsible  for  the  renal  damage  observed  in  these  cases  is  excluded  by 
Tomb  (15)  on  the  following  grounds.  1)  The  symptoms  of  renal  insufficiency 
appear  early,  and  are  progressive  even  though  the  crushed  limb  is  amputated, 
2)  they  are  found  in  cases  where  no  crushing  of  muscles  has  occurred,  3)  they  do 
not  occur  as  a  sequel  of  infarction  or  absorption  of  blood  clot  (tissue  necrosis),  4) 
it  is  impossible  to  establish  by  cross  circulation  or  other  methods,  that  the  blood 
of  an  animal  suffering  from  crushing  cf  the  limbs  (traumatic  shock)  is  toxic 
(McDowell,  (IG)). 

Manifestations  due  to  anoxemia  similar  to  the  renal  failure  of  crush  injuiy, 
with  comparable  degenerative  changes  in  the  envoluted  tubules,  which  persisted 
after  successful  restoration  of  the  circulation  by  saline  infusion,  have  also  been 
reported  by  Tomb  in  association  with  the  anuria  in  cholera. 

It  is  evident  therefore  as  a  result  of  these  observations  that  oxygen  deficiency 
may  induce  pathological  changes  in  various  organs.  In  the  brain  such  altera- 

tions may  be  characterized  by  encephalomalacia,  in  the  liver  by  a  central  ne- 
crosis of  the  liver  cells,  and  in  the  kidney  by  tubular  degeneration.  Such  tissue 

changes  may  be  responsible  for  development  of  coma,  jaundice,  anuria  and 
uremia.  The  presence  of  similar  manifestations  in  the  case  under  discussion,  sup- 

ported by  the  post-mortem  evidence  of  encephalomalacia  in  the  region  of  the 
globus  pallidus,  the  degeneration  of  the  central  zone  of  the  liver  cords  and  tubular 
epithelium  in  the  cortex  and  medulla  of  the  kidneys,  is  strongly  suggesti\'e,  in  the 
absence  of  any  other  etiologic  factor,  that  anoxemia  was  the  most  probable  cause 
of  this  clinical  picture.  The  possibility  that  the  hepato-renal  damage  may  have 
been  caused  by  the  sulphathiazole  is  unlikely  inasmuch  as  the  1  gm.  administered 
was  too  small  a  dose  to  cause  such  extensive  injury  to  various  organs  unless  the 
question  of  hypersensitiveness  to  this  drug  were  involved.  Inasmuch  as  there 
was  no  history  of  any  drug  idiosyncracy  in  this  case  and  no  authentic  record  in 
the  literature  of  similar  tissue  damage  on  the  basis  of  sulphathiazole  allergy  to  so 
small  a  quantity  of  this  drug,  this  possibility  may  be  ruled  out.  Moreover,  since 
the  patient  had  been  in  coma  at  least  sixteen  hours  prior  to  her  admission  to  the 
hospital  the  anoxemia  antedated  the  administration  of  sulphathiazole  by  twentj-- 
four  hours  if  not  longer. 

SUMMARY 
A  46  year  old  house  wife  presenting  symptoms  suggestive  of  status  asthmaticus 

developed  coma  following  the  administration  of  3  grains  of  Seconal  combined  with 
3  grains  of  .sodium  amytal. 

While  in  this  condition  evidence  of  renal  in.sufficiency,  uremia  and  jaundice 
became  apparent. 

Necrop.sy  revealed  1)  a  pedunculated  cylindroma  of  the  trachea,  ensheathing 
the  vagus  nerve,  2)  encephalomalacia  in  the  region  of  the  globus  pallidus,  3) 
tubular  degeneration  of  the  kidneys  and  4)  central  necrosis  of  the  liver  cords. 

The  abnormal  alterations  in  the  brain,  liver  and  kidneys  were  regarded  as  the 
result  of  anoxia  which  accounted  for  the  coma,  jaundice  and  renal  insufficiency 
manifested  by  the  patient. 
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The  anoxia  was  induced  by  interference  with  respiratory  exchange  consequent 
upon  bronchospasm  due  to  irritation  of  the  vagus  by  the  infiltrating  cylindroma 
on  the  one  hand  and  intermittent  broncho-obstruction  by  the  pedunculated  seg- 

ment of  the  tumor  on  the  other.  It  was  furthermore  accentuated  by  the  barbi- 
turates. 

The  combined  effect  of  broncho  constriction  and  mechanical  obstruction  of  the 
bronchi  was  responsible  for  the  asthmatoid  and  status-asthamticus  like  state. 
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COMPLEMENT  TITRATIONS  IN  HUMAN  SERA.  II 

MICHAEL  HEIDELBERGER,  OTTO  G.  BIER>,  GRACIELA  LEYTON^ AND  MANFRED  M.  MAYER. 

[From  the  Department  of  Medicine,  College  of  Physicians  and  Surgeons,  Columbia  University, 
and  the  Presbyterian  Hospital,  New  York] 

In  earlier  communications  (1,  2)  it  was  pointed  out  that  the  customary  titra- 
tion of  complement  in  human  and  guinea-pig  sera  yields  values  which  cannot 

be  compared,  since  in  each  instance  a  different  component  of  the  complement 
limits  the  magnitude  of  the  titer  (3).  While  this  conclusion  remains  valid, 
new  studies  (4,  5)  have  necessitated  revisions  in  its  interpretation. 

It  is  now  clear  (5)  not  only  that  the  limiting  component  of  human  comple- 
ment remains  C'2,  or  the  second  component,  as  previously  indicated,  but  also 

that  the  titer  of  C'3,  or  third  component,  is  not  verj^  much  higher  (4,  5).  Study 
of  a  large  number  of  guinea-pig  sera  (5)  has  also  made  it  evident  that  in  this 
animal  the  limiting  component  is  usually  C'3  and  not  C'l  as  previously  stated 
(3),  while  C'2  is  generally  present  in  only  slightly  greater  titer  than  C'3. 
The  usual  titrations  of  human  and  guinea-pig  complements  are  therefore 

titrations  for  second  and  third  components,  respectively,  and  not  for  the  second 
and  first,  as  previously  indicated  (3,  1). 

In  order  to  titrate  serum  from  either  source  for  C'l,  it  is  necessary  to  employ 
high  dilutions  in  order  to  avoid  anticomplementary  effects,  a  precaution  neg- 

lected in  (4).  The  method  suggested  in  (1)  is  evidentlj^  not  optimal,  but  even 
so,  far  more  extensive  "fortification"  of  human  complement  was  obtained  than 
in  (4).  It  is,  however,  agreed  that  in  order  to  provide  C'3  as  well  as  C'2 
and  4  in  the  titration  of  C'l,  guinea-pig  "endpiece"  is  preferable  to  "guinea- 
pig  supernatant."  However,  even  this  may  not  always  contain  adequate 
amounts  of  C'3  and  C'4,  as  shown  elsewhere  (5).  Addition,  as  well,  of  heated 
guinea-pig  serum  (0.05  ml.  of  a  1:5  dilution)  is  recommended,  not  as  the  sole 
and  inadequate  reagent  for  "fortification"  of  human  serum  as  in  (4)  but  in 
combination  with  guinea-pig  "endpiece"  for  titration  of  C'l  in  human  and other  sera  (5). 
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PNEUMOTHORAX  THERAPY  IN  CHRONIC  BRONCHIECTASIS^ 
HERMAN  HENNELL,  M.D. 

[New  York,  N.  Y.] 

In  a  recent  study- 1  presented  a  group  of  cases  of  early  bronchiectasis  in  which 
pneumothorax  therapy  resulted  in  the  prompt  and  apparently  lasting  "cure" 
of  the  disease.  During  the  past  fourteen  years  we  have  employed  this  procedure 
in  the  treatment  of  thirty-five  cases  of  chronic  bronchiectasis  for  whom  radical 
surgical  treatment  was  not  considered  advisable  for  a  variety  of  reasons.  In  the 
large  majority  of  these  cases  the  results  of  pneumothorax  therapy  were  not 
satisfactory  and  the  treatment  was  discontinued  after  a  short  trial.  However, 
in  some  cases  the  outcome  has  been  almost  as  gratifying  as  in  the  early  cases  of 
bronchiectasis.  Because  of  the  value  of  this  method  of  therapy  in  these  cases, 
and  particularly  because  of  the  interest  in  the  probable  mechanism  by  which 
these  results  were  obtained,  I  am  prompted  to  make  this  report. 
The  mechanism  by  which  pneumothorax  therapy  produces  its  favorable 

influence  in  bronchiectasis  was  well  illustrated  in  the  earl.y  cases  referred  to 
above.  In  those  cases  bronchiectasis  developed  under  observation  in  the  course 
of  a  persisting  suppurative  bronchopneumonia  with  atelectasis.  The  essential 
factor  in  the  development  of  bronchiectasis  in  those  cases  was  the  weakening 
of  the  bronchial  wall  which  resulted  from  injury  to  its  muscular  and  elastic 
elements  by  infection.  The  physiological  dilatation  of  the  bronchi  during 
inspiration  and  their  elastic  recoil  during  expiration  are  modified  when  the 
elasticity  of  the  bronchial  wall  is  impaired,  so  that  the  bronchi  dilate  more  and 
retract  less,  with  resultant  bronchiectasis.  This  tendency  to  bronchial  dilata- 

tion, which  manifests  itself  even  during  ordinary  respiration,  is  greatly  aug- 
mented by  a  number  of  other  factors  which  are  operative  in  the  presence  of 

bronchopulmonary  disease.  These  factors  are:  1.  cough  which  in  reality  is  an 
exaggerated  respiratory  effort;  2.  decreased  volume  of  the  pulmonary  paren- 

chyma (resulting  from  atelectasis  or  fibrosis  of  the  involved  lung)  leading  to 
greater  than  normal  negative  intrapleural  pressiu-e,  \vhich  in  turn  exerts  a 
greater  pull  on  the  bronchial  waW  and  augments  the  tendency  to  dilatation  of  the 
injured  bronchi;  3.  persisting  and  recurring  bronchopulmonary  infection,  with 
impaired  drainage  of  bronchial  secretions,  prolong  and  enhance  the  progress 
of  the  bronchiectatic  process. 

Pneumothorax  therapy  tends  to  counteract  these  adverse  factors.  In  the 
successful  cases  the  induction  of  an  optimum  pneumothorax  pi'oduces  selective 
collapse  and  furthers  rest  of  the  involved  portion  of  the  lung  thus  eliminating 
the  traumatic  influence  of  respiration  on  the  injured  bronchi.  The  cough 
promptly  decreases  and  disappears  \\  ithin  one  to  four  weeks.    The  highly  nega- 

1  From  the  Group  for  Thoracic  Diseases  and  the  Medical  Services,  The  Mount  Sinai 
Hospital. 

-  In  preparation. 
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tive  intrapleural  pressure  is  brought  to  an  approximately  normal  level.  The 
infection  subsides  promptly  and  apparently  permanently,  as  judged  by  the  long 
period  of  freedom  from  symptoms  in  the  group  of  early  cases  previously  re- 

ported. The  rationale  of  pneumothorax  therapy  for  chronic  bronchiectasis  is 
based  on  the  foregoing  concepts  concerning  the  pathogenesis  of  bronchiectasis 
and  on  the  mechanism  by  which  pneumothorax  produpes  its  favorable  effects  in 
this  condition.  In  chronic  bronchiectasis  the  pathological  process  is  more  ad- 

vanced and  irreversible;  and,  in  most  cases,  cannot  be  influenced  by  the  mecha- 
nism of  pneumothorax.  Pneumothorax  therapy  has,  therefore,  proven  of  value 

only  in  a  small  number  of  cases  of  chronic  bronchiectasis.  Included  in  this 
favorable  group  are  those  cases  in  which  the  involved  part  of  the  lung  is  capable 
of  retraction  and  thus  be  put  at  rest  by  the  induced  pneumothorax. 

A  short  trial  of  pneumothorax  therapy  was  sufficient  to  select  the  cases  likely 
to  be  successful.  Experience  revealed  that  unless  the  clinical  improvement  was 
definite  and  prompt,  within  a  few  weeks  after  institution  of  therapy,  delayed  favor- 

able results  were  no  longer  to  be  expected .  Experience  further  disclosed  that  when 
pneumothorax  was  maintained  despite  its  failure  to  achieve  the  desired  degree 
of  clinical  improvement  it  could  lead  to  pleural  and  parenchymal  changes  in  the 
affected  lung  w  hich  would  reduce  the  likelihood  of  satisfactory  results  by  surgical 
intervention.  For  instance,  in  at  least  two  of  our  cases  the  entire  lung  became 
encased  in  a  thickened  visceral  pleura  as  a  result  of  long  continued  and  ineffectual 
pneumothorax  treatment  for  bronchiectasis  of  a  lower  lobe.  These  patients 
eventually  required  pneumorectomy  whereas  a  lobectomy  would  have  sufficed 
had  surgery  been  employed  as  soon  as  it  became  evident  that  pneumothorax  was 
ineffective,  i.e.,  within  four  to  six  weeks  after  treatment  was  started. 
Among  the  cases  with  chronic  bronchiectasis  in  which  pneumothorax  therapy 

proved  especially  effective,  the  following  are  of  special  interest: 
CASE  REPORTS 

Cose  1,  K.  N.  (Adm.  321094),  aged  9  years,  was  admitted  to  The  Mount  Sinai  Hospital 
December  9,  1930,  complaining  of  cough,  profuse  purulent  expectoration,  fever,  night 
sweats  and  chest  pain.  Ten  months  before  admission  the  child  was  taken  ill  manifesting 
sj'mptom  and  signs  considered  to  be  pneumonia.  She  was  confined  to  bed  for  two  months 
gravely  ill.  Then  followed  a  period  of  two  months  during  which  fever  was  absent,  cough 
less  severe  and  expectoration  less  profuse;  the  general  condition  had  improved.  Six  months 
before  admission  the  patient  again  became  acutely  ill  with  chills,  fever,  sweats,  pain  in  the 
right  chest,  severe  cough  associated  with  purulent  sputum  up  to  eight  ounces  daily.  These 
symptoms  in  varying  degree  of  intensity  were  present  during  the  following  six  months. 

The  significant  findings  on  admission  were  as  follows:  The  child  appeared  toxic  and 
wasted  as  after  a  long  illness.  The  temperature  was  102°F.  The  trachea  was  displaced to  the  right,  as  were  also  the  mediastinal  structures,  judging  by  the  position  of  the  cardiac 
apex.  There  was  obvious  flattening  and  diminished  mobility  of  the  right  hcmithorax. 
The  percussion  note  varied  between  dullness  and  fiatness  over  the  entire  right  lung.  The 
breath  sounds  were  bronchial  in  quality  over  the  upper  portion  of  the  right  lung  and  of 
diminished  intensity,  with  coarse  rales  and  bronchi  over  the  lower  half.  The  left  lung  was 
normal.    There  was  clubbing  of  the  fingers  and  toes. 

The  hemoglobin  was  63  per  cent.  The  number  of  leucocytes  was  18,000  with  81  per  cent 
of  polymorphonuclear  cells. 
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A  roentgenogram  (fig.  la)  showed  extensive  involvement  of  the  right  lung  with  what 
was  interpreted  to  be  due  to  a  suppurative  bronchopneumonia  with  bronchiectasis,  asso- 

ciated with  chronic  pleural  changes.  Bronchography  confirmed  the  diagnosis  of  sacular 
bronchiectasis  (fig.  lb)  The  mediastinum  was  displaced  to  the  right.  Bronchoscopy 
showed  the  right  middle  and  lower  lobe  bronchi  to  be  markedly  dilated  and  filled  with 
purulent  non-odorous  secretions  which  recurred  after  suction.  The  right  upper  lobe 
bronchi  could  not  be  visualized  owing  to  marked  distortion. 

In  view  of  the  septic  course,  revealing  occasional  peaks  of  temperature  elevated  to 
104.8°F.,  it  was  suspected  that  an  empyema  was  present  on  the  right  side.  A  diagnostic thoracentesis  was  attempted  in  the  operating  room.  No  pus  was  found  in  the  pleural 
cavity.  This  procedure,  however,  was  sufficient  to  establish  a  large  pneumothorax  on  the 
right  side,  so  as  to  allow  the  return  of  the  mediastinal  structures  to  their  normal  central 
position. 

To  our  surprise,  there  occurred,  following  this  manipulation,  a  striking  improvement 
in  the  patient's  symptoms.    The  fever  subsided  and  the  cough  and  expectoration  decreased 

Fig.  la:  Roentgenogram  of  the  lungs  on  admission,  showing  extensive  involvement  of 
the  right  lung  and  suspected  pleural  involvement.  The  mediastinal  structures  are  con- 

siderably displaced  to  the  right  indicating  shrinkage  of  the  affected  lung. 
b:  Roentgenogram  of  the  lungs  after  induction  of  an  effective  pneumothorax  and  phre- nicectomy.  Note  the  return  of  the  mediastinal  structures  to  a  normal  position.  The 

bronchi  are  partially  outlined  by  iodized  oil  and  show  marked  bronchiectasis. 
c:  Roentgenogram  of  the  lungs  made  10  years  later.  Note  the  marked  shrinkage  of  the 

right  lung  with  resultant  displacement  of  the  heart  into  the  right  hemithorax.  The  patient 
has  remained  entirely  sj-mptom-free  to  the  present  time. 

almost  to  the  vanishing  point  within  a  few  days.  The  results  were  so  impressive  that  it 
was  decided  to  try  to  improve  the  situation  by  attempting  to  release  the  adherent  right 
upper  lobe.    An  opei-ation  was  performed  and  the  adhesions  were  separated. 

This  proved  to  be  an  unfortunate  procedure  because  following  the  open  intrapleural 
operation  the  previously  established  pneumothora.x  was  largely  lost  and  many  new  ad- 

hesions formed  before  pneumothorax  refills  were  resumed.   As  a  result  only  a  limited 
pneumothorax  could  be  maintained.    In  order  to  allow  as  much  relaxation  of  the  right 
lung  as  possible  the  right  phrenic  nerve  was  cut,  permitting  the  right  leaf  of  the  diaphragm  ^ 
to  rise  considerably.    After  about  nine  months,  the  pneumothorax  space  was  lost  and  j 
some  displacement  of  the  mediastinal  structures  to  the  right  recurred.    However,  the  j 
marked  rise  of  the  diaphragm  which  took  place  in  the  course  of  time  was  apparently  suf- 

ficient to  maintain  adequate  rest  of  the  right  lung  thus  favoring  progressive  healing.  ^ 
The  marked  improvement  in  the  patient's  pulmonary  and  general  condition  which  fol- 

lowed the  accidental  induction  of  a  substantial  pneumothorax  was  retarded  for  a  while 
by  the  adverse  results  of  the  aforementioned  open  intrapleural  operation.  By  the  end  of 
January  1931  the  patient's  temperature  had  receded  to  normal  levels,  and  the  cough  and 
expectoration  had  practically  disappeared.    During  the  ensuing  months  and  years  the  ii 

b c 
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child  continued  her  improvement.  She  remained  under  observation  for  about  thirteen 
years,  during  which  period  she  maintained  her  well  being  and  her  development  was  normal. 
There  has  occurred  marked  shrinkage  and  fibrosis  of  the  right  lung,  and  bronchographic 
examination  in  1936  showed  persistence  of  the  extensive  sacular  bronchiectasis  in  all  the 
lobes  of  the  right  lung.    However,  the  right  chest  showed  little  noticeable  deformity. 

Comment:  In  this  case  under  discussion,  the  pulmonary  relaxation  produced 
by  an  accidental  pneumothorax  during  diagnostic  aspiration  of  the  chest  for  a 
suspected  empyema  was  followed  by  a  dramatic  clinical  improvement.  The 
phrenicectomy  produced  a  progressive  rise  of  the  diaphragm  which  kept  the 
affected  lung  at  rest  after  the  pneumothorax  was  gradually  lost  because  of  an 
obliterative  pleuritis.  The  clinical  improvement  which  set  in  so  dramatically, 
continued  during  the  ensuing  months,  and  eventually  resulted  in  a  clinical  cure 
which  stood  the  test  of  many  years  (thirteen). 

The  extensive  pathological  changes,  including  universal  saccular  bronchiectasis 
of  the  right  lung,  did  not  preclude  healing  of  the  infection  and  relief  of  all  symp- 

toms. Although  the  patient  has  had  many  upper  respiratory  infections  during 
these  years  there  has  occurred  no  lighting  up  of  the  process  in  the  right  lung, 
thus  justifying  the  characterization  of  "clinical  cure,"  despite  the  residual 
marked  anatomical  changes  in  the  lung  and  bronchi  (fig.  Ic). 

Case  2,  J.  D.  (Adm.  378276),  a  boy,  seven  years  of  age,  was  admitted  to  The  Mount  Sinai 
Hospital  March  30,  1935,  complaining  of  cough,  profuse  purulent  and  foul  expectoration, 
fever  and  pain  in  the  left  chest. 

Two  years  before  admission  the  child  had  been  subjected  to  a  tonsillectomy  under  gen- 
eral anesthesia.  During  the  operation  two  loose  teeth  were  extracted.  The  day  following 

the  operation  the  child  began  to  cough  and  his  temperature  rose  to  10-1°F.  Because  of  the persistance  of  these  symptoms  the  child  was  returned  to  the  hospital.  Bronchoscopic 
examination  shortly  upon  readmission  disclosed  the  presence  of  a  tooth  in  the  left  main 
bronchus.  This  was  removed.  Although  the  temperature  soon  subsided  to  normal  levels, 
he  continued  to  cough  and  expectorate  1  to  4  ounces  of  purulent  sputum  daily.  After  one 
month  of  hospitalization,  he  was  sent  home. 

His  temperature  remained  normal  for  about  two  weeks  following  his  second  return  from 
the  hospital.  From  then  on  and  during  the  subsequent  period  of  nearly  two  years,  there 
were  recurrent  febrile  episodes  lasting  from  one  to  two  weeks  with  intervals  of  three  to  four 
weeks  during  which  the  temperature  was  normal.  The  patient  had  fever  for  three  weeks 
prior  to  his  readmission  to  The  Mount  Sinai  Hospital. 

During  the  two  years  of  his  illness  the  cough  and  expectoration  grew  progressively  worse. 
The  sputum  was  purulent,  gradually  increased  from  four  to  six  ounces  a  day,  and  even- 

tually became  foetid.    Clubbing  was  noted  during  the  second  year  of  his  illness. 
On  his  third  admission  to  the  hospital  the  child  appeared  emaciated  and  toxic.  The 

clinical  and  roentgen  ray  examination  of  the  lungs  indicated  the  presence  of  chronic  sup- 
purative bronchopneumonia  involving  the  entire  left  lung,  with  extensive  bronchiectasis, 

and  marked  displacement  of  the  mediastinal  structures  to  the  left  (fig.  2a). 
During  the  early  days  of  observation,  the  temperature  ranged  from  99°F.  to  102. 4°F. The  hemoglobin  was  72  per  cent  and  the  white  blood  cells  numbered  17,200  on  admission. 
Bronchoscopy  revealed  a  stricture  of  the  left  main  bronchus  at  the  level  of  the  lip  of  the 

left  upper  lobe  bronchus,  which  reduced  the  lumen  to  one-third  of  normal.  Creamy  pus 
without  foul  odor  was  seen  coming  from  the  postero-lateral  branches  below  the  stricture. 
The  bronchi  below  the  obstruction  appeared  dilated.  Bronchographic  examination  with 
the  aid  of  iodized  oil  disclosed  extensive  bronchiectasis  of  the  left  lung  (fig.  2b). 
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Because  of  the  gratifying  results  from  pneumothorax  therapy  in  case  1  it  was  decided  to 
employ  this  procedure  also  in  this  case,  since  it  exhibited  similar  features  such  as  chronic 
broncho-pulmonary  disease  of  long  standing,  marked  mediastinal  displacement  toward  the 
involved  side  (indicating  tension  on  the  diseased  lung)  and  a  septic  course.  Pneumo- 

thorax therapy  was,  therefore,  instituted  on  the  twelfth  hospital  day.  As  was  anticipated, 
a  high  negative  intrapleural  pressure  was  encountered.  About  300  cc.  of  air  was  allowed  to 
flow  in  during  the  first  treatment;  and  refills  of  about  250  cc.  were  made  one,  three,  and 
seven  days  later.  By  that  time  a  good  pneumothorax  was  established  although  adhesions, 
especially  about  the  upper  lobe,  prevented  complete  release  of  the  left  lung.  With  the 
establishment  of  the  pneumothorax  the  mediastinal  structures  readily  returned  to  a  normal 
position  (fig.  2b). 

The  object  of  pneumothorax  therapy  in  this  case  was  to  place  the  involved  left  lung  at 
maximal  rest.  This  was  accomplished  by  giving  refills  sufficient  in  amount  and  at  adequate 
intervals  to  allow  the  mediastinal  structures  to  remain  in  their  normal  position,  and  to 

a  b  c 
Fig.  2a:  Roentgenogram  of  the  lungs  on  admission,  showing  marked  involvement  of  the 

left  lung  with  displacement  of  the  mediastinal  structures  to  the  left  side.    The  appearance 
is  most  suggestive  of  the  terminal  stage  of  a  destructive  type  of  suppurative  pneumonia associated  with  bronchiectasis. 

h:  Roentgenogram  of  the  lungs  after  the  induction  of  an  effective  pneumothorax  and 
phrenicectomy.    Note  the  marked  collapse  of  the  shrunken  left  lung  and  the  return  of  the 
mediastinal  structures  to  a  normal  position. 

c:  Roentgenogram  made  nine  years  later  showing  the  marked  residual  anatomical 
changes  in  the  left  lung,  including  extensive  bronchiectasis.    The  patient  has  remained 
symptom-free  to  the  present  time. 

keep  the  intrapleural  pressures  at  such  levels  as  to  have  little  change  in  the  volume  of  t 
treated  lung  during  inspiration  and  expiration  as  observed  fluoroscopically. 

After  the  second  pneumothorax  refill  there  occurred  a  striking  improvement  in  t 
jjatient's  clinical  status.  His  cough  and  expectoration  rapidly  decreased,  and  nine  da' 
after  pneumothorax  therapy  was  started  the  expectoration  ceased  entirely.  Bronch' 
scopic  examination  ten  days  later  showed  the  bronchi  to  be  free  from  secretion.  T^ 
patient's  temperature  returned  to  normal  levels,  and  there  was  no  recurrence  of  the  febri' episodes. 

Because  of  the  presence  of  adhesions  complete  rest  of  the  involved  lung  could  not 
maintained  by  pneumothorax  alone  (as  judged  by  fluoroscopic  observation  during  inspir 
tion  and  expiration).    To  improve  this  condition  a  left  phrenicectomy  was  performed  th~ weeks  aftx?r  pneumothorax  therapy  was  started.    A  considerable  elevation  of  the  left  di 
phragm  was  noted  three  days  later  (fig.  2b),  and  this  became  more  marked  during  the  en- 

suing months.    This  resulted  in  greater  rest  of  the  involved  lung  and  no  doubt  contributed 
substantially  to  the  satisfactory  result  observed  in  this  case. 

The  patient  left  the  hospital  on  May  9,  1935  (about  one  month  after  treatment  was 
instituted),  entirely  symptom-free  and  his  general  condition  was  much  improved.  He 
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continued  to  be  treated  in  the  Chest  Clinic  at  The  Mount  Sinai  Hospital  at  weekly,  and 
later  at  longer,  intervals  for  about  two  years.  During  this  time  he  remained  free  from  all 
pulmonary  complaints.  After  pneumothorax  therapy  was  discontinued  and  the  lung  was 
allowed  to  reexpand  the  child  remained  well.  He  has  been  under  our  observation  until 
the  present  time  (1944).  He  is  now  sixteen  years  old,  is  well  developed,  and  is  able  to 
carry  on  normally.  The  left  lung  is  considerably  shrunken  and  shows  extensive  bron- 

chiectasis (fig.  2c).  The  left  diaphragm  is  still  quite  elevated.  He  has,  however,  no  chest 
deformity  and  is  able  to  carry  on  without  undue  dyspnoea  on  exertion.  He  has  had  a 
number  of  "colds"  during  the  past  nine  years,  but  at  no  time  did  he  develop  a  protracted 
cough.  In  brief,  the  clinical  course  in  this  case  justifies  the  designation  of  a  "clinical 
cure,"  despite  the  marked  residual  changes  in  the  left  lung. 

Comment:  The  striking  results  achieved  in  these  two  cases  followed  so  closely 
upon  the  institution  of  partial  pneumothorax  and  phrenicectomy  that  a  causal 
relationship  between  them  cannot  be  denied.  The  mechanism  involved  in  the 
development  of  a  clinical  cure  in  these  cases  is  a  matter  for  speculation.  Xo 
doubt  the  release  of  tension  on  the  involved  lung  and  the  relative  rest  which 
was  produced  by  these  procedures  played  the  most  important  role  in  the  control 
of  the  course  of  the  disease.  The  fact  that  these  patients  were  young  children 
is  probably  another  significant  factor.  It  a  ciuestion  whether  similar  results 
could  be  achieved  in  adults  in  whom  the  capacity  for  repairing  damaged  tissues 
and  reestablishing  normal  function  is  much  less  marked  than  in  the  young. 

In  the  early  cases  of  bronchiectasis,  healing  of  the  infection  in  the  bronchi 
and  pulmonary  parenchyma  was  followed  by  considerable  anatomical  restoration 
of  these  tissues  as  shown  by  the  almost  normal  appearance  of  the  recent  roent- 

genograms. In  the  chronic  cases,  on  the  other  hand,  a  good  deal  of  destruction 
of  the  bronchi  and  of  the  pulmonary  parenchyma  took  place,  and  repair  by 
fibrosis  resulted  in  marked  anatomical  alteration.  Nevertheless,  when  pneumo- 

thorax, aided  by  phrenicectomy,  was  able  to  produce  adequate  relaxation  of  the 
involved  lung,  thus  putting  it  at  relative  rest,  even  chronic  infection  of  many 
months  standing  could  be  made  to  clear  up  and  a  lasting  clinical  cure  achieved 
in  some  cases. 

Case  3,  E.  W.  (Adm.  406,  090),  a  young  man,  aged  22  years,  was  admitted  to  The  Mount 
Sinai  Hospital,  March  22,  1937  with  a  history  of  recurring  episodes  of  chills  and  fever  for 
four  years. 

Four  years  before  admission  the  patient  experienced  his  first  attacks  of  sudden  chill 
lasting  for  about  fifteen  minutes  followed  by  a  sharp  rise  in  temperature  to  104°F.  which 
defervessed  before  the  end  of  twenty-four  hours.  After  a  day  or  two  he  felt  quite  well 
and  was  able  to  return  to  his  usual  activities. 

At  first  these  episodes  of  chills  and  fever  recurred  everj'  two  to  three  months  and  were 
of  brief  duration.  As  time  went  on  they  increased  in  frequency  and  in  duration.  They 
occurred  at  any  time  of  the  day  or  night  and  there  was  no  apparent  precipitating  cause. 
During  the  five  months  before  admission  to  the  hospital  they  occurred  almost  weekly, 
became  more  prolonged  and  were  followed  by  greater  debility  and  a  loss  of  ten  pounds  in 
weight.  The  last  bout  of  chills  and  fever  occurred  one  week  before  admission  to  the  hos- 
pital. 

The  patient  denied  any  contact  with  animals,  did  not  ingest  goat's  milk,  and  hs  knew  of no  occurrence  of  similar  manifestations  among  his  friends.  He  also  stated  that  a  course  of 
treatment  with  quinine  had  been  ineffective.    Examination  for  tuberculosis  by  the  Health 
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Department  yielded  negative  results;  and,  a  chest  film  recently  made  was  reported  as normal. 
The  essential  findings  on  admission  were  as  follows: 
The  patient  appeared  chronically  ill.  His  temperature  curve  was  subfebrile  with  occa- 

sional rises  to  102°F.  during  the  first  weeks  of  observation.  He  had  no  chills.  His  white 
blood  count  on  admission  was  23,500  with  82  per  cent  polymorphonuclear  cells.  The  sedi- 

mentation rate  was  normal.  Agglutination  reactions  for  b.  meletensis  and  abortus  were 
negative.  Urine,  stool,  and  liver  function  tests  yielded  negative  results.  An  infected 
tooth  was  removed.  A  left  maxillary  sinusitis  was  found  and  treated  successfully  by  irri- 

gations without  any  effect  on  the  fever. 
Examination  of  the  lungs  disclosed  a  few  bronchitic  rales  in  the  left  lower  lobe.  The 

patient  was  then  closely  questioned  regarding  pulmonary  symptoms  and  finally  admitted 
that  he  had  had  a  slight  non-productive  cough  for  about  eight  years  which  caused  him  so 
little  discomfort  that  he  had  failed  to  mention  it  on  admission. 

Further  investigation  of  the  pulmonary  field  disclosed  the  following  significant  findings: 
.\  roentgenogram  revealed  an  irregular  pneumonic  process  in  the  left  lower  lobe  behind  the 
heart  with  moderate  shrinkage  of  the  lobe.    Bronchographic  examination  (fig.  3a)  showed 

a  b  c 
Fig.  3a:  Bronchogram  showing  marked  degree  of  bronchiectasis  of  the  postero-lateral and  paravertebral  branches  of  the  lower  lobe. 
b:  Roentgenogram  showing  left  pneumothorax  with  selective  collapse  of  the  left  lower lobe. 
c:  Roentgenogram  made  7  years  later,  showing  the  left  lung  fully  re-expanded  and  pre- 

senting little  abnormality.    The  patient  has  remained  symptom-free  to  the  present  time. 

a  marked  degree  of  bronchiectasis  of  the  postero-lateral  and  paravertebral  branches  of  the 
left  lower  lobe.  Bronchoscopy  disclosed  dilatation  of  these  bronchi,  and  a  small  amount 
of  mucopurulent  secretion  was  aspirated  which,  on  culture,  yielded  a  growth  of  strep- tococcus viridans. 

In  the  absence  of  any  other  etiological  factor  it  was  concluded  that  the  chronic  broncho- 
pulmonary disease  in  the  left  lower  lobe  was  the  most  probable  cause  of  the  patient's  pro- tracted illness.    It  was,  therefore,  decided  to  try  the  effect  of  pneumothorax  therapy. 

This  wasstarted  on  \]ir\\  12.  1937,  three  weeks  after  admission  to  the  hospital.  A  pleu- 
ral space  was  found  with  ease  and  a  greater  than  normal  negative  intrapleural  pressure  was 

recorded,  a  common  finding  in  the  presence  of  atelectasis  of  greater  or  smaller  extent. 
About  500  cc.  of  air  was  allowed  to  enter  the  left  pleural  cavity  on  each  of  three  occasions 
at  one  day  interval.  By  that  time  a  very  satisfactory  low  tension  pneumothorax  was 
established  allowing  complete  selective  collapse  of  the  involved  left  lower  lobe  thus  afford- 

ing it  relative  rest  both  during  inspiration  and  expiration  (as  observed  fluoroscopically ) 
(fig.  3b).  One  week  after  instituting  pneumothorax  therapy  the  patient  was  symptom-free 
and  able  to  leave  the  hospital. 

He  was  treated  in  the  Chest  Clinic  at  weekly  and  later  at  bi-weekly  intervals  for  about 
two  years.    During  this  period  he  had  no  recurrences  of  the  febrile  episodes  and  remained 
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well  otherwise.  He  continued  to  do  well  after  pneumothorax  therapy  was  discontinued. 
He  has  been  under  our  observation  to  the  present  time,  and  has  remained  entirely  well 
and  able  to  carry  on  normally  during  the  past  seven  years.  His  latest  roentgenogram 
presents  little  abnormality  (fig.  3c).  Comment:  In  this  case  the  pulmonary  symptoms  of 
bronchiectasis  were  so  mild  as  to  be  overlooked  by  the  patient  and  his  medical  attendants. 
The  chronic  infection  in  the  involved  lung  and  bronchi  was,  however,  a  sufficient  cause  for 
the  production  of  recurring  episodes  of  fever  and  later  of  other  constitutional  symptoms. 
That  pneumothorax  therapy  could  produce  clearing  of  the  bronchopulmonary  infection 
and  thus  eliminate  it  as  a  source  of  constitutional  symptoms  is  the  important  feature  in 
this  case 

Comment:  In  addition  to  the  cases  described  above,  pneumothorax  treatment 
was  carried  out  in  a  group  of  patients  with  Hmited  chronic  bronchiectasis  in 
whom  the  chief  complaint  was  recurring  large  hemoptyses.  In  some  of  these 
cases  the  cough  and  expectoration  were  only  moderate  in  severity.  Not  all 
cases  of  chronic  bronchiectasis  with  hemoptysis,  however,  were  benefitted  by 
pneumothorax  therapy.  As  previously  indicated,  only  those  were  likely  to  benefit 
by  pneumothorax  in  \\hich  the  affected  portion  of  the  lung  was  free  from  ad- 

hesions and  could  be  placed  at  rest  by  the  induced  pneumothorax.  Nor  did  all 
of  the  latter  group  benefit  by  this  therapeutic  measure.  Only  by  a  trial  of 
pneumothorax  therapy  for  a  period  of  four  to  six  weeks  was  it  possible  to  select 
the  likely  successes.  However,  when  pneumothorax  proved  successful  in  con- 

trolling an  episode  of  hemoptysis  the  likelihood  of  a  recurrence  was  greatly 
decreased.  The  disadvantage  of  this  form  of  treatment  is  that  it  may  have  to 
be  continued  indefinitely.  Our  experience  is  limited  with  this  type  of  case, 
and  we  have  not,  so  far,  been  able  to  form  any  conclusion  as  to  what  constitutes 
a  safe  period  for  continuing  the  pneumothorax. 

Obviously  the  ideal  treatment  for  this  or  any  other  type  of  limited  chronic 
bronchiectasis  is  lobectomy,  provided  the  patient  is  young  and  well  enough  to 
stand  the  procedure  without  undue  risk.  The  point  is  that  in  cases  less  suitable 
or  entirely  unsuitable  for  radical  surgery,  because  of  age  or  other  disability, 
pneumothorax  may  at  times  offer  an  effective  remedy. 

SUMMARY  AND  CONCLUSIONS 

1.  The  mechanism  by  which  bronchiectasis  develops  in  the  course  of  sup- 
purative bronchopneumonia  with  atelectasis  is  described. 

2.  The  rationale  of  pneumothorax  therapy  for  bronchiectasis,  the  manner 
in  which  it  produces  its  favorable  results,  especially  in  early  cases,  is  discussed 
in  some  detail. 

3.  Pneumothorax  therapy  has  proven  a  failure  in  the  majority  of  cases  with 
chronic  bronchiectasis. 

4.  In  some  cases  of  chronic  bronchiectasis  the  results  have  been  satisfactory 
and  lasting. 

a)  Two  cases  are  presented  in  which  the  suppurative  bronchiectasis  was  of 
long  standing;  in  which  atelectasis  and  marked  mediastinal  displacement  were 
important  features;  and  in  which  the  protracted  clinical  course  (ten  months 
and  two  years  respectively)  was  characterized  by  repeated  febrile  episodes  and 
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a  septic  state.  These  cases  were  promptly,  and  to  a  marked  degree,  benefited 
by  pneumothorax  therapy  aided  by  phrenicectomy.  The  patients  became 
symptom-free  shortly  after  treatment  -vvas  instituted,  and  remained  well 
during  the  ensuing  thirteen  and  nine  years  respectively. 

b)  A  third  case  of  chronic  bronchiectasis  in  the  left  lower  lobe  is  presented 
whose  clinical  course  was  characterized  by  repeated  episodes  of  chills  and  fever 
which  occurred  with  increasing  frequency  and  severity  over  a  period  of  four 
years.  The  establishment  of  an  effective  pneumothorax  resulted  in  a  prompt 
and  complete  recovery  lasting  during  the  succeeding  seven  years. 

c)  Reference  is  made  to  some  cases  of  chronic  bronchiectasis  characterized 
by  frequent  and  massive  hemoptysis  which  were  effectively  controlled  by  the 
induction  and  maintenance  of  a  pneumothorax,  provided  complete  relaxation 
of  the  involved  portion  of  the  lung  could  be  obtained.  This  fortunate  result 
was  not  achieved  in  all  such  cases,  and  success  or  failure  could  not  be  predicted 
in  any  particular  case  without  a  trial  for  a  period  of  a  few  weeks. 
5.  The  ideal  treatment  for  chronic  bronchiectasis  is  surgical  extirpation  of  the 

involved  portion  of  the  lung.  In  selected  cases  of  chronic  bronchiectasis,  how- 
ever, when  radical  surgical  measures  are  too  hazardous  or  are  not  feasible  for  one 

reason  or  another,  pneumothorax  maj^  offer  an  effective  remed3\ 



A  CASE  OF  SUBACUTE  BACTERIAL  ENDOCARDITIS  CAUSED  BY  AN 
UNUSUAL  MICROORGANISM  RELATED  TO  THE  "PLEURO- 

PNEUMONIA-LIKE"  OR  GRAHAMELLA  GROUP^ 
C.  HERSCHBERGER,  D.  A.  DAXTES,  M.D.,  and  GREGORY  SHWARTZMAX,  M.D. 

The  majority  of  cases  of  subacute  bacterial  endocarditis  is  caused  by  the 
viridans  group  of  Streptococcus  (i.e.  probably  over  90  per  cent  of  all  cases). 
The  remaining  cases  are  elicited  by  a  great  variety  of  other  microorganisms. 
The  monograph  by  Libman  and  Friedberg  (1)  describes  the  bacteriology  of  the 
disease  based  on  personal  observations  and  reports  in  the  literature.  The 
organisms  mentioned  are  Neisseria,  B.  influenza,  Spirillum  surati.  Diphtheroids, 
Brucella  group,  Nocardia  groups,  including  Streptobacillus  moniliformis.  Micro- 

coccus tetragenus.  Staphylococcus,  various  anaerobes,  Erysipelothrix,  Doederlein 
bacillus,  Bacillus  necrophorus  and  Monilia.  As  an  introduction  to  the  following 
report,  the  reader  is  referred  to  a  more  recent  paper  by  Brown  and  Nunemaker  (2) 
which  embodies  an  excellent  study  of  the  role  of  Sti'eptobacillus  moniliformis  in 
human  infections  with  reference  to  bacterial  endocarditis  as  well  as  to  papers 
by  Klieneberger,  KHeneberger  and  Steabben  (3),  Dienes,  Dienes  and  Edsall, 
Dienes  and  Sullivan,  Dienes  and  Smith  (4),  the  interesting  monograph  by  Sabin 
on  "pleuropneumonia-hke"  organisms  (5);  papers  by  Tj^zzer  (6)  on  the  so-called 
Grahamellae  organism,  the  report  by  Stuart-Harris,  Wells,  Rosher,  Mackie  and 
Wilson  (7)  on  Hemophilus  para-influenzae  and  pleomorphic  streptobacillus 
causing  subacute  bacterial  endocarditis. 

The  following  paper  embodies  a  report  on  a  case  of  subacute  bacterial  endo- 
carditis caused  by  an  unusual  organism,  which,  as  far  as  it  can  be  ascertained, 

seems  to  be  different  from  those  previously  recorded  in  the  literature  of  the 
disease.  Furthermore,  the  organism  has  not  been  previously  seen  among  some 
22,000  blood  cultures  taken  in  the  Laboratories  of  The  Mount  Sinai  Hospital 
during  the  past  19  years. 

CLIXICAL  REPORT  OF  CASE 
History:  D.  K.,  a  white  man,  aged  23,  was  admitted  to  the  Private  Pavilion  of  The  Mount 

Sinai  Hospital  on  October  31,  1943  under  the  care  of  one  of  us  (D.  A.  D.)  at  the  request  of 
Dr.  Emanuel  Libman. 

At  the  age  of  six  a  cardiac  murmur  was  discovered.  This  finding  was  subsequently  con- 
firmed on  many  occasions.  He  was  relatively  well  until  the  autumn  of  1942.  At  that  time, 

after  a  dental  prophylactic  treatment,  he  developed  persistent  bleeding  from  the  gums 
which  could  not  be  controlled  by  local  treatment.  Repeated  examinations  of  the  blood 
failed  to  disclose  evidence  of  anemia,  thrombocytopenia,  or  delay  in  the  bleeding  and  coagu- 

lation time.  On  September  13, 1942,  however,  the  platelet  count  fell  to  125,000  per  cu.  mm. 
and  the  bleeding  time  was  four  and  a  half  minutes;  the  coagulation  time,  however,  remained 
normal.  Intermittent  oozing  from  the  gums  continued  throughout  the  course  of  the 
patient's  illness. 

In  March,  1943,  while  in  Miami,  Fla.,  the  patient  developed  what  was  thought  to  be  a 

1  From  the  Division  of  Bacteriologj',  Laboratories  of  The  Mount  Sinai  Hospital,  New 
York,  N.  Y. 
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"virus  pneumonia. "2  There  was  no  known  contact  with  animals  at  any  time.  Within  three 
weeks  he  apparently  recovered  completely  from  the  pulmonary  illness.  In  June,  1943  he 
noted  the  presence  of  fever  and  increasing  weakness.  He  also  complained  of  recurring  red, 
painful  and  tender  spots  on  the  finger  tips.  Clubbing  of  the  fingers  was  noted  by  his  phy- 

sician. In  August,  1943,  there  developed  severe  pain  in  the  lower  part  of  the  right  side  of 
the  abdomen,  and  also  facial  paresis.  These  symptoms  were  regarded  as  being  due  to  em- 

bolization. Roentgenographic  examination  of  the  chest  on  August  17,  1943,  revealed  nor- 
mal pulmonary  fields.  The  cardiac  shadow  was  enlarged  in  its  transverse  diameter,  and 

the  configuration  indicated  the  presence  of  disease  of  the  mitral  and  aortic  valves.  Blood 
cultures  on  August  11  and  October  16,  1943,  revealed  no  organisms. 

Irregular  fever  and  profound  weakness  continued  and  the  patient  was  sent  to  New  York. 
Examination:  At  the  time  of  admission  to  the  Hospital  the  patient  was  found  to  be  ex- 

tremely weak  and  emaciated.  There  was  marked  pallor  of  the  skin  and  mucous  membranes. 
A  white-centered  petechia  was  present  in  the  conjunctiva  of  the  right  lower  eye  lid.  There 
was  slight  spontaneous  bleeding  from  the  gums  which  otherwise  appeared  normal.  The 
lungs  were  clear.  The  heart  was  enlarged  to  the  left  and  downward.  There  was  a  loud, 
rough,  to  and  fro  murmur  heard  over  the  entire  precordium,  being  loudest  just  inside  the 
apex.  The  spleen  was  palpable.  There  was  definite  clubbing  of  the  fingers,  and  pitting 
edema  of  the  lower  extremities  up  to  the  level  of  the  middle  of  the  tibiae.  The  temperature 
on  admission  was  102°F.,  respirations  were  28,  and  the  pulse  rate  120.  The  systolic  blood pressure  was  140  and  the  diastolic  80  mm.  of  Kg. 

Laboratory  data:  The  hemoglobin  was  39  per  cent  (Sahli),  the  erythrocyte  count  was 
2,150,000  per  cu.  mm.,  and  the  leucocyte  count  was  9,800  per  cu.  mm.,  of  which  the  poly- 

morphonuclears constituted  58  per  cent,  staffs  23  per  cent,  lymphocytes  13  per  cent,  mono- 
cytes 6  per  cent .  The  urine  showed  a  specific  gravity  of  1 .012,  a  faint  trace  of  albumin  and  a 

few  erythrocytes  and  casts  per  high  power  field.  The  blood  urea  nitrogen  was  20  mg.  per 
100  cc. 

Course:  It  was  decided  to  attempt  to  improve  the  patient's  general  condition  before  in- 
stituting sulfonamide  therapy.  Accordingly,  during  the  first  two  weeks  of  hospitalization 

four  transfusions  (each  500  cc.)  of  whole  blood  were  administered  bj^  the  citrate  method. 
Tne  hemoglobin  rose  to  65  per  cent .  A  few  new  petechiae  appeared  in  the  conjunctivae  and 
in  the  skin  of  the  neck.  A  painful,  red,  tender  lesion  occurred  in  the  paronychium  of  the 
right  middle  finger;  this  disappeared  in  about  48  hours.  There  developed  frequent  rather 
severe  pains  in  both  sides  of  the  chest,  for  which  no  adequate  explanation  was  evident. 
Albuminuria  and  microscopic  hematuria  continued. 

Despite  the  patient's  poor  condition,  a  massive  dose  of  sulfadiazine  (20  grams)  and  40 grams  of  urea  were  given  intravenously  in  one  liter  of  distilled  water  on  the  17th  day  of 
hospitalization.  On  the  following  day  the  blood  sulfadiazine  level  was  15.8  and  the  blood 
urea  nitrogen  was  123  mg.  per  100  cc.  The  patient  was  drowsy.  The  temperature  became 
normal.  On  each  of  the  two  following  days,  10  Gm.  of  sulfadiazine  were  given  intravenously 
without  urea.  The  temperature  remained  at  a  normal  level  but  numerous  white-centered 
petechiae  developed.  The  patient  was  not  responsive.  The.  platelet  count  fell  to  20,000 
per  cu.  mm.    Bleeding  from  the  gums  became  more  continuous. 

On  the  21st  day  the  patient  died  suddenly.  Permission  for  necropsy  could  not  be 
obtained. 

BACTERIOLOGY  OF  THE  CASE 

Isolation  of  the  organism:  Cultures  of  the  patient's  blood  were  made  according 
to  the  following  procedure  used  routinely  in  the  Bacteriological  Laboratories  of 
this  hospital: 

2  The  data  concerning  the  patient's  course  prior  to  admission  was  kindly  supplied  by 
Dr.  S.  Balofsky  of  Miami,  Florida. 
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The  blood  specimens  were  obtained  at  the  patient's  bedside.  Twenty-three  cc.  of  the 
patient's  blood  were  drawn  from  an  anterior  cubital  vein.  Fifteen  cc.  were  divided  equally 
among  three  "100  cc."  Erlenmeyer  flasks,  the  first  containing  veal  infusion  broth,  pH  7.4; 
the  second,  2  per  cent  dextrose-veal  infusion  broth,  pH  7.4;  and  the  third,  10  per  cent  tomato 
extract-veal  infusion  broth,  pH  7.6  (8).  Of  the  remaining  8  cc.  of  blood,  6  cc.  were  equally 
divided  to  form  three  pour  plates:  2  cc.  were  mixed  with  each  of  two  tubes  containing  12 
cc.  of  2  per  cent  dextrose-veal  infusion  agar,  pH  7.4;  2  cc.  were  mixed  with  a  tube  containing 
12  cc.  of  plain  veal  infusion  agar,  pH  7.4,  and  2  cc.  were  put  into  a  tube  containing  10  cc.of 
cooked  liver  broth,  pH  7.4,  which  was  sealed  with  2  cc.  of  sterile  vaseline.  Samples  from 
the  flask  were  stained  each  day. 

The  first  blood  culture  taken  on  the  day  following  admission  to  this  hospital 
revealed,  after  48  hours  of  incubation,  innumerable  minute  colonies  of  the  organ- 

ism, described  below,  in  all  solid  media  and  in  the  flask  containing  5  cc.  of  the 
patient's  blood  and  95  cc.  of  plain  broth.  Innumerable  colonies  were  obtained 
only  in  solid  media  in  a  second  blood  culture  taken  five  days  after  admission. 

The  organism  was  not  found  in  cultures  of  the  mouth,  conjunctiva  and  urine. 
Morphology  and  staining  characteristics  of  the  organism  isolated.  The  recovered 

microorganism  designated  herein  as  #  350  was  invariably  Gram  negative,  some 
forms  remaining  poorly  stained.  Granules  appearing  dark  red  or  bluish  with 
the  Gram  stain  were  seen  consistently  throughout  the  body  of  short  rods  and 
long  filamentous  foiTns  (methylene  blue  was  employed  satisfactorily,  Giemsa 
stain  being  preferable  for  demonstration  of  small  round  bodies). 

The  organism  was  markedly  pleomorphic,  non-motile  and  showed  no  capsules. 
The  following  forms  were  observed:  short  and  long  rods  beaded  with  darkly 
staining  granules;  long  filamentous  forms  with  large  darkly  staining  bodies  adja- 

cent to  the  filaments;  filaments  and  masses  of  interwoven  disintegrating  fila- 
mentous strands  with  large  round  bodies;  oval  short  forms  with  markedly 

tapering  ends;  and  small  granules  in  groups.  The  short  rods  presented  a  char- 
acteristic tendency  to  form  rosettes.  These  consisted  of  rods  placed  side  by 

side  to  form  a  small  circle,  the  center  of  which  was  occupied  by  one  or  more 
large  globoid  darkly  stained  bodies. 

Daily  observations  w^re  made  on  the  development  of  these  various  forms  in 
serum  broth  for  a  period  of  2  weeks.  Following  24  hours  of  incubation  the 
culture  consisted  of  short  rods  arranged  in  rosettes.  The  rods  became  elongated 
in  older  cultures  developing  into  filaments  on  the  3rd  day  of  incubation.  Long 
filaments  predominated  over  other  forms  on  the  4th  and  5th  days  of  cultivation. 
On  the  sixth  day  the  filaments  began  to  disintegrate  and  many  round  and  globoid 
bodies  made  their  appearance.  About  the  9th  day  short  rods  were  abundant 
again  Avhile  there  were  few  filaments.  During  the  remaining  90  days  of  observa- 

tion there  were  seen  short  and  pointed  bacillary  forms,  a  few  filaments  and  numer- 
ous short  rods.  A  series  of  microphotographs  and  electron  micrographs  on 

Plates  II,  III  and  IV  illustrates  the  morphological  appearance  of  the  organism. 
Cultural  characteristics  of  organism  ̂ 350.  (a)  Aerobic  cultivation  at  37°C.  in- 

an  atmosphere  containing  5  per  cent  CO2:  No  growth  occurred  on  either  plain 
and  glucose  agar  or  in  gelatine  glucose  broth,  plain  broth  and  peptone  water. 
An  abundant  growth  was,  however,  obtained  on  human  and  rabbit  blood  agar. 



298  C.  HERSCHBERGER,  D.  A.  DANTES  AND  G.  SHWARTZMAN 

After  48  hours  of  incubation  raised,  opaque  and  mucoid  colonies  with  a  smooth 
and  shining  surface  and  irregular  filamentous  edge  were  visible.  The  latter 
appeared  as  an  underlying  mat  which  was  dry  and  adherent  to  the  surface  of 
the  agar.  When  a  block  of  agar  containing  the  colonies  was  lightly  pressed 
against  a  fresh  agar  surface  the  raised  portion  of  the  colony  was  easily  detached, 
leaving  on  the  surface  of  the  block  a  dry,  adherent  ring  with  a  denuded  center. 
The  ring  represented  the  mat  adhering  to  the  agar,  the  denuded  center  being 
the  site  of  the  raised  colony  lost  by  contact  with  the  fresh  agar  surface.  Follow- 

ing the  technique  of  Klieneberger  (9),  numerous  blocks  were  cut  out  at  various 
stages  of  growth,  the  raised  colonies  removed  by  pressing  against  fresh  agar 
surfaces  or  dry  cover  slips.  The  denuded  agar  blocks  were  then  stained  with 
the  Wayson  plague  stain  (loc.  cit.  Brown  and  Nunemaker  (2)).  On  examination 
the  rings  were  found  frequently  to  contain  "oil"  droplets,  and  masses  consisting 
of  some  small  round  bodies  together  with  larger  numbers  of  rod-shaped  and 
filamentous  forms.  No  large  globoid  bodies  were  observed.  It  appeared  that 
it  may  be  possible  to  cultivate  separately  the  mat  forms  from  the  opaque  colonies. 
Observations  on  these  cultures  are  under  progress.  The  denuded  surfaces  of 
agar  blocks  also  showed  very  minute  single  colonies  adherent  to  the  agar  surface. 
They  closely  resembled  the  "pleuropneumonia-like"  or  L  types  seen  in  associa- 

tion with  Streptobacillus  moniliformis.  For  comparison  of  these  colonies  as 
shown  on  Plate  I  the  reader  is  referred  to  Figures  1  to  5  in  the  paper  by  Sabin 
(5),  and  Figure  18  of  Plate  II  in  the  paper  by  Brown  and  Nunemaker  (2). 

On  agar  containing  ascitic  fluid,  the  organism  did  not  grow  as  well  as  on  blood 
agar  and  the  colonies  were  somewhat  different.  They  had  a  dry,  rough  surface 
with  an  irregular  and  filamentous  border.  In  stab  cultures  on  this  medium  there 
was  observed  a  filamentous  growth  studded  with  granules.  The  growth  on  20 
per  cent  serum-agar  was  good.  The  strain  was  readily  maintained  on  this 
medium . 

Loeffler  medium  was  not  liquified  although  growth  was  fairly  good.  No  color 
was  produced  on  Loeffler  medium,  potato  and  serum  agar. 

(b)  CO2  requirements  and  anaerobic  cultivation:  Blood  agar  plates  receiving 
0.05  cc.  of  a  light  suspension  of  the  organism  showed  only  moderate  growth  on 
aerobic  incubation  at  37°C.  in  the  absence  of  CO2  and  significantly  better  growth 
in  air  containing  5  per  cent  CO2.  Anaerobic  cultures  failed  to  grow  completely 
in  ascitic  fluid,  semi-solid  agar,  cooked  liver  broth,  sodium  thioglycollate  medium 
and  blood  agar  plates.  The  surviving  organisms  of  the  inoculum  died  out  after 
2-3  anaerobic  passages. 

Aerobic  20  per  cent  serum  and  20  per  cent  ascitic  fluid  broth  cultures  formed 
a  peUicle  and  granular  strings  suspended  from  the  .surface  in  the  clear  medium. 
There  was  gradually  deposited  a  granular  sediment  on  the  bottom  of  the  tube. 

The  organism  failed  to  grow  in  plain  meat  infusion  broth  containing  10  per 
cent  "Difco"  yeast  extract.  The  effect  of  V  factor  upon  the  growth  of  the  or- 

ganism was  tested  as  follows: 
Plain  agar  plates  were  streaked  with  staphylococcus  and  incubated  for  several 

hours.    Streaks  of  organism  ̂   350  were  then  made  parallel  to  the  staphylococcus 
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inoculations.  Xo  growth  of  the  organism  was  obtained  in  the  presence  or  ab- 
sence of  CO2. 

(c)  Optimum  temperature  for  cultivation,  thermal  death  point  and  duration  of 
survival  in  cultures:  No  growth  occurred  at  room  temperature,  37°C.  being  most 
favorable  for  cultivation  of  the  organism. 

Senim  broth  cultures  were  tested  for  viability  after  storing  for  ̂ 'arious 
periods  of  time  at  different  temperatures.  The  organism  remained  viable  after 
135  days  of  incubation  at  37°C.  under  CO2.  Longer  incubation  periods  were 
not  tested.  The  cultures  died  out  after  maintenance  for  102  and  107  days  at 
room  temperature  and  in  the  refrigerator,  respectively. 

The  thermal  death  point  was  determined  by  immersing  into  a  water  bath  sealed 
capillary  tubes  containing  samples  of  a  48-hour-old  serum  broth  culture  of  the  or- 

ganism. The  culture  was  completely  killed  by  exposure  to  52°C.  for  20  minutes. 
After  10  minutes  at  this  temperature  there  was  partial  destruction  since  the  or- 

ganism grew  out  scantily  in  subculture  on  blood  agar  on  the  4th  day  of  cultiva- 
tion. At  temperatures  of  51°C.  and  lower  for  30  minutes,  the  organism  was  not 

destroyed. 
Biochemical  tests.  The  organism  produced  a  catalase.  Methylene  blue  (1 

drop  of  10  per  cent  aqueous  solution)  was  reduced  within  one  hour  as  actively 
as  in  the  presence  of  E.  coh.  The  indol  test  was  positive.  No  lead  acetate  was 
present.  Nitrates  were  not  reduced  to  nitrites.  Acidification  of  litmus  milk 
began  on  the  7th  day,  becoming  complete  on  the  1 1th  day  of  incubation.  There 
was  no  coagulation  of  milk.  Bile  failed  to  dissolve  the  organism.  There  was 
no  hemolysis  of  red  blood  cells  in  solid  and  fluid  media.  After  several  days  of 
growth  on  blood  agar  there  maj^  appear  from  time  to  time  a  small  zone  of  methe- 
moglobin. 

Tests  for  fermentation  of  sugars  were  made  in  serum  containing  semi-soUd 
agar  media.  There  was  no  fermentation  of  glucose,  while  there  was  obtained 
slight  acidification  without  gas  of  saccharose,  maltose,  mannite  and  lactose. 

Animal  tests.  The  organism  was  non-pathogenic  to  mice,  guinea  pigs  and 
rabbits,  following  subcutaneous,  intravenous  and  intraperitoneal  injections. 
The  organism  was  not  recovered  from  mice  killed  1-16  days  following  intra- 

venous and  intraperitoneal  injection  of  the  suspension. 
Serological  tests.  Methods  and  materials:  Agglutination  tests  with  organism 

^350  were  carried  out  with  saline  suspensions  of  live  cultures  grown  on  blood 
agar  plates  and  a  fonnaHnized  antigen.  The  antigen  was  prepared  in  the  follow- 

ing manner : 
■  Rabbit  serum  broth  cultures  were  centrifuged  until  the  supernate  became  clear. 
The  sediment  was  washed  in  saline  by  repeated  centrifugalization.  Formalin 
in  the  final  concentration  of  0.1  per  cent  was  added  to  the  saline  suspension  of 
the  sediment.  The  suspension  was  placed  into  a  glass-stoppered  bottle  and 
stored  in  the  refrigerator.  Three  days  later  the  glass  stoppei'  was  rf^i^'acf^d  by  a 
cotton  plug  and  left  in  the  refrigerator  for  3  more  days.  On  expiration  of  this 
period  of  time  the  suspension  was  sterile. 
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Sera  em-ployed.  Serum  310  was  obtained  from  a  rabbit  immunized  with  a  washed  suspen- 
sion of  live  organisms  *350  grown  on  blood  agar.  Injections  were  made  intravenously 

for  five  consecutive  days  in  doses  of  0.1,  0.2,  0.4  and  0.5  cc,  respectively.  The  animal  was 
bled  7  days  after  the  last  injection.  In  addition  there  were  used  the  anti-Streptobacillus 
moniliformis  serum,  kindly  supplied  by  Doctor  F.  Parker,  Jr.  and  the  Fothergill  anli-H. 
influenzae  horse  serum.  The  diagnostic  Types  A  and  B  rabbit  sera  of  E.  R.  Squibb  and  Sons 
were  employed  for  the  "Quellung"  tests  as  follows:  One  cc.  of  a  heavy  suspension  of  or- ganism *  350  was  injected  into  the  peritoneum  of  a  mouse.  Four  hours  later  the  mouse  was 
killed  and  the  peritoneum  was  washed  with  saline.  Two  drops  of  the  peritoneal  washing 
containing  the  organisms  were  placed  on  a  slide  and  methylene  blue  added  to  each  drop. 
The  contents  of  one  capillary  tube  containing  A  and  B  sera  were  mixed  with  the  suspensions 

TABLE  I 
Results  of  agglutination  tests  with  various  antigens 

IMMUNE  SERA 
LIVE  SUSPEN- SIOK  OF  #350 

AND  FORMALIN- IZED  ANTIGEN 
«3S0 

H. INFLUENZAE TYPE  B 
H.  INFLUENZAE HEMOLYTICUS MENINGITIS 

STRAIN* 

h.  influenzae 
"respiratory" STRAINf h.  influenzae type  a 

Serum  #310  rabbit  im- 1:512 neg. neg. neg. 

munized  with  organism 
#350 

Anti-Streptobacillus 
neg. 

moniliformis  serum 
(Parker) 

Fothergill  anti-H.  influ- 
neg. 1:32 1:16 1:128 

enzae  serum  (horse) 
Rabbit    anti-H.  influ- no 

no 
no 

no 

"Quellung" enzae  Type  A  serum "Quellung" "Quellung" "Quellung" "Quellung" 
1:10 

Rabbit    anti-H.  influ- 
no 

"Quellung" 
no 

no 
no 

enzae  Type  B  serum "Quellung" 
1:10 

"Quellung" "Quellung" "Quellung" Patient's  serum 1:128 
neg. neg. neg. 

10  sera  from  patients 
neg. 

suffering    from  non- bacterial diseases 

*  This  strain  shows  hemolysis  on  blood  agar  and  requires  the  V  factor  for  its  growth, 
t  This  strain  produces  no  hemolysis  and  fails  to  grow  in  the  absence  of  the  X  factor. 
—  =  not  tested. 

on  the  slide.  The  mixtures  were  examined  microscopically  under  cover  slips  immediately, 
and  15  and  30  minutes  later  for  capsular  swelling. 

Agglutination  tests  were  read  after  3  hours  of  incubation  in  a  water  bath  at 
37°C.  and  again  after  storing  in  the  refrigerator  overnight. 

As  may  be  seen  from  Table  I,  clear-cut  agglutination  of  organism  #350  was 
obtained  with  the  patient's  serum,  while  10  sera  from  other  patients  failed  to 
give  the  reaction.  This  finding  indicates  the  etiological  significance  of  the  or- 

ganism in  the  case  reported.  Cross  agglutination  tests  aided  in  differentiation 
of  organism  #350  from  H.  influenzae  and  Streptobacillus  moniliformis  and 
Brucella. 

Differentiation  of  organism  350  from  allied  microorganisms.  In  view  of  the 
extreme  pleomorphism  of  the  organism  described,  it  becomes  necessary  to  point 
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out  its  differentiation  from  a  great  variety  of  Gram-negative  organisms  with. 
which  there  is  some  morphological  similarity,  especially  those  previously  found 
in  cases  of  subacute  bacterial  endocarditis. 

Differentiation  from  Bacteroides  and  Baderoides-like  organisms.  The  strict 
aerobiosis  of  the  organism  clearly  differentiates  it  from  strictly  anaerobic  or- 

ganisms of  the  genus  of  Bacteroides  and  Bacteroides-like  organisms  of  Prevot, 
i.e.  Ristella  capsularis,  Sphcrophorus  (including  actinomyces  or  Bacillus  ne- 
crophorus),  Spherocillus,  and  the  genus  of  Fusobacterium  represented  by  the 
well-known  Fusobacterium  plauti-vincenti.  The  difference  is  sufficiently  clear- 
cut  to  make  superfluous  the  description  of  other  differentiating  cultural  and  bio- 

chemical characteristics. 
Differentiation  from  Brucella  and  Pfeifferella  mallei  and  Pastenrella  groups. 

The  morphological  appearance  and  lack  of  serological  relationship  by  clearly 
negative  cross-agglutinations  unequivocally  differentiate  organism  #350  from 
the  Brucella.  The  biochemical,  morphological,  cultural  and  especially  patho- 

genic properties  of  the  Pfeifferella  and  Pasteurella  groups  differ  so  markedly  from 
those  of  organism  ;^350  that  no  detailed  consideration  is  required. 

Differentiation  of  organism  §350  from  Genus  Hemophilus.  Inasmuch  as 
Genus  Hemophilus,  represented  by  H.  influenzae  and  para-infiuenzae,  is  a  pleo- 

morphic, sometimes  filamentous,  aerobic.  Gram-negative  organism,  differentia- 
tion from  the  organism  described  requires  special  attention.  The  differences 

are  as  follows: 
Organism  #  350  is  differentiated  from  this  genus  by  its  ability  to  grow  in  the 

absence  of  hemoglobin  (i.e.  X  factor)  and  its  failure  to  grow  on  plain  broth  in 
the  presence  of  the  staphylococcus  V  factor  (page  298)  and  yeast  extract.  Most 
of  the  strains  of  hemophilus  require  the  presence  of  X  and  V  factors,  ̂ vhile  some 
may  grow  in  the  presence  of  one  or  another  factor  alone.  Furthermore,  differ- 

entiation from  various  strains,  which  would  be  too  lengthy  for  description,  is 
made  on  the  lack  of  ability  of  the  organism  described  to  produce  nitrites  from 
nitrates;  non-pathogenicity  for  mice;  lack  of  hemolysis;  the  type  of  growth  in 
fluid  medium;  lack  of  pigment  formation  on  potato;  and  in  lack  of  serological 
relationship.  Some  features  in  common,  such  as  indol  and  catalase  production, 
fail  to  indicate  any  relation  to  the  Hemophilus  genus,  inasmuch  as  the  strains  of 
hemophilus  showing  this  characteristic  differ  in  many  other  respects  from  the 
organism  described.  Differentiation  of  organism  #350  from  the  organism  iso- 

lated from  cases  of  subacute  bacterial  endocarditis  by  Stuart-Harris,  Wells, 
Rosher,  Mackie  and  Wilson  are  of  particular  interest  here.  The  organisms  re- 

corded by  the  authors  were  identified  as  para-influenza  and  streptobacilli.  The 
morphology  of  these  is  quite  distinct  from  that  of  organism  #  350.  They  are 
very  small  and  coccobacillary  in  shape,  showing  but  httle  irregularity  in  form  or 
staining  and  presenting  no  characteristic  arrangement.  The  colonies  are  also 
distinct,  being  translucent  and  apparently  having  no  mat  as  seen  in  the  colonies 
of  the  #  350  organism.  The  following  features  were  also  different  from  those  de- 

scribed in  connection  with  organism  #  350.  The  V  factor  was  essential  for  the 
growth  of  three  strains.    None  of  the  strains  produced  indol,  or  had  any  effect 
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on  litmus  milk.  Catalase  production  was  poor  or  absent  and  the  strains  were 
facultative  anaerobes,  although  growing  better  aerobically.  The  addition  of 
blood  and  serum  did  not  have  a  marked  effect  on  growth. 

Similarly  to  the  strains  of  "parainfluenza"  described  by  Stuart-Harris,  Wells, 
Rosher,  Mackie  and  Wilson,  organism  #350  produced  acid  in  glucose,  maltose 
and  sucrose;  improved  growth  was  obtained  on  addition  of  CO2  to  the  atmos- 

phere. Broth  cultures  contained  a  flocculo-granular  deposit.  There  was  no 
pathogenicity  for  laboratory  animals.  However,  all  the  points  of  dissimilarity 
between  ?^  350  and  pai'ainfluenza  were  sufficiently  significant  and  numerous  to 
permit  a  differentiation  of  this  organism  from  the  strains  described  by  the  authors 
just  mentioned. 

Diffcrendalion  of  organism  ̂ 350  from  Streptobacillus  moniliformis  and  its 
possible  relation  to  pleuropneumonia-like  forms.  The  groups  of  Streptobacillus 
moniUformis  widely  spread  among  rodents  are  yet  inadequately  characterized; 
the  best  studied  are  those  members  which  elicit  human  infections.  Furthermore, 
the  cultural,  biochemical  and  serological  properties  known  thus  far  are  not 
sufficiently  specific  to  enable  clear-cut  definition.  The  morphological  appear- 

ance offers  possibly  the  best  criteria  for  identification,  this,  however,  being  com- 
plicated by  the  existence  of  so-called  L  forms,  or  pleuropneumonia-like  organisms 

which  may  be  either  symbionts  or  variants  of  the  Streptobacillus  moniliformis. 
Organism  350  described  in  this  paper  is  morphologically  clearly  distinct  from 
Streptobacillus  moniliformis,  omitting  for  the  moment  the  L  form  from  con- 

sideration. Thus,  according  to  the  description  of  Brown  and  Nunemaker, 
Streptobacillus  moniliformis  possesses  the  following  morphological  features: 

There  are  observed  long  filaments  which  may  form  irregular  numbers  of  large 
or  small  spindle-shaped  swellings  packed  with  fine  granules.  Furthermore,  fila- 

ments show  a  distinct  tendency  to  fragment  in  dot-dash  fashion  (Morse  code) 
and  form  along  the  course  of  fragmented  filaments  large  round  bodies.  Or- 

ganism i¥  350  shows  no  fragmentation.  As  may  be  seen  in  the  electron  micro- 
scope photographs  (Plate  IV),  the  space  between  sections  of  filaments  are  con- 

nected by  thin  strands  of  the  matrix.  Furthermore,  single  or  resting  bodies  are 
young  forms  of  the  rods  or  filaments.  They  too  show  granules  embedded  in  a 
matrix.  As  the  body  forms  into  rod,  and  rod  into  filament,  the  number  of  granules 
in  the  matrix  increases  proportionately. 

However,  while  organism  #350  is  definitely  distinct  from  Streptobacillus 
moniliformis,  it  shows  a  tendency  to  undergo  certain  changes  which  may  indicate 
the  presence  of  symbionts  or  variants.  These  forms  are  related  to  the  L  forms 
of  "pleuropneumonia-like"  organisms.  The  features  pointing  to  the  relationship are  as  follows: 

After  2  to  3  days  of  incul)n.-on  the  surface  of  the  colony  can  be  easily  detached 
leaving  a  mat  which  is  dry  and  embedded  in  the  mass  of  media.  This  detach- 

ment occurs  when  a  coverslip  is  placed  over  a  colony  to  make  an  impression  prepa- 
ration. The  colony  detached  may  contain  vacuolated  areas  with  some  peculiar 

chemical  substance  staining  brown  with  Giemsa,  with  the  organism  discernible 
on  its  surface  or  around  the  material.    Furthermore,  the  older  cultures  clearly 
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show  a  transformation  of  the  rods  and  filaments  into  exceedingly  small  forms, 
seemingly  consisting  only  of  granules  under  the  optical  microscope.  On  the 
other  hand,  the  above  peculiar  forms  do  not  show  the  extraordinary  pleomor- 
phism  seen  in  pleuropneumonia  organisms,  and  the  L  forms  of  rats  (Kliene- 
berger,  Dienes  and  Smith,  Brown  and  Nunemaker)  and  mice  (Sabin).  There 
are,  however,  certain  suggestive  similarities,  namely,  the  appearance  of  some 
microscopic  colonies  seen  after  the  removal  of  the  large  elevated  colonies,  low 
thermal  death  point,  appearance  of  growth  in  fluid  media,  the  strict  requirement 
for  high  protein  contents  of  media,  etc. 

Comparison  of  organism  §350  with  Grahamella.  Tyzzer  described  an  inter- 
esting group  of  organisms,  the  so-called  Grahamellae  occurring  in  the  blood  of 

rodents,  responsible  for  acute  and  latent  infections.  The  features  described 
in  the  opinion  of  the  author  do  riot  disclose  any  distinct  differentiation  of  this 
group  from  the  Streptobacillus  moniliformis  group.  Nevertheless,  the  morpho- 

logical characteristics  definitely  separate  the  organism  from  the  typical  strains 
of  Streptobacillus  moniliformis  of  rat-bite  fever,  especially  those  transmitted 
to  man  (i.e.  absence  of  fragmentation  and  nodular  thickenings).  Judging  from 
Tyzzer 's  description  there  may  exist  certain  points  of  similarity  between  the 
Grahamellae  and  organism  #350,  namely:  long  survival  time  at  room  tempera- 

ture; the  existence  of  unb ranched  beaded  rods  with  some  globoid  forrtte;  compact 
masses  of  granules  and  globoid  forms  resembling  resting  stages;  and  abundant 
growth  on  blood  media. 

DISCUSSION 
The  organism  described  in  this  paper  may  be  differentiated  with  certainty 

from  H.  influenzae,  Streptobacillus  moniUformis  of  rat-bite  fever,  Pfeifferella 
mallei,  Pasteurella,  Brucella,  Bacteroides  and  Bacteroides-like  organisms.  It 
seems  to  be  somewhat  similar  to  Grahamellae  of  Tyzzer.  In  addition  certain 
features  indicate  that  the  organism  may  be  associated  with  the  L  forms  similar 
in  some  respects  to  those  described  by  Klieneberger,  or  be  related  to  a  pleuro- 
pneumonia-like  organism.  The  final  identification  of  the  organism  described 
must  remain  unsolved  for  the  following  reasons: 

(1)  The  exact  nature  of  the  pleuropneumonia-like  organisms  is  still  uncertain, 
since  they  may  be  symbionts  or  merely  variants  of  other  organisms  (Klieneberger, 
Dienes,  Smith,  Brown  and  Nunemaker). 

(2)  The  possibility  that  L  forms  may  be  also  associated  with  Grahamellae  is 
not  excluded. 

(3)  Our  knowledge  of  pleuropneumonia  categoiy  of  organisms  is  not  suffi- 
ciently advanced  to  determine  whether  the  absence  of  certain  forms  in  organism 

#350  necessarily  precludes  its  acceptance  as  a  representative  member  of  the 
group. 

It  may  be  advisable  to  refrain  from  the  final  identification  of  this  organism  by 
defining  it  as  one  of  human  origin  bearing  resemblance  to  the  Grahamellae  and 
possibly  associated  with  a  variant  or  symbiont  which  possesses  some  character- 

istics in  common  with  the  L  forms. 
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The  finding  of  this  organism  is  of  interest  for  several  reasons : 
(1)  Its  occurrence  in  man  is  exceedingly  rare. 
(2)  The  organism  may  be  easily  overlooked  in  view  of  the  small  size  of  colonies 

in  "pour  plates,"  staining  characteristics,  bizarre  forms,  requirement  of  high 
protein  content  on  media  and  of  addition  of  CO2  to  the  atmosphere. 

(3)  The  finding  of  this  organism  in  our  case  does  not  necessarily  imply  its 
exogenous  virulence  for  man  inasmuch  as  the  infection  occurred  on  heart  valves 
apparently  rendered  susceptible  by  rheumatic  heart  disease.  Nevertheless,  the 
bacteria  to  which  organism  #  350  is  related  show  interesting  pathogenic  effects 
upon  animals,  resembling  some  ob.scure  human  infections  (joint  and  heart  lesions, 
etc.).  The  possibility  that  a  member  of  this  or  these  groups  may  also  propagate 
in  man  suggests  that  it  is  necessary  to  search  with  care  for  similar  organisms  in 
the  human  bacteriological  material. 

SUMMARY 
An  unusual  organism  was  found  in  a  case  of  subacute  bacterial  endocarditis. 

This  organism  is  somewhat  related  to  the  Grahamella  group  and  may  be  associ- 
ated with  a  pleuropneumonia-like  or  so-called  "L"  symbiont  or  variant.  The 

differentiation  from  allied  microorganisms  is  described  in  detail. 
• 

The  authors  are  thankful  to  Miss  Helen  Data  for  capable  assistance. 
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PLATE  I 
Sections  of  Agar  Blocks.    Wayson  Stain.    150  X 

The  colonies  shown  in  this  plate  were  adherent  to  the  agar  and  were  found  under  a  film 
of  surface  growth.  The  surface  growth,  not  shown  here,  was  removed  by  contact  with  a 
fresh  agar  surface.    (A),  (B)  and  (C) :  3-day  old  cultures;  (D)  and  (E) :  4-week  old  cultures. 
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PLATE  II 
IiMPEEssioN  Preparation.    Giemsa  Stain.    1800  X 

Age  of  cultures :  (A)  17  hours;  (B)  3  days;  (C)  7  days.    Note  the  appearance  of  "rosettes" described  in  the  text. 



SUBACUTE  BACTERIAL  ENDOCARDITIS 307 

Upon  impressing  the  cover  slip  on  the  surface  of  the  agar,  the  central  portion  of  the 
colonies  adherent  to  the  agar  failed  to  appear  on  the  cover  slip.  The  peripheral  zones  of 
growth  in  the  illustration  represent  the  "mats"  described  in  the  text. 
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pj-atj:  IV 

Electron  Micrographs 
(A)  Human  serum  broth  culture.  24  hours  old.  Granular  deposit  in  the  culture  placed 

on  the  screen.    The  screen  was  washed  3  times  with  distilled  water.    5250  X. 
(B)  Colonies  of  a  12-day  old  blood  plate  culture  were  emulsified  in  Locke  solution.  A 

drop  of  the  emulsion  was  placed  on  a  screen.  The  screen  was  washed  3  times  in  distilled 
water.    10,500  X. 

(C)  Preparation  of  a  24-h()ur  old  human  scrum  broth  culture.  The  centrifuged  sediment 
was  suspended  in  broth  diluted  with  liingcr  solution,  5250  X. 

(D)  Preparation  of  a  24-hour  old  human  serum  broth  culture.  The  centrifuged  sediment 
was  suspended  in  broth  diluted  with  Ringer  solution.  5250  X  .  Note  dense  structures  em- 

bedded in  the  matrix  and  globoid  bodies  in  (B)  and  (C).  The  high  magnification  of  globoid 
body  in  (B)  demonstrates  a  structure  similar  to  that  observed  in  bacillary  forms,  i.e.  dense 
bodies  embedded  in  the  matrix. 



VENOUS  PRESSURE  CURVES  IN  NORMAL  AND  ABNORMAL  CIR- 
CULATORY STATES.    I.  NORMAL  VENOUS  PRESSURE  CURVES  AND 

THE  NEGATIVE  "HEPATO- JUGULAR  REFLUX  PHENOMENON 
WILLIAM  M.  HITZIG,  M.D. 

The  study  of  the  veins,  which  according  to  Lewis  (1),  still  suffers  an  egregious 
neglect,  dates  back  to  Stephen  Hales  (2).  In  17G9  Hales  measured  venous 
pressure  in  the  horse  and  sheep  by  inserting  a  glass  tube  into  the  jugular  vein 
and  observing  the  blood  column,  a  direct  method  still  in  use  today.  Although 
systemic  venous  engorgement  has  long  been  associated  with  a  failing  heart,  the 
quantitative  registration  of  venous  pressure  in  circulatory  diseases  received  its 
impetus  from  the  work  of  Starling  (3),  Henderson  (4)  and  others  who  first  recog- 

nized the  significance  of  the  venous  return  to  the  heart  in  the  regulation  of  the 
circulation.  Since  then,  and  particularly  during  the  past  decade,  venous  pres- 

sure measurements  have  been  employed  not  only  by  the  investigator  in  the 
elucidation  of  fundamental  circulatory  mechanisms,  but  also  by  the  clinician  in 
the  bedside  recognition  and  therapeutic  management  of  circulatory  syndromes. 
Excellent  reviews  on  this  subject  are  given  by  Eyster  (5),  Villaret,  Saint  Girons 
and  Justin -Besancon  (G),  Pogany  (7),  Fishberg  (8)  and  others. 

The  absolute  height  of  the  venous  pressure  as  measured  in  an  antecubital  vein, 
as  is  well  known,  serves  as  a  rough  index  of  the  systemic  venous  return  and  of  the 
ability  of  the  right  heart  to  cope  with  it  while  at  rest.  Values  within  certain 
hmits  represent  a  normally  functioning  right  ̂ ■entrif•le.  Marked  depression  of 
the  venous  pressure  usually  signifies  a  diminislied  Acnous  return,  as  found  in 
peripheral  failure  or  shock,  and  a  numerical  ekn  ation  of  the  systemic  venous 
pressure  is  regarded  as  the  cardinal  sign  of  right  heart  failure.  However,  unless 
clinical  or  other  laboratory  methods  are  invoked,  incipient  or  lesser  disturbances 
of  right  ventricular  function  may  frequently  remain  unrecognized,  because  in 
such  cases  the  initial  pressure  in  the  veins  may  still  be  within  the  upper  limits  of 
normal.  In  view  of  this,  it  may  therefore  be  stated  that  isolated  "static" 
measurements  of  venous  pressure  in  systemic  veins  are  not  entirely  adequate, 
since  such  measurements  performed  at  rest  may  fail  to  shed  sufficient  light  on 
the  functional  reserve  of  the  right  heart. 

The  inadequacy  of  the  "static"  measurements  of  venous  pressure  also  becomes 
apparent  in  occasional  cases  of  frank  right  heart  failure  where  despite  the  per- 

sistence of  the  classical  clinical  manifestations  of  right  ventricular  insufficiency, 
normal  or  nearly  normal  initial  venous  pressures  may  be  encountered  at  rest. 
This  is  especially  true  in  incipient  right  heart  failure,  as  well  as  in  markedly  ad- 

vanced cases  whose  treatment  with  diuretics  and  digitalis  has  altered  signifi- 
cantly the  ratio  between  the  circulating  blood  volume  and  the  total  venous 

capacity.  In  such  cases  only  "dynamic"  measurements  of  the  venous  pressure 
obtained  by  increasing  the  venous  return  either  through  exercise  or  through 

1  From  the  2nd  Medical  Service  of  Dr.  Isidore  Snapper,  The  Mount  Sinai  Hospital, 
New  York,  N.  Y. 
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rapid  intravenous  fluid  administration  can  confirm  in  a  physiological  way  the 
presence  of  lesser  or  greater  disturbances  of  the  functional  reserve  of  the  right 
heart. 

The  functional  reserve  of  the  right  heart  is,  roughly  speaking,  directly  propor- 
tional to  its  capacity  to  cope  with  an  increased  venous  return.  This  explains  the 

absence  of  a  cardiac  reserve  in  patients  with  frank  right  heart  failure  during 
exercise  or  during  rapid  intravenous  fluid  administration.  In  such  instances  the 
increased  venous  return  engendered  by  effort  or  rapid  venoclysis  is  accom- 

panied by  an  increased  elevation  of  the  systemic  venous  pressure  as  well  as  by 
exaggeration  of  the  clinical  symptoms.  Such  physiologic  measures  can  be  em- 

ployed in  a  similar  though  less  striking  manner  to  unfold  the  presence  of  only 
slight  weakness  of  the  right  ventricle.  Although  in  these  borderline  cases  the 
right  heart  is  still  able  to  handle  the  venous  return  at  rest  and  maintain  the 
systemic  venous  pressure  at  a  normal  level,  augmentation  of  the  venous  return 
may  serve  as  the  sole  means  of  bringing  to  the  surface  the  earliest  evidence  of 
impairment  of  right  ventricular  function. 

The  circulatory  disturbance  which  characterizes  the  inefficient  right  ventricle 
is  best  understood  in  the  light  of  Starling's  fundamental  law  of  the  heart.  The 
normal  heart  maintains  a  constant  venous  pressure  level  during  exercise  or  during 
rapid  fluid  administration  provided  that  the  augmented  venous  return  does  not 
exceed  its  functional  capacity.  Unless  exercise  is  too  vigorous  or  the  quantity 
of  the  intravenous  fluid  introduced  in  a  unit  of  time  is  too  high,  the  normal  heart 
accommodates  itself  to  the  increased  return  by  means  of  the  following  two 
mechanisms:  1)  increased  diastolic  filling  with  resulting  increase  in  the  output 
per  .stroke,  and  2)  increased  rate,  which  if  present  probably  arises  from  the  in- 
crea.sed  pressure  in  the  great  veins  and  heart  (Bainbridge  reflex).  In  the  insuffi- 

cient right  heart,  on  the  other  hand,  these  mechanisms  operate  less  effectively. 
The  decrease  in  output  of  the  right  ventricle  preponderates  over  the  compensa- 

tory tachycardia  with  consequent  accumulation  of  blood  in  the  systemic  veins 
and  elevation  of  the  venous  pressure. 

"Dynamic"  methods  for  measuring  the  venous  pressure  following  exercise  and 
intravenous  fluid  administration  have  been  carried  out  in  selected  cases  but  have 
not  been  accepted  for  routine  use.  The  results  do  not  justify  the  effort  in  view  of 
the  technical  difficulties  and  untoward  physiologic  disturbances  occasionally 
encountered  in  cardiac  patients. 

During  the  past  ten  years  the  author  has  employed  a  satisfactory  clinical 
method  for  recording  in  a  dynamic  way  the  ability  of  the  right  heart  to  cope 
with  an  increased  venous  return.  The  procedure,  a  simple  adaptation  of  the 
principles  enunciated  above,  is  carried  out  at  rest  and  embodies  a  phenomenon 
first  described  by  Pasteur  (9)  and  later  elaborated  on  by  Rondot  (10),  who 
found  that  manual  compression  of  an  engorged  liver  causes  swelling  of  the 
veins  of  the  neck.  Pasteur  regarded  it  as  a  phenomenon  associated  with 
tricuspid  regiu'gitation,  but  Rondot,  who  realized  its  broader  implication,  cor- 

rectly attiihuted  it  to  weakness  of  the  right  ventricle  and  gave  it  the  name  of 
hepato-jinjiilar  rcjlux.    Later,  Plesch  (11)  also  applied  this  sign  to  clinical  cardi- 



NORMAL  AND  ABNORMAL  VENOUS  PRESSURE  CURVES 311 

ology  and  concluded  that  its  presence  indicated  right  ventricular  insufficiency. 
Hitherto,  observation  on  the  fullness  of  the  cervical  veins  during  this  maneuver 
has  been  confined  solely  to  cases  in  which  there  was  frank  failure  of  the  right  side 
of  the  heart.  Similar  observations  on  the  state  of  the  cervical  veins  in  "normals" 
and  in  lesser  grades  of  right  ventricular  insufficiency  have  not  been  previously 
mentioned  except  briefly  by  the  author  (12),  who  applied  and  confirmed  the 
value  of  this  phenomenon  in  a  large  series  of  normal  and  abnormal  circulatory 
states.  Even  without  actually  measuring  the  venous  pressure,  the  functional 
efficiency  of  the  right  ventricle  was  readily  ascertained  at  the  bedside  by  in- 

specting and  by  palpating  the  resistance  of  the  superficial  cervical  veins  dur- 
ing combined  right  upper  abdominal  compression  and  deep  breathing. 

The  maneuver  is  carried  out  as  follows :  The  recumbent  patient  is  told  to  relax 
and  breathe  regularly  and  deeply.  He  may  be  required  to  turn  his  head  slightly 
to  render  his  neck  veins  more  prominent.  During  these  respiratory  excvu'sions 
the  observer,  while  inspecting  and  palpating  the  superficial  cervical  veins,  applies 
gradually  increasing  pressure  over  the  right  upper  abdomen  with  the  palmar 
aspect  of  his  outstretched  hand  and  records  the  effect  of  deep  breathing  (es- 

pecially inspiration)  upon  the  vein  he  has  selected.  Observation  of  the  veins  in 
a  wide  variety  of  carefully  observed  cases  during  a  period  of  ten  j^ears  permits  the 
following  generalizations  with  regard  to  the  functional  status  of  the  right  ven- 

tricle : 
1)  If  right  upper  abdominal  compression  causes  visible  collapse  or  emptying 

of  the  superficial  cervical  veins  (external  jugular  vein)  during  deep  breathing,  it 
invariably  indicates  a  normally  functioning  right  ventricle  at  rest. 

2)  If  right  upper  abdominal  compression  does  not  cause  any  noticeable  change 
in  the  superficial  cervical  veins  (external  jugular  vein)  during  deep  breathing, 
and  palpation  reveals  prominent  but  soft  "inelastic'  veins  (over-distended  or 
gaping  veins,  as  seen  in  long  standing  bronchitis  or  emphysema),  it  also  invar- 

iably indicates  a  normally  functioning  right  ventricle  at  rest. 
3)  If  right  upper  abdominal  compression  causes  the  superficial  cervical  veins 

(external  jugular  veins)  to  become  either  visibly  fuller  or  palpably  more  tense 
during  deep  breathing,  it  invariably  indicates  an  insufficient  or  decompensated 
right  ventricle  at  rest,  the  degree  of  "congestive"  failure  being  directly  propor- tional to  the  resistant  fullness  or  tension  of  the  cervical  veins. 

This  procedure,  if  correctly  applied  can  offer  inestimable  aid  in  clinical  cardi- 
ology. For  example,  it  can  be  of  definite  value  at  the  bedside  for  the  prompt 

recognition  of  extra-cardiac  causes  of  hepatomegaly,  ascites,  peripheral  edema 
and  other  symptoms  that  may  mimic  congestive  failure.  On  the  basis  of  a  large 
series  of  well-controlled  cases  it  has  actually  become  axiomatic  to  regard  an  ab- 

sent Pasteur-Rondot  (hepato-jugular  reflux)  phenomenon  as  proof  par  excellence 
that  the  symptoms  enumerated  above  do  not  owe  their  origin  to  a  failing  heart. 
In  several  instances  the  technical  application  of  this  phenomenon  and  the  under- 

standing of  its  clinical  implications  has  facilitated  in  a  unique  way  the  manage- 
ment of  cardiac  patients  who  were  unable  to  avail  themselves  of  adequate  medical 

care.    Thus,  the  hydraemia  of  chronically  recurring  congestive  failure  was  sue- 
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cessfully  controlled  by  patients'  families  who  after  a  period  of  coaching  were  able 
to  recognize  that  a  positive  Pasteur-Rondot  phenomenon  was  a  signal  for  prompt 
administration  or  intensification  of  routine  cardiac  measures.  Because  of  cer- 

tain compeUing  circumstances,  one  such  patient  with  arteriosclerotic  heart  dis- 
ease, auricular  fibrillation  and  generalized  anasarca  was  maintained  in  a  fair 

state  of  compensation  for  several  years  by  a  member  of  his  family,  whose  knowl- 
edge of  the  significance  of  this  phenomenon  served  as  a  guide  for  more  intensive 

digitalization,  fluid  restriction  and  mercurial  diuresis. 
The  foregoing  observations  on  the  veins  were  correlated  with  actual  measure- 

ments of  the  height  of  the  venous  pressure  in  one  of  the  tributaries  of  the  superior 
vena  cava  (antecubital  or  external  jugular  veins)  before  and  during  one  minute 
of  sustained  right  upper  abdominal  compression.  It  was  found  that  when  the 
venous  return  was  temporarily  increased  by  means  of  abdominal  compression, 
the  resulting  height  of  the  venous  pressure  as  measured  in  the  arm  or  neck 
veins  reflected  more  accurately  the  functional  status  of  the  right  ventricle. 

The  application  of  the  hepato-jugular  reflux  phenomenon  to  manometric  meas- 
urements of  the  venous  pressure  has  yielded  characteristic  venous  pressure  curves 

for  normal  and  abnormal  circulatory  states.  The  results  obtained  in  "normals" 
form  the  basis  of  this  paper.  The  venous  pressure  curves  in  abnormal  circula- 

tory states  will  be  presented  in  a  subsequent  publication. 
A  close  correlation  existed  between  the  manometric  findings  and  the  observed 

state  of  fullness  of  the  veins  of  the  neck.  Occasionally,  discrepancies  occurred 
and  when  they  did,  the  clinical  course  corroborated  the  greater  accuracy  of  the 
manometric  method.  This  was  especially  true  of  borderline  or  so-called  "in- 

cipient" right  heart  failure  cases,  where  a  manometric  ri.se  of  from  2  to  5  cm. 
during  right  upper  abdominal  compression  not  infrequently  escaped  clinical 
detection.  On  the  basis  of  the  foregoing  observations,  it  may  be  concluded  that 
the  manometric  method  is  superior  to  clinical  observation  of  the  status  of  the 
cer\  ical  veins  (presence  or  absence  of  hepato-jugular  reflux  phenomenon)  for  the 
following  reasons: 

1)  It  makes  possible  relatively  accurate  quantitative  data  for  comparative 
observations.  (The  determination  of  the  venous  pressure  curve  can  be  repeat- 

edly carried  out  at  the  bedside  without  significant  injury  to  the  veins). 
2)  It  permits  more  accurate  differentiation  of  extra-cardiac  from  true  cardiac 

conditions,  especially  in  doubtful  cases  where  the  mimicry  is  confusing  or  the 
initial  venous  pressure  is  high  normal  or  even  above  normal. 

3)  It  permits  the  detection  of  lesser  grades  of  right  heart  failure  not  grossly 
demonstral^Ie  in  the  veins  of  the  neck  since  it  is  often  difficult  to  judge  on  clinical 
grounds  alone  the  presence  of  increased  distention  of  the  external  jugular  veins 
unless  there  is  manifest  failure  of  the  right  side  of  the  heart.  This  is  particularly 
true  in  patients  whose  external  jugular  veins  are  hidden  by  a  thick  panniculus, 
or  whose  veins  are  excessively  prominent  or  gaping  either  congenitally  or  as  a 
result  of  phlebosclerosis  or  other  degenerative  changes. 

4)  It  permits  the  recording  of  a  fall  of  venous  pres.sure — an  interesting  finding 
encountered  only  in  normal  individuals — imparting  thereby  the  essential  charac- 

ter to  the  normal  venous  pressure  curve. 
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CLINICAL  MATERIAL 

More  than  2,000-  adult  ambulatory  and  hospital  patients  from  the  out-patient 
and  ward  services  of  The  Mount  Sinai  Hospital  were  observed  during  the  past  8 
years.  These  patients  suffered  from  a  variety  of  circulatory  and  non-circulatory 
conditions.  In  addition,  a  group  of  45  normal  ambulatory  young  men  (residents 
of  the  Fred  Lavanburg  Home)  between  the  ages  of  16  and  24  were  also  studied. 

METHODS 

Venous  pressure  curves  (initial  venous  pressure  and  height  of  venous  column 
when  the  venous  return  was  temporarily  increased)  were  obtained  in  all  patients. 
Circulation  times  with  ether  (13)  and  saccharin  (14)  or  decholin  (15)  were  also 
performed  on  the  great  majority  of  patients. 

VENOUS  PRESSURE  CURVES 

Venous  pressure  curves  were  obtained  by  recording  the  initial  venous  pressure 
in  one  of  the  tributaries  of  the  superior  vena  cava  (antecubital  or  external  jugular 
veins)  by  the  direct  methods  of  Taylor,  Thomas  and  Schleiter  (16),  and  Moritz- 
Tabora  (17).    After  these  readings  were  recorded,  the  rise  or  fall  of  the  venous 
column  in  the  manometer  tube  was  determined  by  temporarily  increasing  the 
venous  return  to  the  heart  by  means  of  the  following  maneuvers : 

A)  right  upper  abdominal  compression  for  about  one  minute 
*B)  left  lower  abdominal  compression  for  about  one  minute,  or 
^C)  passive  elevation  of  the  lower  extremities  to  a  plane  perpendicular  to  the 

body  for  about  one  minute. 

I.  The  measurement  of  the  initial  venous  pressure 
a)  The  Taylor,  Thomas  and  Schleiter  method.  The  method  was  modified  slightly 

by  moistening  the  inside  of  the  sterile  "L"  shaped  tube  with  10-30  per  cent  solution 
of  sodium  citrate  as  an  anti-coagulant.  In  this  way  the  sensitivity  of  the  mano- 
metric  system  was  maintained  and  protracted  measurements  were  made  possible. 
The  subject  was  prepared  for  the  venous  pressure  measurements  as  follows:  He 
reclined  and  was  encouraged  to  relax  after  a  large  antecubital  vein  had  been 
selected.  His  arm  was  supported  on  a  pillow  so  that  the  antecubital  surface 
was  at  a  level  5  cm.  beneath  the  anterior  chest  wall  at  the  insertion  of  the  fourth 
rib  (the  zero  point).  Theoretically,  the  zero  point  corresponded  to  the  assumed 
level  of  the  caval  openings  in  the  right  auricle  (a  point  much  disputed  by  other 
investigators).  A  tourniquet,  or  preferably  a  loose  blood  pressure  cuff  was  ap- 

plied around  the  arm  and  inflated  to  about  40  to  60  mm.  of  mercury.  The  skin 
was  cleansed  with  alcohol.    A  10  to  18  gauge  needle  was  attached  to  the  inanom- 

2  The  bulk  of  these  observations  is  based  on  studies  made  on  the  Second  Medical  Service 
during  the  period  it  was  under  the  direction  of  Dr.  B.  S.  Oppenheiiner  and  Dr.  Eli  Moscho- 
witz.  Some  of  the  material  included  in  this  investigation  is  from  the  First  Medical  Service 
of  Dr.  George  Baehr. 

'  Because  the  results  of  maneuver  B  paralleled  in  a  general  way  those  obtained  in  ma- 
neuver A,  and  because  maneuver  C  also  presented  technical  difficulties,  both  of  these 

maneuvers  (B  and  C)  were  eventually  abandoned. 
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eter  and  inserted  into  the  vein.  At  this  point  it  is  important  to  emphasize  the 
following  precautions  to  insure  successful  measurements: 

1)  The  patient  must  rest  for  at  least  8  to  10  minutes  before  the  measurement 
is  taken.  The  patient  must  be  relaxed  throughout  the  procedure.  It  is  im- 

portant to  test  this  while  readings  are  taken.  This  can  be  done  periodically  by 
passively  fiexing  the  elbow.  If  the  patient  is  not  relaxed,  the  muscles  of  his  upper 
extremity  are  tense  and  passive  flexion  of  the  elbow  will  be  met  with  resistance. 

2)  A  large  antecubital  vein  must  be  selected,  because  a  larger  vein  yields  more 
accurate  readings. 

3)  A  16  to  18  gauge  needle  must  be  employed  because  the  sensitivity  of  the 
manometric  system  is  dependent  largely  upon  the  bore  of  the  needle.  Further- 

more, the  larger  the  bore  the  less  the  incidence  of  clotting  within  the  manometer. 
In  subjects  who  are  hypersensitive  to  pain  or  when  using  a  large  gauge  needle  it 
it  is  advisable  to  infiltrate  the  skin  overlying  the  vein  with  novocaine.  This 
enhances  relaxation — especially  when  an  external  jugular  vein  is  employed. 

4)  The  arm  must  not  be  internally  rotated  nor  excessively  abducted  to  avoid 
interference  with  the  venous  return.  If  a  neck  vein  is  employed,  excessive  rota- 

tion of  the  head  must  also  be  avoided  for  similar  reasons. 
5)  The  beveled  edge  of  the  needle  must  lie  freely  within  the  vein  and  not  im- 

pinge against  its  walls. 
After  the  blood  rose  in  the  manometer  the  tourniquet  or  blood  pressure  cuff 

was  released.  When  the  blood  column  reached  a  stationary  level  the  reading 
was  recorded.  This  represented  the  initial  venous  pressure  by  the  "blood-up" 
method.  The  arm  was  then  again  compressed.  The  prompt  rise  of  the  blood 
column  in  the  manometer  confirmed  the  patency  of  the  system.  When  the  com- 

pression was  removed  the  blood  flowed  back  to  its  previous  level  or  to  within  1 
to  2  cm.  of  it.  The  level  at  which  it  became  stationary  represented  the  initial 
venous  pressure  by  the  "blood-down"  method.  Respiratory  oscillations  of  the 
blood  column,  if  present,  and  the  close  approximation  between  the  "blood-up" 
and  "blood-down"  methods  were  usually  indicative  of  a  free  system.  A  dis- 

crepancy of  1  to  2  cm.  was  regarded  within  the  limits  of  error  by  this  method  and 
consequently  ignored.'' 

b)  The  Moritz-Tahora  method.  This  method  was  employed  in  a  small  series 
of  patients.  The  same  "L"  shaped  manometer  with  a  two  way  stop  cock  ar- 

rangement was  filled  with  5  per  cent  sodium  citrate  and  fluid  allowed  to  run  into 
the  punctured  antecubital  vein  until  it  became  stationary.  The  level  of  the 
fluid  represented  the  initial  venous  pressure. 

In  many  instances  the  systemic  venous  pressure  was  measured  in  the  external 
jugular  vein.  AVhen  this  was  done  an  attempt  was  also  made  to  level  the  neck 
so  that  the  punctured  cervical  vein  would  approximate  the  theoretical  horizontal 
plane  of  the  caval  openings  in  the  right  auricle.  The  skin  overlying  the  vein  was 
usually  infiltrated  with  novocaine.  To  produce  a  "tourniquet"  effect  the  sub- 

ject was  instructed  to  exhale  forcibly  with  the  glottis  closed  (Valsalva  Maneuver). 

^  Whether  the  reading  was  obtained  by  the  "blood-up"  or  "blood-down"  methods,  it  will be  subsequently  referred  to  only  as  the  initial  venous  pressure. 
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As  soon  as  the  cervical  veins  became  noticeably  fuller  or  tense  the  needle  was  in- 
serted in  the  direction  of  the  heart  and  the  initial  venous  pressure  was  recorded 

in  the  same  manner  as  for  the  antecubital  vein.  The  respiratory  oscillations 
were  more  marked  when  the  external  jugular  vein  was  used. 

II.  The  measurement  of  the  effect  of  an  increased  venous  return  upon  the  initial 
venous  pressure 

a)  Manual  compression  maneuver  of  the  right  upper  abdomen.  While  the 
needle  was  still  in  situ  and  the  blood  column  was  stationary  at  the  level  of  the 
recorded  initial  venous  pressure,  the  investigator  placed  the  outstretched  palm 
of  his  hand  upon  the  subject's  right  upper  abdominal  quadrant  and  applied  grad- 

ually increasing  pressure  for  approximately  one  minute's  duration.  During 
this  procedure  the  subject  was  in.structed  to  breathe  normally  with  his  mouth 
open  and  his  state  of  relaxation  was  checked  by  the  passive  elbow  flexion  maneu- 

ver. To  enable  the  investigator  to  make  such  observations  accurately  the 
manometer  was  at  times  supported  vertically  by  an  assistant.  The  rise  or  fall 
of  the  blood  cohmin  above  or  below  the  initial  venous  pressure  level  at  the  end  of 
one  minute's  compression  was  recorded. 

b)  Manual  compression  maneuver  of  the  left  lower  abdomen.  The  same  pro- 
cedure was  followed  as  for  (a),  except  that  the  left  lower  abdominal  quadrant  was 

compressed  for  one  minute. 
c)  Passive  perpendicular  elevation  maneuver  of  the  lower  extremities.  The  sub- 

jects were  carefully  trained  to  relax  when  the  lower  extremities  were  passively 
elevated  to  a  position  almost  perpendicular  to  the  trunk.  After  this  preliminary 
coaching  the  initial  venous  pressure  was  measured  either  immediately  or  after  the 
effects  of  abdominal  compression  were  first  determined. 

CIRCULATION  TIMES 

Circulation  times  with  ether  and  saccharin  or  decholin  were  performed  in  the 
great  majority  of  these  patients.  For  details  of  the  method  the  reader  is  referred 
to  the  original  papers.  The  "arm  to  lung"  and  "arm  to  tongue"  measurements 
ser\'ed  to  define  more  fully  the  various  circulatory  syndromes — thereby  making 
possible  more  accurate  interpretations  of  characteristic  venous  pressure  curves 
in  these  conditions. 

VENOUS  PRESSURE  CURVES  IN  NORMAL  INDIVIDUALS 

The  Normal  Initial  Venous  Pressure.  Antecubital  venous  pressures  were 
obtained  in  670  "normal"  men  and  women.  In  624  or  93.2  per  cent  of  this  group 
the  initial  venous  pressure  ranged  bteween  4  and  8  cm.,  in  29  individuals,  or  4.3 
per  cent  the  initial  venous  pressure  ranged  between  2  and  4  cm.,  whereas  in  17, 
or  2.5  per  cent,  the  height  of  the  initial  venous  pressure  fell  between  8  and  10  cm. 
The  normality  of  these  subjects  was  determined  by  the  history,  physical  findings 
and  blood  flow  studies.  The  "arm  to  tongue"  circulation  time  by  the  saccharin 
or  decholin  methods  was  normal  (9  to  16  sec.)  in  every  case,  and  the  "arm  to 
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lung"  circulation  time  with  ether  performed  in  425  individuals,  was  also  within 
the  normal  range  (4  to  8  sec.)- 

The  Effect  of  Right  Upper  Abdominal  Compression  upon  the  Height  of  the  Initial 
Venous  Pressure  Level.  In  the  entire  series  of  670  normal  subjects  whose  initial 
venous  pressure  was  determined,  the  level  of  the  venous  column  was  also  re- 

corded during  one  minute  of  sustained  and  gradually  increasing  compression  of 
the  right  upper  abdomen.  In  89,  or  13.3  per  cent,  the  height  of  the  blood  col- 

umn remained  stationary,  whereas  in  581,  or  86.7  per  cent,  the  height  of  the  ven- 
ous column  gradually  fell  a  distance  of  from  0.5  to  2.5  cm.  below  the  original 

level.    As  can  be  seen  from  Table  I,  a  drop  in  venous  pressure  during  right  upper 
TABLE  I 

Antecuhilal  initial  venous  pressure  in  "normal"  individuals  and  the  effect  of  right  upper abdominal  compression  {venous  pressure  curve) 
EFFECT  OF  ONE  MINUTE  OF  SUSTAINED  RIGHT  UPPER ABDOMINAL  COMPRESSIO N  ON  HEIGHT  OF  INITIAL VENOUS  PRESSURE 

NUMBER  OF  INDIVIDUALS INITIAL  VENOUS  PRESSURE 
No.  of  individuals  showing 

No  rise  or  no  fall Fall  of  0.5  to  2.5  cm. 
cm.  oj  blood cm.  oJ  blood cm.  oJ  blood 

29* 

2-4 12 17 
116 4-5 20 

96 
168 5-6 

25 143 

210 6-7 

18 
192 

130 7-8 10 
120 

17t 8-10 4 

13 

Total:  670 581 

*  No  evidence  of  peripheral  failure  (as  evidenced  by  the  history,  physical  findings  and 
a  normal  arterial  pressure). 

t  Xo  evidence  of  heart  failure  (as  determined  by  the  history,  physical  findings  and  nor- 
mal circulation  time  studies). 

abdominal  compression  was  encountered  more  frequently  in  those  groups  whos 
venous  pressures  were  at  a  higher  initial  level.    The  greatest  depression  of  th^ 
venous  column  during  the  upper  abdominal  compression  maneuver  was  als 
observed  in  the  group  whose  initial  venous  pressure  A\as  at  the  upper  limit  o\ 
normal  although  this  relation  did  not  obtain  in  all  instances.    In  a  group  of 
"normals"  not  included  in  the  series  (Table  I)  in  whom  A'enous  pressure  curve 
were  obtained  by  puncturing  an  external  jugular  vein,  right  upper  abdomina 
compression  of  one  minute's  duration  caused  a  universal  fall,  the  drop  rangind 
between  1.5  and  3.5  cm.    The  values  of  the  initial  venous  pressure  in  this  groul 
ranged  between  3  and  8  cm. 

Several  factors  which  might  influence  the  effect  of  right  upper  abdominal  cor 
pression  on  the  height  of  the  venous  pressure  level  were  studied: 

Breathing.    As  is  already  well  kno^^^l,  hyperventilation  of  the  lungs  cans 
lowering  of  the  normal  initial  venous  pressure,  an  obserA  ation  previously  de 
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scribed  by  Eyster,  Fishberg  and  others.  This  was  also  true  in  a  series  of  six 
carefully  studied  subjects.  Aiter  the  normal  venous  pressure  curve  was  estab- 

lished in  each  instance,  the  subject  was  told  to  breathe  rapidly  and  deeply. 
Fluctuations  in  venous  pressure  during  an  interval  of  about  one  minute  were 
recorded.  The  antecubital  venous  tension  fell  progressively  to  a  lower  level  and 
the  drop  in  venous  pressure  during  right  upper  abdominal  compression  was  also 
less  marked  than  during  normal  breathing  (Table  II).  Although  the  fall  on 
right  upper  abdominal  compression  diu-ing  hyperventilation  was  less  marked 

TABLE  II 
Effect  of  hyper-ventilation  on  venous  pressure  curves 

'  CASE  NO. INITIAL  VENOUS PRESSDRE 
EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

VENOUS  PRESSURE DURING  R.4PID  AND DEEP  BREATHING 
EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

cm.  of  blood fall  or  rise cm.  of  blood cm.  of  blood fall  or  rise cm.  of  blood 
1 6 

-1.5 

3 

-.5 

2 8 

-2.5 

4 

—  1.5 

3 

-1 

2.5 

-1 

4 6 

-2 

3 

-.5 

0 6.5 

-2.5 

2 

-.75 

6 5 

-1.5 

3 

TABLE  III 
Effect  of  hypo-ventilation  on  venous  pressure  curve 

CASE  NO. INITIAL  VENOUS PRESSURE 
EFFECT  OF  RIGHT UPPER  QUADRANT COMPRESSION 

INITIAL  VENOUS 
HYPO- VENTILATION 

EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

cm.  of  blood fall  or  rise cm.  of  blood cm.  of  blood fall  or  rise cm.  of  blood 
7 6.5 

-2 

7.5 

-1 

8 8 

-2 

8.5 

-1 

9 5 

-1 

7.5 0 
10 7 

-2.5 

9 

+1 

11 6 0 8 

+2 than  during  normal  breathing,  the  downward  trend  during  the  compression 
maneuver  was  directly  proportional  to  the  height  of  the  initial  venous  pressure. 

Similar  observations  during  hypo-ventilation  (Table  III)  were  also  attempted 
in  five  patients  but  these  were  carried  out  with  difficulty.  After  obtaining  the 
venous  pressure  by  the  usual  technique  the  patient  was  told  to  hold  his  breath 
or  to  breathe  less  often  without  discomfort  and  without  straining.  In  general 
the  venous  pressure  during  this  period  of  diminished  breathing  rose  to  a  slightly 
higher  level  but  the  right  upper  abdominal  compression  effect  on  the  venous 
pressure  was  less  conclusive.  Not  only  was  the  drop  less  marked  in  three  sub- 

jects but  in  two  of  the  subjects  upper  abdominal  compression  actually  caused  a 
rise  in  the  level  of  the  blood  column.    It  was  difficult  to  ascertain  whether  this 



318 WILLIAM  M.  HITZIG 

effect  was  due  only  to  the  partial  elimination  of  the  "sucking  in"  mechanism 
during  inspiration  or  whether  the  rise  represented  a  partial  Valsalva  effect.  At 
any  rate  it  emphasizes  the  importance  of  normal  or  deep  breathing  during  mano- 
metric  registration  of  the  venous  pressure  when  the  abdomen  is  compressed. 

LEVEL  OF  THE  ARM  IN  RESPECT  TO   THE   ASSUMED  LEVEL  OF  THE  HEART 
(to  DETERMINE  EFFECT  OF  THE  STATE  OF  INITIAL  DISTENTION  OR  COL- 

LAPSE OF  THE  VEINS  ON  THE  HEIGHT  OF  THE  VENOUS  PRESSURE) 
In  accordance  with  hydrostatic  principles,  elevating  or  lowering  the  arm  below 

the  level  of  the  heart  causes  an  inverse  effect  upon  the  height  of  the  antecubital 
venous  pressure.  In  chests  of  large  antero-posterior  diameters,  as  in  cases  of 
emphysema,  one  cannot  be  certain  whether  the  theoretical  level  corresponds  to 

TABLE  IV 
Effect  of  position  of  arm  on  venous  pressure  curve 

(Below  assumed  level  of  heart) 

CASE  NO. 
INITIAL  VENOUS PRESSURE  WITH ANTECUBITAL  SURFACE 5  CM.  BELOW  STERNUM 

(ASSUMED  LEVEL  OF HEART) 

EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

INITIAL  VENOUS 
PRESSURE  AFTER  LOW- ERING ANTECUBITAL SURFACE  TO  LEVEL 10  CM.  BELOW  STERNUM 

(BELOW  ASSUMED LEVEL  OF  heart) 

EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

cm.  of  blood fall  or  rise cm.  of  blood cm.  of  Mood fall  or  rise cm.  of  blood 
12 4 0 8 

-1 

13 3 0 6.5 

-2 

14 7 

-2 

9.5 

-2 

15 6 

-1 

10 

-3 

16 
8 

-2.5 

11 

-2.5 

17 7 

-.5 

11 

-1.5 

18 6 

-1.5 

9 

-2 

19 5 0 7 

-.5 

20 8 

-1 

10 

-1 

21 7 0 9.5 
0 

22 6.5 

-2 

10 

-2.5 

the  actual  level  of  the  caval  openings.    Undoubtedly  as  Lyons  (18)  and  his  co- 
workers have  shoAvn,  such  topographical  miscalculations  must  alter  the  height  of^ 

the  initial  venous  pressure.    Although  the  level  of  the  arm  and  the  diameter 
the  chest  are  reflected  in  the  height  of  the  initial  venous  pressure,  the  abdomina 
compression  effect  persists  with  slight  quantitative  alterations  only,  regardless  o^ 
the  reference  point  at  which  the  determination  is  made.    To  prove  that  th^ 
degree  of  initial  distension  (or  collapse)  of  the  veins  does  not  significantly  alte 
the  abdominal  compression  effect,  venous  pressure  curves  were  obtained  bj 
changing  the  reference  point  as  follows: 

1)  After  determining  the  initial  venous  pressure  and  the  effect  of  right  uppei 
abdominal  compression,  the  arm  was  lowered  to  a  point  about  10  cm.  below  the 
anterior  border  of  the  sternum,  and  the  height  of  the  venous  pressure  before  anc 
during  right  upper  abdominal  compression  was  recorded  in  eleven  patients. 
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It  is  apparent  from  reviewing  Table  IV  that  when  the  veins,  which  may  nor- 
mally even  be  in  a  semicollapsed  state,  are  partially  distended  by  lowering  the 

antecubital  region  below  the  assumed  level  of  the  right  auricle,  the  depressing 
effect  of  right  upper  abdominal  compression  upon  the  height  of  the  venous  pres- 

sure not  only  persists,  but,  in  the  majority  of  cases,  even  becomes  exaggerated. 
The  latter  fact  is  substantiated  in  seven  of  the  eleven  cases  stuudied. 

2)  Similarly  in  eight  patients  the  initial  venous  tension  was  intentionally 
lowered  by  elevating  the  antecubital  surface  to  the  level  of  the  anterior  border  of 
the  sternum  (5  cm.  above  the  theoretical  or  assumed  level  of  the  heart). 

Although  according  to  Table  V  right  upper  abdominal  compression  cau.ses  uni- 
formly a  lowering  of  the  initial  venous  tension,  the  amplitude  of  the  depression  is 

less  marked.    This  is  undoubtedly  due  to  the  initial  semi-collapsed  state  of  the 

TABLE  V 
Effect  of  position  of  arm  on  venous  pressure  curve 

(Above  assumed  level  of  heart) 

CASE  NO. 
lOTTIAl  VENOUS PRESSURE  WITH ANTECUBITAL  SURFACE 5  CU.  BELOW  STERNUM 

(ASSiraiED  LEVEL  OF HEART) 

EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

VENOUS  PRESSURE AFTER  ELEVATING ANTECUBITAL  SURFACE TO  LEVEL  OF  STERNUM (above  ASSUMED LEVEL  OF  heart) 

effect  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 

cm.  of  blood fall  or  rise cm.  of  blood cm.  of  blood fall  or  rise cm.  of  blood 
23 4 0 2 0 
24 6 

-2 

2 

-.5 

25 5 

-2.5 

2 

-.5 

26 7 

-2 

4 

-1 

27 8 

-2 

3.5 

-.5 

28 4.5 

-.5 

1.5 0 
29 7 

-1.5 

4 

-1 

30 4 

-1.5 

2 

-.5 

veins,  which  mechanically  minimizes  the  depressing  effect  of  right  upper  ab- 
dominal compression.  However,  it  is  the  downward  trend  of  the  venous  pressure 

during  this  procedure  rather  than  the  extent  of  the  quantitative  change  that  is 
significant. 

RELAXED  STATE  OF  INDIVIDUALS  STUDIED  (DURING  ANAESTHESIA) 
Venous  pressure  curves  were  obtained  in  9  normal  individuals  during  avertin 

anaesthesia  (Table  VI)  and  in  4  individuals  during  spinal  anaesthesia  (Table 
VII),  administered  prior  to  operation.  The  initial  venous  pressure  in  the  aver- 
tinized  patients  ranged  from  2.0  to  4.5  cm.  On  right  upper  abdominal  com- 

pression the  venous  column  in  the  manometer  dropped  in  all  instances,  the  drop 
ranging  between  1.0  to  2.5  cm.  Venous  pressure  measurements  during  spinal 
anaesthesia  were  made  in  a  small  group  but  the  results  show  even  more  strikingly 
parallel  trends.  The  venous  pressure  which  was  initially  low  showed  a  marked 
disproportionate  drop  (to  zero  levels  in  2  instances)  when  the  right  upper  abdo- 

men was  compressed.    No  measurements  of  the  effect  of  left  lower  abdominal 
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compression  were  made  during  spinal  anaesthesia.  Circulation  time  with  ether 
and  saccharin  was  performed  and  found  to  be  normal  despite  the  depressed 
systemic  venous  pressure. 

TABLE  VI 
Venous  pressure  curves  in  anesthetized  normal  individuals  {avertin  anesthesia) 

CASE  NO. INITIAL  VENOUS EFFECT  OF  RIGHT UPPER  ABDOMINAL COMPRESSION 
EFFECT  OF  LEFT LOWER  ABDOMINAL 
COMPRESSI0.«J 

EFFECT  OF  PASSIVE PERPENDICULAR ELEVATION  OF  LOWER EXTREMITIES 

cm.  oj  blood fall  or  rise cm.  of  blood fall  or  rise cm.  of  blood fall  or  rise cm.  of  blood 
31 2 

-1.5 

0 0 
32 4 

-2.5 

-.5 

0 
33 3 

-2 

0 0 
34 2 

-1 -.5 

0 
35 4.5 

-2.5 

2.0 0 
36 4 

-2.5 
-1.5 

0 
37 3 

-1 

0 0 
38 2,5 

-1 

0 0 
39 3 

-2 

-1 

0 

TABLE  VII 
Venous  pressure  curves  in  anesthetized  normal  i ridiriduals  {spinal  anesthesia) 

CASE  NO. INITIAL  VENOUS EFFECT  OF  RIGHT CIRCULATION  TIMES 
PRESSURE UPPER  ABDOMINAL COMPRESSION Ether  "arm  to 

lung" 

Saccharin  "arm  to 

tongue" 
cm.  of  blood fall  or  rise cm.  of  blood lime  sec. time  sec. 

40 2 

-2 

a 15 
41 

1.5 

-1 

6 13 
42 1.5 

-1 

5 

14 

43 2.5 

-2 

3.5 

15 

THE  EFFECT  OF  LEFT  LOWER  ABDOMINAL  COMPRESSION  UPON  THE  HEIGHT  OF  THE 
INITIAL  VENOUS  PRESSURE  LEVEL 

The  effect  of  left  lower  abdominal  compression  upon  the  height  of  the  initial 
A-enous  pressure  was  obsen'^ed  in  about  242  patients  (Table  VIII).  This  pro- 

cedure was  usually  executed  as  a  sequel  to  the  right  upper  abdominal  maneuver, 
in  order  to  estabUsh  conclusively  that  a  positive  hepato-jugular  reflux  phenome- 

non in  right  heart  failure  was  not  just  a  "diaphragmatic"  or  "liver"  effect  but  one 
entirely  dependent  upon  the  folloAnng  mechanisms:  1)  impaired  right  ventricular 
function  and  2)  an  increased  venous  return  consequent  to  a  heightened  intra- 

abdominal pressure  and  3)  an  increased  circulating  blood  volume  (inconstant 
factor).  In  the  vast  majority  of  instances  in  this  series  of  242  individuals;  the 
left  lower  quadrant  maneuver  failed  to  change  significantly  the  level  of  the  blood 
column  in  the  manometer,  regardless  of  the  abdominal  pressure  exerted,  provided 
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that  the  individuals  remained  relaxed  and  continued  to  breathe  normally.  In 
only  sixty-four  individuals  was  left  lower  quadrant  compression  attended  by  a 
fall  of  the  initial  venous  pressure  level,  which  ranged  between  0.5  and  2  cm.  In 
five  out  of  the  nine  avertin  anaesthetized  patients,  however,  pressure  exerted  upon 
the  left  lower  quadrant  of  the  abdomen  caused  a  drop  from  about  0.5  to  2.0  cm. 
(Table  VI). 
A  comparison  of  the  effect  during  left  lower  quadrant  compression  with  that 

obtained  during  right  upper  abdominal  compression  reveals  a  more  consistent 
depressing  effect  on  the  height  of  the  initial  venous  pressure  during  the  latter 
maneuver. 

TABLE  VIII 
Antecubital  initial  venous  -pressure  in  "normal"  individuals  and  the  effect  of  left  lower abdominal  compression  (venous  pressure  curve) 

EFFECT  OF  ONE  MINUTE  OF  SUSTAINED  LEFT  LOWER ABDOMINAL  COMPRESSION  ON  HEIGHT  OF  INITIAL NUMBEK  OF  INDIVIDUALS INITIAL  VENOUS  PRESSURE VENOUS  PRESSURE  LEVEL 
No  rise  or  fall Fall  of  0.5  to  2.0  cm. 

cm.  of  blood cm.  of  blood cm.  of  blood 
6 2-4 5 1 

45 4-5 
33 

12 
68 &-6 53 15 
77 6-7 57 20 
42 7-8 

28 
14 

4 8-10 2 2 

Total  178 

64 
THE  EFFECT  OF  PASSIVE  PERPENDICULAR  ELEVATION  OF  LOWER  EXTREMITIES 

UPON  THE  HEIGHT  OF  THE  INITIAL  VENOUS  PRESSURE  LEVEL 

After  measuring  the  initial  venous  pressure  in  64  normal  individuals,  the 
A-enous  return  to  the  heart  was  increased  by  elevating  the  lower  extremities  in  a 
passive  manner  to  a  position  where  they  were  almost  perpendicular  to  the  trunk. 
The  effect  of  this  procedure  upon  the  height  of  the  antecubital  pressure  was 
recorded. 

As  can  be  seen  from  the  accompanying  table  (Table  IX)  passive  perpendicular 
elevation  of  the  lower  extremities  caused  either  no  noticeable  effect  or  a  rise 
which  in  some  instances  reached  as  high  as  5  cm.  above  the  initial  level. 

Although  the  individuals  under  investigation  received  careful  preliminary 
coaching  to  encourage  complete  relaxation  during  passive  elevation  of  their 
lower  extremities,  it  is  doubtful  if  this  state  was  achieved  in  43  of  the  subjects  in 
whom  the  maneuver  caused  a  rise  of  the  antecubital  venous  pressure.  This 
statement  is  based  on  observations  obtained  during  anaesthesia  in  nine  ''com- 

pletely relaxed"  individuals  (Table  VI)  in  whom  passive  elevation  of  the  left 
lower  extremity  failed  to  affect  the  level  of  the  venous  column  in  the  manometer. 
This  suggests  that  the  rise  obtained  in  normal  unanae.sthetized  individuals  during 
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this  maneuver  may  represent  not  only  incomplete  relaxation,  but  actually  active, 
clinically  undetectable  muscular  contraction.  Because  the  abdominal  compres- 

sion maneuver  in  anaesthetized  and  unanaesthetized  individuals  does  show  com- 
parable or  parallel  trends  which  are  in  marked  contrast  to  the  inconstant  results 

obtained  with  the  lower  extremity  maneuver,  the  latter  procedure  was  regarded 
as  an  unreliable  method  of  studying  the  effect  of  an  increased  venous  return  on 
the  functional  status  of  the  right  ventricle. 

TABLE  IX 
Antecuhital  initial  venous  pressure  in  "normal"  individuals  and  the  effect  of  passive 

perpendicular  elevation  of  lower  extremities 
EFFECT  OF  PASSIVE  PERPENDICULAR  ELEVATION  OF LOWER  EXTREMITIES  OF  ONE  MINUTES  DURATION  ON NITMBER  OF  Il^DIVlDUALS INITIAL  \"ENOUS  PRESSURE HEIGHT  OF  INITIAL  VENOUS  PRESSURE  LEVEL 

No  rise  or  fall Rise  of  05.  to  5.0  cm. 
cm.  of  blood cm.  of  blood cm.  of  blood 

3 2-4 2 1 14 4-5 6 8 
20 5-6 7 13 19 6-7 4 15 
8 7-8 2 6 

Total  21 43 

DISCUSSION 

The  venous  pressure  curve  is  best  recorded  by  measuring  the  level  of  the  initial 
venous  pressure  and  then  registering  the  height  (rise  or  fall)  of  the  blood  column 
during  right  upper  abdominal  compression.  Although  left  lower  abdominal 
compression  may  give  comparable  results,  the  right  upper  abdominal  maneuver 
seems  more  satisfactory  fov  routine  use  because  in  "normals"  this  method  of  in- 

creasing the  intra-abdominal  tension  also  elicits  in  a  high  percentage  of  cases  a 
characteristic  circulatory  phenomenon,  namely  a  fall  in  the  venous  pressure  level 
(negative  hepato-jugular  reflux  phenomenon),  which  serves  as  a  valuable  cor- 

roborative sign  of  normal  right  ventricular  function.  By  this  means,  charac- 
teristic venous  pressure  curves  are  obtained.  The  accompanying  charts  repre- 

sent such  curves  encountered  in  normal  subjects. 
Determination  of  the  venous  pressure  curve  serves  to  minimize  the  role 

extra-cardiac  factors  which  occasionally  operate  to  falsely  effect  an  eleva 
initial  venous  pressure  where  none  actually  exists.  Whether  these  extra-card 
factors  represent  variations  in  intrathoracic  pressure,  errors  in  technique,  or  a  fal 
leveling  of  the  zero  point  (as  described  by  Lyons),  the  frequency  of  error  suggesi 
that  the  methods  in  current  use  are  not  entirely  adequate.  With  the  meth 
presented  in  this  paper,  the  functional  status  of  the  right  heart  can  not  only 

suspected  from  the  oft  unreliable  initial  venous  pressure  reading,  but  can  actua' be  confirmed  at  the  same  time  by  observing  the  rise  or  fall  of  the  venous  pressi 
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level  during  sustained  upper  abdominal  compression.  Without  exception,  an 
immobile  or  depressed  blood  column  during  this  maneuver  provides  a  pathog- 

nomonic sign  of  a  normally  functioning  right  ventricle  at  rest,  regardless  of  the 
numerical  value  of  the  initial  systemic  venous  pressure.  In  other  words,  even 
an  elevated  initial  venous  pressure  does  not  imply  the  presence  of  a  functionally 
handicapped  right  ventricle  if  right  upper  abdominal  compression  causes  an 
actual  depression  of  the  initial  venous  pressure  level  in  the  manometer.  Initial 
elevation  of  the  venous  pressure,  if  not  due  to  heart  disease,  may  also  result  from 
local  circulatory  disturbances  consequent  to  partial  interference  with  the  venous 
return  from  the  brachio-cephalic  portion  of  the  body.  Such  elevated  initial 
venous  pressure  readings  with  a  drop  on  right  upper  abdominal  compression  may 
also  be  observed  for  example  in  unilateral  tension  pneumothorax,  and  in  partial 
superior  vena  cava  occlusion.  In  these  situations,  the  upper  abdominal  maneu- 

ver is  invaluable  because  it  testifies  unequivocally  to  the  presence  of  normal  right 
A-entricular  efficiency  despite  the  elevated  initial  reading. 

Regardless  of  the  reference  point  employed,  the  trend  of  the  venous  pressure 
curve  remains  essentially  unchanged  provided  that  the  subject  breathes  nor- 

mally and  remains  relaxed  during  the  procedure.  With  the  reference  point  5 
cm.  below  the  anterior  border  of  the  sternum  the  initial  venous  pressure  usually 
ranges  between  4  and  8  cm.  with  occasional  readings  as  low  as  2  cm.  and  as  high 
as  10  cm.  On  right  upper  abdominal  compression  however,  the  venous  pressure 
remains  either  unchanged  or  is  lowered  from  0.5  to  2.5  cm.  The  variations  in 
the  right  upper  quadrant  effect  are  dependent  upon  the  state  of  the  initial  full- 

ness of  the  veins  as  shown  in  Tables  IV  and  V.  The  reference  point  as  proposed 
by  Lyons  (100  cm.  anterior  to  the  skin  of  the  back)  eliminates  the  factor  of  chest 
diameter  but  it  yields  venous  pressure  readings  for  "normals"  which  are  higher. 
Even  so,  the  right  upper  quadrant  compression  effect  persists  and  it  may  even  be 
exaggerated  because  the  veins  are  initially  fuller.  It  is  well  to  emphasize  again 
that  isolated  \'enous  pressure  measurements  serve  only  as  a  rough  measure  of 
the  functional  capacity  of  the  right  heart.  With  upper  abdominal  compre.ssion, 
measurements  of  the  venous  pressure  present  trends  which  give  it  greater  accu- 

racy even  if  taken  from  an  indiscriminate  reference  point.  It  is  reasonably  safe 
to  conclude  that  the  effect  of  the  abdominal  maneuver  upon  the  height  of  the 
venous  pressure  senses  as  a  most  reliable  index  of  right  ventricular  function  at 
rest. 

Although  this  fall  of  the  venous  pressure  during  right  upper  abdominal  com- 
pression occurs  only  in  81  per  cent  of  the  normal  subjects  tested  this  phenomenon 

is  probably  universally  true  if  carried  out  under  completely  relaxed  conditions. 
The  results  in  Tables  Yl  and  \ll  which  reveal  measurements  obtained  during 
general  and  spinal  anaesthesia  support  this  view.  As  has  been  previously  men- 

tioned, a  fall  in  venous  pressure  can  always  be  demonstrated  when  the  external 
jugular  vein  is  the  site  chosen  for  the  measurement. 

The  mechanism  of  the  gradual  drop  in  venous  pressure  during  abdominal  com- 
pression in  normal  individuals  is  readily  explained  despite  the  occurrence  of  an 

increased  venous  return  which  follows  the  rise  of  intra-abdominal  tension.  The 
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normal  heart  accommodates  itself  promptly  to  the  increased  work  by  an  increased 
output  in  accordance  with  Starling's  law,  and  thereby  maintains  a  normal  venous 
pressure  in  the  systemic  ̂ •eins.  However,  when  the  squeezing  out  effect  of  the 
splanchnic  blood  depots  is  complete,  the  venous  return  from  the  lower  half  of  the 
body  diminishes  or  becomes  even  momentarily  completelj'  halted.  This  occurs 
because  abdominal  compression,  after  the  initial  venous  forward  thrust,  exerts  a 
"tourniciuet  effect"  upon  the  distal  inferior  vena  cava  probably  somewhere  in 
the  subhepatic  region  which  results  in  stasis  within  the  tributaries  of  that  vessel. 
The  resulting  diminished  venous  return  engenders  a  diminished  cardiac  output 
which  lasts  until  the  arbitrary  period  of  compression  (one  minute)  is  at  an  end. 
As  a  result  of  the  diminished  output,  the  systemic  venous  pressiu-e  falls  to  a  point 
which  is  never  more  than  2.5  cm.  below  the  original  or  initial  level.  A  prompt 
drop  in  the  venous  pressure  level  during  upper  abdominal  compression,  observed 
in  several  cases  of  anemia  (decreased  blood  viscosity  and  consequently  a  more 
f?ensitive  manometric  system),  suggests  another  possible  explanation.  When 
the  stream  of  ascending  blood  in  the  inferior  vena  cava  and  portal  systems  is 
gradually  lessened  or  abolished  by  upper  abdominal  compression,  there  develops 
a  diminished  resistance  to  the  current  returning  blood  from  the  tributaries  of  the 
superioi-  vena  cava.  As  a  consequence,  there  is  greater  emptying  of  the  veins 
from  the  upper  portion  of  the  body  which  is  promptly  reflected  in  a  drop  of  the 
venous  pressure  in  the  antecubital  and  external  jugular  veins.  As  one  would 
expect,  the  venous  pressures  in  the  tributaries  of  the  inferior  vena  cava  becomes 
elevated  because  the  blood  pools  in  the  lower  half  of  the  body  when  the  abdomen 
is  compressed.  ^Measurements  of  the  femoral  venous  pressure  in  twenty-eight 
individuals  during  this  maneuver  have  confirmed  this  view.  The  venous  pres- 

sures ro.se  from  a  normal  level  of  4  to  8  cm.  to  levels  which  ranged  between  20  to 
35  cm.,  the  rise  being  proportional  to  the  degree  of  abdominal  compression  em- 
ployed. 

CONCLUSIONS 

1)  The  application  of  the  Pasteur-Rondot  (hepato-jug-ular  reflux)  phenomenon 
to  manometric  measurements  of  the  venous  pressure  yields  characteristic  venous 
pressure  curves  for  normal  and  abnormal  circulatory  states. 

2)  Venous  pressure  curves  are  of  definite  aid  in  the  diagnosis  of  borderline 
and  frank  cases  of  right  heart  failure. 

3)  The  venous  pressure  curve,  in  subjects  whose  right  ventricular  function 
at  rest  is  intact,  is  characterized  by  an  initial  venous  pressure  ranging  between 
4  and  8  cm.  and  a  gradual  drop  of  the  venous  pressure  level  (0.5  to  2.5  cm.) 
during  sustained  right  upper  abdominal  compression  for  one  minute. 

4)  Although  extra-cardiac  factors  such  as  the  selected  zero  point,  arm  abduc- 
tion, etcetera,  ma}^  also  exert  some  influence  on  the  character  of  the  venous 

pressure  curve — they  are  relatively  less  significant  with  this  technique  since  their 
influence  will  be  manifest  predominantly,  if  not  entirely,  in  the  initial  venous 
pressure  reading  (first  half  of  curve)  and  not  in  that  portion  which  deals  with  the 
effect  of  right  upper  abdominal  compression  upon  the  height  (rise  or  fall)  of  the 
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venous  column  in  the  manometer  (second  half  of  curve).  Thus,  even  an  initial 
venous  pressure  reading  of  10  to  12  cm.  if  attended  by  a  fall  of  from  0.5  to  2.5 
cm.  (or  even  a  fall  of  3.5  cm.  if  the  external  jugular  vein  is  employed)  is  indicative 
of  normal  right  ventricular  function. 

5)  The  fall  of  the  ̂ 'enous  pressure  level  during  right  upper  abdominal  com- 
pression in  normal  subjects  can  be  regarded  as  a  negative  hepato-jugular  reflux 

phenomenon — which  proabably  owes  its  origin  to  several  factors: 
a)  The  "tourniquet"  effect  of  the  abdominal  maneuver  which,  following  the 

initial  increased  venous  return,  compresses  the  inferior  vena  cava  and  causes 
pooling  of  blood  in  the  lower  half  of  the  body  during  the  latter  half  of  the 
one  minute  period  of  abdominal  compression. 

b)  A  lessened  cardiac  output  following  the  initial  "squeezing"  out  effect  of 
the  splanchnic  viscera  and 

c)  a  lessened  resistance  to  the  blood  flowing  into  the  right  auricle  from  the 
superior  vena  cava  following  the  increased  initial  return  through  the  inferior 
vena  cava. 

6)  In  incipient  and  frank  right  heart  failure,  right  upper  abdominal  compres- 
sion causes  a  rise  of  the  venous  pressure  which  is  proportional  to  the  severity  of 

the  right  ventricular  weakness  and  to  other  factors  e.g.  circulating  blood  volume, 
and  total  venous  capacity.  This  positive  hepato-jugular  reflux  phenomenon  and 
the  factors  which  operate  in  its  genesis  will  be  presented  in  a  subsequent  pub- 
Hcation. 

The  author  A\ishes  to  express  his  thanks  to  Dr.  Arthur  M.  Fishberg,  whose 
guidance  and  inspiration  helped  immeasurably  in  the  satisfactory  completion 
of  this  phase  of  the  problem  in  circulatory  dynamics. 
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NORMAL  VENOUS  PRESSURE  CURVE  IN  A  LARGE  ANTECUBITAL  VEIN 

lOl 

Height' of 
Venous 
Pressure 
in  cm.  of 

blood 
"Blood  Up" 

Uftnual  Compress 
applied  to Right  Upper  Abdi and  maintained  for one  minute 

Fig.  1 
With  the  cardiac  reference  point  employed  in  this  investigation  the  normal  initial  venous 

pressure  (initial  phase  of  venous  pressure  curve)  ranges  between  4  and  8  cm.  although 
values  as  low  as  2  cm.  and  as  high  as  10  cm.  have  not  infrequently  been  observed.  The  fall 
of  the  initial  antecubital  venous  pressure  level  during  manual  compression  of  the  right  upper 
abdomen  (phase  of  abdominal  compression)  ranges  between  0  and  2.5  cm.  (A).  The 
maximum  fall  (X  to  X')  in  normal  subjects  during  one  minute  of  upper  abdominal  compres- sion usually  does  not  exceed  2.5  cm. 

The  fall  of  the  venous  pressure  level  during  the  phase  of  abdominal  compression  (neg- 
ative hepato-jugalar  reflex  phenomenon  in  contrast  to  the  positive  hepato-jugular  reflex phenomenon  as  observed  in  right  heart  failure)  may  be  regarded  as  a  pathognomonic  sign 

of  a  normally  functioning  right  ventricle  at  rest.  Variation  in  the  position  of  the  reference 
point  yields  corresponding  quantitative  variations  in  the  fall  of  the  venous  pressure  level 
during  manual  compression  of  the  abdomen,  the  degree  of  fall  bearing  a  direct  relationship 
to  the  height  of  the  initial  venous  pressure  (as  seen  in  the  initial  phase  of  the  venous  pressure 
curve). 

The  fall  of  the  venous  pressure  level  during  the  phase  of  abdominal  compression  in  normal 
subjects  probably  has  the  following  genesis.  The  normal  right  heart  accommodates  itself 
promptly  to  the  increased  venous  return  engendered  during  the  initial  period  of  abdominal 
compression.  Because  of  stasis  of  a  major  portion  of  the  circulating  blood  volume  in  the 
lower  half  of  the  body  due  to  inferior  vena  cava  compression  produced  by  manual  com- pression of  the  right  upper  abdomen,  the  decreased  venous  return  that  ensues  during  the 
final  period  of  abdominal  compression,  allows  greater  emptying  of  blood  returning  from  the 
upper  half  of  the  body  through  the  superior  vena  cava,  which  is  reflected  in  the  venous 
pressure  by  a  gradual  fall  in  the  venous  pressure  level  during  the  one  minute  phase  of  ab- dominal compression 
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NORMAL  VENOUS  PRESSURE  CURVE  IN  A  LARGE  EXTERNAL  JUGULAR 
VEIN 

Height 
of 

Venous 
Pressure 
in  cm.  of 

blood 

anuai  oonpression 
appliea  to :ieht  Upper  Abdomen and  maintained  for one  minute 

0-1  =  1  minute 
Fig.  2 

A  more  accurate  evaluation  of  riglit  heart  function  is  obtained  when  the  venous  pressure 
curve  is  measured  in  an  external  jugular  vein.  The  greater  accuracy  of  this  measurement 
is  evidenced  by  the  universal  fall  of  the  venous  pressure  level  during  the  phase  of  abdominal 
compression,  which  may  in  some  instances  show  a  maximum  depression  (X  to  X')  of  the venous  pressure  level  of  3  to  3.5  cm.  The  greater  sensitivity  of  the  manometric  system  when 
the  external  jugular  vein  is  employed  is  largely  due  to  greater  size  of  the  vein  and  its  prox- imity to  the  heart.  The  initial  venous  pressure  in  the  external  jugular  vein  ranges  between 
3  and  8  cm.  in  normal  subjects. 
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NORMAL  VENOUS  PRESSURE  CURVES  IN  A  C^ASE  OF  CIRRHOSIS  (LAENNEC) WITH  MASSIVE  ASCITES  AND  NORMAL  CARDIAC  FUNCTION 

Height 
of 

Venous 
Pressure 
in  cm.  of 

blood 

Before  Abdominal Paraeenteeis 
lianual  Compression 

applied  to Right  Upper  Abdomen and  maintained  for one  minute 

After  Abdominal rtracentesis 
(6.5  Liters  of fluid  removed) 

Fig.  3 
These  curves  demonstrate  the  effect  of  ascites  and  its  removal  on  the  venous  pressure 

curve  in  a  subject  whose  normal  cardiac  function  was  established  clinically  and  confirmed 
objectively  by  normal  circulation  times  with  ether  and  saccharin. 

Although  in  A  the  initial  venous  pressure  is  higher  and  the  fall  of  the  venous  pressure 
level  during  right  upper  abdominal  compression  (X  to  X')  is  more  marked,  both  venous pressure  curves  A  and  H  bf.ir  a  distinctly  normal  pattern.  The  heightened  initial  venous 
pressure  in  A  must  be  ati  rilmtcd  to  displacement  by  the  ascitic  fluid  of  blood  from  the 
compressed  splanchnic  or  int ra-alxiominal  depots  to  the  peripheral  systemic  veins. These  observations  also  suggest,  that  a  drop  of  the  venous  pressure  level  during  upper 
abdominal  compression  expresses  more  accurately  the  functional  efficiency  of  the  right 
ventricle  at  rest  than  does  an  isolated  initial  venous  pressure  reading  whose  magnitude  and 
accuracy  are  not  infrequently  determined  by  a  number  of  extracardiac  factors,  one  of  which 
is  the  location  of  the  reference  (or  zero)  point. 
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ATYPICAL  VENOUS  PRESSURE  CURVES 

Height 
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Venous 
Pressure 
in  cm.  of 

blood 

Manual  Compression 
applied  to Eight  Upper  Abdomen and  maintained  for one  minute 

Fig.  4 
Atypical  venous  pressure  curves  are  observed  at  times  not  only  in  normal  subjects  but 

also  in  borderline  or  incipient  right  ventricular  dysfunction.  It  consists  of  a  normal  initial 
venous  pressure  and  a  slight  (not  more  than  2  to  4  cm.)  but  prompt  rise  of  venous  pressure 
level  during  manual  right  upper  abdominal  compression  with  a  progressive  fall  to  a  previous 
or  even  lower  level  despite  the  maintenance  of  compression  for  one  minute. 

This  type  of  venous  pressure  curve  may  be  obtained  under  a  variety  of  conditions  which are: 
1)  Faulty  technique  in  normal  subjects  due  to  incomplete  rela.xation  or  subject  holding 

his  breath  (partial  Valsalva  maneuver). 
2)  Polycythemia  Vera  in  which  the  increased  circulating  blood  volume  leads,  as  a  result 

of  abdominal  compression,  to  an  increased  venous  return  which  temporarily  "overwhelms" the  right  auricle  and  is  promptly  reflected  in  a  transient  heightening  of  the  venous  pressure 
level.  The  normal  right  ventricular  functional  capacity  eventually  depresses  this  initial 
rise  to  its  previous  or  to  even  a  lower  level. 

3)  Left  ventricular  failure  associated  with  right  ventricular  strain  and  possible  incipient 
right  ventricular  failure  (?). 

4)  "Compensated"  cor  pulmonale  whose  incipient  right  ventricular  weakness  or  failure may  be  first  revealed  by  this  type  of  curve. 
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CONTRASTING  CHARACTERISTIC  VENOUS  PRESSURE  CURVES  OBSERVED 
IN  NORMAL  AND  ABNORMAL  CIRCULATORY  STATES 

Fifi.  5 
A.  Normal  Venous  Pressure  Curve.  Represents  a  normally  functioning  right  ventricle  at 

rest.  This  type  of  curve  may  also  he  obtained  during  the  asymptomatic  intervals  of  left 
sided  heart  failure  (without  coexistent  right  ventricular  strain),  and  even  during  the  active 
phase  of  bronchial  asthma. 

B.  Abnormal  Venous  Pressure  Curve  which  is  characteristically  obtained  in  either, 
1)  incipient  right  heart  failure  as  in  the  initial  stages  of  a  decompensating  chronic  or 

acute  cor  pulmonale  due  to  long  standing  broncho-pulmonary  disease,  lymphangitic  car- cinomatosis of  the  lungs  or  massive  pulmonary  embolization)  and  in  early  right  ventricular 
strain  secondary  to  failure  of  the  left  side  of  the  heart  due  to  rheumatic,  luetic,  arterio- sclerotic or  hypertensive  disease,  and 

2)  in  the  compensating  stages  of  moderate  right  heart  failure  and  marked  or  frank  right 
heart  failure— the  change  in  the  character  or  magnitude  of  the  curve  representing  a  sat- isfactory therapeutic  response  to  routine  cardiac  measures  (digitalis,  mercurial  xanthine 
or  ammonium  chloride  diuresis  with  salt  and  fluid  restrictions,  etc.),  altho  the  improved 
curve  never  assumes  a  normal  pattern. 

C.  Abnormal  Venous  Pressure  Curve  which  represents  a  moderate  degree  of  right  heart 
failure  and  is  due  to  either, 

1)  a  more  advanced  stage  of  right  heart  weakness  as  expressed  in  figure  5B  or 
2)  the  compensating  stage  of  frank  right  lioart  failure,  the  latter  having  responded  to 

bed  rest  and  the  usual  cardio-thcrapcntic  incasiiics. D.  Abnormal  Venous  Pressur(  Cum  cliniaclciislicnlly  observed  in  frank  right  heart 
failure  (see  the  causes  mentioned  under  H).  llxtirmcly  abnormal  curves  bearing  this 
type  of  pattern,  especially  during  the  phase  of  hkhhkiI  compression  of  the  right  upper 
abdomen,  have  been  observed  in  cases  of  hypodiastolic  failure  due  to  constrictive  peri- carditis. 



ABNORMAL  VENOUS  PRESSURE  CURVE  IN  A  CASE  OF  ATYPICAL  CONSTRIC- 
TIVE PERICARDITIS.    DEMONSTRATION  OF  THE  EFFECT  OF  MASSIVE 

ASCITES  AND  ITS  REMOVAL  ON  THE  \  EXOUS  PRESSURE  CURVE 
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Fig.  6 
This  case,  which  was  previously  reported  by  Oppenheimer,  Neuhof  and  Hitzig  (19)  and 

again  by  Hitzig  (20),  emphasizes  the  value  of  the  venous  pressure  curve  in  the  diagnosis 
of  this  type  of  circulatory  syndrome.  In  this  case  the  ascites  was  attributed  to  cirrhosis 
of  the  liver  for  a  period  of  nine  years.  One  hundred  fifty-two  paracenteses  were  carried 
out  and  several  major  operations  to  encourage  the  absorption  of  abdominal  fluid  were 
performed — all  without  therapeutic  effect.  The  diagnosis  of  hypodiastolic  failure  on  the basis  of  constrictive  pericarditis  was  made  following  the  determination  of  the  antecubital 
venous  pressure  curve  which  revealed  an  initial  venous  pressure  of  18.5  cm.  with  a  rise  of 
11.5  +  cm.  (over  top  of  manometer)  on  right  upper  abdominal  compression  (B).  The 
venous  pressure  curve  in  the  external  jugular  vein  yielded  an  initial  venous  pressure  of 
20  cm.  and  a  rise  of  the  venous  pressure  level  to  39.25  cm.  on  right  upper  abdominal  com- 

pression (C).  This  diagnosis  was  corroborated  by  the  benign  clinical  course  of  long  dura- 
tion, the  relative  well-being  of  the  patient  and  the  absence  of  enlargement  of  the  heart. Following  the  removal  of  5  liters  of  ascitic  fluid,  doubt  was  cast  on  the  above  diagnosis 

because  the  venous  pressure  curve  (A)  showed  a  normal  initial  venous  pressure  of  9  cm. 
(8  cm.  and  7  cm.  on  two  subsc(iuent  days).  It  was  argued,  however,  that  the  lowered 
initial  venous  pres.sure  following  emptying  of  the  abdomen  was  not  as  significant  in  the 
evaluation  of  impairoil  right  ventricular  function  as  was  the  response  of  the  initial  venous 
pressure  level  to  sust .li ncd  right  upper  abdominal  compression,  which  in  this  case  showed 
a  rise,  which  ranged  tKmi  !»  to  12.5  cm.  on  different  days.  The  venous  pressure  curve,  as 
seen  in  B,  desjjitc  tlic  iKn  uial  initial  venous  pressure  reading  was  regarded  as  characteristic 
of  niDdcratcly  severe  right  heart  failure  (fig.  5C)  and  pericai'dicetomy  for  constrictive 
pi'i  icardii  is  was  consequently  lU  Kcd.  As  the  peritoneal  fluid  roaccunmlated  during  the 
pal  iciil  '.s  fui  ther  hospital  stay,  1  he  initial  venous  pressure  gradually  rose  again  to  a  higher lover  (17  to  IS  cm.).  Again  following  abdominal  paracentesis  the  initial  venous  pressure 
drop|)('d  to  the  previous  normal  level  and  right  upper  abdominal  compression  again  yielded the  previously  recorded  rise  of  9.5  to  12  cm.  A  logical  explanation  for  the  elevated  initial 
venous  pressure  was  displacement  of  the  intra-abdominal  circulating  blood  volume  to  the peripheral  veins,  the  cause  of  this  displacement  being  ascites  which  by  compressing  the 
splanchnic  blood  depots  reduced  the  "blood-holding"  capacity  of  the  intra-abdominal veins.  This  phenomenon  was  only  partially  observed  in  cirrhosis  of  the  liver  with  massive 
ascites  (fig.  3).  The  initial  venous  pressure  in  uncomplicated  cirrhosis  was  elevated  but  to 
a  much  lesser  degree  antl  right  upper  abdominal  compression  yielded  a  falling  venous 
pressure  level,  which  is  readily  explained  by  the  existence  of  normal  right  ventricular 
function  and  an  essentialh-  unchanged  circulating  blood  volume. 

To  comprehend  the  cliaractci-  of  the  venous  pressure  curve  after  removal  of  ascitic fluid  it  was  decided  to  ininuc  the  effect  of  ascites  by  employing  an  inffated  abdominal  com- 
pression bag  as  used  in  (lenito-urinary  radiography.  With  the  aiil  of  this  bag  the  abdomen 

was  compressed  and  the  height  of  the  initial  venous  pressure  and  the  super-added  effect  of right  upper  abdominal  compression  on  the  height  of  the  initial  venous  pressure  level  were 
recorded  as  shown  in  Figure  7. 
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ESSENTIAL   HYPERTENSION   ASSOCIATED   WITH  UNILATERAL 
DISEASE  OF  THE  KIDNEYS 

A  Report  of  Two  Cases  avith  Apparent  Relief  Following 
Nephrectomy 

A.  HYMAX,  MD.,  and  H.  E.  LEITER,  M.D. 

In  recent  years,  more  careful  attention  and  study  of  the  kidneys  have  been 
carried  out  in  patients  with  essential  hypertension.  For  a  time,  there  was  a 
Avave  of  enthusiasm  towards  nephrectomy  in  such  individuals  where  unilateral 
surgical  disease  of  the  kidnej^  was  found.  Case  reports  appeared  in  the  literature 
where  the  previously  elevated  blood  pressure  returned  to  normal  or  dropped 
appreciably  after  removal  of  the  diseased  kidney.  Some  of  these  patients  had 
been  followed  post-operatively  for  a  number  of  years,  while  others  were  of  such 
short  follow-up  that  the  late  result  was  still  in  question. 

The  present  concensus  of  opinion  is  that  only  a  small  percentage  of  those 
people  with  essential  hypertension  and  unilateral  disease  of  the  kidneys  may 
hope  for  a  return  of  the  tension  to  normal  after  nephrectomy.  This  point  must 
be  emphasized  because  it  is  obviously  unjust  to  remove  a  good  functioning 
kidney  where  conservative  medical  or  surgical  treatment  may  give  the  patient 
additional  reserve  of  renal  parenchyma.  Where  the  urologist  finds  the  indica- 

tions for  nephrectomy  regardless  of  hypertension,  this  should  be  done.  It  is  in 
the  other  group  of  patients  that  the  decision  of  the  type  of  surgery  indicated  is 
difficult.  Here  one  must  weigh  the  urologic  as  well  as  the  hypertensive  factors 
before  deciding  upon  the  preferable  method  of  attack. 

The  main  purpose  of  this  paper  is  to  present  two  unusual  cases  of  essential 
hypertension  associated  with  unilateral  disease  of  the  kidney.  One  case  has 
been  followed  for  a  sufficient  period  of  time  to  show  the  benefits  of  nephrectomy. 
Although  the  follow-up  in  the  other  case  is  shorter,  the  symptomatic  and  objec- 

tive clinical  improvement  has  been  noteworthy. 
CASE  REPORTS 

Case  1.  History:  J.  E.,  male,  aged  39  years,  was  first  seen  at  the  office  June  3, 1941  com- 
plaining of  headaches. 

His  medical  history  dated  back  to  September  1929  when  he  developed  an  attack  of  left 
renal  colic  with  blood  and  pus  in  his  urine.  He  was  cystoscoped  several  times  until  he 
finally  passed  a  ureteral  calculus  in  January  1930.  At  that  time  he  was  told  that  the  left 
kidney  was  damaged.  Because  the  pyuria  persisted,  he  consulted  a  urologist  in  Frankfort 
who  told  him  that  his  systolic  blood  pressure  was  155.  Nothing  significant  occurred  until 
1936  when  his  wife  died.  This  resulted  in  a  "nervous  breakdown"  and  the  development  of rheumatic  pains  and  aches  in  various  joints  of  the  extremities.  Although  he  was  confined 
to  bed  at  this  time  for  about  two  months,  his  attending  physician  told  him  that  his  blood 
pressure  was  high  and  that  his  urine  contained  blood  and  pus. 

The  complaint  of  headaches  began  in  1939  about  a  year  and  one-half  prior  to  admission 
to  the  hospital.  These  occurred  in  the  region  of  the  occipital  area  and  extended  down  to  the 
adjacent  part  of  the  neck.  They  occurred  almost  daily,  lasted  for  many  hours,  and  were 
relieved  by  acetyl  salicylic  acid.  The  headaches  gradually  became  more  severe,  and  three 
months  ago  he  began  to  note  precordial  pain  and  pain  in  his  cervico-dorsal  spine. 
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There  were  no  gastro  intestinal ,  cardiovascular  or  other  neurologic  symptoms.  He 
voided  every  four  hours  during  the  day  and  twice  at  night. 

Examination:  Patient  appeared  well  nourished.  The  head  ami  neck  were  normal.  The 
fundi  revealed  somewhat  narrowed  arteries  with  exaggeiatcd  light  reflex.    The  lungs  were 
clear.    The  heart  was  cnlargetl  to  the  left  but  otherwise   mal  e.xcept  for  accentuation 
of  the  2nd  aortic  sound.  The  abdomen,  external  genitalia  and  prostate  were  normal. 
The  blood  pressure  was  182  systolic  and  122  diastolic 

Laboratory  Data:  The  urine  showed  a  faint  trace  of  albumin  and  a  moderate  number  of 
single  pus  cells  per  low  power  field.  Blood  urea  nitrogen,  1(1  mgm.  percent.  Hemoglobin, 
90  percent.    Red  and  white  blood  cell  counts  were  normal. 

X-ray  examination:  The  riglit  ki(lne\'  outline  was  normal  in  size,  shape  and  position. 
The  left  kidney  outline  was  about  one  half  the  size  of  the  right  kidney;  it  was  situated  high 
up,  and  within  it  two  small  calcific  shadows  were  visible. 

Intravenous  V ro(jraphii:  The  right  renal  jielvis,  calices  and  ureter  were  normal.  The 
left  kidney  was  hypoplastic— or  atrctjjhic.  Visualization  was  adequate  and  showed  a  small 
renal  pelvis  with  minor  caliceal  changes  such  as  usually  seen  in  chronic  pyelonephritis. 
Some  of  the  minor  calices  extended  close  to  the  periphery  of  the  kidney.  The  lower  end  of 
the  left  ureter  was  moderately  dilated. 

Cystoscopy:  The  bladder  was  mildly  inflamed.  The  right  ureter  orifice  was  normal, 
and  the  left  patulous.  Indigo-carmine  given  intravenously  appeared  in  strong  concen- 

tration from  th(^  right  kidney,  and  in  somewhat  weaker  concentration  from  the  left  kidney. 
The  urine  from  the  right  kidney  failed  to  show  pus,  while  that  from  the  left  kidney  showed 
a  small  amount  of  pus. 

Course:  It  was  decided  to  observe  this  patient  over  a  period  of  time.  He  was  given  one- 
half  grain  of  i)heiiobarbital  four  times  daily  for  sedation.  The  following  blood  pressures 
were  recorded  in  the  ensuing  weeks:  182/122;  210/140;  210/140;  200/130.  Because  of  the 
severe,  persistent  headaches,  the  high  diastolic  blood  ])ressure  and  the  development  of  a 
few  hemorrhages  and  exudates  in  his  fundi,  it  was  decided  to  admit  him  to  the  hospital  for 
nephrectomy  in  the  hope  that  iniiiidveinent  in  his  tension  might  follow.  During  his  pre- 

operative stay  in  the  lio.spiial  ami  under  coniijlete  bed-i'est  with  sedatives,  his  blood  pres- 
sure was  recorded  as  'JOd  s>  stolic  and  120  diastolic. 

Operation:  On  October  7,  1941  (H.  E.  L.)  a  left  lumbar  nephrectomy  was  performed. 
The  kidney  w  as  exposed  through  a  left  lumbar  incision ;  it  was  about  one-half  to  one-third 

the  normal  size  an<l  it  was  situated  very  high  and  under  the  diaphragm.  It  was  adherent 
to         left  adrenal  glanil  .and  w.as  sunounded  by  a  moderate  degree  of  peri-nephritis. 

I'atlioluijij:  Chronic  p\(-l(inei)liri t is  with  considerable  arteriosclerosis. 
J'osl-opcralivc  Course:  iMitirely  uneventful.  The  wound  healed  by  primary  union, 

and  the  patient  was  discharged  from  the  hos|)ital  on  the  sixteenth  day.  His  headaches  were 
entirely  gone  and  he  felt  symptomatieally  improved.  The  recorded  blood  pressures  during 
his  hospital  stay  were  as  follows: 

October  8,  1941   210/130 
9,    "    170/120;  210/120 
10,  "    170/120 
11,  "    130/110 
12,  "    140/110 
13,  "    130/100 
14,  "    140/100 
15,  "    150/106 
16,  "    155/110 
17,  "    130/  70;  130/90 
18,  "    114/  78 
19,  "    122/  76 
21,  "    140/  92 
22,  "    125/  85 
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Follow-up  Record:  The  headaches  had  not  returned  during  the  entire  post-operative 
period  except  for  an  occasional  mild  frontal  headache. 

October     27,  1941   Blood  pressure  130/  86 
30,    "    "          "  120/  84 

November   6,    "    "          "  130/  90 
12,    "    "          "  128/  82 

January       6,  1942   "          "  142/104 
March        23,    "    "          "  130/  92 
May            8,    "    "          "  142/100 
July            7,    "   "          "  140/100 
September  29,    "    "          "  130/  90 
November  24,    "    "          "  132/  90 

26,  1943   "          "  128/  96 The  patient  states  that  he  had  an  attack  of  coronary 
thrombosis  7  months  previously. 

February    10,  1944   "          "  124/  90 
October     24,    "    "          "  122/  86 

Case  2.  Histortj:  L.  K.,  male,  aged  43  years,  was  admitted  to  The  Mount  Sinai  Hospital 
on  June  7,  1943. 

In  1937  he  suffered  a  left  renal  colic  accompanied  by  gross  hematuria.  Since  that  time 
he  had  had  recurrent  lumbar  back  pain  and  hematuria.  In  1941,  during  the  course  of  a 
general  physical  examination,  hj'pertension  was  noted.  The  systolic  blood  pressure  fluc- 

tuated after  going  as  high  as  230  mm.  of  mercury.  The  minimum  diastolic  blood  pressure 
had  been  120  to  130.  Since  childhood  he  had  suffered  with  headaches  which  of  late  became 
worse.    Study  of  his  various  systems  revealed  nothing  of  note. 

Examination:  His  eyes  were  normal.  The  fundi  showed  moderate  arteriovenous  com- 
pression and  silvering  of  the  arteries  with  an  occasional  small  hemorrhage.  The  lungs  were 

normal  to  auscultation  and  percussion.  The  heart  was  enlarged  to  the  left.  There  were  no 
murmurs.  The  aortic  second  sound  was  accentuated.  The  blood  pressure  was  180  systolic 
and  130  diastolic. 

Laboratory  Data:  Urine  clear;  specific  gravity  1020;  albumin  trace;  sugar  none;  micro- 
scopic showed  moderate  number  of  red  blood  cells  and  a  few  white  blood  cells.  Blood 

count :  Hemoglobin  102  per  cent ;  red  and  white  blood  cell  counts  were  normal.  Blood  urea 
nitrogen  17  mg.  per  100  cc.  of  blood. 

X-rai/  Examination:  The  kidney  outlines  were  normal  in  size,  shape  and  position.  There 
was  a  large  calculus  filling  the  pelvis  and  lower  calices  of  the  left  kidney. 

Inlrarenous  Piielography:  The  right  kidney  pelvis,  calices  and  ureter  were  normal. 
The  left  kidney  showed  slight  dilatation  of  the  pelvis  and  moderate  dilatation  of  the  upper 
calices  of  the  left  kidney. 

Cystoscopy:  Tlie  bladder  and  ureter  orifices  wsre  normal.  Indigocarmine  injected 
intravenously  appeared  in  good  concentration  from  the  right  kidney,  and  in  only  fair  con- 

centration from  the  left  kidney. 
Electrocardiography:  Regular  sinus  rhythm.  Left  axis  deviation.  Q.R.S.  of  high  vol- 

tage. R-1  and  R-2  depressed.  T-1  and  T-2  diphasic  and  T-3  low.  The  changes  indicated 
hypertrophy  of  the  left  ventricle  with  myocardial  damage. 

Operation:  On  .June  17,  1943  (A.  H.)  a  left  lumbar  nephrectomy  was  done. 
The  kidney  was  exposed  through  a  left  lumbar  incision,  and  found  surrounded  by  a  thick 

fatty  capsule  which  appeared  to  hold  it  in  a  vise.  The  renal  pedicle  was  short.  There  was 
considerable  perinephritis. 

Post-operative  Course:  He  made  an  uneventful  convalescence  and  was  discharged  sixteen 
days  after  operation.  The  patient  felt  well,  and  during  the  post-operative  hospital  stay 
his  blood  pressures  were  recorded  as  follows : 
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June   8,  1943   Blood  pressure  230/150;  200/130 
(preoperative) 

"  17,  "    "  "  140/  98 
"  18,  "    "  "  120/  85 
"  19,  "    "  "  150/100 
"  20,  "    "  "  150/106 
"  21,  "    "  "  148/100 
"  22,  "    "  "  150/100 
"  23,  "    "  "  150/100 
"  24,  "    "  "  138/  95 
"  26,  "    "  "  130/  80 
"  28,  "    "  "  128/  90 
"  30,  "    "  "  105/  75 

Pathology:  Calculus;  Chronic  Pyelonephritis.  The  kidney  showed  considerable  arterio- 
sclerosis as  found  in  benign  nephrosclerosis.  The  main  branches  of  the  renal  artery  showed 

marked  arteriosclerosis  with  narrowing. 
Chemical  analysis  of  the  renal  calculus :  Ammonium  urates,  calcium  o.xalate  and  am- 

monium magnesium  phosphate. 
Follow-up  Record:  Patient  felt  perfectly  well  since  his  discharge  from  the  hospital.  His 

only  complaint  was  that  he  felt  tired  towards  the  end  of  the  day.  Until  April  8,  1944  his 
blood  pressure  had  been  taken  weekly,  and  averaged  130  systolic  and  80  to  90  diastolic. 
The  last  blood  pressure  recorded  was  on  October  3,  1944  as  134  systolic  and  90  diastolic. 

SUMMARY 
In  the  numerous  instances  where  nephrectomy  was  performed  at  this  hospital 

in  the  presence  of  an  associated  essential  hypertension,  the  above  described  cases 
stand  out  for  the  subjecti^'e  and  objective  improvement  in  the  previously  present 
hypertension.  The  recorded  late  blood  pressure  readings  are  within  nonnal 
range. 

Several  points  are  worth  emphasizing.  It  is  our  belief  that  all  patients  with 
essential  hypertension  should  have  a  urological  examination  consisting  of  an 
excretory  urography  and  cystoscopic  examination  with  renal  function  tests 
where  unilateral  disease  is  noted.  It  is  difficult  to  tell  pre-operatively  which 
patients  wdth  essential  hypertension  and  unilateral  kidney  disease  will  show 
improvement  in  the  arterial  tension  following  nephrectomy.  Such  an  association 
does  exist,  but  in  our  opinion  and  experience  it  is  rather  uncommon. 

Until  a  more  effective  treatment  of  essential  hypertension  is  discovered,  we 
suggest  the  following  empiric  approach  to  the  problem  of  unilateral  renal  disease 
combined  with  essential  hypertension:  Where  a  nephrectomy  is  decided  upon 
for  the  existent  nephropathy,  a  lumbar  sympathectomy  should  be  done  at  the 
same  time  on  the  side  of  the  nephrectomy.  If  no  improvement  results,  then  a 
sjTOpathectomy  can  be  considered  on  the  opposite  side. 
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A  Clinico-Pathological  Study  of  84  Cases^ 
MENDEL  JACOBI,  M.D.,  F.A.C.P.,  and  HAROLD  GRAYZEL,  M.D. 

Amyloidosis  in  human  beings  is  considered  to  be  an  infrequent  disease.  This 
is  partly  due  to  the  fact  that  it  is  often  overlooked  because  of  the  presence  of  the 
primarj'  disease.  At  The  Montefiore  Hospital  for  Chronic  Diseases,  amyloidosis 
was  found  in  7.2  per  cent  of  a  total  of  1727  consecutive  necropsies  (1,  2).  It  was 
present  in  24.4  per  cent  of  all  subjects  with  tuberculosis  and  in  44  per  cent  of  all 
cases  of  tuberculosis  with  suppuration  (3).  At  Seaview  Hospital  for  Tubercu- 

losis, New  York,  lardaceous  disease  in  visceral  organs  was  present  in  approx- 
imately 30  per  cent  of  all  tuberculous  patients  who  were  examined  post  mortem 

(4)  .  In  a  seiies  of  500  consecutive  autopsies  on  adults  in  a  general  hospital 
(Beth-El  Hospital),  amyloid  disease  was  found  three  times  (0.6  per  cent),  in  one 
instance  clinicp,lly  unsuspected.  At  the  present  time,  tuberculo.sis  is  the  most 
frequent  primary  disease  responsible  for  the  production  of  amyloidosis.  Saleeby 
(5)  found  tuberculosis  to  be  the  underlying  cause  of  amyloidosis  in  82  per  cent, 
Waldenstrom  (6)  in  93  per  cent  and  Rosenblatt  (1,  2)  in  88  per  cent  of  their 
cases.  The  present  study  is  based  on  a  study  of  84  consecutive  cases  of  amyloi- 

dosis complicating  tuberculous  or  chronic  suppurative  disease. 
Although  the  manifestations  of  amyloidosis  vary  considerably,  secondary 

generalized  amyloidosis  presents  a  sufficient  number  of  common  pathological 
and  clinical  features,  irrespective  of  those  phenomena  attributable  to  their 
primary  causal  factor,  to  warrant  a  general  description  of  the  disease.  This  is 
made  possible  by  gathering  the  scattered  clinico-pathological  data  in  the  litera- 

ture and  adding  to  these  our  own  observations  supported  by  some  recent  experi- 
mental .studies.  These  experimental  studies  have  changed  our  concept  of  the 

nature  of  the  disturbance  and  manner  of  its  development  and  progression,  and 
have  resulted  in  the  use  of  a  liver  product  as  a  therapeutic  agent,  which  the 
authors  have  found  to  be  of  value  in  a  group  of  patients  suffering  with  this  disease 
(7,  8,  9).  Others  have  employed  the  same  type  of  treatment  and  have  reported 
similar  clinical  improvement  (10-14).  Experimental  confirmation  has  been 
presented  by  Cavalucci  (15). 

Etiology:  At  least  five  theories  are  current.  The  allergy  theory  of  Jaffee  (16) 
and  the  "antigen-antibody  union  and  precipitation"  concept  of  Letterer  (17,  18) 
and  of  others  (19,  20)  have  little  direct  evidence  in  their  favor.  The  same  is  true 
of  the  theory  that  the  disease  is  exclusively  a  disorder  of  endogenous  protein 
metabolism  (21,  22).  Recently  the  concept  has  been  advanced  (23,  24)  that 
amyloidosis  is  due  to  an  hyperproteinemia,  more  precisely,  an  hyperglobuUnemia. 
The  latter  findings  were  present  in  some  of  our  human  cases  but  not  in  others. 

1  From  the  Departments  of  Pathology  and  Medicine,  Beth-El  Hospital,  Brooklyn,  the 
Pediatric  Research  Laboratory,  Jewish  Hospital,  Brooklyn,  and  Pediatric  Service  of 
Neponsit  Beach  Hospital,  Queens,  New  York. 
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Hyperglobulinemia  was  absent  in  other  reported  cases  (13,  25).  These  findings 
do  not,  however,  explain  the  pecuhar  locahzation  of  amyloid  in  tissues  found 
experimentally  (7,  8b,  16,  18)  or  at  autopsy.  Finally,  such  a  thesis  does  not 
suggest  the  reason  for  the  protein  changes  and  ignores  the  role  of  the  reticular 
apparatus  already  shown  experimentally  (7,  8a,  b,  16,  26). 
The  evidence  which  has  accumulated  favors  the  explanation  that  the  dis- 

turbance is  in  the  reticulo-endothelial  system  (26-29).  The  present  authors 
and  their  colleagues,  leasing  their  views  on  the  work  of  others,  as  well  as  on  their 
own  work  (7,  8b)  offered  what  appeared  to  them  to  be  the  most  plausible  theoiy, 
e.g.,  that  amyloidosis  is  a  disorder  of  endogenous  protein  metabolism  in  which 
the  reticulo-endothelial  system  is  involved  (9). 

Recent  work  by  Ilass  (.30)  tends  to  show  that  amyloid  substance,  while  a  com- 
plex of  proteins,  has  a  structure  similar  to  that  of  chondroitin-sulphuric  acid 

obtained  from  infantile  cartilage.  This  work,  of  a  semi-ciuantitative  nature, 
tends  to  confirm  the  much  earlier  work  of  Oddi  (31)  and  Krakow  (32),  work 
.subsequently  questioned  by  Hanssen  (33)  and  Eppinger  (34).  This  study, 
however,  sheds  no  new  light  on  the  etiology  or  pathogenetic  meehanism  of  the 
disease. 

While  it  is  not  yet  possible  to  arrive  at  a  final  conclusion  in  regard  to  the 
mechanism  of  the  production  of  amyloidosis,  it  seems  possible  to  consolidate 
the  last  three  explanations  into  one  unified  theory  which  may  be  summarized 
briefly  as  follows:  A  long  continued  infection  or  chronic  wasting  disease,  or  the 
introduction  of  a  catabolism  exciting  agent,  predisposes  to  excessive  destruction 
of  tissue  protein.  The  disintegrated  endogenous  protein  fractions  cannot  be 
readily  metabolized  or  excreted  l>v  the  body,  and  the  reticulo-endothelial  system 
is  called  upon  to  phagocytize  these  sulistances.  At  first  it  attempts  to  meet  the 
situation  by  hypertrophy  and  hyperplasia.  If  the  process  of  destruction  con- 

tinues, the  reticulo-endothelial  system  decompensates,  permitting  increasing 
desposition  of  amyloid  in  the  organs.  Whether  the  hyperproteinemia  or  hyper- 

globulinemia is  a  manifestation  of  this  disorder  and  is  due  to  a  general  accumula- 
tion, or  merely  represents  the  transportation  of  the  protein  material  from  the 

source  of  origin  to  the  endothelial  system,  is  at  present  difficult  to  say.  Indeed, 
there  is  as  yet  no  e^•idence  that  globulin  is  the  mother  substance  of  amyloid.  A 
somewhat  similar  concept  for  the  pathogenesis  of  the  so-called  xanthomatous 
diseases  has  recently  licen  advanced  by  Thannhauser  and  Magendantz  (35). 
These  authors  go  one  step  further  for  the  xanthomatous  diseases  which,  in  many 
anatomical  respects,  are  similar  to  amyloidosis.  They  suggest  a  disorder  of 
intracellular  lipoid  metabolism  in  the  cells  of  the  reticular  system. 

Pathology:  Amyloidosis  is  a  definite  pathological  entity  characterized  by  the  presence 
of  a  characteristic  homogeneous  protein  material  in  various  organs  of  the  body,  particularly 
the  liver,  spleen,  and  kidneys.  Its  exact  chemical  nature  is  not  known.  Analyses  have 
shown  it  to  consist  of  a  variety  of  amino-acids,  which  vary  qualitatively  and  quantitatively 
in  different  individuals  and  even  in  the  same  individual  in  different  organs  (.30). 

The  deposition  of  amyloid  is  usually  a  secondary  phenomenon  following,  as  a  rule,  a 
prolonged  suppurative  infection  or  cachectic  disease  such  as  pulmonary  or  osseous  tuber- 

culosis, pulmonary  abscess  or  bronchiectasis,  chronic  suppurative  osteomyelitis,  chronic 
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(iysent(>ry,  syi)liilis,  caiiccr  with  ulcerative  lesions,  elironie  arthritis  (13,  36),  etc.  It  has 
been  found  as  a  i)riniary  generalized  disease  at  autopsy  without  any  cvidonccs  of  iiiHanima- 
tion  or  cachexia.  This  rare  state,  morphologically  identical  with  .si  cond.ir^  amyloidosis, 
is  believed  to  be  occasioned  by  excessive  or  improper  protein  metabolism  (37),  and  is  anal- 

ogous to  experimentally  produced  amyloid  disease  as  produced  by  tlic  feeding  experiments 
of  Kuczynski  (22).  With  the  continuance  of  the  primary  di.scasc  in  tlic  more  frequent  form 
of  amyloid  disease,  progressive  accumulation  of  lardaceous  material  occurs.  More  and 
more  organs  and  tissues  become  sites  for  the  deposition  of  this  amyloid  material;  and  the 
organs  already  involved  become  enlarged  and  contain  an  ever-increasing  quantity  of  this 
substance.  The  increasing  accumulation  of  tlii.s  material  interferes  with  the  circulation 
within  and  the  functions  of  the  iiivolxcd  ort;aTis,  eventually-  c-ui.'^ing  death  of  the  infiltrated 
tissues.  This  process  continues  until  there  is  such  marked  disturbance  of  vital  functions 
of  organs  that  the  patient  succumbs. 

TABLE  I 
Age  distribulion  of  patients  with  amyloidosis 

AGE  IN  YEARS NUMBER  OF  CASES PERCENTAGE  OF  TOTAL 

1-3 1 1.2 

3-5 12 14.8 
5-10 9 

11.8 

Under  10 22 27.1 
10-15 8 9.9 
15-20 8 9.9 

10-20 
16 

19.8 
20-30 

28 34.6 
Under  30 

66 81.5 

30-40 7 
8.7 

40-50 7 8.6 

51 
1 1.2 

Total  
81 

100.00 

3  treated  cases  not  included  in  this  table  (cases  nos.  14,  15,  161,  Table  VII). 

The  pathology  of  amyloid  disease  has  been  the  subject  of  much  controversy.  This  is 
probably  due  to  the  fact  that  this  disease  in  the  human  is  ordinarily  seen  at  comparatively 
late  stages  in  clinical  cases  and  at  a  much  later  stage  at  autopsy.  The  experimental  pro- 

duction of  the  disease  by  Birch-Hirschfeld  (38),  in  1882  aided  in  an  understanding  of  its 
morbid  anatomy.  His  successful  production  of  generalized  amyloidosis  in  a  dog  injected 
subcutaneously  with  pus  from  a  case  of  lione  caries,  was  confirmed  by  Charrin  (40)  several 
years  later.  Amyloid  disease  has  since  been  produced  by  the  injection  of  pyogenic  organ- 

isms (41-43),  pus  (44),  oreven  inorganic  substance  (17) ;  and  Kuczynski  (22)  produced  it  by 
feeding  mice  a  diet  rich  in  proteins. 

The  next  advance  which  contributed  nuich  to  our  understanding  of  the  pathology  of  the 
disease  was  the  finding  of  a  new  tinctorial  method  for  the  demonstration  of  amyloid  in  an 
earlier  stage  than  had  previously  been  possible  with  violet  dyes.  Although  crystalline 
forms  of  amyloid  had  been  reported  earlier  by  Schuster,  Schmidt,  Lubarsch  and  Maximow 
(21),  it  was  Bennhold  (45)  who  first  used  Congo  red  to  demonstrate  early  amyloid  in  tissue. 
Smetana  (46)  employing  Congo  red  intravitam  demonstrated  deposits  of  amjloid  within 
cells  of  the  reticulo-endothelial  system.  Jaftee  (16)  used  it  to  demonstrate  amyloid  in  the 
Kupfer  cells  lining  the  sinusoids  of  the  liver;  and  we  (7,  8b)  employed  it  to  stain  amyloid 
in  the  spleen  and  liver  and  noted  similar  intracellular  inclusions  in  the  kidney.    In  addition, 
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it  enabled  us  to  demonstrate  ilie  transition  of  amyloid  from  the  intracellular  to  the  extra- 
eellular  phase. 

These  two  approaches  to  tlu^  jirohlem  of  amyloidosis  made  possible  the  reconstruction 
of  the  earliest  ol)jecti\'<'  pal  ii(ilot;ical  findings  and  the  progressive  developmental  changes 
of  amyloidosis  in  the  human  organs.  That  the  transff)rmations  noted  in  lower  animals 
closely  ap])r()xinKit<'  those  found  in  the  human  beings  is  justified  from  the  fact  that  in  botli 
the  end  stages  are  identical  in  appearance,  distribution,  localization,  and  chemical  and 
staining  jiroperties  of  the  material.  The  earliest  findings  are  those  of  hypertrophy  and 
hyperplasia  of  the  fixed  and  wandering  cells  of  the  reticulo  endothelial  system.  This  is 
followed  by  the  appearance  of  characteristic  i)ink  or  red  inclusion  masses  of  amyloid  in  the 
fixed  and  wandering  macrophages,  which  may  be  detected  by  the  intravenous  administra- 

tion of  a  one  per  cent  aqueous  solution  of  Congo  red  shortly  before  death.  The  intracellular 
substance  is  at  first  crystalline  in  appearance  and  is  radially  arranged.  This  morphologic 
stage  has  not  yet  been  s( en  in  human  cases.  Later  it  becomes  homogeneous  and  occupies 
more  and  mor(>  <if  tlic  (  yt()j)lasniic  area.  The  phagr)cytic  cells  become  enlarged  and  soon 
two  or  more  fuse  to  form  giant  cells.  These  ultimately  disintegrate  and  amyloid  begins 
to  be  deposited  in  the  extracellular  spaces.  The  amyloid  is  laid  down  as  a  shell  around 
reticulum  fibers.  This  process  contiiuies  until  the  accvunulation  of  the  lardaceous  sub- 

stance is  widespread,  i.e.  the  typical  jiicturc  seen  ;it  .■nitops>-  (8b). 
There  are,  of  course,  mark<'d  variations  in  I  lie  cNti  iit  and  degree  of  amyloid  change  in 

different  cases.  The  initial  seat  of  the  deposit  and  the  ordci-  in  which  the  different  organs 
are  alTected  also  vary  with  the  individual  case  and  aic  n<it  ap|)arently  i-elated  to  the  char- 

acter of  the  primary  disease.  In  most  cases  the  livei',  the  spleen,  or  kidney,  organs  con- 
taining relatively  large  numlu-rs  of  reticulum  cells,  are  the  ones  usually  affected.  In  the 

usual  ad\"Uic(>d  c.'ises,  as  in  our  series,  other  organs,  in  addition  to  the  three  mentioned 
above,  pi'esent  marked  .-iniyloid  deposition.  The  organs  are  generally  swollen  and  show  an 
increase  in  weight,  volume  and  consistency.  They  are  liai'd  and  inelastic,  pale  and  light 
buff  gra\'  or  brown  in  cf)lor,  because  of  the  diminution  of  blood  su))ply. 

Microscojjically ,  amyloid  ap))ears  as  a  homogeneous,  highly  refractive  substance  which 
is  deposited,  as  Ribbert  (-17)  put  it  "primarily,  in  its  narrowest  sense,  in  the  vascular  ap- 

paratus. The  substance  is  dejiesited  on  the  outer  surface  of  capillaries,  in  the  muscularis 
of  arteries,  and  in  the  intiina  of  \-eins,  hut  further  .'dso  in  the  hbers  of  connective  tissue,  in 
tissue  spaces,  and  lies  free  w  ithin  lymph  channels.  On  the  <ither  hand,  tlie  functional  cells 
of  the  various  organs,  such  as  the  li\er  cells,  the  renal  epithelium,  the  lymph  nodules,  and 
the  cotincctive  tissue  cells  are  ne\-er  the  s(  ,it  of  ani>  loid  changt-.  These  latter  can  only  be 
infiltrated  by  amyloid  when  they  lia\'e  di(Hl  and  disintegrated."  It  is  interesting  to  note the  close  parallelism  of  the  sites  of  amyloid  deposit  described  b\  i^ibbert  and  the  location 
of  the  reticulum  cells  capable  of  ])hagocy tosis  (48).  In  .-idvaiuMMl  stages,  owing  to  the 
increasing  accunndation  of  this  material  and  to  the  atrophy  of  the  surrounding  tissues, 
the  masses  of  amyloid  increase  in  size  and  become  confluent,  so  that,  the  entire  organ,  or  a 
large  part  of  it,  may  be  rejjlaeeil  b,\'  amyloid. 

The  specific  staining  reactions  of  amyloid  are  characteristic.  With  iodine,  the  cut 
surface  assumes  a  deep  mahogany  eohu-  which  changes  to  brownish  blue  black  upon  the 
addition  of  dilute  suljihuric  acid.  Microscopically,  (he  homogeneous  lardaceous  material 
may  be  dilfcrentialed  from  normal  tissues  by  the  brow  nish  blue  or  blue-black  color  which 
it  presents  on  treatment  with  Lugol's  solution  when  followed  by  dilute  sulphuric  acid. With  methyl  violet  amyloid  iissumes  a  rose  or  deep  red  color,  as  contrasted  with  the  blue 
of  the  surrounding  tissue. 

Amyloid  has  been  found  in  the  heart,  blood  vessels,  connective  and  adipose  tissue,  the 
larynx,  bronchi,  spleen,  lymph  nodes,  bone  marrow  (both  flat  and  long  bones),  the  kidneys, 
adrenals,  ureters,  bladder,  uterus,  ovaries,  tongue,  pharyngeal  wall,  esophagus,  stomach, 
intestines,  p.-uicn  as,  salivai>'  glands,  thyroid,  striated  muscle,  including  those  of  the  dia- 

phragm, the  skin,  :iihI  the  i  \c  (  10).  The  identity  of  the  so-called  amyloid  bodies  in  the 
central  n('r\(>us  system  w  ith  amyloid  material  found  in  other  organs  is  still  a  matter  for 
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(iiKl)uk'  (fjO).  'I'hc  (iin:ins  most  l'i(Miu('iitly  iiivolvcd  •,iiv,  as  already  nientiomul,  tho  spleen, the  liver,  tlio  lympli  nodes,  aiid  the  kidneys,  in  the  order  named.  These  will  he  described 
more  fully. 

The  spleen  is  eidar^ed,  often  to  a.  very  marked  degree.  It.  is  much  firmer  than  usual, 
is  often  of  a  ligneous  (consistency,  and  ran  only  be  cut  with  considerable  difficulty.  The 
cut  surface  is  smooth,  shiny,  transparent,  and  of  a  light  buff  gray  or  n  color.  In  less 
extensively  involved  organs,  the  amyloid  ar)pears  as  a  concentric  iii)ni(i<;<  neous  ccdlular 
ring  (s;igi)  t'cirm  )  of  \  :i  rvi  ng  width,  siin-oundi  ng  .'i  coniprcsstHl ,  dist ort cd ,  or  ;i  t  rc ipliic  follicle. 
Jti  file  I'onii  (Icscrilx'd  :is  rcseiiibl  i  ng  cooked  l);icnii  the  honiogcneous  .■ilnyloid  apljC'irs  in  the 
red  pul|i  as  a.  lattice  of  strands  of  varying  width,  which  seemingly  line  the  apparently  nar- 

rowed and  bloodless  pulp  sinuses.  Amyloid  rings,  usually  narrower  and  less  complete 
than  in  the  sago-type,  may  also  surround  the  follicles.  In  both  forms  the  trabeculae  are 
thickened,  and  the  homogeneous  amyloid  is  present  within  the  trabeculae,  chiefly  around 
the  thickened  arteries  or  lying  within  their  walls. 

The  lirer  is  markedly  cnlaiged,  xoluminous,  firm,  and  rubbery  and  is  cut  with  gr(>at 
difficulty.  The  surface  is  Mmmt  li ,  ii.ilc,  liglit  l)uff  gray  in  color,  dry,  transparent  and  shiny ; 
the  capsule  is  transparent  .ind  is  iisii,ill>-  not  thickened.  On  section,  the  lo})ules  are  not 
•altered  or  they  may  lie  atropliic.  liistolofiicaily,  in  sections  showing  e:irl>'  stages  of  the 
disease,  a  stage  rarely  encountered  in  lium.an  licings,  llic  ani.\  ]oid  is  seen  in  tlie  walls  of  the 
arttTies  of  the  portal  s|iaces,  but  more  often  it  apjjears  as  a  narrow  band  of  homogeneous 
acellular  substance  between  the  K'upl'er  cells  and  the  adjacent  livci-  cord  cells.  This  deixisit is  usually  first  seen  in  the  midzonal  region,  later  spreading  centrally  and  peripherally. 
As  the  amounts  of  the  amyloid  de[i(isit  increase,  the  cords  disappear  entindy.  In  the  latter 
stages  the  tubes  (caiiillarics)  appe.n  empty  atid  are  surrounded  by  a  dense,  acellular  sub- 

stance in  whi(di  ar<'  s( en  remnants  of  liver  cells,  without  definite  arrangement,  and  a  few 
areas  suggesting  a  j)i-e-e.\isting  portal  space. 

The  kidnei/N,  until  the  very  late  stages  when  a  secondary  contraction  may  occur,  are 
moderately  enlarged.  They  are  firmer  than  usual,  the  capsule  is  smooth  and  easily  re- 

moved but  is  not  as  tense  as  in  the  normal  state.  They  are  more  resistant  to  cutting  and 
more  rubbery  than  usual,  but  not  nearly  to  the  same  degree  as  are  the  spleen  and  the  liver. 
The  medulla  is  usually  scmewhat  firmer  than  the  cortex.  The  cut  surface  is  smooth  antl 
shiny  in  appearance.  The  glomeruli  stand  out  prominently  as  transparent,  gray,  glassy 
nodules  in  the  cortex.    The  walls  of  the  arcuate  arteries  are  generally  somewhat  thicker 

I  and  more  prominent  than  usual,  and  the  entire  organ  may  be  somewhat  anemic.  These 
findings  are  not,  however,  very  striking. 

Histologically,  the  amyloid  first  appears  in  the  kidneys  as  droplet  collecti(jns  of  homo- 
geneous, glassy,  transparent  acellular  substance  in  the  membrana  propria  of  the  vessels, 

I  especially  the  afferent  and  efferent  arterioles,  the  venae  rectae,  and  glomerular  and  cortical 
capillaries.  They  are  found  less  fre(juently  in  the  membrana  propria  of  the  tubules,  espe- 

cially those  of  the  convoluted  tubules;  and  even  less  often  in  Henle's  loop,  the  collecting 
tubules,  and  Bowman's  capsule.  The  latter  are  usually  involved  only  in  the  late  stages 
of  the  diseas<',  wlu  ii  the  glomerulus  is  infiltrated  with  amyloid,  the  tuft  is  enlarged  and  the 
capillary  lumen  is  narrowed  or  obliterated,  so  that  the  renal  cori)Uscle  is  converted  into  a 
bloodless  homogeneous  mass,  completely  filling  the  cajisular  space  and  containing  nucdear 
debris,  the  remains  of  the  endothelial  and  epithelial  cells.  Because  of  the  accumulation  of 
amyloid  around  the  tidiules,  these  ajipear  narrowed  and  lined  by  ei)ithelial  cells  in  varying 
stages  of  necrobiosis,  from  fatty  changes  to  complete  necrosis  .and  des<iuamation.  In  the 
interstitial  tissue,  the  amyloid  appears  chiefly  around  arteries  and  capillaries,  or  in  tlu; 
arterial  walls,  and  less  frequently  in  the  interstitial  connective  tissue  reticulum  remote 
from  blood  vessels.  The  interstitial  tissue  may,  however,  present  an  inflammatory  cellular 
reaction,  which  in  the  late  stages  of  the  disease  is  transformed  into  fibrous  scars,  causing 
contraction  of  the  entire  organ. 

The  other  organs  less  fnujuently  involved  show  only  slight  amjdoiil  (diaiiges.  In  the 
inleslines  the  infiltration  is  widespread  but  i)at(diy.    The  entire  wall  may  be  tlii(d<ened  and 
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firm,  or  the  intrstinnl  folds  uIdim-  may  appear  thicker,  wider,  and  stiffer  than  usual.  The 
heart,  when  involved,  may  he  normal  in  gross  appearance  or  may  be  slightly  enlarged.  On 
section  it  usually  assumes  a  dilTusc  yellowish  red  api)earance.  Amyloid  deposition  in  the 
myocardium  is  rare,  but  may  occur  m  the  endocardium,  csi)ccially  in  the  right  auricle. 
The  adrenals  when  involved,  arc  tliickciicd  and  (|uitc  firm,  and  the  cut  surface  appears 
homogeneously  gray.  The  amyloid  is  usually  found  in  the  cortex,  which  it  may  replace 
nearly  completely.  It  is  to  be  emi)hasizcd  that  the  location  and  amount  of  amyloid  paral- 

lels closely  that  of  the  cells  of  the  reticulo  endothelial  system  of  the  organ  in  (juestion. 
CI>IN1C.\L  ANALY.SIS 

The  present  study  consists  of  a  clinical  analysis  of  eighty  four  consecutive  and  definitely 
proven  cases  of  untreated  moderately  advanced  and  advanced  amyloidosis.  Sixty  one  of 
these  were  examined  post  mortem;  all  showed  definite  pathological  evidence  of  amyh^idosis. 
The  remaining  twenty  cases  had  all  the  symptoms  and  signs  of  lardaeeous  disease,  in- 

cluding positive  Congo  red  tests  (90  to  100  jier  cent  relt  ntion).  These  cases  will  be  con- 
trasted later  with  16  treated  eases. 

TABLE  II 
(Sex  dislribulion  of  palienls  with  amyloidosis 

SEX NUMBER  OF  CASES PERCENTAGE  OF  TOTAL 

Female 
28 

34.5 
Male  53 65.5 

3  treated  cases  (nos.  14,  15,  16,  Table  VII)  not  included  in  this  table. 

A(jc  Dinlribulion:  It  is  a  well  known  fact  that  tuberculosis,  and  {)articularly  bone  tu- 
berculosis, usually  begins  in  the  earlier  period  of  life.  The  activity  and  malignancy  of 

general  tubercidosis  appears  .also  to  be  more  pronounced  in  this  same  age  ])eriod.  Since 
amyloidosis  is  usuall>  .a  sccoiid.a ry  phenomenon  of  the  more  persistent  i nfections,  it  occurs 
moll'  I  if  I  111  in  I  Ins  c:i  il  \-  .'ik''  Rroi][).  This  is  illilsl  ra  leii  i  ii  Table  1  which  shows  an  incidence 
of |(i;iiid  IS  cases,  ii 'S]  i(  r  I  i  I  >■  (  a  ppro\i  nia  t  el>' S2  per  cent,  of  all  t  he  subjects)  during  the 
lirsi  ,  second  and  third  decades  of  life. 

S(  s  DiKli  ihiiliiiii:  .\in.\  loidiisis  ;dso  bears  a  close  parallel  to  the  sex  incidence  and  severity 
of  tuberculous  infection.  .\s  in  tuberculous  infection  in  general  males  are  more  frequently 
and  much  more  srverel\'  .■iffected  than  females,  so  in  our  e\perieiicc  with  amyloidosis  the 
male  subjects,  when  liisl  seen,  usually  presented  later  sf.iges  of  llie  tuberculous  infection 
and  of  amyloidosis  than  did  the  female  patients.  In  the  present  series  about  66  per  cent 
were  males  (Table  II). 

RKLATIONSUII'   OK    I'lilMMiA     T  C  FU:  H( '  I '  I  .O  I  S   I  N  Fl  ■,('T  H  >  N    'lO  AMYLOIDOSIS 
a.  Nature  and  Di.slrihiilinii  <if  lln-  I'l  11111111/  I  iificlinii :  In  the  present  series  of  cases, 

amyloidosis  was  ,a  coiniilicating  f.ai  tor  in  pulinoTi.aiy  .and  hone  tuberculosis  and  was  absent 
in  cases  of  tuberculosis  of  llie  skin,  eyes,  ears,  kidneys,  and  glands  alone,  although  patients 
affected  with  i  iifect  ions  of  these  organs  were  present  in  the  i  nst  i  I  ut  ions  in  which  this  study 
was  made.  The  ])ulnion:ii>-  lesions  were  all  of  the  caseous  and  necrotizing  type,  and  the 
bone  infections  involved  chiellN-  llie  spine,  hip  and  knee.  Other  sites  of  bone  infection 
were  rarely  associated  with  amyloidosis.  In  the  present  study,  31  patients  (38.3  per  cent) 
had  pulmonary  tuberculosis  alone  as  the  luimary  illness,  and  37  (45.7  per  cent)  suffered 
from  bone  tuberculosis.  The  remaining  13  patients  (16.0  per  cent)  had  combined  lesions 
•(Table  III).  Although  it  is  tlillicult  to  estimate  very  accurately  the  relative  incidence  of 
pulmonary  phthisis  as  compared  w  ith  hinie  I  iiherculosis  in  a  poi)ulation  in  general,  there  is 
no  question  that  the  pulmonary  type  jircdominatcs.    Thus  in  a  report  (51)  representing 
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a  total  of  89,237  patients  in  494  institutions,  87  per  cent  were  of  the  pulmonary  type,  8.7 
per  cent  of  the  childhood  type,  and  4.3  per  cent  of  the  non-pulmonary  forms,  and  in  a  re- 

port from  The  Now  York  Tuhrrculosis  and  Health  Association  (1933)  the  incidence  of  pul- 
monary tuberculosis  is  given  as  12.8  times  that  of  the  non-pulmonary  forms.  If  the  inci- 

dence of  amyloitlosis  were  o(iuaI  in  ])ulmonary  and  in  bone  tuberculosis,  one  would  expect 
a  much  greater  number  of  patients  with  pulmonary  tuberculosis  to  be  affected  with  amyloi- 

dosis. This  however  was  not  the  case  in  our  series.  On  the  contrary  the  incidence  was 
greater  in  the  non-pulmonary  group.  This  would  seem  to  indicate  that  although  pul- 

monary phthisis  is  very  much  more  frequent  than  bone  tuberculosis,  amyloidosis  occurs 
very  much  more  often  in  the  latter  type  of  infection.  This  relationship  may  only  apply  in 
institutions  having  advanced  forms  of  both  types  of  tuberculous  disease. 

b.  Duration  of  the  Primary  Disease  before  the  Onset  of  Amyloidosis  {Table  IV):  Si.xty- 
four  patients  (80  per  cent)  had  the  initial  infection  for  5  years  or  less.  Of  the  pulmonary 
cases,  19  or  61  per  cent  had  the  disease  for  3  years  or  less;  and  27  or  87  per  cent,  for  one  to 

TABLE  III 
Nature  and  distribution  of  primary  tuberculous  infection  leading  to  amyloidosit 

SITE  OF  PRIMARY  INFECTION NO.  OF  CASES PERCENTAGE 

31 
15 38.3 18.6 

Spine  
Hip  (ilium  and  femur  involved)  

12 
14.9 

8 9.9 
Knee  5 

6.2 Spine  and  hip  2 2.5 
Pulmonary  and  hip  1 

1.2 

Pulmonary,  hip  and  ankle  1 
1.2 

Pulmonary  and  tuberculous  peritonitis  1 1.2 
Pulmonary  and  suppurative  cervical  adenitis  1 

1.2 

Spine,  ribs  and  ankle  i 1.2 
Spine  and  suppurative  cervical  adenitis  1 1.2 
Shoulder  and  elbow  1 1.2 
Shoulder  and  knee  1 1.2 

Total  
81 

100.00 

3  treated  cases  (nos.  14,  15,  16,  Table  VII)  not  included  in  this  table. 

five  years.  In  the  bone  group,  on  the  other  hand,  21  persons  (57  per  cent)  had  the  primary 
illness  for  one  to  three  years;  and  28  (75  per  cent),  for  one  to  five  years.  This  apparent 
"time  difference"  between  the  pulmonary  and  bone  groups  seemed  to  predominate  in  the 
hip  infections.  One-fourth  of  the  total  number  of  cases  with  hip  involvements  had  the 
primary  disease  from  one  to  three  years,  and  one-half  within  five  years;  and  in  the  remain- 

ing one-half,  the  amyloidosis  occurred  after  five  years  of  the  initial  infection.  On  the 
other  hand,  in  knee  and  spine  tuberculosis  the  occurrence  of  amyloidosis  within  five  years 
of  the  primary  infection  was  100  and  86  per  cent,  respectively.  Amyloidosis,  therefore, 
occurs  relatively  infrequently  after  the  fifth  year  of  a  tuberculous  infection,  and  is  appar- 

ently uncommon  in  those  having  a  comparatively  mild  relapsing  type  of  tuberculosis.  In 
such  instances  the  active  infection  is  of  relatively  short  duration  and  is  interrupted  by  sig- 

nificant periods  of  quiescence  or  inactivity.  On  the  other  hand,  the  more  severe  forms  of 
the  primary  disease  with  persistently  long  periods  of  activity,  are  the  more  apt  to  acquire 
the  lardaceous  complication  within  three  years.  In  those  cases  in  which  amyloidosis 
occurred  after  an  interval  longer  than  three  years  following  the  onset  of  tuberculosis,  the 
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initial  infection  was  at  first  of  a  milder  nature  but  became  severe  with  the  next  or  succeeding 
relapses. 

Using  the  api)caran('P  of  albuminuria  in  proved  cases  of  amyloidosis  complicating  tuber- 
culosis as  the  index  of  appearance  of  the  amyloid  complication,  Cohen  (25)  arrives  at  an 

average  duration  of  64.2  months  between  the  onset  of  the  initial  disease  and  the  amyloid 
complication.    This  figure  agrees  rather  closely  with  ours. 

TABLE  IV 
Durntion  of  primary  disease  according  to  site,  before  the  omet  of  amyloidosis 

Xuiul)cr  of  cases,  grouped  according  to  duration  of  tuberculosis  before  appearance  of 
amyloid 

Location  of  Primary 1 2 3 4 5 6 7 8 9 

10 

10-15 15-20 20-25  25-30 3^40 NO.  OF diseases 

yr. yrs. yrs. yrs. yrs. yrs. yrs. yrs. yrs. yrs. yrs. 
yrs. 

yrs. 
yrs. 

yrs. 

CASES 

Pulmonary  .... 8 
11 

4 4 1 1 1 1 31 
Pulmonarj'  and 
spine  4 2 1 1 8 

Pulmonary  and 
hip  1 1 

Pulmonary,  hip 
and  ankle  .  . 1 1 

I'ulmonary  and 
peritoiiouMi 1 1 

I'uhiLuiKiry  and 1 1 
Sp>."'  1 S 2 2 1 1 

15 

Spine  and  hip  .  . 1 1 2 
Spine?,  ribs,  and 
'  left  ankle. . .  . 1 1 
Spine  and 

(rlands  (ccr- 
vic-ali  .. 1 1 

Ilip  (tcmur  and 
ileum)  1 4 1 1 2 1 1 1 12 

Pulmonary  and 
knee  3 1 1 5 

Knee  and 
shoulder.  .  .  . 1 1 

Shoulder  and 
elbow  1 1 

Total  3 
30 

17 
6 8 3 2 3 4 2 1 1 1 81 

Percentage . 61 .7  per  cent  within  3  years 
79.1  per  cent  within  5  years 

3  treated  cases  (i 4,  15,  ](),  Tal)lc  VIl) 

c.  Duration  of  DiscliargiiKj  Sinuses  before  tin:  Onset  of  .\ in iiloidiisis:  Of  the  81  cases  with  p 
amyloid,  52  liad  discharging  sinu.ses.    All  those  with  t-iihcn  uloiis  limie  infections,  number- 

ing 48  in  this  series,  develoi)ed  one  or  more  sinuses.    Of  tlie  remaining  four,  there  were  three 
with  pulmonary  tuberculosis,  .md  mic  with  pulmonary  and  peritoneal  tuberculous  disease.  ^ The  sinuses  in  these  four  cases  Inllowcd  a  surgical  procedure  with  resulting  discharging 
wound.    The  siimses  were  all  present  lor  varying  pei  iods  of  t  im(!l)efore  the  onset  of  amyloi-  ̂ ' 
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TABLE  V 
Duration  of  discharging  sinuses  before  the  onset  of  amyloidosis 

DISCHARGING  SINUSES 

Pulmonary  
Pulmonary  and  spine  
Pulmonary  and  hip  
Pulmonary,  hip  and  ankle  . 
Pulmonary  and  peritoneum 
Spine   
Spine  and  hip   
Spine,  ribs  and  left  ankle.. 
Spine  and  cervical  glands. . 
Hip  
Knee  
Knee  and  shoulder  
Shoulder  and  elbow  

Total   

Percentage  

NDMBES  or  CASES  GROUPED  ACCORDING  TO  DURATION 

2  yrs. 
1 

76  per  cent  within  2  years 

TABLE  VI 
Duration  of  amyloidosis  in  untreated  cases 

(to  time  of  death) 
LOCATION  OF  PRIMARY  DISEASE NO.  OF  CASES  GROUPED  ACCORI ING  TO  DURATION 

lOTAL 
6  mos. lyr. 

U  yrs. 
2  yrs. 3  yrs. 

Pulmonary  
28 

1 1 1 
31 Pulmonary  and  spine  1 6 1 8 

Pulmonary  and  hip  1 1 
1 1 

Pulmonary  an.d  peritoneum  1 1 
Pulmonary  and  cervical  glands  1 1 
Spine  8 1 2 1 12 
Spine  and  hip  1 1 
Spine,  ribs  and  left  ankle  1 1 
Spine  and  cervical  glands  1 1 
Hip  1 3 2 6 

1 2 3 
Shoulder  and  elbow  1 1 

Total  2 52 6 6 2 
68 

Percentage  | 
79.41  per  cent  within  IJ^  years 
97.58  per  cent  within  2  years 

dosis,  the  maximum  duration  of  the  suppurative  process  before  the  appearance  of  evident 
amyloidosis  being  three  \'ears.  Li  80  per  cent  of  the  cases,  amyloidosis  appeared  within 
2  years  after  the  appearance  of  a  sinus  (Table  V).    When  compared  with  the  general  dura- 
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tion  of  the  primary  disease  before  the  onset  of  amyloidosis  (see  b)  (in  which  80  per  cent 
occurred  within  five  years),  it  is  evident  that  the  existence  of  discharging  sinuses  tends  to 
accelerate  the  development  of  the  lardaceous  condition, 

d.  Duration  of  Amyloidosis  {Tables  VI  &  VII): 
All  of  the  cases  of  amyloidosis  treated  according  to  usual  surgical  and  medical  procedures 

in  this  series  died.  Of  the  68  patients  in  the  group,  the  majority  died  within  one  year  after 
the  onset  of  definite  clinical  symptoms  of  amyloidosis,  and  practically  all  succumbed  within 
2  years  (Table  VI).  It  msix  be  that  the  disease  existed  for  a  longer  period  than  our  data 
indicate,  an  error  attributable  to  delay  in  recognizing  the  complicating  disease.  These 
ca.ses  were  all  seen  by  the  same  group  of  men  so  that  the  error  if  i^resent,  probably  is  not  of 
greater  magnitude  than  one-half  year.  Cohen  (25)  similarly  found  that  88  per  cent  of  his 
79  amyhiid  patients  died  wirliiii  '2  ycais  after  the  development  of  amyloidosis,  and  Pearl- 
man  (.52)  that  02  per  cent  ol  1  i-:ises  had  died  within  a  similar  interval.  The  16  individuals 
who,  in  addition  to  the  usual  therapy,  received  desiccated  powdered  whole  liver,  followed 
an  entirely  ditferent  course.  Kvcn  those  who  died  (4  patients)  lived  for 3  years  with  amyloi- 

dosis. The  others  are  still  alive  after  varying  pei'inds  of  time,  ranging  from  8  to  U  years 
after  the  onset  of  aniylnidosis  (see  Tal)le  \\\].  .More  will  be  said  of  this  specially  treated 
group  in  a  later  portion  of  this  paper. 

SIGNS  AND  SYMPTOMS 
The  clinical  features  of  secondary  amyloidosis  may  vary  considerably.  This  is  due  to 

the  fact  tliat  both  the  primary  inciting  disease  :i  in  I  n  s  seroiiihir>-  eoiuplication  of  lardaceous 
disease,  are  ]Kesent  at  the  same  time  and  each  euntrilnites  to  the  symptomatology.  The 
clinical  picture  will  depend,  therefore,  upon  the  site,  nature,  extent  and  degree  of  severity 
of  the  primary  illness  as  well  as  of  the  secondary  amyloidosis. 

The  clinical  picture  and  course  of  a  patient  with  amyloidosis  generally  present,  however, 
a  fairly  well  defined  pattern  of  symptoms.  Amyloidosis  is  first  preceded  by  a  train  of 
symptoms  caused  by  the  primary  illness.  Without  entering  into  any  detailed  description 
of  the  particular  symptonrs  of  the  initial  disease,  brief  mention  may  be  made  of  the  common 
general  symj)toms  which  herald  the  onset  of  the  lardaceous  complication.  At  first  the 
subject  presents  the  usual  characteristics  of  cliroiiic  and  long  standing  disease,  e.g.,  pallor, 
some  loss  of  weight,  weakness  and  poor  appetite.  Very  occasionally  there  is  a  slight  in- 

crease in  weight,  in  some  instances  associated  with  the  early  onset  of  ascites.  It  has  been 
our  observation  that  at  about  the  time  of  onset  of  amyloid  changes  there  occurs  an  apparent 
aggravation  of  symptoms  of  the  inciting  tuberculous  disease,  especially  in  the  febrile  state. 
Whether  or  not  these  phenomena  are  causally  related  is  unknown.  As  the  condition  pro- 

gresses, a  more  rapid  increase  in  these  symptoms  occurs.  In  place  of  pallor,  a  pasty  or  waxy 
color  appears;  the  wasting  and  cachexia,  unless  obscured  by  dropsy,  are  characterized  by 
marked  loss  of  subcutaneous  fat  in  the  extremities,  in  face  and  thoracic  region,  as  well  as 
by  poor  muscular  tone  and  flabbincss.  The  abdomen  enlarges  due  to  the  increase  in  size 
of  the  liver  and  spleen.  The  superficial  abdominal  and  thoracic  veins  become  prominent 
and  later  markedly  dilated  and  tortuous.  The  liver  and  spleen  usually  become  increasingly 
large  and  firm,  at  times  reaching  the  level  of  the  umbilicus  within  3  to  12  months.  In  a 
large  number  of  cases,  the  lower  hepatic  edge  extends  below  the  crest  of  the  ilium.  The 
liver  in  the  later  stages  enlarges  much  more  rapidly  than  the  spleen.  The  hepatomegaly 
and  splenomegaly  with  or  without  ascites  cause  a  markedly  protuberant  abdomen.  Edema 
of  the  feet  and  legs  may  occur  at  any  stage  of  the  disease,  though  it  is  more  often  seen  in 
the  advanced  state.  In  some  instances  dropsy  becomes  so  marked  that  the  transudate 
occurs  in  the  penis,  scrotal  sac  and  pleural  cavities. 

The  above  description  is  the  usual  one  and  occurs  in  subjects  in  whom  generalized  amyloi- 
dosis develops  relatively  slowly  and  over  a  long  period.  There  are  however  numerous 

variations  in  the  clinical  features  depending  on  the  organs  chiefly  affected  and  the  degree 
of  involvement.  For  example  the  kidney  may  be  the  only  one  affected  or  the  only  one 
showing  significant  changes  and  clinical  symptoms.  To  obtain  a  clearer  picture  a  more 
detailed  study  is  desirable. 
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Liver  and  Spleen:  It  is  exceptional  for  the  seat  of  amyloidosis  to  be  limited  to  the  liver. 
Infrequently  splenic  or  renal  amyloidosis  of  the  secondary  type  may  bo  present  without  a 
lardaceous  liver;  in  most  instances  hepatic  involvement  is  present  and  extensive.  In  our 
series,  77  of  the  81  cases  showed  hepatomegaly  and  all  were  associated  with  splenomegaly. 
This  splenic  enlargement  was  occasioned,  as  was  the  hepatomegaly,  by  amyloid  dejjosition 
within  the  organ  and  not  merely  as  the  result  of  stasis  due  to  hepatic  changes.  The  liver  is 
uniformly  enlarged,  smooth  and  firm.  The  lardaceous  spleen  is  usually  definitely  enlarged 
although  in  a  few  instances  it  was  only  just  palpable.  In  about  60  per  cent  of  the  cases  the 
spleen  extended  to  or  below  the  level  of  the  umbilicus.  Although  the  amyloid  liver  or 
spleen  usually  produces  no  pain  and  tenderness,  there  were  a  few  exceptions  in  our  series. 

Abdomen:  Meteorism,  which  is  often  present,  aggravates  the  abdominal  enlargement. 
Further  enlargement  occurs  in  the  presence  of  ascites.  If  fluid  accumulates  rapidly,  the 
abdomen  becomes  markedly  globular.  With  slower  transudation,  it  becomes  uniformly 
distended  with  bulging  of  the  flanks. 

Extracellular  transudation:  In  37  (45.67  per  cent)  of  our  cases,  there  was  no  extracellular 
transudation  even  at  the  time  of  death.  In  the  remainder  it  usually  occurred  shortly  before 
death.  When  present  in  the  earlier  stages  of  the  disease,  it  consisted,  as  a  rule,  of  swelling 
of  the  feet  which  slowly  extended  to  the  legs.  Forty-four  cases  showed  edema  of  the  feet, 
forty -two  of  the  lower  extremities.    Only  8  subjects  had  edema  of  the  face. 

Ascites  occurred  in  31  instances.  In  each  case  there  was  marked  hepatos]>leiH)mcgaly . 
Nine  showed  evidence  of  ascites  fairly  early  in  the  disease.  Ascites  is  very  ofli  n  di.spro- 
portiduatc  to  edema  elsewhere.  Generalized  anasarca  was  recorded  in  only  S  (jI  dur  l  ases 
and  liydrothoiax  in  6.  F^lema  of  tlie  e\lreaiiti<s  and  fa(;e  may  give  a  falsi;  impicssion  of 
good  nutrition. 

Lowered  serum  protein  and  renal  impairment  are  i)rol)ably  the  two  most,  common  causes 
responsible  for  the  edema  ( 'ardiai'  deedmpensat  ii m  may  play  a  role  in  the  terminal  stages. 
Ascites  and  liytli-otlioia.v  ]iia\  lie  cau.seil  <M]fiiel\'  <,i-  in  pail  by  the  localized  circulatory 
disturbauce  due  to  the  e.xleiisive  hepatic  and  splenic-  involvement. 

GaHiro-Intesiinal:  Anoi-exia  is  fairly  common.  Short  periods  of  nausea  and  vomiting 
with  or  without  abdominal  ptun  or  bowel  disturbance  frequently  occur.  Blood  may  be 
present  in  the  vomitus  or  stool.  Except  in  cases  of  tuberculous  enteritis,  all  these  symp- 

toms, including  diarrhea,  were  not  very  striking  or  prolonged. 
Heart:  The  majority  of  our  patients  showed  no  significant  cardiac  signs  or  symptoms. 

The  heart  was  of  normal  size;  the  heart  sounds  were  of  poor  ciuality.  There  were  no  or- 
f^anic  murmurs.  In  6  instances  pericarditis  with  or  without  effusion  was  observed.  In 
these  cases  the  heart  was  enlarged  and  there  were,  in  addition  to  the  occasional  finding  of  a 
friction  rub,  systolic  and  diastolic  murmurs.  No  electrocardiographic  studies  were  avail- 
able. 

Blood  pressure  readings  were  within  normal  limits  or  slightly  subnormal.  In  only  a  few 
cases  was  it  slightly  or  moderately  elevated;  in  the  latter  there  was  definite  evidence  of 
renal  impairment. 

Adrenals:  Of  18  cases  of  amyloidosis  secondary  to  tuberculosis,  Bronfin  and  Guttman 
(53)  found  the  cortex  of  the  adrenals  involved  in  14  patients.  In  5  of  these  subjects  the 
symptoms  of  Addison's  disease  were  noted  during  life.  In  the  others  some  of  the  symptoms such  as  debility,  hypotension,  etc.,  may  have  been  due  to  adrenal  insufficiency.  None  of 
our  cases  showed  clinical  (evidence  of  .\ddi  son's  syndrome,  although  12  ca.ses  showed  amyloid involvement  of  I  he  adi  en.al.s  .al  po.sl  niui  lein. 

Eyeyrounds:  Tlie  (.p(ic  disks  .ind  retinae  were  normal  in  20  cases  examined.  This  is  in 
accordance  with  (il.ser\at  lon.s  of  other  author's  (.")!,  '>F)}. 

Renal  and  U rimirii  Sijni plants:  This  aspect  (if  a  ui\  Imdosis  has  received  the  most  attention 
(1,  54-56).  Renal  amyloidosis  frequently  occiiis  in  cases  of  generalized  amyloidosis.  On 
the  other  hand  lardaceous  disease  of  the  kiclneys  nia\-  be  |ireseid.  alone. 

Albuminuria  in  the  presence  of  generalized  lard.icedus  disease  does  not  necessarily  indi- 
cate renal  amyloidosis  (1,  5,  13).  C'onversely,  renal  amyloidosis  may  be  present  without 

the  presence  of  albumin,  casts  <n'  other  cellnlar  (dements  in  the  urine  (57).    The  more 
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common  picture  of  generalized  amyloidosis  is  one  involving  the  kidneys  and  presenting 
moderate  to  marked  albuminuria.  The  albumen  in  the  urine  may  vary  from  a  slight  amount 
to  a  very  large  (juantity.  The  urine  may  boil  solid.  As  much  ;\s  3  to  10  gm.  of  albumen 
per  liter  may  be  excreted  daily  but  ihv  (|uantitativ('  output  varies  con.sideratily  even  in 
individual  cases.  In  instances  where  slight  amounts  of  albumen  were  obtainetl,  there  were 
days  when  no  albumen  was  found  upon  qualitative  examination.  Albuminuria  usually 
preceded  any  other  pathological  urinary  finding  by  several  months.    At  times  it  was  present 

Chemical  studies  of  Ci 
Patient  J A H M He N 
Date 8/21/34 8/21/34 9/15/34 9/15/34 9/24/34 
Condition  of  amy- loidosis   +++ ++++ ++++ ++  +  + +++++ +++ 
Total  nitrogen 

(mgm.  %)  1155 1115 1025 960 755 1105 
N.P.N,  (mgm.  %) 39 32 41 22 

64 
33 

Total  ].iotpiii  f  ;  1. i;.«6 6.76 6.138 5.87 4.30 
6.69 

Albumin  (' ,  ) 
.■i.oe 

1.71 0.688 2.46 1.18 
2.44 Globulin  (',;  1 5.05 5.45 3.41 3.12 4.15 

A/G  0.785 0.34 0.126 0.72 0.38 0.61 
Urea  N  (mgm.  %) 
Uric  acid  (mgm. 
%)  Creatinine  fmgm. 
v;,) 

Fasting  blood 
sugar  (mgm.  %) 59.0 

COj  (vol.  %) 00.3 66.3 53.0 74.5 48.0 57.8 
CI.  (mgm.  %)  .  -  ., 376 345 358 334 343 357 
Ca.  (mgm.  %).... 9.2 

8.5 9.3 
P.  (mgm.  %)  , 2.9 3.8 4.6 3.5 3.4 5.8 
K.  (mgm.  %)  
Total  base  (m  eg. 
/I)  150.5 

Cholesterol  (mgm. 
%)  

218 128 180 181 305 202 
Free  cholest. 
(mgm.  %)  Unbound  ehol. 
(mgm.  %)  

%  unbound  chol. 
(%  of  total) 

%  Free  chol.  (%  of 
total)  

Phosphatase  

1012 
35 
6.11 

2/7/30 
+++ 

36 
5.02 
3.28 
0..533 

2/19/31 
9/24/34 10/15/35 

0 0 0 

867 
958 

1123  ' 

21 29 30 
5.29 5.81 6.83 
2.28 

2.48 
3.94 

3.01 3.33 
0.757 0.745 1.36 
15 

92.6 100.5 
60.5 59.5 366 

348 10.2 
4.7 5.1 

17.5 150 
150 118 239 
179 

for  1  to  2  years  befon^  cylindruria  appeared.    In  cases  of  recovery,  the  albuminuria  may 
persist  for  long  jieiiods,  even  years  after  the  apparent  disappearance  of  all  the  other  symp-  | 
toms  of  amyloidosis. 

Cylindruiia  usually  appears  much  later  than  albuminuria.    The  casts  present  may  be 
of  all  types,  e.g.,  hyaline,  gramilar,  cellular  .-iiid  waxy.    In  the  same  jjatient,  there  will  be  ' 
a  marked  variability  in  the  nuinber  and  type  of  casts.    They  are  usually  present  in  very 
small  numbers,  no  more  than  three  rasis  hciiig  seen  in  a  low  |)ower  field.    Rarely  are  they 
present  in  excesslN'e  amounts;  llie\'  .-irr  dflcii  absent. White  blood  cells  and  red  blood  cells  arc  1  rc( |uenl ly  observed  but  are  not  numerous. 
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In  fact  one  ordinarily  sees  very  few  of  these  cellular  elements  in  a  low  power  field.  In  one 
case  the  urine  was  loaded  with  leucocytes  and  erythrocytes,  which  continued  to  be  present 
even  after  the  patient  was  apparently  clinically  well  of  amyloid  disease.  In  this  case, 
extensive  gcni to-urinary  investigation  and  various  renal  functional  and  chemical  examina- 

tions gave  normal  findings. 
In  the  earlier  stages  of  amyloidosis,  all  the  16  tested  patients  showed  a  normal  urinary 

output  and  a  normal  ability  to  concentrate.    In  6  of  these  cases,  as  the  disease  progressed 

idary  amyloidosis 
r.  F. E.  Z. V.  C. F. S. 
4  9 /29 /35 8/28/36 9/15/33 9/24/34 10/15/35 8/28/36 6/10/38 6/29/34 9/24/35 9/11/36 9/24/34 9/24/35 9/22/36 6/10/38 

-  ++ 0 +-t-H- 
-f-+-|-+ +-f+ ++ 

+- 

+++ ++++ ++++ +++ ++ 

H — 

0 

1230 1063 847 898 935 898 770 1370 1098 
951 

1255 1365 1352 
1415 33 39 

26 

26.4 7.5 6.56 5.16 5.40 5.66 5.55 4.81 8.33 6.63 5.76 7.64 8.29 8.29 8.85 2.94 3.94 4.04 4.31 3  3.66 2.58 3.44 3.34 3.47 3.03 3.09 5.55 4.60 4.63 4.70 4.35 4.25 4.54 
0.625 0.91 0.95 0.95 

13.2 10.2 8.9 9.7 
13 

11.0 

3.7 4.5 4.2 
3.7 3.4 

3.6 

1.3 1.1 
1.0 

1.2 

85 74 98 80 

80 

76 
5S 52.0 50.5 

.58.8 56.0 58.5 

60 
351 380 363 360 354 328 340 

10.0 
4.7 4.3 6.3 5.6 4.7 4.9 5.7 

1.39 142 154 137 
147 149 

94 186 216 159 242 139 112 
115 180 193 139 

54 66 67 38 45 46 
24 

40 
24 27 
21% 

19 
57 

41 

28% 
33% 

23 

33% 

6.0 6.3 
units units 

there  occurred  progressive  diminution  in  quantitative  excretion  and  concentration  of  the 
urine.  As  they  reached  the  advanced  lardaceous  state  the  total  daily  excretion  was  under 
1000  cc.  and  inmost  cases  under  700  cc.  The  average  was  400  to  500  cc.  The  specific  gravity 
was  low  (under  1.010). 

Anuria  occurred  in  the  terminal  stages.  It  was  preceded  or  accompanied  by  headache, 
vomiting,  dyspnea,  hiccup,  and  drowsiness.  The  drowsiness  deepened  until  the  patients 
became  comatose.  Death  ensued  within  a  few  days  after  the  onset  of  the  coma.  Rarely 
was  this  uremic  syndrome  accompanied  by  muscular  twitchings  or  convulsions  (2  cases). 

Blood  Chemical  Studies:  Blood  chemical  studies  may  reveal  a  changing  picture  depending 
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upon  the  nature  and  duration  of  the  primary  disease  as  well  as  upon  the  site  of  involvement 
and  stage  of  development  of  the  lardaccous  state.  With  few  exceptions,  however,  the 
blood  jjroteiu  findings  follow  a  definite  pattern  which  vari(\s  only  quantitatively,  depending 
upon  the  duration  and  severity  of  the  disease  (Table  VIII).  This  general  chemical  altera- 

tion is,  however,  not  peculiar  to  amyloidosis,  but  occurs  frtMiucutly  in  a  considerable  num- 
ber of  different  types  of  infections  of  several  weeks  duration  or  longer.  The  significance  of 

these  chemical  findings  in  these  diseases  will  be  discussed  in  more  detail  in  another  com- 
munication (58).  In  the  course  of  a  persistent  infection  or  chronic  disease,  even  long  before 

there  is  any  presumptive  evidence  of  amyloidosis,  there  usually  occur  certain  changes  in 
the  blood  proteins.  At  first  the  total  serum  protein  may  be  normal  or  slightly  increased; 
the  serum  globulin  shows  a  perceptible  increase  and  continues  to  increase  slowly.  Then 
the  serum  albumin  decreases  gradually  so  that  eventually  the  albumin-globulin  ratio 
ilecreases  antl  becomes  inverted.  In  the  course  of  this  process  after  an  initial  slight  and 
brief  rise,  there  i.s  a  i)r(ic;rcssive  lowering  in  the  total  serum  protein,  due  at  first  to  the  de- 

crease of  the  .s( nun  alluuiiin  and  later  also  to  the  decline  of  serum  globulin.  The  total 
serum  protein  nia\-  he  as  low  as  3  per  cent  (55,  59) .  In  our  series  when  presumptive  evidence 
for  the  existcurc  of  amyloidosis  was  present,  the  total  serum-protein  was  normal  and  usually 
in  the  lower  range,  with  inversion  of  the  albumin-globulin  ratio.  The  same  findings  were 
usually  pix'sciil  when  the  findings  in  favor  of  amyloidosis  were  more  striking  and  more 
definite,  .\  few  of  our  eases  with  long-eoni  i  ruied  severe  syniploins  .showed  the  more  pro- 

nounced cheniieal  ciianges.  Any  of  the  nl)o\e  ))i(ileiri  hloud  elianges  may  l)e  present  ir- 
res|>eetive  iif  the  (hlialion  of  amyloidosis;  and  in  the  same  snbj<'et,  the  Idtal  seiuni  i)i-otein 
and  its  albumin  and  globulin  fractions  may  display  signilii'ant  ( (uant 1 1  at i  ve  flue t  iia I  ions 
on  ditfeicnt  occasions,  .although  the  inversiorj  of  the  albunii  n  Khibuli  n  ratio  will  persist. 

Extensive  amyloid  deposition  in  the  liver  with  eonsidei.i lile  atrophy  of  liver  cells  may 
lead  Id  iinpaii  ineni  of  he|)atic  function  and  char.-ii'terisl  le  bluod  changes.  Similarly,  if 
thei-e  is  a  great  deal  of  dilfuse  structural  change  iii  the  icn;d  elements  with  functional  dis- 

turbances, there  may  be  corresjxindi ng  chemical  .allciations  in  the  blmid.  Since  in  most 
instances,  except  peiliaps  terminally,  both  hepatic  and  kiiluey  functions  aie  within  normal 
limits,  the  ran^ic  nf  bhjud  non  protein  nitrogen  .and  blood  urea  nitrogen  is  usually  normal. 
However,  in  \  ei  y  :id\  anced  cases  or  w  hen  marked  renal  irnjiairment  occurs,  both  the  blood 
urea  and  non-i)rotcin  nitrogen  ni.-iy  increase  (.">()  i.  A  l  ise  nf  non-protein  nitrogen  to  100 
mgm.  i)er  100  cc.  of  blood  shortly  Ik  ten'  de.iih  h:is  lii  eii  repoi'ted  in  two  cases  (54).  An 
average  increase  of  49  to  60  mgm.  per  ctuit  o(  l)lood  urea  nitrogen  has  been  observed.  In 
our  giouj),  only  in  3  instances  did  the  blood  non-protein  nitrogen  ri.se  to  40  mgm.  per  cent 
or  above,  w  ith  the  average  range  between  30  to  35  mgm.  per  cent  (Table  VIII).  No  special 
blood  urea  nitrogen  studies  we're  m.ade  but  it  is  very  likely  that  with  very  marked  functional 
hepatic  der.'i ngeinen I .  there  will  be  ,i  tendency  to  a  ilecrease  of  this  proteolytic  function. 
()n(!  case  in  which  such  investigation  was  made  tends  to  support  this  view.  In  this  case, 
with  severe  liver  ])arenchymal  atrophy,  repeated  determinations  showed  4  to  6  mgm.  of 
urea. 

Most  rei)oi  ts  in  which  mention  is  made  of  blood  sugar  in  cases  of  amyloidosis,  give  nor- 
mal levels.  lIowe\er,  in  nur  small  series  of  14  cases,  there  was  a  tendency  to  low  normal 

post-absorpti\e  l)lood  v.alues,  (>.g.,  60  to  80  mgm.  i>er  cent.  In  all  th<>se  patients  there  was 
marked  hei)atic  amyloidosis  (Table  VIII). 

Because  of  our  limited  facilities  for  blood  lipoid  studies,  no  very  extensive  investigation 
was  attemptxid.  The  blood  cholesterol  and  its  fractions  showed  no  significant  changes  at 
any  stage  of  the  dise.is(  ,  including  instances  when  the  so-called  "nephrotic  syndrome" 
appeared  or  when  the  li\  ei-  w  as  t  reniendously  enlarged.  The  total  blood  cholesterol  ranged 
from  api)roxim;it(>ly  100  to  239  mgm.  i)er  cent  (Table  VIII).  King  and  Bruger  (60)  observed 
a  tendency  to  ,i  sharp  d(>crease  in  the  blood  cholesterol  in  cases  terminating  fatally  within 
a  relatively  short  time.  They  consider  a  low  blood  cholesterol  of  grave  prognostic  sig- 

nificance.   We  have  been  unable  to  confirm  this  conclusion. 
The  blood  electrolytes  such  as  blood  bicarbonate,  sodium,  chloride,  calcium  .and  phos- 

phorus remained  constantly  within  normjil  limits  in  our  series  (Table  VIII). 
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Blood  count:  Examination  of  the  peripheral  blood  at  the  stage  when  classical  symptoms 
of  amyloidosis  were  evident,  revealed  varying  degrees  of  hypochromic  microcytic  anemia. 
Of  35  cases,  11  showed  a  hemoglobin  of  50  per  cent  or  less;  21  of  60  per  cent  or  less;  and  in  the 
remaining  14  cases  it  ranged  between  60  and  70  per  cent.  In  the  majority  of  instances,  the 
total  erythrocytes  per  cu.  mm.  were  between  3  to  4  million  although  there  were  some  in 
which  there  were  over  4  million.  There  were  only  9  cases  in  which  the  red  blood  cells  were 
under  2  million  per  cu.  mm.  There  is  therefore  a  much  sharper  decrease  in  the  hemoglobin 
resulting  in  a  low  color  inde.\.  In  most  cases  there  was  a  slight  to  moderate  leucocytosis, 
which  was  not  greater  than  that  .seen  in  uncomplicated  chronic  infections.  The  proportion 
between  the  different  types  of  leucocytes  was  generally  within  normal  limits  and  appar- 

ently depended  upon  the  nature  and  severity  of  the  primary  disease. 
Congo  Red  Test:  That  the  Congo  red  test  is  a  valuable  diagnostic  measure  no  one  denies 

(61-64  ).  Rome  doubt  has  been  expressed  as  to  its  specificity  for  the  diagnosis  of  amyloi- 
dosis .VKnow  ft  a!  (54)  believe  that  there  is  such  marked  fluctuation  in  the  response  of 

subjects  with  amyloidosis  to  the  dye  that  extreme  caution  in  the  interpretation  of  the  re- 
sults of  this  test  is  warranted.  The  presence  of  Congo  red  absorption  of  even  75  per  cent 

of  the  injected  dye  has  been  reported  in  tuberculous  cases  without  amjdoid  as  proven  by 
detailed  autopsy  examination  (65).  The  test  must  therefore  be  considered  as  of  little 
moment  in  the  absence  of  symptoms  or  signs  of  amyloiilosis. 

Recently  Harmon  and  Kernwein  (66)  suggested  a  quantitative  technic  for  the  Congo 
red  test.  They  insisted  upon  ICO  per  cent  retention  as  the  only  value  on  which  a  positive 
diagnosis  of  amyloidosis  could  be  based;  any  lesser  degree  of  retention  could  be  regarded 
merely  as  presumptive  evidence  of  the  presence  of  amyloid.  They  further  suggested  that 
the  regression  of  the  disease  was  paralleled  by  lesser  degrees  of  dye  retention.  This  work 
has  not  yet  been  confirmed. 

We  employed  the  technique  described  by  Bookman  and  Rosenthal  (63).  Eight  to  fifteen 
cu.  cm.  of  a  1.2  per  cent  solution  of  Congo  red,  depending  upon  the  age  and  size  of  the 
patient,  were  injected  intravenously.  The  test  is  comparatively  harmless  although  more 
than  half  of  our  subject  experienced  a  severe  chill  and  elevation  of  temperature  to  103°F. 
or  104°F.  or  over.  The  temperature  rapidly  subsided.  In  all  our  tested  patients  (59  un- treated, 16  treated  cases),  there  was  100  per  cent  retention  of  the  dye  at  the  end  of  one  hour. 

DIAGNOSIS 

The  diagnosis  of  secondary  generalized  amyloidosis  depends  upon  a  careful 
correlation  and  evaluation  of  the  chnical  symptoms  and  laboratory  data,  in- 

cluding the  Congo  red  test.  The  diversity  of  organs  involved  in  amyloidosis 
and  the  variability  of  the  lesions  in  the  affected  organ  does  not  warrant  the 
consideration  of  any  particular  symptom  or  combination  of  symptoms  as  neces- 

sary for  a  diagnosis.  Many  cases  would  be  undiagnosed  if  one  always  insisted 
on  the  triad  of  albuminuria,  hepatomegaly  and  splenomegaly  (54,  55,  59,  67). 
To  entertain  the  diagnosis  of  amyloidosis,  one  should  have  the  following:  1)  the 
existence  of  a  long  continued  infection  and  particularly  one  with  suppuration; 
or  the  presence  of  one  or  the  other  of  the  known  causes  of  lardaceous  disease; 
2)  chnical  signs  indicating  amyloid  change  in  the  liver,  spleen  or  kidneys,  or  in 
two  of  these  organs.  A  positive  Congo  red  test  supports  the  diagnosis.  Al- 

though cases  have  been  reported  where  amyloidosis  appeared  within  3  months 
after  the  onset  of  the  primary  illness,  such  instances  are  very  rare  and  one  may 
have  to  allow  6  to  12  months  to  elapse  after  the  onset  of  the  inciting  disease 
before  the  diagnosis  of  amyloidosis  may  be  made  with  certainty. 

Amyloidosis  of  the  liver  may  be  differentiated  from  other  hepatic  enlarge- 
ments by  the  existence  of  a  cause  for  its  development  and  the  presence  in  almost 
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all  cases  of  splenic  and  even  renal  involvement.  Leukemia  may  be  eliminated 
by  a  hematological  study  including,  in  doubtful  cases,  bone  marrow  puncture 
studies;  fatty  liver  or  a  hydatid  cyst  of  the  liver  or  neoplasm  of  the  liver  by  the 
presence  of  a  causative  factor,  splenomegaly,  albuminuria,  cyhndruria,  blood 
protein  changes  and  a  positive  Congo  red  test  and,  if  necessaiy,  by  thorotrast 
visualization  of  the  neoplasm  or  serologic  or  immunologic  reactions  for  hydatid 
disease;  cirrhosis  of  the  liver  by  evidence  of  the  primary  disease,  renal  symptoms 
(if  present)  and  the  dye  test.  A  negative  Wassermann,  Kahn  or  Khne  test  will 
usually  rule  out  a  luetic  liver.  On  the  other  hand,  if  the  serological  reaction  is 
positive,  one  must  resort  to  the  therapeutic  test  to  determine  if  the  hepatomegaly 
is  due  to  a  syphilitic  liver  or  to  amyloidosis  caused  by  lues.  The  latter  is  im- 

probable if  there  occurs  a  rapid  diminution  in  the  size  of  the  organ  with  anti- 
syphihtic  treatment. 

Splenic  enlargements  must  be  differentiated  in  the  same  manner.  Amyloidosis 
of  the  spleen  is  usually  associated  with  hepatomegaly,  and  in  many  instances 
with  renal  amyloidosis.  A  careful  history  and  examination  will  usually  reveal 
an  underlying  primary  causal  disease.  In  doubtful  cases  splenic  or  hepatic 
puncture  and  biopsy  study  can  be  done  with  safety  and  ease  (68). 

Renal  amyloidosis  will  vary  in  its  clinical  features  depending  upon  secondary 
renal  changes.  There  may  be  a  syndrone  which  resembles  chronic  nephrosis 
or  one  stimulating  chronic  glomerulonephritis.  However,  there  are  certain 
findings  characteristic  of  a  relatively  pure  lardaceous  condition  of  the  kidneys 
which  help  to  separate  it  from  the  other  two  types  of  nephritis,  e.g.,  albuminuria, 
cylindruria,  leucocytes  and  erothrocytes  in  the  urine,  normal  eye  grounds,  hypo- 

tension or  normal  blood  pressure,  low  serum  protein  with  in\-ersion  of  albumin- 
globuhn  ratio  and  normal  blood  cholesterol.  In  addition  the  non-protein  nitro- 

gen levels  are  usually  normal  except  in  the  terminal  stages.  Then  again  its 
association  with  a  basal  disease  responsible  for  amyloidosis,  the  cachexia,  hepa- 

tomegaly and  splenomegaly  (if  present)  all  substantiate  the  diagnosis. 
COURSE 

Individuals  vary  in  their  susceptibility  to  amyloidosis  and  in  their  clinical 
course,  once  the  lardaceous  process  begins.  The  nature  and  severity  of  the 
initial  condition,  even  though  it  is  the  causal  agent,  are  not  the  sole  determining 
factors  as  evidenced  by  the  variability  in  the  rate  of  development,  degree  and 
extent  of  involvement  of  amyloidosis  in  different  individuals;  and  also  by  the 
absence  of  amyloidosis  in  other  individuals  even  under  apparently  similar  con- 

ditions (65).  There  are,  apparently,  several  factors  that  play  a  determining  role 
in  the  onset,  severity  and  duration  of  amyloidosis. 

The  primary  disease  must  persist  for  long  periods  of  time,  causing  a  more  or 
less  continuous  marked  metabolic  disorder.  If  the  initial  condition  is  relapsing 
in  nature,  and  its  periods  of  activity  of  short  duration  alternating  with  periods 
of  quiescence  of  long  duration,  amyloidosis  Avill  probably  not  develop  or  will 
progress  slowly.  On  the  other  hand,  if  there  are  no  remissions,  or  very  short 
ones,  the  lardaceous  changes  will  develop  rapidly.    One  cannot  however  dis- 
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regard  the  effect  of  amyloidosis  upon  the  initial  disease  which  in  turn  exercises 
a  mutually  accelerating  influence  upon  the  lardaceous  process  (13). 

That  the  reticulo-endothelial  system  plays  an  important  role  in  the  production 
and  development  of  amyloidosis  has  been  proved  experimentally  by  several 
workers  (8b,  16,  26,  27-29).  From  the  very  beginning  of  the  disease  process,  the 
fixed  and  wandering  macrophages  of  the  reticulo-endothelial  system  show  definite 
responses  and  changes  which  are  progressive  in  character.  The  changes,  in 
time,  become  marked  and  widespread  leading  to  profound  structural  and  func- 

tional alterations.  The  more  advanced  the  lardaceous  disease  is,  the  more 
severe  and  extensive  is  the  involvement  of  the  reticulo-endothelial  system. 
The  inherent  capacity  of  the  reticulo-endothelial  system  to  respond  to  the 
pathological  condition  varies  with  each  individual.  Consequently,  different 
persons  will  react  differently  both  in  the  rate  and  degree  of  development  of 
amyloidosis. 

Diet  probab!}'  exercises  an  influence  upon  the  production  and  course  of  amyloi- 
dosis (8,  9).  A  thoroughly  adequate  diet,  rich  in  all  food  components,  was  found 

to  retard  the  onset  and  progress  of  the  lardaceous  disease  in  white  mice  as  com- 
pared with  other  diets  ordinarilj^  sufficient  for  life  and  growth.  Vitamins  A  and 

B  complex  in  combination  appeared  to  exerci.se  a  similar  retarding  effect. 
A  factor  present  in  liver  exerts  a  favorable  influence  upon  amyloidosis  (7-11, 

15).  Its  administration  to  human  beings  and  to  white  mice  will  cause  a  distinct 
retardation  of  the  disease;  and  if  the  disease  is  not  too  advanced,  and  the  primary 
disease  not  too  fulminating  it  will  result  in  the  resorption  of  the  amyloid  material. 
This  will  occur  even  in  the  presence  of  an  active  primary  infection  (9). 

PROGNOSIS 
Whenever  the  primary  infection  could  not  be  terminated  within  a  reasonable 

time  (about  3  years  or  less),  all  cases  in  this  series  of  moderately  advanced  to 
advanced  amyloidosis  died,  unless  they  were  treated  with  a  liver  preparation. 
Clinical  experience  has  compelled  physicians  in  the  past  to  regard  generalized 
secondary  amyloidosis  as  an  almost  universally  fatal  disease.  Ordinarily  an 
individual  with  this  disease  continues  to  show  an  unfavorable  progression  of 
symptoms  until  finally  death  occurs  from  the  primary  illness,  or  an  intercurrent 
infection,  or  from  amyloidosis  as  a  result  of  extensive  involvement  of  an  im- 

portant organ  such  as  the  kidneys.  Once  unquestioned  amyloidosis  was  present, 
recovery  has  been  rare.  This  was  due  to  the  more  or  less  constant  effect  of  the 
causal  disease  which  continued  to  be  active  and  led  to  progression  of  the  amyloi- 

dosis ;  and  to  the  reciprocal  influence  of  amyloidosis  in  aggravating  and  in  causing 
the  persistence  of  the  primary  illness.  There  have  been  occasional  reports  of 
recovery  (7,  8,  10,  11,  14,  68-76).  These  followed,  in  most  cases,  surgical  pro- 

cedures which  early  terminated  or  arrested  the  primary  disease;  and  in  very 
exceptional  instances  after  spontaneous  cessation  of  the  initial  infection.  That 
amyloid  may  be  resorbed  has  received  experimental  confirmation  (8,  9,  15,  68). 
With  the  introduction  of  liver  therapy,  the  authors  feel  that  a  significant  number 
of  subjects  with  amyloidosis  will  be  benefited  and  will  reco\-er  after  persistent 
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use  of  a  potent  preparation.  In  our  series,  all  patients,  e.g.,  69,  not  treated 
with  the  liver  product  died  within  2  years.  On  the  other  hand,  of  16  cases  re- 

ceiving this  therapy,  12  showed  definite  prolongation  of  life,  or  clinical  improve- 
ment. Nine  have  been  definitely  cured  with  disappearance  of  all  clinical  sj^mp- 

toms  and  total  absence  of  Congo  red  retention;  and  2  have  shown  striking 
improvement  in  their  condition  up  to  the  present  time  (Table  VIII). 

TREATMENT 

Prophylactic  measures  must  be  employed  to  prevent  the  onset  of  amyloidosis. 
Causal  diseases  must  be  treated  adequately  to  decrease  their  duration  to  a  mini- 
mum  and  to  prevent  suppuration.  The  primary  disease,  particularly  if  it  be 
tuberculous,  should  be  recognized  and  treated  early  to  prevent  its  progress  to  a 
malignant  form.  The  more  advanced  forms  should  be  subjected  in  a  positive 
manner  to  various  modern  methods  including  surgery.  In  addition,  hygienic  and 
nutritional  measures  such  as  rest,  fresh  air,  an  adequate  diet  rich  in  all  minerals 
and  vitamins,  sunlight  and  heliotherapy  where  indicated  should  be  provided.  If 
the  serum  protein  is  low  and  marked  albuminuria  is  present,  a  high  protein  diet 
should  be  prescribed  provided,  of  course,  there  is  no  significant  impairment  of 
renal  function  and  retention  in  the  nitrogenous  products  of  the  blood.  To 
ameliorate  distressing  edema  or  anasarca  that  maj^  be  present  due  to  lowered 
serum  protein  a  blood  or  plasma  transfusion  may  be  tried.  Diuretics  have  been 
found  to  be  of  little  benefit.  Abdominal  parencentesis  is  contra-indicated. 
Fluid  very  quickly  reaccumulates  and  its  rate  of  accumulation  increases  rapidly 
Avith  each  successive  tap.  One  only  serves  to  deplete  a  patient  of  his  valuable 
protein  material  and  to  hasten  his  demise.  Liver  therapy,  however,  has  been 
found  to  lead  to  dramatic  decrease  or  to  disappearance  of  transudates  in  various 
parts  of  the  body  (9). 

In  addition  to  the  treatment  of  the  underlying  cause  for  amyloidosis,  the 
daily  administration  of  a  desiccated  powdered  whole  liver  preparation  in  doses 
of  4  to  8  gm.,  three  times  a  day,  is  recommended.  Our  earlier  experimental  and 
clinical  work  (7-9)  was  done  with  a  liver  extract  prepared  by  desiccation  in  A^acuo 
at  a  temperature  below  35°C  Subsequent  to  the  publication  of  our  clinical 
paper  (9),  the  company  making  this  preparation  went  out  of  business,  and  we 
have  not  yet  found  an  oral  commercial  preparation  experimentally  potent. 
Lilly's  and  Bischoif's  crude  liver  extracts  for  parenteral  use  have  shown  a  fair 
degree  of  efficacy. 

Since  the  treatment  must  be  continued  for  a  long  period  of  time  and  parenteral 
extracts  are  generally  very  costly,  we  resorted  to  the  following  simple  method  of 
preparing  orally  effective  liver  (77). 

Liver  obtained  fresh  from  an  abattoir  is  cleansed  of  its  gross  extraneous  matter, 
especially  gross  blood  vessels.  It  is  then  cut  into  cubes  and  passed  through  a 
Sep-Ro  Siv.  The  very  fine  sieve  of  the  latter  is  used,  the  liver  forced  through  the 
machine  several  times  in  order  to  reduce  the  product  to  a  fine,  pasty  consistency. 

Fruit  juices  are  added  to  wash  as  much  of  the  livev  as  possible  through  the 
sieve  of  the  machine.    The  finely  mashed  liver  will  protrude  through  the  pores 
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of  the  sieve,  while  any  attached  tough  muscle,  fibrous  tissue,  or  large  blood 
^•essels  will  be  extmded  through  the  end  of  the  funnel.  This  residue  from  the 
funnel  should  again  he  put  through  the  machine  several  times,  for  it  thereby 
helps  clean  the  teeth  of  the  grinder  of  considerable  retained  valuable  liver  mash. 
A  spoon  is  finally  used  to  free  the  sieve  of  adherent  macerated  liver. 

The  pressed  tissue  and  the  juice  are  collected  in  a  bowl.  Additional  fruit  juice 
is  added  to  thin  out  the  mixture,  and  this  is  then  passed  through  a  fine  scoop 
sieve  that  can  be  purchased  in  any  five-and-ten-cent  or  hardware  store.  The 
finished  mash  should  be  totally  free  from  lumps  of  liver.  It  generally  resembles 
a  chocolate  drink  in  color.  The  taste  is  that  of  the  fruit  juice  used,  is  quite 
palatable,  and  is  taken  readily.  A  mixture  of  orange  and  pineapple  juice  is  the 
vehicle  most  popular  with  our  patients;  any  juice,  however,  may  be  used  to  suit 
the  patient.  The  liver  preparation  should  be  kept  in  a  cold  refrigerator  or  icebox. 
In  the  event  that  the  drink  is  too  thick,  additional  fruit  juice  may  be  added  to 
suit  the  patient's  demand.  At  certain  times  of  the  year  the  liver  may  have  a 
pungent  taste.  Washing  one's  mouth  with  unadulterated  fruit  juice,  or  chewing 
a  few  gum  drops  will  easily  and  rapidly  overcome  this  taste. 

This  procedure  gives  an  approximate  yield  of  90  per  cent.  The  dosage  varies 
from  the  equivalent  of  J  to  f  of  a  pound  of  liver  daily.  Wherever  possible,  the 
use  of  mash  prepared  daily  is  recommended.  We  have  found,  however,  that  a 
three  day  supply  kept  at  a  temperature  of  8°F.  or  lower  is  equally  potent  and 
palatable.  After  four  or  five  days  the  juice  becomes  mildly  sour.  Two  pounds 
of  fiver  and  one  quart  of  fruit  juice  yield  a  total  of  about  two  quarts  of  the  final 
mash,  a  supply  sufficient  for  three  days.  In  a  well  established  case  of  generalized 
amyloidosis,  no  other  therapeutic  measure  has  been  of  value  in  our  series. 

Several  observers  have  reported  failures  with  liver  therapy.  The.se  results 
are  at  variance  with  our  own.  These  failures  have  been  reviewed  in  greater 
detail  in  another  paper  (9).  It  is  important  to  note,  however,  that  an  analysis 
of  these  failures  reveals  the  fact  that  various  liver  extracts  were  used  without 
animal  experimentation  to  determine  their  potency  for  amyloidosis,  or  that 
treatment  was  carried  out  for  less  than  a  year,  a  period  insufficient,  especially 
in  moderately  advanced  cases,  for  peiTnanent  results.  Such  analysis  further 
shows  that  liver  therapy  was  discontinued,  either  by  the  disappearance  of  the 
patient  or  by  election,  at  or  about  the  time  of  apparent  relapses  of  the  amyloid 
disease. 

Recently  Harmon  and  Kernwein  (78),  reviewing  our  earlier  work,  suggested 
that  only  two  of  our  six  treated  cases  properly  could  be  considered  recovered, 
the  other  four  being  in  the  stage  of  spontaneous  remission.  They  based  this 
statement  on  the  presence  of  appreciable  absorption  of  Congo  red  and  albumi- 

nuria in  these  cases  at  the  time  of  total  regression  of  all  other  signs  and  symptoms 
of  the  disease  in  our  cases.  We  have  never  .seen,  in  untreated  cases,  such  marked 
recession  of  symptoms;  and  our  earlier  experimental  work  (7,  8)  indicated  that 
spontaneous  disappearance  of  appreciable  amounts  of  amyloid  does  not  occur. 
Nevertheless,  we  re-examined  our  original  records  and  found  that  all  our  treated 
cases  initially  had  had  100  per  cent  dye  retention.    We  then  re-examined  these 
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recovered  cases.  As  of  the  date  of  submission  of  this  paper  (October  1944)  of 
these  cases,  9  (Cases  1,  2,  6-11,  15,  Table  VII)  show  no  dye  retention.  Case  14 
still  shows  56  per  cent  retention.  Case  16  shows  60  per  cent  retention.  Albumi- 

nuria is  still  present  in  Cases  1,  7,  8,  11,  14-16. 
Cohen  (25)  recently  felt  that  liver  therapy  did  not  materially  atlect  the  out- 

come in  his  cases.  In  30  cases,  the  basic  oral  therapy  consisted  of  a  high  protein 
diet,  iron,  and  dilute  hydrochloric  acid.  Twenty-three  patients  also  received 
parenteral  therapy,  chiefly  liver  extract,  the  dose  averaging  the  equivalent  of 
51  grams  of  powdered  whole  liver  per  week.  While  exact  comparisons  are  im- 

possible, it  is  our  opinion  that  this  dose  was  utterly  inadequate,  since  our  experi- 
ence has  shown  us  that  a  minimum  of  4  grams  three  times  a  day  (84  grams  per 

week)  was  needed  to  achieve  satisfactory  results,  and  that  the  results  were  better 
M-hen  doses  in  the  neighborhood  of  150  grams  per  week  of  powdered  whole  fresh 
liver  were  used.  Even  with  the  doses  he  employed,  Cohen  found  definite  objec- 

tive improvement  in  4  patients. 
In  treating  chronic  infections  complicated  by  amyloidosis,  one  must  realize 

the  marked  tendency  to  relapses  in  such  conditions  and  even  with  liver  therapy, 
such  remission  may  occur.  However,  persistence  in  the  administration  of  a 
potent  liver  product  will  in  many  cases  reward  the  patient's  physician  and  the 
afflicted  subject. 

SUMMARY . 

1.  A  cUnical  and  pathological  analysis  of  84  cases  of  generalized  amyloido.sis 
secondaiy  to  tuberculosis  has  been  presented. 

2.  The  disease  is  more  frequent  in  males  and  its  incidence  is  highest  in  the 
early  decades  of  life. 

3.  Amyloidosis  occurs  in  most  instances  within  3  to  5  years  after  the  onset  of 
the  primary  infection. 

4.  Existence  of  sinuses  tends  markedly  to  accelerate  the  development  of 
amyloidosis. 

5.  Symptomatology  and  clinical  pathological  findings  and  course  and  factors 
determining  prognosis  are  described. 

6.  Practically  all  patients  with  moderately  advanced  amyloidosis  died  even- 
tually if  treated  with  the  usual  medical  and  surgical  measures.  The  majority 

of  cases  died  within  2  years  of  onset  of  amyloid  disease. 
7.  The  administration  of  a  desiccated  whole  liver  preparation  in  suitable 

doses  and  over  an  adequate  period  of  time  is  an  effective  curative  measure  in  a 
significant  number  of  cases,  even  with  advanced  amyloidosis  and  even  in  the 
presence  of  continued  activity  of  the  primary  infection. 
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FIBROUS  DYSPLASIA  OF  BONE 

A  Disease  Entity  and  Specifically  not  an  Expression 
OF  Neurofibromatosis 

HENRY  L.  JAFFE,  M.D. 
[Director  of  Laboratories,  Hospital  for  Joint  Diseases,  New  York,  N.  Y.] 

In  1937,  Albright  and  associates  (1)  reported  on  5  cases  of  a  "syndrome  char- 
acterized l3y  osteitis  fibrosa  disseminata,  areas  of  pigmentation,  and  endocrine 

dysfunction,  with  precocious  puberty  in  females."  Also  in  1937,  a  study  of  a 
case  representing  the  same  condition  was  published  by  McCune  and  Bruch  (2) 
under  the  title  of:  "Osteodystrophia  fibrosa:  Report  of  a  Case  in  which  the 
Condition  was  combined  with  Precocious  Puberty,  Pathologic  Pigmentation  of 
the  Skin,  and  Hyperthyroidism."  Both  of  these  sets  of  authors  also  refer  to 
a  number  of  cases  strikingly  similar  to  theirs  which  had  previously  been  reported 
in  the  hterature  under  various  titles. 

In  1938,  Lichtenstein  (3),  emphasizing  particularly  the  pathology  of  the 
skeletal  changes,  described,  under  the  name  of  "polyostotic  fibrous  dysplasia," 
8  cases  in  which  the  skeletal  lesions,  though  on  the  whole  less  widespread,  were 
of  the  same  type  as  in  the  cases  reported  by  Albright  and  associates  and  McCune 
and  Bruch  but  in  which  the  manifestations  of  disease  seemed  to  be  limited  to 
the  skeleton.  The  description  supplied  in  his  paper  of  the  pathologic  alterations 
in  the  bones  seemed  to  permit  a  sounder  interpretation  than  had  hitherto  been 
given  of  the  roentgenographic  findings  in  the  disorder,  and  in  general  to  establish 
firmly  the  character  of  the  skeletal  changes  constituting  the  nucleus  of  the 
disease.  In  1942,  Lichtenstein  and  Jaffe  (4),  on  the  basis  of  an  enlarged  expe- 

rience then  already  covering  23  cases,  expanded  the  conception  of  the  disorder 
in  question  in  a  paper  entitled  "Fibrous  Dysplasia  of  Bone:  A  Condition  Affect- 

ing One,  Several,  or  Many  Bones,  the  Graver  Cases  of  which  may  present  Ab- 
normal Pigmentation  of  Skin,  Premature  Sexual  Development,  Hyperthyroidism, 

or  still  other  Extra-Skeletal  Abnormalities." 
On  the  basis  of  that  expanded  conception,  cases  such  as  were  reported  by  Mc- 

Cune and  Bruch,  and  Albright  and  associates  (cases  which  were  coming  to  be 
denoted  in  the  literature  as  instances  of  Albright's  disease)  fell  into  place  as 
representing  the  most  florid  expressions  of  the  disorder  as  a  w^hole.  Specifically, 
it  was  pointed  out  that  skeletal  lesions  constituted  the  common  factor  of  the 
disease,  and  that,  however  variable  their  extent  and  severity,  they  appeared 
ty  be  basically  analogous  in  all  cases.  This  conception  was  supported  by  analysis 
of  the  incidence  of  the  extra-skeletal  abnormalities  occurring  in  the  disorder.. 
Indeed,  it  was  found  that  these  abnormalities  (usually  seen  in  combination) 
manifest  themselves  primarily  in  the  cases  in  which  the  skeletal  involvement 
is  relatively  severe  and  extensi\'e.  On  the  other  hand,  in  the  cases  in  which  the 
skeletal  involvement  is  milder  or  definitely  mild,  extra-skeletal  abnormalities 
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may  be  few,  and  indeed  the  only  one  present  may  be  one  or  more  patches  or  some 
small  spots  of  hyperpigmentation  of  the  skin. 

This  interpretation,  centering  the  disorder  as  a  whole  about  the  skeletal 
involvement,  has  been  accepted  by  a  number  of  other  workers  also,  as  indicated 
by  the  titles  of  pertinent  papers  accumulating  in  the  literature.  Falconer  and 
Cope  (5)  entitle  their  contribution  to  the  subject  "Fibrous  Dysplasia  of  Bone 
with  Endocrine  Disorders  and  Cutaneous  Pigmentation  (Albright's  Disease)." 
In  an  addendum  to  their  article  they  state  that  they  too  believe  that  what  has 
come  to  be  called  Albright's  disease  is  merely  the  severe  form  of  "fibrous  dysplasia 
of  bone"  in  the  wider  sense  of  the  term  as  used  by  Lichtenstein  and  Jaffe. 

In  1944,  Thannhauser  (6),  partly  on  the  basis  of  some  personal  experience 
but  mainly  on  the  basis  of  a  survey  of  the  literature,  attempted  to  give  a  new 
slant  to  the  problem  of  the  disorder.  Specifically,  he  tries  to  establish  the  thesis 
that  fibrous  dysplasia  of  bone  (or,  as  he  prefers  to  call  it,  osteitis  fibrosa  cystica 
localisata  et  disseminata)  is  not  an  independent  entity  but  is  to  be  related  by 
its  clinical  and  histological  features  to  neurofibromatosis  of  Recklinghausen. 
In  support  of  this  idea,  he  expresses  the  belief  that  the  presence  of  hyperpig- 
mented  skin  areas  (cafe  au  lait  spots  and  brown  patches  or  blotches)  in  both 
osteitis  fibrosa  cystica  localisata  et  disseminata  and  neurofibromatosis  is  in  itself 
strong  evidence  linking  the  two  conditions,  since  he  regards  such  pigmentation 
as  the  basic  expression  of  neurofibromatosis  e\'en  without  the  presence  of  neuro- 
fibromatous  nodules.  In  further  support  of  the  general  thesis,  it  is  stated  that 
in  the  two  conditions  the  bones  show  analogous  fibromatous  lesions,  and  that  in 
both  conditions  these  lesions  are  of  neurofibromatous  nature,  though  histo- 

logically they  do  not  show  nerve  elements  but  rather  only  "whorls"  of  spindle 
cells.  Indeed,  it  is  maintained  that  a  fibrous  lesion  showing  whorls  of  spindle 
cells  clearly  betrays  its  neurofibromatous  genesis  through  this  ̂ \•horled  ar- 

rangement, for  it  is  stated  that  in  the  center  of  such  whorled  lesions  "a  nerve 
fiber  with  schwannoglia  was  once  present  and  initiated  the  fibrous  growth." 
Finally,  the  occurrence  of  endocrine  abnormalities  (especially  pubertas  praecox) 
in  association  with  both  osteitis  fibrosa  cystica  locahsata  et  disseminata  and 
neurofibromatosis  is  represented  as  offering  additional  corroboration  of  the 
interrelation  of  the  two  conditions. 

The  purpose  of  the  present  communication  is  to  show  that  Thannhauser's 
thesis  remains  a  hypothesis.  Also,  we  shall  try  to  show  that  it  is  a  hypothesis 
not  sustained  by  the  findings  in  the  cases  from  his  own  experience.  Nor  is  it 
supported  by  those  which  he  cites  from  the  literature,  which  the  present  \\riter 
has  himself  surveyed  in  detail.  Furthermore,  the  writer  will  undertake  to  show, 
on  the  basis  of  his  own  experience  mth  both  fibrous  dysplasia  and  neurofibro- 

matosis, that  while  the  two  conditions  do  overlap  in  respect  to  certain  manifesta- 
tions, there  is  ample  clinical  and  anatomic  evidence  favoring  a  clear-cut  dis- 

tinction between  the  two. 
Skeletal  Lesions  of  Fibrous  Dysplasia. — As  already  indicated,  in  any  par- 

ticular case  of  fibrous  dysplasia,  (our  experience  \\-ith  which  now  covers  about 
30  cases)  one,  .several,  or  many  bones  maj'  be  affected.    When  more  than  one 
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bone  is  affected,  the  involvement  is  often  strictly  unilateral  and  indeed  not 
infrequently  limited  to  several  bones  of  one  limb  bud.  Even  when  the  skeletal 
involvement  is  extensive  and  bilateral,  more  bones  are  likely  to  be  found  affected 
on  one  side  of  the  body  than  on  the  other.  If  the  skull  is  also  affected,  its  involve- 

ment, too,  may  be  limited  to  one  side,  and  if  both  sides  of  the  body  are  affected 
the  skull  involvement  is  likely  to  be  more  severe  on  the  side  which  is  more 
severely  affected  as  a  whole. 

Especially  in  cases  showing  multiple  involvement,  the  area  implicated  in  an 
affected  bone  is  likely  to  be  extensive.  For  instance,  so  far  as  the  long  bones 
are  concerned,  a  substantial  part  of  a  shaft  or  all  of  it  may  be  involved.  Though 
the  disease  tends  to  spare  the  epiphysial  ends  of  such  bones,  one  or  both  of  these 
too  may  be  affected,  but  the  contour  of  the  articular  surfaces  seems  usually  to 
remain  normal.  Even  in  the  cases  in  which  only  one  bone  is  affect3d,  a  substan- 

tial part  of  it  too  is  usually  found  involved,  and  the  lesion  is  rarely  very  small  in 
proportion  to  the  bone  as  a  whole  (fig.  lA,  B,  and  C). 

Furthermore,  however  variable  the  extent  and  severity  of  the  skeletal  involve- 
ment in  the  various  cases,  the  roentgenographic  appearance  and  pathology  of 

the  lesions  is  basically  the  same  in  all.  In  the  area  involved,  the  interior  of 
the  bone  is  usually  found  to  be  filled  by  a  rather  rubbery  and  compressible  tissue 
which  may  be  more  or  less  uniformly  whitish  or  may  show  reddish  speckling 
where  there  is  vascular  dilatation  and  congestion,  and  perhaps  capillary  hemor- 

rhage. Fundamentally,  this  tissue  is  fibrous  connective  tissue.  It  may  be 
gritty  throughout  from  the  presence  everywhere  in  it  of  newly  formed  trabeculae 
of  immature  bone.  On  the  other  hand,  it  may  show  smaller  or  larger  non- 
gritty  highly  collagenous  areas  in  which  few  if  any  bony  trabeculae  are  to  be 
found.  In  some  lesions,  islands  of  hyaline  cartilage  may  also  be  present  within 
the  fibrous  connective  tissue.  Furthermore,  in  an  occasional  lesion,  focal  de- 

generation of  this  connective  tissue  may  have  led  to  the  formation  of  one  or  more 
small  secondary  cysts.  Occasionally,  also,  in  some  areas,  so  much  bone  may 
form  in  the  connective-tissue  substratum  that  the  latter  here  sinks  into  the 
background  (figs.  2A,  B,  and  C). 

All  in  all,  the  skeletal  lesions  in  fibrous  dysplasia  develop  in  the  interior  of  the 
affected  bones  or  bone  areas.  While  the  contour  of  an  affected  bone  as  a  whole 
may  be  found  normal,  it  is  often  found  distended  in  all  or  at  least  part  of  the 
affected  area.  The  distension  is  the  result  of  erosion  of  the  cortex  of  the  bone 
from  the  inside,  consequent  weakening  of  it,  and  yielding  to  the  growing  fibro- 
osseous  tissue  in  the  interior. 

If  the  neck  of  the  femur  is  involved,  weakening  of  the  bone  may  be  associated 
with  the  development  of  a  coxa  vara  or  valga.  Involvement  of  vertebral  bodies 
may  be  associated  with  kyphosis  or  even  kyphoscoliosis.  A  fracture  may  appear 
through  a  weakened  and  diseased  area.  Whatever  malalignments,  curvatures, 
fractures,  or  deformities  of  bones  or  bone  areas  one  may  see  in  association  with 
fibrous  dysplasia  carry  their  explanation  with  them  in  that  they  occur  in  skeletal 
areas  already  modified  l\v  the  presence,  in  the  interior  of  the  bone,  of  pathologic 
tissue  of  the  kind  we  have  described. 
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Skeletal  Lesions  of  Neurofibromatosis. — Now  let  us  juxtapose  the  skeletal 
involvement  of  fibrous  dysplasia  against  that  observed  in  association  with 
neurofibromatosis.    In  the  first  place,  it  is  clear  that  the  skeleton  is  not  involved 

C 
Fig.  1.  A,  Roentgenogram  of  a  focus  of  fibrous  dysplasia  in  the  neck  and  adjacent  por- tion of  the  shaft  of  a  femur  from  a  girl  of  12.    This  was  the  only  lesion  present  in  this  case. 
B,  Roentgenogram  from  a  case  of  fibrous  dysplasia  in  a  girl  of  20,  showing  involvement  of 

the  left  innominate  bone  and  the  upper  part  of  the  femur.  The  rest  of  the  femur  was  also 
affected,  as  was  the  tibia  on  tlie  same  side. 

C,  Roentgenogram  from  a  case  of  fibrous  dysplasia  in  a  girl  of  22,  showing  involvement  of 
the  right  tibia.  In  this  case,  there  was  also  involvement  of  the  skull,  the  right  femur,  the 
pubis  and  ischium  on  both  sides,  the  body  of  the  8th  dorsal  vertebra,  and  the  7th 
apd  8th  ribs. 

in  all  cases  of  neurofibromatosis,  though  certainly  in  many.  (The  actual  propor- 
tion of  cases  in  which  at  least  some  skeletal  aberration  is  present  cannot  be  given, 

since  in  mo.st  institutions  the  skeleton  is  not  routinely  x-rayed  in  cases  of  neuro- 
fibromatosis.)   Furthermore,  the  anatomic  character  of  the  skeletal  im-olve- 
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ment  in  neurofibromatosis  is  by  no  means  uniform  from  case  to  case,  and  in  a 
case  in  which  the  skeletal  involvement  is  pronounced,  the  abnormalities  en- 

countered may  be  of  various  types  (7).   In  this  respect,  too,  neurofibromatosis 

B  C 
Fig.  2.  A,  Photomicrograph  (X  15)  showing  the  histologic  structure  of  some  tissue  ob- tained by  curettement  of  the  femoral  lesion  in  the  case  of  fibrous  dysplasia  pictured  in 

fig.  IB.  a)  cartilage,  b)  connective-tissue  stroma  undergoing  osseous  metaplasia,  c)  area  of hemorrhage  containing  giant  cells. 
B,  Photomicrograph  (X  15)  from  the  same  lesion,  showing  another  tissue  area,  in  which, 

in  one  place ,  the  stromal  connective  tissue  has  undergone  osseous  metaplasia  while  in  another 
place  it  has  not  yet  done  so. 

C,  Photomicrograph  (X  45)  showing,  in  fuller  detail,  osseous  metaplasia  of  the  stromal 
connective  tissue.    (The  tissue  was  not  decalcified.) 

contrasts  strongly  with  fibrous  dysplasia,  in  which  the  skeletal  involvement 
follows  a  remarkably  consistent  anatomic  pattern,  whether  one,  several,  or  many 
bones  are  implicated  in  any  given  case.  Finally,  as  will  also  be  evident  from  what 
follows,  the  skeletal  alterations  in  neurofibromatosis  are  not  associated  with  the 
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presence,  in  the  affected  bones  or  bone  areas,  of  pathologic  tissue  having  the 
character  of  that  consistently  encountered  in  affected  bones  in  cases  of  fibrous 
dysplasia. 

The  skeletal  abnormalities  preponderantly  encountered  in  cases  of  neuro- 
fibromatosis are  those  Avhich  can  be  classed  as  anomalies  of  skeletal  develop- 

ment or  growth.  As  such,  they  reflect  the  fact  that  neurofibromatosis  in  gen- 
eral is  a  disease  deeply  rooted  in  the  germ  plasm.  The  congenital  skeletal 

anomalies  and  developmental  defects  observed  include:  general  gracility  of  the 
skeleton  or  of  individual  bones,  localized  abnormality  of  the  gross  internal  archi- 

tecture of  a  bone  part,  malformations  of  bone  contours,  abnormal  length  or 
abnormal  shortness  of  bones  (especially  long  bones),  absence  (complete  or 
partial)  of  limb  bones,  pseudoarthroses,  spina  bifida,  fusion  of  vertebral  bodies, 
luxation  of  the  hip,  club  foot,  etc.  (fig.  3A,  B,  and  C). 

Special  interest  attaches  to  the  commonly  observed  distortions  of  the  thoracic 
cage,  centering  principally  around  curvature  of  the  vertebral  column  (fig.  -i). 
This  curvature  frequently  in\'olves  rotational  torsion  of  part  of  the  column, 
associated  with  sharp  angulation  and  resulting  in  a  pronounced  kyphoscoliosis. 
The  x-ray  picture  usually  reveals  wedging  of  several  adjacent  vertebral  bodies 
in  the  angulated  area,  but  on  account  of  the  distortion  and  the  resultant  over- 

lapping shadows  it  is  hkelj^  to  be  difficult  to  form  a  decisive  opinion  as  to  the 
nature  of  the  underlying  alterations.  Indeed,  we  have  but  little  information 
on  the  pathologico-anatomic  basis  of  the  kyphoscoUosis  in  these  cases.  That  is, 
we  do  not  know  the  relative  importance  in  it  of  such  factors  as  congenital  defects 
of  development  of  the  vertebral  bodies,  or  weakness  and  collapse  of  one  or  more 
bodies  from  the  presence  of  neurofibromata  in  them  (see  below). 

Gould  (8)  ascribed  the  pronounced  kyphosis  in  the  case  (case  1)  to  which  he 
largely  devotes  his  article,  to  osteomalacic  softening,  and  the  findings  in  this 
case  are  widely  invoked  to  explain  kyphoscoliosis  in  neurofibromatosis  in  general 
as  having  an  osteomalacic  basis.  Also  pertinent  to  the  larger  question  of  the 
present  paper  is  Gould's  specific  statement  that  in  this  case  there  was  no  sign  of 
"ostitis  fibrosa"  anywhere  in  the  skeleton.  Be  that  as  it  may,  there  is  need  for 
further  anatomic  study  of  the  deformed  vertebral  column  that  one  encounters 
so  often  in  cases  of  neurofibromatosis. 

Finally,  one  encounters,  though  only  occasionally,  in  a  case  of  neurofibromatosis, 
one  or  more  skeletal  lesions  due  to  the  actual  presence  of  a  neurofibroma  on  a 
bone  or  within  its  interior.  Specifically,  a  neurofibroma  adjacent  to  a  bone  may, 
through  direct  pressure,  cause  an  erosion  defect  on  the  surface  of  the  bone. 
This  has  been  described  notably  in  relation  to  the  calvarium.  A  neurofibroma 
developing  in  the  periosteum  may  also  erode  the  underlying  cortex  and  give  rise 
to  a  small  blister-  or  bubble-like  lesion  between  an  eroded  cortex  and  an  elevated 
periosteum  Avhose  inner  surface  may  be  delimited  by  a  shell  of  bone.  Such 
bubble-  or  cyst -like  lesions  are  rather  small — usually  not  more  than  a  centi- 

meter in  diameter — and  do  not  resemble,  either  in  location  or  general  appear- 
ance, the  lesions  of  fibrous  dysplasia  of  bone.  Brooks  and  Lehmann  (9)  il- 

lustrate one  such  small  subperiosteal  bubble-like  lesion  roentgenographically. 
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Furthermore,  the  only  tissue  specimen  discussed  by  them  in  their  article  comes 
from  a  lesion  which  seems  to  be  of  this  type,  and  specifically  from  a  more  or 
less  globular  extra-osseous,  apparently  subperiosteal  tumor  mass  on  the  proximal 

A B 

C  D 
Fig.  3.  A,  Roentgenogram  of  the  lower  end  of  the  [right  femur  of  a  girl  of  18  affected  with 

neurofibromatosis.  There  was  abnormal  skin  pigmentation,  and  numerous  neurofibromata, 
some  of  which  were  jiroved  by  a  biopsy,  were  present  subcutaneously  and  along  the  course 
of  several  nerves.  Note  the  abnormal  shadow  resulting  from  maldevelopment  of  the  bone 
part. B,  Roentgenogram  of  the  lower  part  of  the  left  leg  in  this  case,  showing  the  absence  (con- 

genital) of  a  considerable  part  of  the  fibula.  The  companion  tibia  was  2  inches  shorter 
than  the  one  on  the  other  side.  Many  other  bones  and  bone  parts  also  showed,  in  the  x-ray films,  deviations  from  the  normal  gross  architectural  structure. 

C,  Roentgenogram  of  right  calcaneus,  from  same  case,  again  showing  a  maldevelopment. 
D,  Roentgenogram  showing  a  rarefied,  expanded  lesion  in  the  left  upper  portion  of  the 

sacrum  from  a  boy  of  9  affected  with  neurofibromato.si.s  Almonnal  skin  pigmentation  and 
numerous  intracutaneous  and  subcutaneous  fibroniat;!,  one  nf  which  was  biopsied,  were 
present.  The  child  was  admitted  on  account  of  severe  .sciatic  pain,  and  presented,  over  the left  sacroiliac  region,  a  soft  tender  tumor  mass  3  inches  in  diameter,  the  skin  over  which  was 
red  and  beginning  to  ulcerate.  This  soft-tissue  tumor  seemed  to  be  related  to  the  lesion  in the  sacrum  and  was  now  suggestive  of  a  sarcoma,  although  3  years  previously  a  biopsy  had 
revealed  a  neurofibroma  which  was  presumably  benign. 

end  of  a  tibia.  The  excised  lesion  was  found,  on  histologic  examination,  to  be 
a  neurofibroma  delimited  by  a  paper-thin  shell  of  bone,  presumably  formed  by 
the  periosteum. 
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liG.  4.  Roentgenogram  illustrating  a  sharp  angular  scoliosis  presumably  on  the  basis 
of  a  congenital  anomaly,  in  a  case  of  neurofibromatosis.  The  patient  was  a  man  of  22  who 
had  had  abnormal  skin  pigmentation  and  some  scattered  subcutaneous  neurofibromata  since 
early  childhood.  The  scoliosis  was  definitely  known  to  he  present  since  the  as.e  of  14.  One 
of  the  subcutaneous  tumors  was  biopsied  and  proved  to  he  a  neurofibroma  extending  nearly 
to  the  epidermis,  which  showed  melanin  pigmentation  of  the  basal  cells.  The  insert  (below) 
shows  the  curvature  of  the  spine,  the  cafe  au  lait  spots  on  the  back,  and  some  larger  pigment blotches. 

It  is  only  the  very  occasional  neurofibroma  within  the  interior  of  a  bone  that 
offers  even  clinically  any  reasonable  possibility  of  confusion  with  lesions  of 
fibrous  dysplasia  (fig.  3D).    The  neurofibroma  may  have  reached  the  interior 
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from  the  periosteum  or  developed  de  novo  in  the  interior.  In  the  report  by 
Uhlmann  and  Grossman  (10),  case  1  seems  to  belong  to  the  latter  group.  The 
patient  in  that  case  was  a  girl  of  16  who  presented  what  is  described  as  a  loculated 
cystic  lesion  in  the  right  mandible.  The  photomicrograph  of  the  biopsy  specimen 
may  very  well  represent  a  neurofibroma,  though  no  gross  or  histologic  descrip- 

tion of  the  biopsy  specimen  is  given  in  their  paper.  At  any  rate,  it  is  clear  from 
the  illustration  that,  within  the  field  shown,  trabeculae  of  new  bone  are  not  a 
component  of  the  histologic  picture.  Altogether,  on  the  basis  of  that  picture 
and  the  case  as  a  whole,  this  mandibular  lesion  cannot  be  considered  as  anal- 

ogous with  a  fibrous  dysplasia  lesion. 
It  may  be  well  to  review  at  this  point  the  two  personal  cases  cited  by  Thann- 

hauser  as  "cases  illustrating  neurofibromatosis,  cafe  au  lait  spots  and  small 
fibrocystic  bone  lesions".  In  regard  to  the  bone  lesions  of  his  case  1,  it  is  ob- 

served that  in  the  x-ray  film  "the  lower  end  of  the  left  femur  showed  an  oval- 
shaped  area  of  increased  radiance,  the  size  of  a  half  dollar,  cyst-like  in  appearance. 
The  upper  end  of  the  right  fibula  also  had  an  area  the  size  of  a  dime  of  increased 
radiance".  The  final  diagnosis  of  the  bone  lesions  in  this  case  is  given  as  "bone 
cysts  in  the  femur  and  fibula."  In  regard  to  case  2,  it  is  stated  that  "x-ray 
examination  showed  an  oblong  rarefied  area  in  the  lower  end  of  the  left  tibia," 
and  the  conclusion  is  drawn  that  this  lesion  was  a  "bone  cyst  in  the  tibia." 

Thus  the  long-bone  lesions  in  both  these  cases,  as  seen  in  the  x-ray  films,  are 
designated  as  "bone  cysts".  The  discussion  of  them,  however,  as  noted  further 
above,  was  started  with  the  statement  that  they  were  "fibrocystic  bone  lesions." 
Furthermore,  it  is  implied  that  these  lesions  are  "osseous  fibromata  .  .  .  located 
in  the  trabecular  spaces  of  the  long  bones,"  of  the  nature  of  neurofibromata. 
On  the  basis  of  the  scanty  description  of  the  roentgenographic  appearance  of 
the  lesions  in  these  two  cases,  the  present  writer  does  not  venture  to  decide 
what  these  "cystic  lesions"  actually  were.  They  may,  indeed,  have  been 
intra-osseous  neurofibromata,  but  such  a  definitive  statement  concerning  the 
nature  of  a  circumscribed  rarefaction  shadow  in  a  long  bone  is  certainly  not 
justified  in  the  absence  of  tissue  examination,  as  our  experience  has  repeatedly 
shown  (11,  12),  and  there  was  no  such  examination  in  either  of  the  two  cases 
in  question. 

Furthermore,  Thannhauser  quotes  cases  2,  3,  4,  23  and  27  in  Stalmann's 
paper  (13)  as  showing  the  presence  of  "osteitis  fibrosa  cystica"  lesions  in  the 
bones  in  cases  of  neurofibromatosis.  However,  when  one  turns  to  that  paper, 
and  surveys  in  turn  the  case  histories  and  findings  in  each  of  these  5  supposedly 
pertinent  cases,  one  fails  to  find  that  any  anatomic  proof  is  given  which  would 
sustain  the  claim  that  the  bone  lesions  in  these  cases  had  an  osteitis  fibrosa 
basis.  In  only  one  of  these  cases  (case  2)  was  a  tissue  examination  ever  done, 
and  in  that  case  the  operative  intervention  (on  a  deformed  femur)  was  done  at 
another  institution  than  Stalmann's  and  the  latter  merely  stated  that  the  lesion 
was  "allegedly  [angebUch]  ostitis  fibrosa." 
We  come  now  to  Thannhauser 's  contention  that  the  lesions  of  fibrous  dys- 

plasia of  bone  are  to  be  considered  of  neurofibromatous  nature  because  they 



FIBROUS  DYSPLASIA  OF  BONK 373 

show,  in  some  places,  whorls  of  spindle  cells.  Aside  from  the  non-specificity, 
in  general  of  the  whorling  of  connective  tissue  fibers  in  a  lesion,  this  generalization 
neglects  in  the  first  place  the  fact  that  the  basic  tissue  of  the  bone  lesions  of 
fibrous  dysplasia  is  a  connective  tissue  possessing  in  high  degree  the  capacity 
of  undergoing  osseous  metaplasia.  It  not  only  can,  l)ut  regularly  does,  undergo 
such  metaplasia,  often  throughout  the  lesion,  an  intermingling  of  fiber  bone  and 
connective  tissue  being  in  fact  the  hall  mark  of  the  histologic  picture  of  fibrous 
dysplasia  of  bone.  Furthermore,  the  basic  connective  tissue  undergoes  not 
only  osseous  metaplasia,  but  in  some  lesions  even  cartilaginous  metaplasia  in 
some  places.  Thus  the  stromal  tissue  of  fibrous  dysplasia  lesions,  in  contrast 
to  that  of  neurofibromata,  is  essentially  a  connective  tissue  of  osteogenic  po- 

tentialities (figs.  2A,  B  and  C).  On  the  other  hand,  it  is  generally  known  that 
osseous  and  cartilaginous  metaplasia  is  not  inherent  in  the  stromal  tissue  of 
lesions  of  neurofibromatosis,  whether  the  lesions  are  located  in  the  skin  and 
subcutaneous  tissues,  in  peripheral  or  central  nerves,  or  on  or  within  bones. 

Furthermore,  these  lesions  of  neurofibromatosis,  as  a  class,  have  also  a  histo- 
logic distinctiveness  about  them.  This  distinctiveness  is  derived  from  the 

presence,  within  their  tangled  basic  stromal  tissue,  of  degenerating  nerve  fibers, 
and,  especially  when  the  nerve  fibers  are  few,  of  histologic  formations  of  the 
nature  of  Schwannian  hypertrophies  (14,  15).  In  this  connection,  one  does 
not  have  to  enter  the  time-old  controversy  as  to  whether  the  basic  stromal 
cells  of  the  neurofibromas  are  of  mesodermal  nature  and  specifically  fibroblasts 
derived  from  the  endoperineural  sheaths,  or  of  neuroectodemnal  nature  and  de- 

rived from  the  cells  of  Schwann.  Certainly  no  one  who  has  studied  the  lesions 
of  fibrous  dysplasia  of  bone  in  detail  has  noted  degenerating  nerve  fibers  and 
tangles  of  stromal  cells  such  as  are  characteristic  of  the  architecture  of  neuro- 

fibromata, or  areas  containing  the  eddies  of  cells  and  palisades  of  nuclei  that 
one  sometimes  sees  in  addition  in  neurofibromata. 

SKIN  PIGMENTATION  IN  FIBROUS  DYSPLASIA  VS.  NEUROFIBROMATOSIS 
Thannhauser  holds  that  abnormal  skin  pigmentation,  and  not  the  presence 

of  neurofibromata,  is  the  sine  qua  non  of  neurofibromatosis.  As  already  noted, 
the  abnormal  skin  pigmentation  in  fibrous  dysplasia  is  also  used  to  identify 
that  disorder  with  neurofibromatosis,  the  pigmentation  in  the  two  disorders 
being  regarded  as  akin  in  every  way.  Thus,  by  playing  up  the  abnormal  skin 
pigmentation  in  both  disorders,  and  playing  down  the  actual  neurofibromata 
(wherever  located)  in  neurofibromatosis  and  the  distinctive  fibro-osseous  char- 

acter of  the  skeletal  lesions  in  fibrous  dysplasia,  the  two  diseases  are  made 
practically  interchangeable. 

Nowhere  in  the  literature  quoted  by  Thannhauser  hi  relation  to  the  abnormal 
skin  pigmentation  in  neurofibromatosis  has  the  present  writer  found  so  exag- 

gerated an  emphasis  on  such  pigmentation  (admittedly  very  common  and 
important)  in  the  evaluation  and  diagnosis  of  that  disease.  It  is  true  that  the 
pigmentation  has  often  been  observed  to  precede  the  neural  and  skeletal 
manifestations  of  neurofibromatosis,  and  that  it  has  sometimes  been  the  most 
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conspicuous  manifestation  for  a  long  time.  Even  in  Parkes-Weber's  case  (16), 
however,  a  cutaneous  neurofibroma  \\-as  already  present  in  association  with  the 
pigmentation  when  the  patient  first  came  to  his  attention,  and  several  additional 
neurofibromata  had  developed  in  the  skin  when  the  patient  was  presented  again 
three  years  later.*  The  pigmentation  is  thus  often  a  cue  to  the  diagnosis  of  the 
disorder.  However,  the  literature  on  the  latter  does  not  show  that  the  presence 
of  caf^  au  lait  spots  and  brown  blotches  on  the  skin,  by  themselves  and  un- 
associated  with  other  acknowledged  manifestations  of  the  disorder,  represent 
neurofibromatosis  unequi\'ocally. 

One  does  find  incomplete  forms  (formes  frustes)  of  the  disorder  in  which  the 
foreground  of  the  total  disease  picture  is  occupied  by  one  of  the  main  facets  of 
the  disease  complex:  abnormal  skin  pigmentation,  cutaneous  neurofibromata, 
neurofibromata  involving  nerve  trunks,  or  skeletal  changes.  However,  in 
most  if  not  all  of  these  cases,  the  diagnosis  of  neurofibromatosis  is  supported  by 
the  presence  of  at  least  one  or  another  of  the  other  main  manifestations.  Thus 
Grenet  and  associates  (17)  have  described,  as  representing  a  common  "forme 
fruste"  of  the  disease,  cases  in  which  the  manifestations  seemed  to  be  limited, 
at  least  for  a  long  time,  to  abnormal  cutaneous  pigmentation  and  skeletal  in- 

volvement (particularly  scoliosis  or  kyphoscoliosis)  and  in  which  the  latter 
occupied  the  foreground  of  the  clinical  picture.  In  their  opinion,  even  the  idea 
that  this  cutaneo-osseous  syndrome  may  represent  neurofibromatosis  required 
defense,  but  they  felt  it  to  be  supported  by  the  fact  that  among  the  antecedents 
and  siblings  of  the  subjects  presenting  this  syndrome  one  can  usually  find  com- 

plete and  typical  cases  of  the  disorder. 
In  this  connection,  it  is  certainly  also  significant  that  no  one  has  noted,  among 

the  antecedents  and  siblings  of  patients  with  fibrous  dysplasia,  any  special 
prevalence  of  typical  neurofibromatosis.  Such  a  prevalence  would  have  helped 
to  interi-elate  the  two  disorders  on  a  genetic  basis.  Actually,  it  is  only  neuro- 

fibromatosis that  has  a  hereditary  and  familial  basis  at  all,  and  that  disease 
tends  to  be  transmitted  as  such,  while  experience  with  fibrous  dysplasia  has  not 
revealed  any  hereditary  and  familial  tendency. 

The  attempt  to  approximate  neurofibromatosis  and  fibrous  dysplasia  on  the 
basis  of  the  abnormal  skin  pigmentation  is  further  weakened  by  other  facts. 
It  must  be  borne  in  mind  that  pronounced  skin  pigmentation  is  not  at  all 
regularly  observed  in  cases  of  fibrous  dysplasia.  It  is  true  that  in  the  severer 
cases — especially  the  cases  showing  pubertas  praecox — abnormal  skin  pigmenta- 

tion is  almost  regularly  prominent  in  the  form  of  large  brown  patches  or  blotches 
associated  with  freckle-like  or  even  larger  spots.  However,  in  the  milder  cases, 
some  small  freckle-like  or  somewhat  larger  spots  may  be  the  only  abnormal  skin 
pigmentation  observed.  Usually,  in  such  milder  cases,  one  or  more  larger  patches 
are  also  to  be  found,  but  occasionally  these  are  so  inconspicuous  that  they  will 
be  overlooked  unless  they  are  particularly  searched  for. 

*  Parkes-Weber  himself  states  that  when  this  patient  was  seen  16  years  later,  she  was 
found  to  present  a  complete  characteristic  clinical  picture  of  neurofibromatosis.  (See 
Quart.  .J.  Med.,  23:  152,  1929-30.) 
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Furthermore,  the  abnormal  pigmentation  seems  to  show  a  somewhat  different 
trend  in  respect  to  distribution  and  topography  in  the  two  disorders.  Spe- 

cifically, in  cases  of  fibrous  dysplasia,  the  pigment  plaques,  whethei-  small  or 
large,  tend  to  have  an  irregular,  smeary  appearance.    In  neurofibromatosis. 

C 
Fig.  5.  A,  Photograph  of  a  relatively  small,  smeary,  yellow  pigment  patch  on  the  outer 

aspect  of  the  lower  part  of  the  left  leg  of  a  girl  of  9  who  has  fibrous  dysplasia  involving  the 
right  pubic  bone,  femur,  tibia,  and  first  metatarsal.  Histologic  examination  of  skin  and 
subcutaneous  tissue  from  the  site  failed  to  reveal  any  abnormalities  except  the  presence  of 
melanin  granules  in  the  basal  cells  of  the  epidermis.  On  the  upper  part  of  the  chest,  an- teriorly, a  few  scattered  yellowish  pigment  spots  are  also  present. 

B,  Photograph  of  the  back  of  a  girl  of  11  affected  by  neurofibromatosis.  The  scar  in  the 
midline  is  from  a  previous  surgical  intervention  for  the  correction  of  the  scoliosis.  Note 
the  extensive  pigmentation  of  the  back,  which  pigmentation,  on  the  left  side,  extended  onto 
the  front  of  the  abdomen  and  on  the  right  side  onto  the  thigh.  A  palm-sized  area  of  the 
abnormally  pigmented  skin  in  the  right  lumbodorsal  region  showed  unevenncss  of  the  sur- face and  induration  of  the  deep  cutis  and  subcutis.  This  was  proved  by  biop.sy  to  be  the 
result  of  a  diffuse  neurofibromatous  overgrowth  (see  C). 

C,  Photomicrograph  (X  175)  showing  details  in  the  pigmented,  indurated  area  mentioned 
in  B.  Note  the  tangled  and  whorled  character  of  the  tissue  constituting  the  local  deep 
cutis  and  subcutis  and  typical  of  neurofibromatous  histology. 

the  plaques  or  blotches  of  pigmentation  tend  to  be  sharper  and  somewhat  less 
irregular  in  outline.  Also,  in  cases  of  fibrous  dysplasia,  plaques  of  pigmentation 
are  more  likely  to  be  foimd  on  the  head,  neck,  buttocks,  and  extremities  than 
on  the  trunk  proper,  while  in  neurofibromatosis  they  definitely  prcdilect  the 
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trunk.  In  addition,  in  fibrous  dysplasia,  the  pigment  plaque  or  plaques  are 
not  infrequently  limited  to  the  side  of  the  body  having  the  major  skeletal  in- 

volvement. Finally,  small,  freckle-like  spots  of  skin  pigmentation  constitute 
only  a  subordinate  part  of  the  skin  pigmentation  picture  [in  fibrous  dysplasia, 
when  present  there  at  all,  while  in  neurofibromatosis  they  tend  to  be  a  striking 
feature  of  the  picture  (again  on  the  trunk). 

To  continue,  in  fibrous  dysplasia,  the  abnormally  pigmented  skin  areas  are 
brown  (usually  light  brown),  not  raised,  and  of  the  same  texture  as  the  rest  of 
the  skin  surface.  Those  who  ha\'e  studied  these  pigmented  skin  areas  histolog- 

ically from  biopsy  specimens  agree  that  all  one  notes  is  an  increased  melanin 
content,  usually  limited  to  the  basal  cells  of  the  epidermis,  the  corium  and 
subcutaneous  tissues  not  being  essentially  modified.  In  neurofibromatosis  as 
contrasted  with  fibrous  dysplasia,  many  of  the  larger  pigmented  plaques  are 
decidedly  brown,  if  not  dark  brown,  and  many  of  the  freckle-like  spots  may  be 
so  too,  though  these  latter  may  shade  down  to  a  yellowish  tone.  In  neuro- 
fibromato.sis,  too,  the  pigmentation  itself  is  due  to  an  increased  melanin  content 
of  the  basal  cells  of  the  epidermis.  However,  this  fact  is  not  necessarily  sig- 

nificant, since,  for  instance,  in  Addison's  disease,  also,  the  pigmentation  of  the 
skin  and  mucous  membranes  has  this  basis.  What  is  significant  is  that  in 
neurofibromatosis,  many  of  the  pigmented  skin  areas  overlie  neurofibromata  in 
the  skin  and  subcutis  which  have  elevated  the  skin  in  the  pigmented  area. 
Indeed,  one  may  encounter  pigmented  skin  plaques  which,  though  not  raised, 
are  indurated  and  otherwise  changed  in  texture,  again  by  underlying  neuro- 

fibromatosis. On  the  other  hand,  in  cases  of  fibrous  dysplasia,  neurofibromata 
have  never  been  reported  in  the  corium  or  subcutaneous  tissues  as  Thannhauser 
seems  to  claim  (figs.  5A,  B,  and  C). 

PUBERTAS  PRAECOX  IN  FIBROUS  DYSPLASIA  VS.  NEUROFIBROMATOSIS 

The  occurrence  of  various  endocrine  manifestations — and  especially  pubertas 
praecox — in  some  of  the  cases  of  fibrous  dysplasia  and  in  some  reported  cases 
of  neurofibromatosis  is  likewise  offered  by  Thannhauser  as  supporting  the  inter- 

relation of  the  two  conditions.  In  a  broad  generalization,  these  endocrine  dis- 
orders are  attributed  in  both  diseases  to  "anatomical  changes  connected  with 

neurofibromatous  pathology. " 
The  one  case  of  fibrous  dysplasia  cited  in  this  connection  which  came  to 

autopsy  was  that  previously  reported  by  Freedman,  of  a  girl  showing  extensive 
skeletal  changes,  pubertas  praecox,  and  other  manifestations  of  the  disease.  In 
this  case,  the  autopsy  failed  to  reveal  any  abnormalities  of  the  endocrine  glands 
to  explain  the  pubertas  praecox.  The  only  suggestive  finding  relating  to  the 
pubertas  praecox  was  what  appeared  to  be  an  accessory  nucleus  in  the  sub- 

thalamic area,  apparently  representing  a  congenital  anomaly.  It  is  true  that, 
in  general,  hypothalamic  lesions  are  recognized  as  being  sometimes  responsible 
for  the  manifestations  of  precocious  puberty.  Even  allowing  for  this,  however, 
one  would  still  have  to  explain  in  this  case  how  this  accessory  subthalamic 
nucleus,  by  itself,  constitutes  evidence  of  neurofibromatous  pathology.  Indeed, 
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there  is  no  evidence  of  the  presence  of  "neurofibromatoiis  pathology"  at  all 
in  this  case,  unless  one  would  accept  the  idea  that  abnormal  skin  pigmentation 
by  itself  is  an  adequate  pathologic  criterion  of  the  presence  of  neurofibromatosis 
as  a  systemic  disorder. 

In  addition  to  the  autopsied  case  cited  above,  there  is  the  one  reported  by 
Sternberg  and  Joseph  (18).  This  is  the  case  presenting  fibro-osseous  skeletal 
lesions,  precocious  puberty,  abnormal  skin  pigmentation,  and  hyperthyroidism 
which  was  originally  reported  mainly  on  a  clinical  basis  by  McCune  andBruch. 
In  this  case,  a  detailed  anatomic  study  was  ultimately  carried  out  at  the  Monte- 
fiore  Hospital,  where  the  laboratory  is  headed  by  Doctor  David  Marine,  whose 
special  interest  in  the  endocrines  is  well  known.  No  abnormalities  were  found 
in  the  endocrine  glands  or  the  ovaries  to  account  for  the  pubertas  praecox. 
The  central  nervous  system  and  especially  the  brain,  which  was  studied  by  Doc- 

tor Charles  Davison,  neuropathologist  to  that  hospital,  also  failed  to  show  any 
abnormahty  which  would  account  for  the  pubertas  praecox.  After  analysis 
of  all  the  anatomic  findings  in  their  case,  Sternberg  and  Joseph  state  that  the 
exact  mechanism  underlying  the  pubertas  praecox  in  this  patient  remains  a 
matter  of  speculation. 

Incidentally,  in  this  case,  histological  examination  of  an  abnormally  pigmented 
skin  area  again  showed  mainly  loading  of  the  basal  cells  of  the  epidermis  with 
melanin,  and  certainly  no  mention  is  made  of  anything  suggestive  of  neuro- 

fibroma beneath  the  epidermis.  Furthermore,  nowhere  in  the  detailed  protocol 
is  it  mentioned  that  anything  suggestive  of  the  pathology  of  neurofibromatosis 
was  encountered  elsewhere  in  the  body  either. 

SUMMARY  AND  CONCLUSIONS 
We  have  attempted  to  show  that  the  skeletal  changes  observed  in  cases  of 

fibrous  dysplasia,  which  are  of  consistent  pattern  and  indeed  constitute  its  cen- 
tral feature,  are  by  no  means  analogous,  roentgenographically  or  anatomically, 

with  the  highly  various  skeletal  changes  found  in  cases  of  neurofibromatosis. 
Furthermore,  we  have  brought  out  the  idea  that  abnormal  skin  pigmentation 

is  not  necessarily  prominent  in  cases  of  fibrous  dysplasia,  except  in  the  more 
severe  cases  and  notably  in  those  in  which  pubertas  praecox  and  other  endocrine 
manifestations  are  part  of  the  clinical  picture.  Also,  it  was  pointed  out  that 
the  pigmentation  in  this  disorder  results  from  melanin  loading,  especially  of 
the  basal  cells,  of  the  epidermis  and  is  never  associated  with  the  presence  of 
neurofibromatous  overgrowth  in  the  cutis  and  subcutis  as  it  so  often  is  in  neuro- 

fibromatosis, in  which,  furthermore,  abnormal  melanin  deposits  in  the  skin 
are  an  almost  constant  finding. 

In  addition,  the  obscurity  of  the  basis  of  the  pubertas  praecox  in  fibrous  dys- 
plasia was  emphasized.  Specifically,  it  was  noted  that  the  detailed  autopsy 

study  of  the  case  reported  by  Sternberg  and  Joseph  failed  to  reveal  any  anatomic 
basis  for  the  pubertas  praecox,  and  that  furthermore  there  was  no  indication  of 
the  presence  of  neurofibromata  anywhere  in  the  body. 

Also,  it  was  pointed  out  that  the  hereditary  and  familial  character  of  neuro- 
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fibromatosis  has  been  well  established,  that  fibrous  dysplasia  has  shown  no  such 
character,  and  that  furthermore  the  antecedents  ol  patients  with  fibrous  dys- 

plasia show  no  special  prevalence  of  neiu'ofibronuitosis  a  iiKnia,  tliem. 
Altogether,  the  present  wi  itoi'  b('lie\  es  that  Thannhaiiscr's  ctlni  Is  to  put  fibrous 

dysplasia  and  neurofibromatosis  within  u  single  disease  category  on  the  basis 
of  supposedly  similar  skeletal  lesions,  abnormalities  in  pigmentation,  and 
endocrine  abnormalities  (esperially  i)rec()cious  puberty)  are  misdirected.  In the  course  of  these  efforts  he  seems  to  us  to  have  distorted  the  essential  nature 
of  both  neurofibromatosis  and  fil)rous  dysplasia.  In  regard  to  neurofibromatosis 
he  has  doiu'  this  by  pla\'in!>-  u])  the  a.bnoi-maJ  skin  pigmentation  as  the  sine  qua 
non  of  the  discasr  and  by  playing  down  tlie  imi^oi'tance  and  specific  character 
of  the  actual  neurofibromatous  IciDUs  and  the  xaricty  of  the  skeletal  abnormal- 

ities encountered  (mainly  anoinalic-  and  ( ipnu'ntal  defects).  In  regard 
to  fibrous  dysjjlasia,  he  lias  done  it  \)y  likewise  playing  up  the  abnormal  skin 
pigmentation  (which  is  not  necessaiily  jjiominiMit  in  this  disorder  and  has  not 
been  found  associated  with  it  with  dei'n>al  and  subcutaneous  neurofibromata  or 
neur()fil)i-oniata  of  neix'e  tiunks)  and  at  the  same  time  playing  down  the  rather 
distinctix'e  fibro-osseous  charactei-  of  the  skeletal  lesional  tissue,  which,  in  spite 
of  the  absence  of  histologic  (>\idence,  he  tries  to  inter])ret  as  neurofibromatous 
in  nature.  Finally,  he  neglects  the  dilTcrence  between  the  two  disorders  which 
is  indicated  l)y  the  recognized  her(>ditary  and  familial  character  of  neurofibro- 

matosis in  contrast  to  fibrous  dysplasia. 
.\DDENDUM 

Though  not  identifying  it  with  neurofibromatosis,  Snai:)per,  too  rejects  the 
idea  that  fibrous  (lys])lasia  of  l)i)n(»  is  a  disease  entity,  lie  maintains  that  it  is 
to  be  linked  with  lland-Schiiller-( 'luistian's  disease  (lipoid  granulomatosis)  as 
an  atypical  clinical  t'xpi-e.ssion  o!  that  disorder.  Si)ecitically,  he  holds  that  it  is 
atypical  clinically-  bi'caus(^  of  tlu>  ab.sence  of  damage  to  the  base  of  the  skull  in 
the  geneial  aica  of  the  ])iti!iiaiy  and  the  conseciuent  absence  of  exophthalmos, 
diabetes  insipidus  and  otliei-  e\idence  of  pituitary  injury.  (See:  Snapper,  I. 
Medical  Clinics  on  Hone  Diseases,  New  \mk.  Wm,  pp.  1.57-171.) 

Snappei-  cam(>  to  this  conception  of  the  nature  of  th(>  condition  which  we  call 
fibrous  dysplasia  of  bone  on  the  basis  of  3  cases,  only  2  of  which  (case  1  and 
ca.se  2)  the  wiiter  would  accej)l  as  uncMiuivocal  instances  of  fif)n)us  dysplasia  in 
multiple  bones.  Anatonucall>',  Snai)j)ei-  claims  su])i)ort  foi'  his  opinion  because, 
in  biopsy  specimens  from  tiie.se  cases,  the  fibrous  comiecti\-e-tissue  substratum 
of  the  lesion  showed  "groups  of  foam  cells"  which,  by  appropriate  methods, 
revealed  the  presence  of  "double-refracting  fat  particles"  in  their  cytoplasm. 
In  case  1,  he  found  these  foam  cell  nests  in  the  initial  biopsy  specimen,  taken 
from  one  of  the  femoral  lesions.  In  case  2,  he  found  foam  cells  only  in  the  third 
lesion  biopsied, — one  in  a  femur.  Picw  iously,  in  this  case,  biopsies  had  been 
done  on  lesions  in  both  humeri,  but  in  neithei-  sp(Manien  did  the  ti.ssue  examined 
show  the  presence  of  nests  of  foam  cells.  Snai)])er  therefore  concluded  that  to 
demonstrate  foam  cells  in  the  lesions  of  hbrous  dysplasia  (which  show,  in  liis 
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opinion,  that  basically  this  lesion  is  really  a  lipogranuloma)  the  biopsy  must  be 
taken  Avhen  the  lesion  is  in  an  early  stage  of  its  evolution,  since  ultimately  the 
lipid  may  be  crowded  out. 

That  in  an  occasional  lesion  of  fibrous  dysplasia  the  fibrous  connective-tissue 
substratum  may  sho\\'  a  few  nests  of  foam  cells  was  already  pointed  out  by 
Lichtenstein  and  the  present  writer/  However,  this  finding  alone  is  hardly 
sufficient  to  justify  designating  such  a  lesion  as  a  lipogranuloma.  Indeed,  one 
can  find  some  nests  of  foam  cells  for  instance  in  an  osteomj^elitic  bone  lesion, 
in  a  giant-cell  tumor,  in  the  connective-tissue  wall  of  a  sohtary  bone  cyst,  and 
sometimes  in  an  osteogenic  sarcoma  or  fibrosarcoma  of  a  bone,  or  even  in  a 
carcinoma  metastatic  to  a  bone.  Certainly  one  would  not  hold,  on  the  basis 
of  such  an  incidental  or  secondary  finding,  that  these  various  lesions,  too,  repre- 

sent lipogranulomas.  The  nests  of  foam  cells  which  one  finds  occasionally  in  a 
fibrous  dysplasia  lesion  are  small,  may  be  limited  to  one  or  a  few  fields  of  a  large 
biopsy  specimen,  and  are  likewise  of  an  incidental  or  .secondary  character.  The 
places  where  they  appear  are  probably  sites  of  tissue  degeneration  or  hemorrhage, 
and  the  foam  cells  in  question  here  are  to  be  interpreted  as  collections  of  macro- 

phages which  have  absorbed  lipid  at  the  site  of  previous  tissue  damage. 
From  another  angle,  to  claim,  as  Snapper  does,  that  in  the  "earlier  stage  of  the 

disease,  [fibious  dysplasia  or  Albright's  disease]  the  bone  marrow  .  .  .  may  well 
have  contained  nests  of  proliferating  reticulo-endothelial  cells  full  of  cholesterol" 
which  in  the  later  stages  of  the  disease  have  disappeared,  is  to  express  a  mere 
hypothesis.  In  a  given  case  of  fibrous  dysplasia,  there  may  be  many  silent  le- 

sions, but  these  are  not  necessarily  younger  than  lesions  in  crucial  bone  sites 
(such  as  the  neck  of  a  femur)  which  have  directed  attention  to  the  condition  be- 

cause of  pain,  deformity,  or  fracture. 
In  regard  to  Schiiller-Christian's  disease,  there  can  be  no  doubt  that  it  has  its 

basis  in  a  peculiar  chronic  inflammatory  originally  non-lipid  histiocytosis  or 
reticuloendotheliosis  in  which  the  lesions  eventually  become  scarred,  coUagenized, 
and  lipidized  (see  Jaffe  and  Lichtenstein,  Arch.  Path.,  37:  99,  1944).  It  is  also 
true  that  in  the  terminal  stages  of  a  case  of  lipogranulomatosis  one  may  find  some 
skeletal  lesions  which  are  so  scarified  that  lipid  is  no  longer  obvious  in  them. 
However,  even  these  lesions  can  still  be  shown  to  contain  some  extra-  and 
intracellular  lipid,  and  the  great  majority  of  the  lesions  in  any  case  of  Schiiller- 
Christian's  disease  do  contain  an  abundance  of  lipid,  no  matter  how  strongly  the 
lesions  are  scarified.  Furthermore,  in  such  cases,  even  if  the  skull  bones  and 
the  brain  coverings  are  not  in\-olved,  one  is  very  likely  to  find  extensive  lipid- 
containing  scars  in  the  lungs  and  pleura,  and  these  may  even  have  led  to  death 
through  right  heart  failure.  On  the  other  hand,  no  matter  how  extensive  the 
skeletal  involvement  may  he  in  a  case  of  fibrous  dysplasia,  no  one  has  ever  noted, 
in  this  condition,  the  piosonce  of  complaints  arising  from  pulmonary  scarring. 

Finally,  one  may  ask  thi  sc  (|iicstions  of  any  one  who  advocates  identification 
of  fibrous  dysplasia  with  SrluiUci  -Christian's  disease:  In  view  of  the  fact  that  the 
lesions  of  Schiiller-Chri-tian's  disease  are  irregularly  distributed  ovoi-  the  skele- 

ton, why  is  it  that  the  lesions  of  fibrous  dysplasia  in  multiple  foci  tend  strongly 
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to  have  a  unilateral  distribution  and  are  often  even  limited  strictly  to  some  of 
the  bones  of  one  limb  bud?  Again,  why  is  it  that  one  sometimes  finds,  in  the 
lesions  of  fibrous  dysplasia,  larger  or  smaller  foci  of  hyaline  cartilage  imbedded 
in  the  connective-tissue  substratum  (a  finding  which  has  never  been  recorded  in 
connection  with  the  pathologj^  of  Schiiller-Christian's  disease)?  Also,  why  is  it 
that  in  frank  cases  of  Schiiller-Christian's  disease  (that  is,  cases  showing  even  the 
Christian  triad)  yellow-browTi  melanin  pigmentation  of  the  skin  in  the  form  of 
plaques,  patches,  or  spots  has  never  been  noted,  while  in  pronounced  cases  of 
fibrous  dysplasia  it  is  almost  regularly  seen  and  is  indeed  considered  part  of  the 
disease  syndrome  as  a  whole? 
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[From  the  Cardiovascular  Department,  Michael  Reese  Hospital,  Chicago,  III.] 

Perhaps  no  subject  is  more  appropriate  for  discussion  in  this  anniversary  vol- 
ume dedicated  to  Dr.  Eh  Moschcowitz  than  that  of  arteriosclerosis,  the  study 

of  which  is  so  closely  associated  with  his  name  and  toward  the  elucidation  of 
which  he  has  contributed  so  much  over  many  years  of  fruitful  study.  It  is  our 
purpose  to  present  a  hypothesis  for  the  pathogenesis  of  atherosclerosis  based 
upon  our  own  studies  and  an  analysis  of  the  literature,  in  the  hope  that  we  may 
focus  attention  on  the  many  aspects  of  this  vital  subject  requiring  solution. 
Our  consideration  will  be  confined  to  atheromatous  intimal  disease;  Moncke- 
berg's  medial  sclerosis  and  arteriolosclerosis  will  be  omitted. 

THE  MAGNITUDE  OF  THE  PROBLEM :  INCIDENCE  AND  AGE  DISTRIBUTION  OF 
ATHEROSCLEROSIS 

There  is  much  evidence  that  arteriosclerosis  is  today  the  leading  cause  of 
morbidity  and  mortality.  Yet  it  does  not  appear  in  compilations  of  mortality 
causes,  and  often  not  even  as  a  subheading  in  mortality  tables.  For  example, 
in  the  1940  mortality  summary  (A3),  four  of  the  principal  causes  of  death  listed 
include  within  them  a  large  percentage  of  arteriosclerosis  of  the  organ  in  ques- 

tion. Thus,  heart  disease,  the  first  and  chief  cause  of  death  in  the  United  States 
today,  taking  an  annual  toll  of  just  under  400,000,  probably  includes  200,000 
cases  due  to  coronary  arteriosclerosis.  Intracranial  lesions  of  vascular  origin, 
the  third  major  cause  of  death,  responsible  for  120,000  deaths,  includes  an 
estimated  75,000  resulting  from  cerebral  arteriosclerosis.  Kidney  disease,  the 
fourth  principal  cause  of  death  v/ith  over  100,000  instances,  includes  65,000 
resulting  from  arteriosclerosis,  according  to  1941  tables  (A4).  Diabetes,  the 
eighth  major  cause  of  death  contains  at  least  15,000  cases  due  to  arteriosclerosis 
out  of  35,000  instances.  From  such  a  rough  appraisal,  it  \\  ould  appear  that  arte- 

riosclerosis is  the  leading  cause  of  death,  with  a  total  in  1940  of  355,000  victims; 
yet  it  is  credited  in  tables  with  23,000  deaths  exclusive  of  coronary  and  renal 
sclerosis  (A4).  Joslin  (AlO)  considers  the  mortality  from  arteriosclerosis  in 
Massachusetts  to  be  37  per  cent  of  the  total  deaths. 

Statistical  studies  of  the  incidence  of  arteriosclerosis  are  handicapped  by  a 
lack  of  agreement  on  uniform  terminology  and  necropsy  standards.  It  is  not 
settled  whether  milder  degrees  of  atheroma  are  "pathological"  or  what  degree  of 
atherosclerosis  is  needed  before  it  is  included  in  the  necropsy  diagnosis.  Like- 

wise, there  is  no  agreement  on  criteria  for  the  clinical  diagnosis  of  arteriosclerosis. 
The  use  of  ele^-ated  blood  pressure  as  a  diagnostic  guide  is  not  acceptable.  Any 

1  Aided  by  the  A.  D.  Nasi  Fund  for  Cardiovascular  Research. 
The  Department  is  supported  in  part  by  the  Michael  Reese  Research  Foundation.  Our 

own  studies  were  supported  in  part  by  grants  from  the  Committee  on  Scientific  Research, 
American  Medical  Association. 
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figui-es  compiled  for  its  clinical  incidence  on  the  basis  of  palpable  arterial  thicken- 
ing!; or  x-ray  findings  of  calcification,  are  admittedly  unreliable.  Figures  of 

piex-alence  rates  range  from  3.38  to  32.3  per  1 ,000  poi)ulation  (A14).  Obviously, 
many  cases  are  clinically  inu'ecognized  since  arteriosclerosis  is  a  slowly  developing 
disease  which  may  be  clinically  silent  for  many  years,  as  evidenced  by  the  fact 
that  while  the  estimated  prevalence  was  3  per  1000,  only  f  of  these  were  ill 
(A14).  There  is,  therefore,  a  real  need  for  some  test  to  measure  atherosclerosis 
during  life. 

Arteriosclerosis  has  shown  a  relative  increase  in  incidence  because  of  the 
lengthening  life  span  due  to  better  control  over  epidemic  and  infectious  diseases 
and  infant  mortality,  which  has  caused  our  population  to  grow  older.  It  would 
be  wrong,  however,  to  interpret  this  trend  as  indicating  that  arteriosclerosis  is  a 
disease  of  the  senile  and  of  senescence  alone,  and  that  since  death  must  come  to 
all  of  us,  arteriosclerosis  finally  steps  in  when  other  causes  have  been  avoided. 
Increasing  recognition  is  being  given  to  the  fact  that  arteriosclerosis  is  also  an 
important  disease  of  the  young  adult.  Using  palpable  radial  artery  thickening 
as  a  crude  guide,  males  undei-  35  have  been  shown  to  have  an  incidence  of  5  to 
10  per  cent,  while  females  under  35  have  an  incidence  ̂   as  great  (A14).  In 
soldiers  in  World  War  I ,  arterioscksrosis  was  f ovmd  at  necropsy  in  over  30  per 
cent  of  those  at  20  years,  in  over  45  per  cent  at  25  years,  and  over  80  per  cent  at 
50  years  (A8).  In  these  studies,  the  finding  of  arteriosclerosis,  chiefly  located  in 
the  left  coronary  artery,  was  an  mcidental  necropsy  observation.  This  observa- 

tion is  being  lepeated  in  the  present  war  and  in  addition,  clinical  evidence  of 
coronary  aiteriosclerosis  is  being  observed  as  well  as  a  number  of  fatalities 
(AO).  In  civilian  practice  too,  arteriosclerosis  of  the  coronary  arteries  in  young 
persons  may  result  in  death  (A7). 

Careful  anatomic  examination  shows  that  the  earliest  stage  of  atherosclerosis 
begins  in  infancy,  progressing  and  extending  during  childhood  and  adolescence 
(Al,  A9,  F17).  In  fact,  the  high  incidence  of  these  earliest  fatty  lesions  has  led 
some  to  consider  them  a  normal  occurrence.  Recent  careful  studies,  however, 
indicate  that  they  are  pathological  and  the  antecedents  of  the  later  full  blown 
atherosclerosis  (A9).  These  early  atheromatous  plaques  occur  in  5  per  cent  of 
infants  under  6  months  and  in  almost  100  per  cent  of  children  over  8  years  (A9). 
While  some  of  these  yellow  streaks  are  possibly  reabsorbed  (Al,  F18),  the  in- 

creasing incidence  with  age  I'eveals  that  the  main  tendency  is  toward  progression 
(A9). 

It  is  obvious  that  arteriosclerosis,  considering  its  importance,  has  received  far 
t(K)  little  attention  from  the  financial  and  public  educational  campaigns  of  public 
and  private  agencies.  In  the  future,  increasing  emphasis  will  undoubtedly  l)e 
placed  upon  arteiiosclerosis  and  more  support  must  be  given  to  investigations  of 
its  pathogenesis,  leading  to  its  eaily  I'ecognition  and  prevention. 

HISTORICAL  DEVELOPMENT  OF  KNOWLEDGE  OF  ARTERIOSCLEROSIS 

((()  Slagc  of  Pathological  Observation:  Evidences  of  arterio.sclerosis  have  been 
found  in  l^^gyptian  mummies.    It  has  been  estimated  that  it  was  almost  as  com- 
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mon  a  disease  among  the  upper  class  Egyptians  as  it  is  among  us  today.  Lesions 
such  as  calcified  aortas  and  iliac  arteries,  and  calcified  plaques  and  thrombi 
on  old  atheromatous  ulcers  were  common  findings  (Bl). 

While  calcified  heart  lesions  were  first  lecognized  as  early  as  the  16th  century, 
descriptions  of  calcified  arteries  did  not  begin  to  accumulate  until  the  17th  cen- 

tury. Harvey,  Bartholin,  and  Malpighi  all  mentioned  arteriosclerosis.  In  the 
18th  century  localization  of  lesions  became  more  exact.  As  early  as  1740,  it  was 
recognized  that  hardening  of  the  coronary  arteries  could  occur  at  all  ages  (Crell). 
That  arteriosclerosis  is  not  an  inseparable  part  of  the  aging  process  was  demon- 

strated by  the  description  of  a  91  year  old  woman  without  arterial  change  (Mor- 
gagni,  1761).  Arteriosclerosis  was  recognized  as  a  true  disease,  not  simply  a 
natural  aging  process  by  Hodgson  in  1815,  and  in  1829  Lobstein  coined  the  term 
arteriosclerosis. 

A  number  of  observations  were  made  on  this  subject  in  the  19th  century  and 
the  opening  up  of  the  new  field  of  cellular  pathology  led  by  Virchow  initiated 
tremendous  strides  in  the  histologic  study  of  the  disease.  One  of  Virchow's 
pupils,  Rindfleisch,  i-ecognized  two  forms  of  lesions:  the  first,  initiated  by  con- 

nective tissue  thickening  of  the  intima;  the  secontl  by  fatty  change  of  the  intima. 
Both  might  lead  to  the  more  advanced  lesions. 

By  the  end  of  the  19th  century,  the  vascular  backgroimd  of  many  disorders 
was  recognized  and  these  disorders  were  clinically  diagnosed.  The  distinction 
between  syphilitic  arteritis  and  arteriosclerosis  was  increasingly  established. 
Blood  i)ressiiie  nieasurenient  became  a  conunoii  clinical  practic-e  and  its  relation 
to  arteriosclei'osis  came  under  consitleration.  The  term  atherosclerosis  was 
coined  in  1904  by  Marchand,  and  in  1911  Klotz  differentiated  medial  sclerosis 
from  other  arteriosclerotic  lesions. 

{b)  Stage  of  Chemical  and  Kxju  fi mental  Investigation:  The  next  great  advance 
in  the  knowledge  of  the  i)a1h()genesif,  of  arteriosclerosis  came  with  the  introduc- 

tion of  chemical  analysis  and  animal  experimentation.    We  are  still  in  this  stage. 
(1)  Agents  other  than  cholesterol:  The  experimental  work  with  animals  first 

concerned  itself  with  attempts  to  produce  arteriosclerosis  by  local  arterial  in- 
juries of  a  mechanical,  toxic,  or  infectious  nature.  Experiments  with  ligating, 

pulling  or  pinching;  experiments  with  electric  and  chemical  cauterization;  ex- 
periments with  injection  of  \  :uious  irritating  chemicals,  or  the  injection  of  bac- 

teria and  their  toxins  succeeded  in  producing  inflammatory  lesions  of  the  arterial 
wall  but  no  intimal  atheidsclerosis  ((-2).  Recent  attempts  in  the  same  direc- 

tion, namely  the  ligation  of  arteries,  the  injection  of  streptococcus  viridans, 
siHca,  tubercle  bacilli,  and  even  cholesterol  resulted  in  granulation  tissue,  in- 
flammatoi  v  exudates  and  medial  degeneration  but  no  intimal  atheroma  (C35, 
C36).  ('liKiiiic  sepsis,  lead,  nicotine  and  a  number  of  acids  failed  to  produce 
atheroscleiosis  in  dogs  (CI).  Diffuse  hyperplastic  vascular  lesions  were  reported 
from  the  combined  elTecis  of  diphtheria  toxin  and  vitamin  C  deficiency  in  guinea 
pigs  (C'32).  Repeated  injections  of  horse  serum  may  cause  coronary  arteritis 
(Cll,  C'38).  Digitalin,  caffeine,  nicotine,  and  theocin  likewi.se  cause  inflamma- 

tory lesions  {C2).    Mercuiic  chloride  (C20),  uranium  nitrate,  (C7,  C9)  and  tyra- 
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mine  (CIO)  lead  to  meflial  necrosis.  Viosterol  in  massive  doses  leads  to  medial 
calcification  (CMS,  (-14,  (UG,  (U2,  C43)  which  may  be  accompanied  by  intimal 
fibrous  proliferation  (Cl7).  Section  and  stimulation  of  the  nerves  of  the  ar- 

teries has  been  reported  to  produce  inflammatory  arterial  change  (C'2)  but  no 
lesions  resembling  atherosclerosis. 

The  injection  of  adrenalin  (C2,  C34)  or  large  doses  of  thyroxin  (D26,  D54) 
produces  so-called  adrenalin  sclerosis  which  is  characterized  by  medial  degenera- 

tion, calcification  and  even  aneurysm  formation. 
Local  mechanical  and  toxic  injuries  increase  the  local  permeability  of  the 

arterial  wall  to  dyes,  stains  and  also  to  cholesterol  when  the  injury  is  accom- 
panied by  cholesterol  feeding,  according  to  Anitschkow  (C2).  On  the  other 

hand,  systemic  chemical  and  toxic  substances  given  to  rabbits  and  cats  simul- 
taneously fed  cholesterol,  with  a  view  to  injuring  the  vessel  wall  and  increasing 

permeability  to  cholesterol,  were  without  effect  (C29).  Streptococcus  toxin, 
ammonium  chloride,  artificial  fever,  peptone  injections,  horse  serum,  histamine 
and  uric  acid  failed  to  accelerate  or  increase  cholesterol  atherosclerosis  (C29). 

Blood  pressure  changes  alone  among  physical  forces  have  been  reported  as 
producing  atherosclerosis.  Although  Klotz'  early  report  of  producing  athero- 

sclerosis in  rabbits  by  hanging  them  upside  down  was  not  confirmed  (C2),  rabbits 
with  renal  hypertension  caused  by  constriction  of  the  aorta  proximal  to  the 
renal  arteries  do  develop  atheroma  of  the  aorta  proximal  to  the  constricting  clamp 
(C6).  Similarly,  elevating  the  blood  pressure  by  keeping  rabbits  in  the  upright 
posture  in  association  with  cholesterol  feeding  accelerates  and  exaggerates  the 
development  of  atherosclerosis  (C'44). 

On  the  other  haufl,  lowered  blood  pressure  has  likewise  been  claimed  to  favor 
atherosclerosis.  Lowering  the  pressure  l)y  feeding  nitrites  to  rats  was  reported 
to  lead  to  intimal  thickening  (C'27),  but  no  mention  of  atheroma  development  was made. 

Aside  from  tension  changes,  irradiation  is  the  only  physical  agent  reported  to 
produce  atherosclerosis.  Intimal  atheroma  in  human  radiated  arteries  has  been 
described  by  Sheehan  (C40). 

Only  with  irradiation  and  increased  tension  has  any  clear  evidence  been 
presented  to  point  to  a  role  of  physical  agents  in  the  development  of  intimal 
atherosclerosis.  All  other  factors  to  date  ha\'e  l)een  unsuccessful  aside  from 
cholesterol. 

(2)  Experimental  chulestvwl  atherosclerosis:  Y\.sch()lf  and  his  school  are  respon- 
sible for  the  first  chemical  studies  of  aortas  and  arterios(;lerotic,  lesions  and  the 

resultant  recognition  of  clujlesteiol  ns  the  fundamental  chemical  constituent  of 
the  lesions.  Their  histologic  studies  too  identified  cholesterol  in  the  lesions  by 
its  doubly  refractiA^e  quality. 

It  is  now  established  that  the  cholesterol  content  of  the  aorta  increases  with 
aging,  independent  of  atherosclerotic  lesions  (D29,  F23)  but  that  the  amount  of 
cholesterol  in  the  aorta  likewise  parallels  the  degree  of  atherosclerosis  (D29, 
F24).  An  old  normal  aorta  shows  more  cholesterol  than  a  young  normal  one 
(D29,  F20),  while  the  lesions  themselves  show  a  far  greater  increase  in  cholesterol 
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(F20,  F24).  Recent  studies  (D29)  confirm  these  findings  and  show  that  calcium 
Ukewise  increases  in  the  aorta,  imrticularly  in  the  media,  with  age  (D29,  F3, 
FlO)  and  tliat  calcium  is  piesent  in  the  earliest  intimal  atheromatous  lesions 
before  it  is  visible  (1)29).  The  composition  of  the  lipids  of  the  intimal  athero- 

sclerotic plaque  is  essentially  the  same  as  that  of  th(^  blood  plasma  (029,  F2(), 
F24). 

In  1911,  Anitschkow  (1)2)  found  that  lesions  res(>mbling  human  arteriosclerosis 
could  be  produced  in  rabbits  by  feeding  them  pure  cholesterol  dissolved  in 
vegetable  oil.  Sometime  later  it  was  reported  (U33,  1)()7,  1)75),  and  we  have 
recently  confirmed  it  (D15,  1)1(1),  that  the  same  thing  can  be  done  in  the  chick. 
Anitschkow's  work  opened  new  \  istas  to  the  study  of  the  pathogenesis  of  athero- 

sclerosis and  has  been  conhrnied  l)y  hundicds  of  workers.  Feeding  large  amounts 
of  cholesterol  to  I'abbits  or  chicks  for  several  months  causes  a  tenfold  or  more 
elevation  of  the  serum  cholesterol  and  extensive  deposits  of  cholesterol  in  many 
organs,  as  well  as  marked  degrees  of  extensive  intimal  atherosclerosis.  Further- 

more, in  rabbits,  feeding  small  amoimts  of  cholesterol  over  much  longer  periods 
results  in  atheroma  Avithout  any  accom])anving  elevation  of  serum  cholesterol 
(D2). 

In  the  gviinea  pig,  cholesterol  feeding  fails  to  produce  gross  at luM'osclerosis 
although  marked  elevations  of  sei'um  cholesterol  and  mai-ked  accumulations  of 
cholcstciol  in  various  organs  result;  only  microscopic  atheroma  can  be  found 
(D5,  1)14).  In  cats  (D74),  dogs  (1)7,  H()0)  rats  (D14,  D74,  H58)  and  mice 
(D43,  D73,  D74)  cholesterol  administration  fails  to  elevate  the  serum  choles- 

terol in  c(m.i);uaM('  dcgice  (3  times  compared  to  20  times  (1)14))  and  fails  to 
result  ill  uro.-s  ;i( Ikmc isclcii isis  (1)20).  It  appears,  therefore,  that  the  rabbit  has 
a  six'cial  susceptibiHt y  to  I  lie  development  of  hypercholesterolemia  and  atheros- 

clerosis when  fed  cliolestei'ol.  This  cannot  be  m,  charactcMistic.  of  herbivores  in 
general,  since  in  guinea  pigs  no  gross  cholesterol  atherosclerosis  has  ever  been 
reported.  Nor  are  there  reports  of  such  experimental  lesions  in  any  other  her 
bivore.  (If  mici-oscopic  atheroma,  is  accepted  as  a  criterion  of  successfuK ex- 

perimental lesions,  then  there  are  similar  su(!cessful  reports  of  lesions  in  dogs  and 
mice.  From  our  point  of  view,  gross  atheroma  is  necessary  for  a  successful  ex- 
p(Mim(nit .)  Hence  the  ral)hit  is  not  an  example  of  all  herbivores  but  only  of  the 
rabbit .  Similarly,  I'ats  and  mice  which  :u-e  not  susceptible  to  cholesterol-feeding 
atheroma  are  not  characteristic  of  all  omnivores.  In  th(>  chick,  an  omnivore, 
cholesterol  feeding  readily  results  in  atli(>rosclerosis.  The  ()ft-re|)eat(>d  contrast 
of  herbivores  and  omnivores  should  be  <lr()i)i)ed  when  it  is  recognized  that  a  her- 
bixore  and  an  omnivore  may  be  more  alike  in  respect  to  experimental  atheroma 
than  two  omnivores  or  two  herbivoi-es. 

In  recent  years,  an  increasing  skepticism  has  developed  concerning  the  sig- 
nificance of  the  cholesterol  feeding  experiments,  partly  because  of  the  failure 

to  confirm  them  in  many  species  and  partly  because  of  the  failure  to  find  hyper- 
cholesterolemia in  man  regularly  associated  with  atherosclerosis,  and  the  in- 

ability to  ])r(iduce  liyi)ercholesterolemia  in  man  after  feeding  cholesterol.  There- 
fore, there  has  ai)j)eared  to  be  little  connection  between  the  human  disease  and 
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tlie  experimental  disease  except  the  similarity  of  lesions.  Report  after  report 
points  out  that  because  of  the  herbivorous  nature  of  the  rabbit,  cholesterol  is  a 
foreign  food  for  this  species  and  that  this  dissimilarity  to  man  makes  the  produc- 

tion of  lesions  possible.-  The  demonstration  that  cholesterol  feeding  in  the  chick 
produces  atheromatous  lesions  answers  this  objection  and  signifies  that  the  work 
on  the  rabbits  has  been  an  important  contribution.  The  chick  is  an  omnivorous 
animal  which,  like  man,  does  normally  ingest  cholesterol  and  which  does  in 
nature  develop  Immanlike  atherosclerosis  (A17.  A18,  A19).  The  lesions  pro- 

duced in  chicks  by  diets  high  in  cholesterol  are  almost  identical  with  the  spon- 
taneous lesions  found  in  this  bird  at  an  older  age  (D15,  DIG). 

The  work  on  cholesterol  feeding  of  rabbits  and  chicks  is  of  significance  in  the 
study  of  the  pathogenesis  of  human  atherosclerosis  since  it  is  the  most  consistent 
method  developed  for  the  production  of  experimental  lesions  and  the  study  of 
their  prevention  or  modification. 

FACTORS  AFFECTING  EXPERIMENTAL  CHOLESTEROL  ATHEROMATOSIS 

1.  Thyroid,  Iodides,  Thyrotropic  Factor  of  Pituitary,  Thiocyanate:  The  simul- 
taneous administration  of  whole  thyroid  gland,  or  potassium  iodide,  or  organic 

iodide  with  cholesterol  prevents  experimental  atheromatosis  (D54,  D55,  D61). 
Thyroxin  fails  to  do  this  effectively  (D61).  The  protective  action  of  potassium 
iodide  depends  on  the  presence  of  the  thyroid  gland,  since  after  thyioidectomy 
it  is  ineffective  in  preventing  atheromatosis  (D65).  Furthermore,  ral)bits  refrac- 

tory to  experimental  atheroma  can  be  made  susceptible  by  thyroidectomy  (D58, 
D66).  Iodides  du  not  affect  removal  of  lesions  produced  by  earlier  cholesterol 
administration  ( D50 ) . 

There  are  apparently  two  different  actions  of  thyroid,  one  on  the  blood 
cholesterol  level  and  the  other  on  the  arterial  intima.  For  organic  iodide  may 
prevent  atheroma  without  preventing  hypercholesterolemia  (D55).  Aithough 
potassium  iodide  prevents  both  hypercholesterolemia  and  atheiosclerosis  for 
several  months,  after  this  the  blood  cholesterol  rises  and  yet  athero.sclerosis 
does  not  develop  (DG2).  Furthermore,  potassium  iodide  gixen  after  the  blood 
cholesterol  is  elevated  will  cause  a  further  rise  and  will  retard  the  chop  in  blood 
and  adrenal  cholesterol  which  usually  supervenes  after  the  administration  of 
cholesterol  is  stopped  (D62,  D63,  D66).  In  thyroidectomized  rabbits  which  are 
fed  both  cholesterol  and  potassium  iodide,  the  admini.stration  of  thyroid  or 
thyroxin  will  delay  but  not  prevent  the  rise  in  lilood  cholesterol  (D62).  Yet 
even  with  hypercholesterolemia,  these  rabbits  haxc  \  ery  little  atherosclerosis 
(DG2).  Hence  thyroid  appears  to  be  related  to  the  local  accumulation  of  clioles- 
terol  as  well  as  to  the  serum  level  (D55,  DGG).  It  may  influence  the  site  of 
lesions  according  to  Goormaghtigh  and  Hando-vsky  (CI 3)  who  found  tluit  vita- 

2  It  is  frequpntly  stated  that  since  the  rabbit  does  not  normally  ingest  cholesterol  it  does 
not  ordinarily  absorb  an.y  sterol  because  plant  sterols  have  been  assumed  to  be  unabsorbed 
following  the  work  of  Schonheimer.  Even  this  view  may  be  changed  as  recent  work  (H52) 
suggest.s  that  sitosterol  may  be  absorbable  after  all. 
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min  D  affected  different  coats  of  the  artery  depending  on  the  presence  or  absence 
of  tlie  thyroid  gland. 

While  the  thyroid  gland  secretion  tends  to  prevent  the  development  of  choles- 
terol atherosclerosis,  the  thyrotropic  hormone  of  the  anterior  pituitary  favors 

its  development  (D9).  Yet  both  thyroid  (D62,  D6G)  and  thyrotropic  hoimone 
(D64)  tend  to  lower  the  serum  cholesterol  level.  As  -with  other  functions, 
these  two  hormones  may  exert  antagonistic  effects  on  intimal  cholesterol  lesions. 
With  hypofunction  of  the  thyroid,  the  failure  of  an  antagonist  mechanism  may 
result  in  hyperf'unction  of  the  pituitary  thyrotropic  hormone  which  favors  the 
development  of  atheroma.  However,  thyroidectomy  by  itself  without  choles- 

terol feeding  does  not  produce  atheroma  in  rabbits  (D65).  The  administration 
of  thjToid  or  of  iodides  (in  the  presence  of  thyroid)  may  counteract  the  thyro- 

tropic hormone  and  inhibit  atherosclerosis  regardless  of  the  serum  cholesterol 
level. 

Potassium  thiocyanate,  on  the  other  hand,  is  reported  to  prevent  atheroma  in 
cholesterol-fed  rabbits  in  the  absence  of  the  thyroid  (D4G).  The  fact  that  thio- 

cyanate often  results  in  enlargement  of  the  thyroid  gland  with  the  production  of 
hypothyroidism,  which  may  be  counteracted  by  thyroid  administration  (H50), 
suggests  that  it  may  act  through  the  thyroid-thyrotropic  mechanism. 
The  thyroid-thyrotropic  effect  on  atherosclerosis  in  the  rabbit  may  act 

through  a  change  in  rate  of  cholesterol  transport.  Such  a  change  in  rate  may 
reflect  either  a  decrease  in  local  intake  or  an  increased  output  of  cholesterol  by 
the  intimal  cells,  in  which  it  may  be  present  (since  apparently  all  body  cells 
contain  cholesterol). 

Not  only  the  thyroid  stimulating  hormone  of  the  anterior  pituitary  but  pos- 
terior pituitary  extract  as  well  acts  to  enhance  the  development  of  cholesterol 

atherosclerosis  in  rabbits  (D51,  D52). 
2.  Sex  Hormones:  The  role  of  sex  hormones  in  experimental  atherosclerosis 

has  only  begun  to  be  investigated.  Castration  has  been  reported  to  increase 
the  degree  of  atherosclerosis  in  cholesterol-fed  rabbits  (D53,  D58)  and  to  make 
possible  the  production  of  microscopic  atherosclerosis  in  mice  (D43).  It  has 
been  repeatedly  observed  that  rabbits  vary  in  their  susceptibility  to  cholesterol 
atherosclerosis  (D31)  and,  according  to  Turner  and  associates,  it  is  in  male 
rabbits  that  the  failures  to  induce  atheroma  chiefly  occur  (D63).  If  there  is 
any  protective  effect  from  androgens  which  is  removed  with  castration  this  has 
yet  to  be  demonstrated.  On  the  other  hand,  it  has  been  shown  that  the  ad- 

ministration of  either  male  or  female  sex  hormones  to  female  rabbits  will  prevent 
both  hypercholesterolemia  and  atheroma  in  the  presence  of  the  gonads  (D45). 
After  gonadectomy  of  the  female  rabbit,  the  hormone  administration  is  ineffec- 

tive in  preventing  atheroma  (DIO).  just  as  it  is  in  the  male  rabbit  before  gonad- 
ectomy. How  these  observations  tie  in  with  the  role  of  the  thyroid  in  the 

regulation  of  cholesterol  deposits  remains  to  be  clarified.  It  is  possible  that  the 
sex  hormones  too  have  a  place  in  the  thyroid  hormone — thyroid  stimulating 
Jiormone  inter-relationship. 

3.  Ldpoiropic  substances:  Hpocaic,  choline,  lecithin:  In  the  rabbit,  the  effect  of 
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administration  of  lipocaic  simultaheously  with  cholesterol  on  the  development 
of  hypercholesterolemia  and  atherosclerosis  is  variable.  According  to  some 
investigators  (D30)  it  may  prevent  both.  No  such  effect  was  found  in  rabbits 
by  others  (D19,  D69)  but  a  definite  protective  effect  of  lipocaic  in  diabetic  dogs 
was  reported  (D18). 

With  choline  too,  the  literature  shows  conflicting  reports  which  would  suggest 
that  some  additional  factor  which  is  not  recognized  at  present  is  operating. 
Steiner  (D59)  found  that  choline  administered  with  cholesterol  delays,  although 
it  does  not  prevent,  the  development  of  hypercholesterolemia  and  atherosclerosis. 
On  the  other  hand,  Bauman  and  Rusch  (D6)  and  Himsworth  (D28)  failed  to  find 
any  preventive  action  by  choline.  According  to  Steiner  (D60),  choline  may  like- 

wise favor  the  resorption  of  lesions,  while  Himsworth  (D28)  failed  to  confirm 
this. 

Lecithin,  another  lipotropic  substance,  has  been  found  to  restrict  hyper- 
cholesterolemia and  to  diminish  the  incidence  of  cholesterol  atherosclerosis  in 

the  rabbit  (D37,  D48).  However,  this  substance  raises  the  blood  cholesterol 
when  fed  to  dogs  (Hi 6). 

.'f.  Neutral  Fat:  Apparently  fat  is  necessary  for  optimal  absorption  of  choles- 
terol. Thus,  cholesterol  without  fat  is  far  less  effective  in  elevating  serum 

cholesterol  levels  in  rabbits  (D2)  and  may  be  entirely  unabsorbed  in  the  rat 
(H12),  although  the  guinea  pig  can  absorb  large  amounts  of  cholesterol  on  diets 
containing  little  fat  (H12).  Furthermore,  the  percentage  of  iat  in  the  diet  may 
influence  the  effect  of  cholesterol  (H13).  Neutral  fats  aid  absorption  and  may 
cause  reabsorption  of  cholesterol  excreted  into  the  lower  bowel  (H7).  High 
fat  intake  may  likewise  influence  cholesterol  metabolism  secondarily  through  its 
goitrogenic  effect,  since  high  fat,  high  protein  diets  are  goitrogenic  for  rabbits, 
poultry  and  brook  trout  (H41).  Fats  free  from  iodine  may  be  especially  goitro- 

genic for  pigeons  (H41). 
5.  Protein:  The  protein  in  the  diet  may  also  alter  the  effectiveness  of  choles- 

terol for  the  production  of  atherosclerosis  in  the  i-abbit  (D48).  A  smaller  quan- 
tity of  cholesterol  seems  effective  in  rapidly  producing  atherosclerosis  when  it  is 

given  in  the  form  of  meat,  eggs  or  milk  than  when  pure  cholesterol  is  given 
(D12,  D48).  While  a  high  protein  soya  meal  diet  from  which  lipid  is  extracted 
fails  to  produce  lesions  (D28),  a  defatted  high  protein  casein  diet  will  (D48). 
In  mice,  protein  plus  cholesterol  has  been  reported  to  result  in  microscopic 
atheroma  (D43),  whereas  cholesterol  alone  does  not  produce  even  microscopic 
lesions. 

6.  Miscellaneous  other  s^cbstances:  Thiamin  chloride,  ascorbic  acid  and  tocopherol 
have  been  tried  and  found  ineffective  in  the  prevention  of  cholesterol  atheroma  in 
rabbits  (D24).  Alcohol  (D22),  bromides  (D61),  and  chlorophyll  (D4G)  have 
likewise  been  reported  ineffectual. 

7.  Macromolecular  Substances:  The  possibility  that  the  large  size  of  the  lipo- 
protein (cholesterol-protein)  aggregate  may  be  an  important  element  in  the 

development  of  the  intimal  lesions  is  supported  by  the  investigations  of  Heuper 
(C21-C25,  G3).    He  found  that  intravenous  and  intraperitoneal  injections  of 
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polyvinyl  alcohol,  a  macromolecular  colloid  (and  other  macromolecular  sub- 
stances) cause  atheroma-like  lesions  in  the  large  arteries  of  the  dog,  morpho- 
logically similar  to  cholesterol  atheroma  of  the  rabbit.  The  foam  cells  in  the 

intima  in  these  cases  contain  polyvinyl  alcohol  (or  other  substance  used)  and  not 
cholesterol. 

GENESIS  OF  EXPERIMENTAL  CHOLESTEROL  ATHEROSCLEROSIS 
A  niunber  of  views  have  been  advanced  regarding  the  genesis  of  experimental 

atherosclerosis  due  to  cholesterol  feeding.  Anitschkow  (D2)  believes  with  Vir- 
chow  and  Aschoff  that  the  deposition  of  lipid  is  of  an  infiltrative  nature,  that  lipoid 
enters  the  intima  with  the  plasma  directly  from  the  vessel  lumen,  wherever  the 
internal  elastic  lamina  has  been  torn.  In  the  ground  substance  of  the  intima, 
the  lipid  then  undergoes  precipitation  and  secondary  calcium  deposition  may  occur. 
Lipid  is  extracellular  at  fir.st  according  to  this  view.  After  reparatixe  filirous 
intimal  thickening  occurs,  no  further  lipid  enters  the  intima.  Anitsclikow 
points  out  that  both  focal  lesions  of  the  arterial  wall,  inflammatory  or  other,  and 
elevated  blood  pressure  predispose  to  the  condition  by  weakening  the  internal 
elastica.  He  believes  that  these  processes  in  the  rabbit  are  analagous  to  those 
occurring  in  man. 

Duff  (D21)  contends  that  the  primary  changes  in  cholesterol-fed  rabbits  are 
necrosis  of  muscle  cells  of  the  media  and  swelling  of  the  ground  substance  of  the 
intima.  Lipid  infiltration  is  secondary  and  the  earliest  lipid  is  extracellular. 
Later  wandering  cells  appeal",  becoming  foam  cells,  and  still  later  fibroblasts 
may  make  tlieir  appearance.  Infiltration  of  lipid  occurs  only  at  sites  of  local 
injury,  eith(>r  in  the  intima  or  media. 

Leary,  in  his eaili(M-  woik  (1)40),  described  the  first  change  in  arteriosclerosis  as 
mucoid  degeneration  with  extracellular  isotropic  lipid  occurrmg  in  the  intima. 
This  is  followed  l)y  the  appearance  of  foam  cells  containing  anisotropic  lipid,  the 
foam  cells  arising  from  monocytes.  But  in  later  reports  Leary  (D41 )  contends  that 
(a)  lipid  accumulation  is  the  primary  change  in  atheroma  and  precedes  any  degen- 

eration ,  and  (b)  the  lipid  is  int  racellular  from  the  start.  In  this  latest  view,  Leary 's 
hypothesis  is  that  cholesterol-laden  foam  cells  (globular  lipophages),  originating 
from  the  Kupffcr  cells  of  the  liver  and  the  reticulo-endothelial  cells  of  the  adrenal, 
spleen  and  l)()ne  marrow,  are  liberated  into  the  blood  stream  after  cholesterol 
feeding  in  the  rabbit.  (Similar  cells  may  arise  from  the  brain  after  injury  or 
from  areas  of  infectious  exudate.)  These  foam  cells  can  be  seen  in  the  hepatic 
veins  and  in  the  pulmonary  capillaries.  They  lose  some  of  the  cholesterol  and 
decrease  in  size  in  their  passage  through  the  lungs.  Leary  reports  that  they 
penetrate  the  endothelium  of  systemic  vessels  and  accumulate  under  the  endo- 

thelium forming  atheromatous  plaques.  "Chemotaxis"  is  the  mechanism  for 
focal  penetration,  and  local  mechanical  .stresses  help  to  determine  the  precise 
distribution  of  lesions.  Fibrolipophages  appear  later  and  may  remove  some  of 
the  lipid  and  determine  the  ultimate  form  of  the  lesion  (F18). 

According  to  Hueper's  views  (G3),  lesions  result  from  macromolecular  sub- 
stances in  the  circulating  blood  stream  which  form  a  film  over  the  ve.s.sel  lining 
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and  interfere  with  nutrition  and  oxygenation  of  the  vessel  wall.  Endothelial 
cells  engulf  this  material  and  proliferate  to  form  plaques.  Such  endothelial 
cells  may  migrate  to  the  media.  He  attributes  localization  to  static  mechanical 
forces  resulting  from  posture  and  to  decreased  flow  in  the  \^asa  \-asorum  occurring 
through  hypertonus  or  hypotonus  of  the  blood  vessel  wall.  This  view  assumes 
that  the  endothelium  is  phagocytic  and  is  involved  in  the  lesions  in  contrast  to 
other  views  that  it  remains  intact.  Others  (D3,  D38)  ha\'e  likewise  considered 
the  endothelium  phagocytic. 

We  have  arrived  at  certain  conclusions  as  a  result  of  our  work  with  the  chick 
(DIG).  Our  observation  of  intimal  vasa  vasorum  containing  large  clumps  of 
foam  cells  has  indicated  to  us  that  the  vascularization  of  the  arterial  wall  is  a 
determining  factor  in  the  development  of  atheroma.  Foam  cells  within  these 
vasa,  either  coming  from  distant  sites  of  origin  or  locally  produced,  ma>'  accu- 

mulate and  interfere  with  intimal  nutrition.  We  ha\'e  ohserx  ed  foam  cells  within 
the  sinusoids  of  the  liver  and  in  the  central  hepatic  veins  in  the  cholesterol-fed 
chick  (DIG),  as  has  Leary  in  the  ral^bit  (D41).  Such  cells  have  also  been  seen 
crowding  lung  capillaries.  This  evidence  would  suggest  that  foam  cells  may 
originate  in  the  reticulo-endothelial  system  of  the  cholesterol-fed  chick  (and 
rabbit)  and  travel  through  the  veins  to  the  arterial  circulation  and  lodge  in  the 
vasa  vasorum.  The  possibility  that  such  cells  may  originate  locally  cannot 
be  excluded  without  further  evidence.  According  to  our  \  iew,  lesions  may  be 
expected  to  develop  where  (a)  there  are  intimal  vasa  vasorum  present  to  become 
obstructed  and  (b)  where  the  number  of  ̂ ■asa  is  critical  for  the  local  needs. 
Portions  of  the  aorta  which  are  uninvoh'ed  might  be  free  of  atheroma  either  be- 

cause (1)  there  are  no  intimal  vasa  or  (2)  there  are  so  many  vasa  that  obstruction 
of  a  few  does  not  seriously  interfere  with  local  nutrition.  In  the  I'ooster,  ather- 

oma is  most  apt  to  develop  in  the  abdominal  aorta  at  the  site  at  which  the  intima 
undergoes  physiological  thickening  with  maturation  (DIG,  A17).  Presumably, 
where  the  intima  thickens,  new  ^'asa  develop  and  the  presence  of  these  intimal 
vasa  may  facilitate  the  development  of  atheroma  by  the  mechanism  suggested 
above. 

A  COXCEPT  OF  THE  P.VTHOGENESIS  OF  HUM-^lN  ATHEROSCLEROSIS 
The  role  of  the  experimental  work  on  cholesterol  atherosclerosis  in  elucidating 

the  pathogenesis  of  human  arteriosclerosis  should  now  be  assayed. 
1.  Role  of  Cholesterol:  The  experimental  evidence  Avhich  has  been  summarized 

clearly  reveals  that  cholesterol  and  its  esters,  and  calcium  as  well,  are  the  essen- 
tial primary  constituents  of  atheroma  and,  at  present,  that  cholesterol  feeding  is 

the  only  consistent  method  of  producing  atherosclerosis  experimentally.  The 
difficulty  in  reconciling  these  facts  with  human  atherosclerosis  lies  in  (1)  the  ab- 

sence of  hypercholesterolemia  in  most  cases  of  arteriosclerosis  in  man  and  (2) 
the  absence  of  alimentary  hypercholesterolemia  in  man. 

The  newer  Avork  on  human  cholesterol  metabolism  removes  some  of  these 
difficulties.  In  the  first  place,  it  has  been  shown  that  the  normal  human  serum 
cholesterol  level  covers  a  wide  range  (from  132  to  392  mgm.  per  cent),  wider  than 
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the  range  for  most  l^lood  constituents  (H55).  But  the  cholesterol  level  is  fairly 
constant  in  a  given  individual  in  health.  Thus  a  level  of  300  may  be  normal  for 
one  individual,  but  abnormal  for  a  man  who  has  always  had  a  level  of  150  (H56). 
Levels  in  the  upper  part  of  the  normal  range  in  individuals  with  arteriosclerosis 
may  actually  be  abnormal  for  the  individuals  in  question. 

A  survey  of  clinical  studies  shows  that  elevated  serum  cholesterol  content 
favors  atherosclerosis  but  is  not  essential  for  its  occurrence.  Similarly,  elevated 
semm  cholesterol  is  not  always  accompanied  by  atherosclerosis.  This  is  also 
trae  experimentally.  In  man,  the  lack  of  correlation  between  atherosclerosis 
and  the  serum  cholesterol  level  has  been  shown  by  Lande  and  Sperry  (F14). 
Lipoidosis  may  occur  without  hypercholesterolemia  (H62)  and,  contrariwise, 
elevated  blood  cholesterol  (as  in  cretinism  (H68))  may  occur  Avithout  lipid  de- 

posits (H56).  On  the  other  hand,  in  diseases  with  known  elevation  of  serum 
cholesterol,  there  is  an  increased  incidence  of  atheromatosis,  viz.  diabetes  (A2, 
A5,  A13,  FS,  F31),  myxedema  (F5,  H41),  and  glomerulonephritis  (F29,  H-t, 
H27,  HGl).  In  the  xanthomatous  diseases,  coronary  atheroma  is  found  in  those 
with  elevated  serum  cholesterol  but  not  in  those  with  normal  serum  levels  (H62). 
Recently  it  has  been  shown  that  patients  wih  coronarj'  sclerosis  have  a  definitely 
elevated  average  serum  cholesterol  and  that  the  level  shows  wider  fluctuations 
than  in  normals  (F27).  Furthermore,  the  mean  level  of  blood  cholesterol  is 
higher  in  cases  with  arteriosclerosis  obliterans  of  the  legs  than  in  the  controls, 
although  the  range  of  A'ahies  is  the  same  in  both  (F2). 

Serum  cholesterol  levels  do  not  necessarily  reflect  the  cholesterol  content  of 
the  body  tissues,  a  situation  common  to  other  s\il)stances,  as  iox  example,  vita- 

mins. The  serum  cholesterol  level  reflects  ;)  halance  between  the  rate  at  which 
cholesterol  enters  the  blood  from  depots,  from  sites  of  synthesis  or  exogenous- 
sources  and  tliat  at  w  liich  it  leaA-es  the  blood  to  be  excreted,  destroyed  or  stored. 
Thus,  the  rate  of  transport  rather  than  absorption  and  excretion  determine 
serum  cholesterol  levels  (H5G).  Furthermore,  the  serum  level  may  vary  with 
shifts  of  cholesterol  between  red  corpuscles  and  plasma  as  occurs,  for  example,, 
with  variation  in  acid-base  balance  (F29,  H37).  A  rise  in  whole  blood  choles- 

terol may  mean  a  transfer  from  tissues  to  blood,  whereas  a  rise  in  serum  choles- 
terol may  mean  a  shift  from  red  corpuscles  to  serum.  The  thyroid  and  pituitary 

glands  may  regulate  the  shift  from  tissues  to  blood  in  man  as  in  experimental 
rabbit  atheroma.  Thus  the  serum  cholesterol  elevation  in  hypothyroidism  may 
be  due  to  an  increased  uptake  from  tissue  depots  or  to  a  decreased  output  to 
the  tissues.  Evidence  in  animals  (D25,  H24)  suggests  that  the  total  body 
cholesterol  does  not  change  after  thyroidectomy  but  that  there  is  a  change  in 
its  distribution.  On  this  basis,  if  cholesterol  is  a  major  factor  in  human  athero- 

sclerosis, it  is  not  the  level  of  this  substance  in  the  serum  which  is  important, 
but  rather  the  rate  of  its  transport.  High  rates  of  cholesterol  exchange  may  be 
balanced  so  that  the  serum  cholesterol  level  is  average,  high  or  conceivably 
even  low.  Our  attention  therefore  must  properly  be  placed  on  the  rate  of  choles- 

terol exchange;  and  to  this  end  it  would  be  appropriate  to  develop  for  clinical 
assay  a  "cholesterol  tolerance  test."    Evidence  already  exists  that  cholesterol 
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tolerance  varies  with  bodj'  weight,  i.e.,  the  obese  person  responds  to  a  fat  meal 
with  a  rise  in  serum  cholesterol  while  the  lean  one  shows  a  flat  curve  (H23).  Cor- 

relations with  such  a  test  may  reveal  a  definite  trend  between  arteriosclerosis 
and  "cholesterol  intolerance." 

2.  Dietary  Factors  Influencing  Cholesterol  Metabolism:  (a)  Cholesterol:  The 
marked  species  difference  in  the  effect  of  ingested  cholesterol  has  been  discussed 
earlier.  Little  direct  kno\vledge  is  available  on  the  effects  of  long  terai  choles- 

terol feeding  in  man.  The  administration  by  mouth  of  large  quantities  of 
cholesterol  for  a  few  feedings  or  for  2  to  4  weeks  fails  to  raise  the  serum  choles- 

terol (H28)  but  its  administration  with  lecithin  as  egg  yolk  may  raise  serum 
cholesterol  (H57,  H60).  Indirect  information  on  dietary  cholesterol  may  be 
obtained  from  a  comparison  of  diabetes  in  the  pre-insulin  and  insulin  eras  and  by 
an  analysis  of  populations  with  different  dietary  habits.  The  diabetic  today 
with  a  moderate  or  low  fat  diet  has  a  lower  serum  cholesterol  than  in  the  pre- 
insulin  era  when  high  fat  diets  were  in  vogue  (FU).  Omission  of  all  eggs  from 
the  diets  of  diabetic  children  may  lower  the  serum  cholesterol  level  (Fll)  but 
an  egg  rich  diet  does  not  raise  it.  While  the  well-controlled  diabetic  child  has  a 
serum  cholesterol  level  in  the  normal  range,  it  averages  significantly  above  the 
average  level  of  the  non-diabetic  child  (F13).  In  some  cases  of  lipoidosis,  re- 

moval of  all  cholesterol  from  the  diet  (by  a  strict  vegetarian  diet)  lowers  the 
serum  cholesterol  (F28). 

Few  documented  reports  are  available  on  the  comparative  serum  cholesterol 
levels  of  Eskimos  with  their  high  meat  diet,  Europeans  and  Americans  on  their 
rich  cholesterol-containing  diet,  and  the  Chinese  and  Arabs  on  a  low  meat  or 
meat  free  diet.  It  is  stated,  however,  that  Eskimos  do  not  have  an  elevated 
serum  cholesterol  (HIS);  the  Chinese  (F26)  and  Japanese  (D53)  are  said  to 
have  a  low  semm  cholesterol  content  and  a  low  incidence  of  coronary  arterio- 

sclerosis (F26).  In  this  connection  peptic  ulcer  patients  with  their  high  choles- 
terol milk  and  cream  diet  do  not  have  a  greater  incidence  of  coronary  sclerosis 

(F25),  but  two  European  explorers  on  a  pure  meat  diet  for  a  year  did  show  an 
elevation  of  serum  cholesterol  (H63). 

The  evidence  to  date,  however,  does  not  exclude  the  possibility  that  dietary 
cholesterol  may  contribute  to  the  development  of  human  atherosclerosis.  In 
fact,  the  normal  serum  levels  may  include  an  element  of  alimentary  cholestero- 
lemia  resulting  from  the  relatively  rich  cholesterol  diet  of  Americans.  Further- 

more, studies  of  serum  levels  do  not  exclude  the  role  of  dietary  cholesterol  on 
body  stores  and  transport  of  cholesterol.  It  is  conceivable  that,  in  man,  as  in 
the  rabbit  (D2),  long-term  consumption  of  cholesterol  in  moderate  quantities 
may  favor  the  development  of  atheroma  without  hypercholesteremia.  Perhaps 
the  elimination  of  dietary  cholesterol  may  prove  to  be  one  of  the  more  readily 
controllable  of  the  several  factors  involved  in  human  arteriosclerosis.  But  this 
judgement  must  be  postponed  to  await  more  positive  evidence. 

There  is  evidence  from  studies  on  experimental  atherosclerosis  and  on  choles- 
terol metabolism  that  other  factors  of  the  diet  than  cholesterol  may  play  a  role 

in  human  atherosclerosis.  In  this  field  also,  much  still  remains  to  be  solved. 
From  the  evidence  at  present  available  certain  facts  seem  clear. 
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(b)  Fat:  Natural  food  sources  of  cholesterol  contain  neutral  fats  and  lecithin 
also.  There  is  a  fairly  constant  ratio  between  total  cholesterol  and  total  fat  in 
the  plasma  (F24,  F29).  The  elevations  of  serum  cholesterol  in  diabetes  (FU), 
lipoidoses  (F28),  and  in  arteriosclerosis  obliterans  (F2)  are  associated  with  eleva- 

tions of  the  other  lipid  fractions  and  fatty  acids.  Similarly,  the  increase  in 
cholesterol  content  of  the  aorta  with  age  and  atheromatosis  is  associated  with 
an  increase  in  all  lipids  and  the  ratio  of  one  lipid  to  the  others  tends  to  be  the 
same  as  in  plasma  (F9).  A  rise  in  serum  cholesterol  follows  the  administration 
of  lard,  butter,  vegetable  fats  to  obese  persons  but  not  to  thin  ones  (H23).  In 
the  thin  person,  there  may  be  a  rise  in  non-cholesterol  lipids,  however  (H23). 
Furthermore,  obese  persons  tend  to  have  a  higher  fasting  serum  cholesterol  level 
than  lean  ones  (F29,  H23). 

(c)  Protein:  In  experimental  atherosclerosis,  the  protein  in  the  diet  may  influence 
the  effectiveness  of  cholesterol  in  producing  lesions  (D48).  In  the  plasma,  cho- 

lesterol is  combined  with  euglobulin  and  with  fibrinogen  (H7).  It  is  known  that 
there  is  a  tendency  for  serum  protein  and  serum  cholesterol  to  deviate  in  opposite 
directions  as  in  nephrosis  (H6I),  plasmapheresis  (HI)  and  after  hemorrhage  (H42). 

3.  Endogenous  Factors  Affecting  Tissue  Cholesterol  Level:  It  is  clear  from  experi- 
mental work  that  the  thyroid  gland  plays  an  important  role  in  the  development 

of  cholesterol  atherosclerosis.  There  is  supporting  clinical  evidence  for  this 
influence  in  the  fact  that  the  serum  cholesterol  usually  rises  in  hypothyroidism 
and  that  this  rise  can  be  reversed  by  thyroid  gland  administration  (H68).  Leary 
(H35)  has  suggested  that  as  persons  grow  older  the  thyroid  maj^  function  less 
well.  It  lias  ]:>eeii  found  that  persons  with  atherosclerosis  over  55  years  of  age 
have  lower  f)asal  uK^tabolic  rates  than  those  without  arteriosclerosis  (F5).  How- 

ever, there  is  no  direct  correlation  l^etween  the  basal  metabolic  rate  and  serum 
cholesterol  level,  and  it  is  evidently  some  other  property  of  the  thyroid  secretion 
than  its  calorigenic  effect  which  may  be  involved.  More  work  along  this  line 
is  needed.  Of  interest  in  this  connection  is  the  antagonistic  action  of  thyroid- 
sthnulating-hornione  of  the  pituitary  gland  to  the  thyroid  hormone  on  experi- 

mental atherosclerosis  (1)9,  1)04). 
The  role  of  the  i)a.ncreas  in  the  development  of  atherosclerosis  is  suggested 

clinically  as  well  as  experimentally  (D18)  l)y  the  greater  prevalence  of  arterio- 
sclerosis in  diabetic  persons  compared  with  non-diabetics  in  the  various  age 

groups  (A2,  A5).  The  details  of  its  possible  mode  of  action  are  not  known. 
It  is  clear  that  the  degree  of  the  arteriosclerosis  is  not  proportionate  to  the 
severity  of  the  diabetes  (Fll).  Nor  is  there  any  relation  between  blood  sugar 
level  (F31)  or  insulin  administration  and  seniun  cholesterol  (Fll,  H32).  How- 

ever, the  serum  cliolesterol  is  often  ('le\ate(l  in  the  presence  of  ketosis,  and 
always  in  coma,,  and  (hops  ra.i)i(lly  as  acidosis  is  successfully  treated  (F31). 

The  role  of  the  sex  glands  in  arteriosclerosis  has  been  considered  hy  the 
workers  in  this  field,  and  the  exi)erimental  evidence  is  suggestive.  The  subject 
still  needs  investigation.  It  is  known  that  in  man  arteriosclerosis  causes  more 
disability  in  the  male  than  in  the  female  as  far  as  coronary  artery  involvement  is 
concerned  (A4).    During  puberty,  serum  cholesterol  has  been  found  to  rise 
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temporarily  (F31).  A  i-i.se  in  serum  cholesterol  has  also  t)een  found  during  the 
mid-portion  of  the  menstrual  cycle  and  in  pregnancy  (H7).  Sex  may  operate  in 
indirect  ways  through  the  pituitary  and  thyroid  glands  rather  than  directly 
through  the  control  of  the  gonads  on  tissue  cholesterol  metabolism. 

Local  Cell  .\f(  liil)()lism  of  Cholesterol:  The  role  of  the  local  cell  in  the  metab- 
olism of  cholesterol  remains  a  controversial  subject.  Cholesterol  is  present  in 

all  bo(l>'  cells;  eliolestei'ol  esterase  is  likewise  present  throughout  the  body  as  well 
as  in  the  blood.  It  lias  been  suggested  that  cholesterol-dehydrocholesterol  plays 
a  role  as  an  oxidation-reduction  system  in  cell  metabolism  (F28).  The  work  (jf 
Schonheimer  and  Rittenberg  with  deuterium  indicates  that  cholesterol  is  slowly 
synthetized  from  multiple  small  molecules  (H54)  such  as  acetic  acid  (H6). 
Bills  (H3)  believes  that  cholesterol  originates  in  the  cells  in  which  it  is  found. 

Thannhauser  (HG2)  outlines  the  possible  distiu'ljances  in  cholesterol  inter- 
mediary metabolism  which  may  lead  to  local  accumulation  in  cells:  (1)  Retention 

and  storage  in  local  cells  due  to  (a)  diminished  destruction  of  cholesterol,  (b) 
decreased  excretion,  or  (c)  lack  of  esters  or  phospholipid.  (2)  Increased  syn- 

thesis of  cholesterol  by  cells  generally  or  l)v  reticulo-endothelial  cells.  He  accepts 
the  last  as  basic  in  xanthomatosis  and  points  out  that  once  formed,  foam  cells 
can  increase  and  migi-ate.  Primary  xanthoma  is  due  to  intracellular  over- 

production in  his  opinion,  whereas  in  the  .secondary  xuuthomatosis  of  diabetes, 
the  lesions  are  due  to  retention  storage.  According  to  Sperry  (H5())  local  accu- 

mulation may  be  caused  by  lack  of  lipolytic  enz\'nies  necessary-  for  interchanges 
among  lipids.  This  would  fit  in  with  Leary's  \  ie\\s  regarding  reversibility  of 
atheroma  due  to  adequate  lipolysis  in  youth  and  the  permanence  of  atheroma 
due  to  inadequate  lipolysis  in  older  i)ersons  (F18).  On  the  basis  of  histologic 
studies  Hirsch  (FlO)  believes  that  foam  cells  de\elop  from  normal  endothelial 
cells  and  that  the  cholesterol  and  calcific  granules  may  be  jjroduced  in  these 
cells. 

If  this  \  lew  is  supported,  futui-e  studies  must  be  dii-ected  to  the  factors  which 
lead  to  local  alterations  in  cell  metabolism  which  enal)le  thes(>  cells  to  accumulate 
cholesterol.  This  view  at  piesent  does  not  define  the  factors  which  cause  the 
local  overproduction  or  retention  of  cholesterol  and  determine  the  site  of  lesions. 

5.  Excretori/  Faclors:  It  is  not  enough  to  consitler  the  intake,  transport  and 
storage  of  cholesterol  in  attempting  t(j  evaluate  its  role  hi  atherosclerosis  but 
consideration  must  be  given  to  its  excretion  and  destruction,  since  disturbances 
here  may  be  responsible  for  its  accvuiiulation  in  the  body  tissues. 

Cholesterol  is  excieted  into  the  large  intestine  (117).  It  is  also  excreted  by  the 
liver  in  the  bile  (115).  but  this  cholesterol  is  leahsorbed.  Colon  bacilli  in  the 
large  intestine  may  destroy  cholesterol  to  a  varying  extent  so  that  measured  ex- 

periments on  excretion  have  been  challenged  (HGl,  HG2). 
6.  Fdclors  1 11  jhicneing  Localizalion  of  Lesions:  As  is  well  known,  atheroma  is 

not  a.  diffuse  lesion  but  occurs  as  localized  plaques,  most  often  in  the  descending 
thoracic  aorta  at  the  origin  of  intercostal  arteries,  in  the  abdominal  aorta  par- 

ticularly at  points  of  branching  such  as  the  bifurcation,  and  in  the  coronary 
arteries. 
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Those  recent  experimenters  who  have  adopted  the  view  that  imbibition  from 
the  plasma  is  the  basic  mechanism  for  atheroma,  have  offered  varied  explana- 

tions for  the  development  of  the  localized  accumulations.  The  following  are 
the  chief  views  propounded:  (1)  Lipid  infiltrating  diffusely  into  the  vessel  wall, 
gravitates  or  is  massaged  hy  the  vessel  pulse  through  the  intimal  tissue  space  and 
is  trapped  in  those  sites  which  are  immobile  or  where  scarring  obliterates  the  in- 

timal "tissue  space"  by  joining  intima  to  media,  and  collects  there  to  form  the 
focus  of  atherosclerosis  (D72).  The  development  of  intimal  fibrosis  and  ather- 

oma at  the  edge  of  a  fixed  portion  of  an  artery  has  recently  been  demonstrated 
(D72).  However,  Harrison  (C18)  found  that  the  more  mobile  portions  of  ar- 

teries are  susceptible  to  atheroma.  (2)  Lipid  infiltrates  diffusely  into  the  intima 
in  systole  and  is  expressed  in  diastole  by  the  elastic  recoil  of  the  internal  elastic 
membrane  except  where  (a)  the  elastica  is  damaged  or  torn  as  by  excess  stress, 
(b)  the  intima  is  too  thick  for  adequate  expression,  or  (c)  the  intima  undergoes 
some  chemical  change  which  makes  it  bind  the  lipid  (F23).  (3)  Lipid  infiltration 
occurs  in  greater  amounts  in  those  regions  where  stress  and  stretching  injure  the 
grovmd  substances  of  the  intima  (F9)  or  have  damaged  the  media  (D21)  or  the 
elastica  (D2). 

All  of  these  hypotheses  are  based  on  the  a.ssumption  that  the  lipid  deposit  is 
on  a  purely  mechanical  basis  of  preferential  filtration.  They  are  based  in  part 
on  observations  of  extracellular  lipid  and  intimal  or  medial  degeneration  in  small 
lesions  assumed  to  be  the  earliest  changes.  Duff  (D21)  claims  that  the  first 
visible  microscopic  change  is  degeneration  and  necrosis  and  only  later  does  extra- 

cellular lipid  appear,  to  be  followed  still  later  by  foam  cells.  However,  careful 
histologic  studies  by  others  (D41,  E7,  E12)  have  shown  the  earliest  lesions  to  be 
subendothelial  foam  cells  containing  anisotropic  lipid  or  cholesterol.  If  lesions 
go  through  cyclic  changes  as  has  been  indicated  (F18),  these  conflicting  views 
may  mean  that  the  last  stage  of  a  subsiding  lesion,  after  foam  cells  have  de- 

generated and  lipid  has  been  liberated,  is  mistaken  for  the  first  stage  of  a  begin- 
ning lesion.^  No  positive  experimental  evidence  of  infiltration  has  been  pro- 

duced. 
Opposing  the  theory  of  infiltration  is  that  of  local  production  of  lipid  in 

the  lesion.  According  to  this  view,  advanced  by  Hirsch  (FIO),  the  continuous 
vibration  or  agitation  of  the  arterial  wall,  more  marked  at  sites  of  eddies,  breaks 
up  the  internal  elastica  and  destroys  the  complex  organization  of  the  intima. 
Local  metabolic  derangements  result  in  the  local  production  of  cholesterol  within j 
branching,  stellate  cells,  which  he  suggests  may  be  a  type  of  vascular-nerve  cell. 
Calcium  and  hyaline  are  locally  produced  simultaneously  as  a  result  of  derangedj 
metabolism.  This  idea  of  local  production  of  cholesterol  within  cells  is  closelj 
allied  to  Thannhauser's  view  (H62)  regarding  the  development  of  primary  xa 
thoma  due  to  local  cell  overproduction. 

If  cholesterol  enters  the  arterial  wall  by  some  method  other  than  diffuse  in- 
filtration, other  explanations  of  its  entrance  and  its  localization  must  be  put 

'We  too  have  seen  3  types  of  "early"  lesions  in  the  chick:  (1)  foam  cells,  (2)  mucoid 
degeneration  and  extracellular  lipid  and  (3)  fibrosis. 

I 
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fonvard.  Another  theory  has  been  advanced  by  Leary  (D41)  who  has  obseved 
foam  cells  in  the  earliest  human  microscopic  lesions,  i.e.,  intracellular  cholesterol 
in  the  earliest  lesion  rather  than  extracellular  lipid  as  would  appear  from  primary 
infi-ltration,  and  rather  than  preliminary  mucoid  degeneration  as  would  appear 
from  primary  injury. 

Fm-ther  evidence  against  the  theory  of  infiltration  or  imbibition  has  been 
gathered  by  Winternitz  and  his  associates  (G9,  GIO).  Their  studies  of  the  arte- 

rial blood  supply  have  disclosed  an  intramural  intimal  circulation  anastomosing 
with  the  adventitial  vasa  (G9).  These  intimal  vasa  are  most  numerous  at  the 
origins  of  branching  arteries  and  generally  increase  in  number  with  age.  In- 

timal vasa  are  always  found  in  association  with  intimal  atherosclerotic  lesions 
(GlO)  so  that  the  association  has  seemed  more  than  fortuitous.  These  investi- 

gators have  observed  frequent  intramural  hemorrhages  from  these  vasa  and 
have  advanced  the  hypothesis  that  such  hemorrhages  with  the  disintegration  of 
red  blood  corpuscles  and  liberation  of  their  contained  lipids  and  cholesterol 
serve  as  the  starting  point  for  atherosclerosis  (G9,  GIO). 

Our  own  observations  have  led  us  to  a  hypothesis  which  combines  some  of  the 
evidence  of  Leary  and  Winternitz  with  our  own.  Our  observation  of  clusters 
of  foam  cells  within  intimal  vasa  (D16)  has  indicated  to  us  the  importance  of 
both  the  intimal  blood  supply  and  the  importance  of  cholesterol-bearing  foam 
cells.  The  localization  of  foam  cells  is  determined  by  the  presence  of  intimal 
vasa,  their  number  and  distribution.  In  the  coronary  arteries  where  develop- 

mental intimal  thickening  has  occurred,  intimal  vasa  have  been  observed  by 
Leary  (D39)  and  others.  At  points  of  branching  the  presence  of  intimal  vasa 
(GIO)  permits  the  development  of  lesions.  Any  vascularized  scar  of  the  arterial 
wall  caused  by  arteritis  (syphilitic,  rheumatic,  etc.)  would  provide  the  vasa  for 
localization  of  lesions;  while  an  old  avascular  scar  would  tend  to  remain  free  of 
atheroma.  This  indicates  that  not  only  the  blood  supply  but  the  simultaneous 
presence  of  cholesterol-bearing  foam  cells  is  necessary  for  lesions  to  occur.  This 
could  account  for  the  formation  of  atheroma  around  the  edges  of  arterial  scars 
with  fibrous  centers  (D72,  C18).  The  origin  of  the  foam  cells  in  experimental 
cholesterol  atherosclerosis  appears  to  be  in  the  reticulo-endothelial  cells  of  the 
liver  (D16)  and  perhaps  other  organs  (D41).  Their  origin  in  man  remains  to 
be  deteiTnined. 

7.  The  Role  of  Tension  and  Strain:  Increased  arterial  pressure  may  accelerate 
intimal  thickening  and  may  affect  the  vascularity  in  its  favored  locations  and 
thus  may  hasten  the  occurrence  of  atheroma.  This  may  account  for  the  greater 
frequency  of  atherosclerosis  in  hypertensive  patients,  as  well  as  the  more  common 
presence  of  pulmonary  atherosclerosis  in  pulmonary  hypertension  (G6).  In  the 
rabbit,  as  well  as  man,  this  correlation  with  systemic  hypertension  has  been  found 
(C6,  C44). 

The  same  mechanism  operates  in  all  likelihood  in  causing  intimal  fibrosis  to 
occur  in  regions  of  branching  since  it  is  here  that  the  constant  impingement  of 
the  flowing  blood  stream  exerts  its  greatest  strain.  Similar  processes  can  be 
expected  to  occur  where^'er  the  stream  becomes  turbulent  and  eddies  are  set  up. 
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In  addition  regions  near  eddies  are  places  into  which  foam  cells  may  be  sifted  by 
hydraulic  forces  and  so  can  more  readily  plug  up  vasa. 

SUMMARY 

The  experimental  and  clinical  evidence  has  been  assayed  and  the  various  con- 
cepts of  atherosclerosis  critically  reviewed. 

We  may  summai'ize  our  conclusions  as  to  the  interplay  of  forces  resulting  in  the 
clinical  disease  atherosclerosis  as  follows:  Cholesterol  plays  a  key  role  and  is  an 
essential  substance  in  the  development  of  atheroma.  Furthermore,  the  thyroid 
hormone  and  thyroid-stimulating-hormone  affect  the  rate  of  transport  and 
storage  of  cholesterol,  thereby  playing  an  essential  part  in  the  genesis  of  athero- 

sclerosis. The  localization  of  lesions  is  influenced  by  the  process  of  physiological 
maturation  and  differentiation  of  the  intima  which  goes  on  up  to  the  age  of  30, 
particularly  in  the  cpicardial  portion  of  the  coronary  arteries,  and  in  the  aorta 
generally  but  more  marked  at  certain  sites.  The  development  of  vasa  vasorum 
in  the  intima  with  openings  in  the  arterial  lumen  likewise  determines  the  localiza- 

tion of  lesions.  When  hypertension  occurs,  on  whatever  basis,  its  presence 
hastens  and  augments  the  development  of  atheroma.  But  hypertension  alone, 
without  the  action  of  the  cholesterol  factor,  will  not  produce  atheroma.  Syph- 

ilis, rheumatic  aiteritis  and  other  inflammatory  arterial  diseases  may  augment 
atherosclerosis  by  the  augmentation  of  lx)th  the  local  tissue  factors  mentioned, 
namely  intimal  thickening,  and  the  number  of  vasa  vasorum. 

Tremendous  gaps  in  our  knowledge  make  it  impossible  to  set  up  a  fully  sub- 
stantiated theory,  liut  a  working  hypothesis  has  been  advanced  and  some  of  the 

aspects  of  the  prolilem  leciuiring  study  ha\-e  been  suggested. 

We  arc  indebted  to  Dr.  J.  Schlic'.iter  for  suggestions,  to  Mrs.  A.  G.  Keir  for 
assistance  in  compiling  the  bibliogi-ajihy,  and  especially  to  Miss  L.  Friedberg 
whose  cooperation  in  the  early  stages  ot  ])roparing  this  review  was  invaluable. 
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THE  EFFECT  OF  HIGH  OXYGEN  TENSION  ON  THE  RESPIRATORY 

SYSTEM! 
JULIUS  KAUNITZ,  M.D. 

It  has  been  well  established  in  laboratory  animals  that  prolonged  and  con- 
tinuous inhalation  of  an  atmosphere  containing  upwards  of  70  per  cent  oxygen 

leads  to  pathological  changes  in  the  lungs  and  cventualh'^  death.  Binger,  Faulk- 
ner and  Moore  (1)  state  that  the  poisonous  nature  of  oxygen  in  such  concentration 

was  already  known  to  Lavoisier.  Paul  Bert  (2)  showed  that  atmospheric  pres- 
sures of  over  twice  the  normal  accelerated  the  harmful  effects  of  high  oxygen 

tension,  particularly  on  the  nervous  system.  Lorrain  Smith  (3)  repeated  some 
of  Bert's  experiments  and  concluded  that  lungs  were  affected  by  moderately 
high  oxygen  tension  and  the  nervous  system  only  by  \-ery  high  oxygen  tension. 
Schmiedehausen  (4)  and  David  (5)  produced  changes  at  comparatively  lower 
oxygen  tension,  i.e.,  40  to  60  per  cent,  at  normal  atmospheric  pressure.  One  of 
the  animals  developed  pneumonia.  Some  of  the  dogs  receiving  90  per  cent 
oxygen  developed  changes  in  the  lungs  in  from  fifteen  minutes  to  one  hour;  this 
may  have  resulted  from  the  tracheal  cannula  used  to  administer  the  gases. 
Karsner  (6)  showed  that  organs  in  the  body  other  than  the  lungs  were  also  dam- 
aged. 

Binger  and  his  coworkers  (1),  exposing  dogs,  rabbits,  guinea  pigs  and  mice  to 
oxygen  concentrations  of  70  per  cent  and  over,  obtained  characteristic  reactions 
in  the  lungs.  These  organs  were  so  markedly  congested  as  to  resemble  liver 
and  to  sink  when  placed  in  ten  per  cent  formalin  solution.  ^licroscopic  exami- 

nation disclosed:  (a)  capillary  engorgement  with  hemorrhage,  (b)  serum  and 
mononuclear  cells  in  the  interstitial  and  intra-alveolar  spaces,  and  (c)  hyper- 

trophy and  desquamation  of  alveolar  walls.  These  findings  agree  with  those  of 
most  other  authors.  Apparently  the  pneumonia  described  by  some  investiga- 

tors does  not  belong  to  the  picture,  but  is  either  due  to  coincident  infection,  or  to 
intense  congestion.  Culture  of  the  lungs  by  Binger  and  his  coworkers  did  not 
demonstrate  bacteria.  Futhermore,  there  was  no  infiltration  \\'ith  polymor- 

phonuclear cells. 
The  writer's  experiments  A\  ere  conducted  with  30  mice  at  atmospheric  pressure. 

There  was  a  free  flow  of  100  per  cent  oxygen  into  the  chamber,  and  carbon  diox- 
ide was  removed  by  soda-lime.  All  the  animals  were  apathetic  at  the  end  of  the 

second  day,  manifesting  no  interest  in  food  or  drink.  On  the  third  day  they 
became  markedly  dyspnoeic  and  cyanotic  and  died,  some  in  convulsions. 

ANATOMICAL  FINDINGS 

Gross:  The  lungs  were  collapsed,  dark  red,  had  the  consistency  of  liver  and 
sunk  to  the  bottom  of  the  formalin  solution.  The  heart,  \i\vv  and  kidney?  were 
dark  red  and  swollen. 

1  From  the  Laboratory  of  Beth  David  HospitaL 411 
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Microscopic:  (fig.  1)  A  section  of  trachea  showed  marked  interstitial  edema  and 
the  mucosa  was  completely  denuded  of  epithelium,  (fig.  2)  The  walls  of  the 
bronchi  were  edematous  and  the  lumen  was  filled  w  ith  cpithefial  cells,  erythro- 

cytes, transudate  and  detritus.  The  surrounding  parenchj^ma  was  atelectatic, 
the  thickened  alveolar  walls  containing  enormously  engorged  capillaries.  The 
alveolar  spaces  were  filled  with  ti  ansudate,  erythrocvt(\s  and  fibrin.  In  some  sec- 

tions the  ah^oli  appeared  dilated,  probably  due  to  spastic  or  partially  obstructed 
bronchi,  as  in  obstructive  emphysema.  No  polymorphonuclear  leucocytic  re- 

action was  noted. 

Fig.  1.  Section  of  the  trachea  showing  marked  interstitial  edema.  The  mucosa  is  com- 
pletely denuded  of  epithelium. 

The  pathological  changes  in  the  respiratory  tract  are  primarily  due  to  the 
prolonged  irritative  effect  of  the  oxygen.  Clinically  and  morphologically  the 
reaction  may  be  compared  with  that  of  some  of  the  war  gases.  Cameron  (7) 
clinically,  and  Short  (8),  experimentally,  in  a  study  of  phosgene  and  other  iiri- 
tant  gases,  described  the  presence  of  mucus  secretion,  bronchial  spasm  and 
and  obstruction,  epithelial  desquamation,  pulmonary  collapse,  capillary  dilata- 

tion, plasma  exudation  and  heart  failure. 
At  the  outset,  oxygen  reaches  the  alveoli  with  ease.  Later,  the  bronchi  show 

contraction  and  become  filled  with  mucus  and  desquamated  epithelial  cells  which 
obstruct  the  air  passages.  The  intra-alveolar  gases  are  absorbed,  and  as  no  more 
air  enters,  the  pulmonary  segment  dependent  on  the  obstructed  bronchus  col- 

lapses. It  was  demonstrated  previously  (9)  that  with  the  drop  in  intra-alveolar 
pressure  there  is  dilatation  of  the  capillaries  with  transudation  into  the  ah-eolar 
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spaces  of  plasma  alone  or  plasma  with  formed  blood  elements,  depending  on  the 
degree  of  capillary  permeability.  The  concentrated  oxygen,  however,  is  suffi- 

ciently irritating  to  cause  marked  vascular  congestion  of  the  alveoli,  and  we  may 
assume  that  this  is  an  important  contributory  factor. 

The  pulmonary  collapse,  edema,  and  capillary  stasis  all  encroach  upon  the 
vital  capacity  imtil  the  oxygenation  of  the  blood  is  inadequate  for  life.  We 
thus  have  the  paradox  of  anoxia  caused  by  high  oxygen  tension.  Despite  the 
harm  caused  by  the  pure  oxygen,  the  animals  are  dependent  upon  it  to  such  a  de- 

gree that  transferring  them  to  a  normal  atmosphere  at  any  time  during  their 
last  six  hours  of  life  brings  on  instant  death. 

Fig.  2.  Section  of  a  lung  showing  a  large  bronchus  with  edematous  walls  and  its  lumen 
filled  with  exfoliated  epithelium,  erythrocytes  transudate  and  detritus.  The  surrounding 
parenchyma  is  atelectatic.  The  capillaries  of  the  thickened  alveolar  walls  are  engorged 
and  the  alveolar  spaces  are  filled  with  transudate,  erythrocytes  and  fibrin. 

Anoxemia  occurring  during  exposure  to  high  oxygen  tension  results  in  damage 
to  organs  other  than  the  lungs,  l^iffuse  and  severe  myocardial  damage  has  been 
reported  elsewhere  by  the  writer  (10). 

Binger  and  his  coworkers  were  the  first  to  report  that  the  death  of  the  ani- 
mals in  abnormal  oxygen  tensions  results  from  oxygen  want.  They  believe  that 

the  hypoxia  is  due  to  damage  of  the  diffusion  membrane  of  the  lungs  which 
interferes  with  proper  oxygenation  of  the  blood.  To  this  we  should  add  other 
more  or  less  important  factors,  namely,  (a)  diminished  vital  capacity  due  to 
atelectasis,  pulmonary  edema  and  stasis,  and  (b)  diminished  cardiac  output, 
due  to  pulmonary  capillary  stasis,  myocardial  degeneration  and  congestive 
heart  failure. 
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DISCUSSION 

We  have  very  little  knowledge  of  the  effect  on  human  beings  of  inhalations 
of  100  per  cent  oxygen  over  prolonged  periods.  The  concentration  rarely  ex- 

ceeds 60  per  cent  when  oxygen  is  administered  by  tents,  nasal  catheters  or  masks, 
and  when  high  pressure  helmets  or  masks  A\  liich  insure  100  per  cent  oxygen  are 
employed,  they  are  frequently  remoxcd  for  purposes  of  feeding,  washing,  etc. 
Foi-  this  reason  most  reports  on  the  harmless  (effects  of  100  per  cent  oxygen  over 
prolonged  periods  are  of  no  value. 

In  some  studies  on  the  inhalation  of  100  per  cent  oxygen  by  healthy  men, 
Behnke  (11)  found  that  some  suffer  no  injurious  effects  after  17  hours.  Others 
however  complain  of  substernal  distress  and  irritability  after  7  hours.  In  one 
individual  a  sensiti\  ity  was  manifested  as  ('\  idenced  b.y  wheals,  dermographism 
and  flushing  of  the  face  followed  by  a  dermatitis.  At  a  pressure  of  3  atmos- 

pheres in  which  the  effects  of  oxygen  is  consideial^ly  augmented,  his  subjects 
suffered  nausea  after  a  few  hours.  After  four  liours  there  was  also  a  facial 
pallor  and  a  progressive  contraction  of  the  visual  field  terminating  in  a  tran- 

sient amblyopia. 
Becker-Freyseng  and  Clamann  (12)  studied  the  effect  of  90  per  cent  oxygen 

on  themsehcs  in  an  air  tiglit  chami)er  for  sixty  fi\  e  hours.  During  the  first  24 
hours  neither  suffered  any  discomfort.  On  the  second  day  however  they  both 
began  to  feel  uncomfortable.  Symptoms  such  as  malaise,  dyspnoea,  rise  in 
temperature,  accelerated  jnilse  and  paresthesia  of  the  finger  tips  were  noted; 
the  paresthesia  lastetl  ten  days.  One  of  the  experimenters  developed  the  physi- 

cal signs  of  bronchopneumonia. 
It  is  obvious  that  a  high  concentration  of  oxygen  acts  as  an  iiritant  to  the 

respiratory  tract.  Therefore  despite  our  meagre  knowledge  of  its  action  on 
human  beings  exposed  for  prolonged  periods,  it  might  be  assumed  that  its 
effects  would  not  differ  materially  from  those  obtained  in  experimental  animals. 

CONCLUSION 

The  results  of  inhalation  of  oxygen  at  high  tension  are,  in  a  measure,  similar 
to  those  produced  by  irritant  gases  on  the  respiratory  tract. 

Mice  exposed  to  100  per  cent  oxygen  for  three  days  de\'eloped  interstitial 
edema  of  the  trachea,  bronchi  and  lungs,  denudation  of  the  epithelium  of  the 
trachea  and  bronchi,  as  well  as  constriction  and  occlusion  of  the  bronchi  associ- 

ated with  atelectasis.  These  pathological  changes  were  followed  by  progressive 
anoxemia,  causing  damage  to  the  myocardium  and  other  vital  tissues. 
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RECENT  ADVANCES  IN  CELLULAR  PATHOLOGY* 
PAUL  KLEMPERER,  M.D. 

It  is  the  object  of  pathologic  anatomy  to  define  disease  in  terms  of  organ  and 
tissue  alterations.  In  the  evokition  of  this  fundamental  aim,  pathologic  anatomy 
has  progressed  from  the  primary  gross  descriptive  method  of  INIorgagni  to  the 
most  detailed  microscopic  analysis  of  cellular  alterations,  inaugurated  by 
Virchow.  The  correlation  of  disturbances  of  function  with  alterations  of  form 
and  structure  has  been  the  cornerstone  of  scientific  medicine.  For  more  than 
half  a  centur.y  medical  research  was  conducted  mainly  along  morphologic  lines. 
However,  the  rapid  advances  in  bacteriology  and  immunology,  the  application  of 
exact  chemical  and  physical  methods  in  the  analysis  of  fimctional  disturbances 
led  to  a  reorientation  of  medical  science.  Pathologic  anatomy  was  censured  of 
being  concerned  with  the  final  phases  of  disease  only.  The  recognition  of 
static  structural  alterations  was  still  accepted  as  a  valuable  aid  in  diagnosis, 
pathologic  anatomy  still  retained  its  position  in  the  teaching  of  medicine  but  it 
seemed  agreed  upon  that  it  could  not  greatly  contribute  to  the  solution  of  the 
fundamental  problems  of  disease — etiology  and  pathogenesis.  Morphologic 
in\'estigations  were  appreciated  only  so  far  as  they  contributed  to  experimental 
patholog^^  The  proponents  of  the  dynamic  approach  to  disease  seemed  to  have 
forgotten  that,  to  use  the  words  of  Virchow,  "an  unbiased  anatomic  perception 
permits  of  the  recognition  of  causal  relationships",  and  "that  the  experiment  is 
only  the  control  for  the  pathologic  anatomic  conclusion."  They  also  seemed  to 
ha^•e  lost  sight  of  the  historical  fact  that  experimental  pathology  as  well  as 
pathologic  physiology  could  develop  only  on  the  firm  foundation  of  an  exact 
morphologic  doctrine. 

Pathologic  anatomy  has  proceeded  without  concern  along  the  lines  of  mor- 
phologic investigation.  The  decline  in  esteem  has  not  affected  its  contribution 

to  the  progress  of  medicine. 
If  I  were  to  report  on  its  accomplishments  in  recent  years,  I  would  not  lack  in 

material.  Tonight,  however,  I  should  like  to  review  with  you  certain  investiga- 
tions of  microscopic  anatomy  which  represent,  in  my  opinion,  a  distinct  recent 

advance  in  the  role  which  cellular  pathology  can  play  in  the  progress  of  medica 
science.  In  my  selection  of  particular  lines  of  research  I  was  guided  not  only  b 
their  actual  results  but  also  by  a  consideration  of  their  methodical  value  for  futu 
investigations. 

The  correlation  of  structure  and  function  is  the  essence  of  morphologic 
search.    Elvery  discovery  of  a  structural  detail  in  the  cell  arouses  the  questio 
as  to  its  functional  significance.    It  is  evident  that  comparison  of  finer  cell 
details,  such  as  mitochondria  and  Golgi  apparatus  under  normal  and  pathologi 
conditions  could  greatly  contribute  to  our  understanding  of  normal  and  path 

*From  the  Division  of  Pathology,  Laboratories  of  The  Mount  Sinai  Hospital,  Ne York,  N.  Y. 
Presented  at  The  Mount  Sinai  Hospital,  April  19,  1944. 
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ologic  cell  functions.  Unfortunately,  cytological  investigations  demand  not 
only  a  highly  developed  technique  but  also  are  dependent  upon  a  state  of  vital 
preservation  not  easily  obtained  in  human  pathologic  material.  The  number  of 
reports  on  mitochondrial  studies  in  human  pathologic  material  Ls  very  high. 
Unfortunately,  the  information  obtained  is  not  much  greater  than  that  which  one 
gains  from  a  careful  examination  of  cytoplasmic  changes  with  less  complicated 
methods  of  histologic  technique. 

Im-estigations  of  the  (iolgi  apparatus  under  various  biologic  conditions  have 
revealed  certain  information  correlating  the  size  of  the  apparatus  with  the 
physiologic  activity  of  the  cell.  It  has  been  established  that  in  exocrine  glands 
the  Golgi  body  hj'pertrophies  during  secretorj'  activity.  There  is  experimental 
evidence  that  acti\'ation  of  endocrine  glands  also  results  in  hypertrophy  of  the 
Golgi  apparatus.  This  occurs,  for  example,  in  the  thyroid  gland  after  the  injec- 

tion of  anterior  pituitary  extracts,  in  pancreatic  islet  cells  after  oestrone  injection, 
and  in  the  rat  parathyroid  after  the  experimental  induction  of  low  calcium  and 
low  phosphorus  rickets,  respectively.  Hypertrophy  of  the  Golgi  apparatus  in 
the  thyroid  of  Graves'  disease  has  been  reported  by  Welch  and  Broders  in  34  out 
of  35  cases  and  in  adenomatous  goiters  with  hyperthyroidism  in  19  of  21  glands. 
Hypertrophy  of  the  apparatus  was  also  found  in  5  of  16  adenomatous  goitei-s  in 
patients  who  were  not  judged  to  have  hyperthyroidism.  A  marked  polarization 
of  the  Golgi  body  is  generally  a  characteristic  of  exocrine  gland  cells,  the  appa- 

ratus being  between  the  nucleus  and  the  surface  at  which  the  secretory  products  are 
discharged.  The  only  endocrine  gland  which  shows  anything  like  a  fixed  polarity 
is  the  thyroid,  where  the  body  is  between  the  nucleus  and  the  folUcular  lumen. 
Cowdry  maintained  that  the  position  of  the  Golgi  body  was  a  reliable  index  of 
the  direction  of  secretory  release,  its  occasionally  reversed  position  in  the  guinea 
pig,  for  example,  being  indicative  of  secretion  directl}^  into  the  capillaries.  This 
concept  has  not  been  generally  accepted  and  the  question  of  the  polarity  of  the 
Golgi  body  in  endocrines  is  still  highly  controversial. 

Severinghaus  distinguished  a  characteristic  Golgi  apparatus  within  the  cells 
of  the  pituitary.  The  basophiHc  elements  are  distinguished  by  a  ring,  the 
acidophilic  by  a  filamentous  net.  The  predetermuiation  of  the  change  of  the 
chromophobe  cell  into  a  basophilic  or  eosinophiUc  element  is  indicated  by  the 
morphology  of  the  Golgi  body  in  the  mother  cell.  These  observations  are  of 
practical  importance  because  they  could  be  applied  in  such  instances  of  acro- 

megaly in  which  an  apparently  chromophobe  cell  adenoma  is  found  at  autopsy 
instead  of  the  anticipated  eosinophile  cell  tumor.  This,  though  a  very  incomplete 
survey  on  the  internal  reticular  apparatus  of  Golgi  as  applied  to  human  path- 

ology, certainly  does  not  encourage  much  hope  as  to  the  practical  value  of  such 
painstaking  cytologic  research  in  the  morphologic  analysis  of  human  disease. 
But  the  interesting  reports  of  recent  years  in  another  field  of  histiophysiologic 
research  should  be  reassuring. 

Since  the  demonstration  of  characteristic  granules  in  the  cells  of  the  islands  of 
Langerhans  by  Lane  and  Bensley,  the  B  cells  have  always  been  considered  as 
being  concerned  in  insulin  production.    The  investigations  of  Ham  and  Haist 
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have  demonstrated  that  anterior  pituitary  extracts  injected  in  daily  doses  into 
dogs  cause  progressive  degranulation  and  hydropic  degeneration  of  the  B  cells  by 
stimulating  these  cells  to  excessive  function.  On  the  other  hand,  we  have  now 
available  a  chemical  substance  Alloxan,  the  ureide  of  mesoxalic  acid,  which 
seems  to  have  a  direct  deleterious  effect  upon  the  B  cells.  In  larger  doses  it 
causes  necrosis  of  the  islands  of  Langerhans  in  rabbits,  while  smaller  doses, 
particularly  in  dogs,  produce  selecti\  e  degranulation  of  the  B  cells  and  clinical 
diabetes.  The  simplification  of  the  histologic  technicjue  for  the  demonstration 
of  the  B  and  alpha  granules  hy  Gomori  has  facilitated  the  investigation  of 
human  material.  The  routine  examination  of  the  pancreas  from  unselected 
cases,  for  the  presence  of  these  granules  should  produce  interesting  results. 

The  proliferation  and  changes  in  the  ratio  of  the  hypophj'seal  cells  ])r()\  ()ked 
by  removal  of  other  endocrine  glands,  or  by  hormonal  injection,  further  exemplify 
the  result  of  recent  studies  in  cellular  pathology  and  their  significance  in  endo- 
crinologic  research. 

I  should  like  to  turn  now  to  another  chapter  of  histologic  research  which  in 
recent  years  has  aroused  the  inteiest  not  only  of  the  histologist  but  alscj  of  the 
physiologist. 

In  1925  Ruyter  observed  in  the  mouse  large  granular  cells  \\  ithin  the  w  all  of  the 
afferent  arteriole  as  it  approaches  the  glomerulus.  He  described  them  as  epi- 

thelioid in  nature  with  round  or  o\'al  nuclei  in  contradistinction  to  the  elongate 
nucleus  of  the  smooth  muscle.  Tlie  cytoplasm  is  unfibrillated  and  rich  in 
granules.  Where  these  cells  are  picscnl ,  smooth  muscle  may  be  entirely  absent 
and  they  have  an  abundant  nvivv  suppl>-.  Kuyter  believed  that  they  are 
derived  from  smooth  muscle.  He  conipaicd  them  with  the  epithelioid  cells  in 
arteriovenous  anastamoses.  He  considered  these  cells  to  be  a  constituent  of  the 
normal  mouse  kidney  and  found  them  in  rats  also,  l)ut  not  in  the  monkey,  cat, 
rabbit,  guinea  pig,  or  man.  Oberlin,  in  1927,  dcscrihcd  similar  cells  in  the  human 
kidney,  which  he  thought  were  identical  with  the  neuromuscular  cells  of  digital 
glomi. 

In  1932  Goormaghtigh  described  cells  of  an  epithelioid  nature  in  the  afferent 
arterioles  of  the  human  kidney  which  differed  from  Ruyter's  cells  in  having  no, 
or  at  most,  very  few  granules. 

This  juxtaglomerulai-  neuio-niyoarterial  apparatus  has  subsequently  been 
described  by  other  histoiogists  and  certain  new  information  has  been  added, 
particularl.v  as  to  its  topography  between  the  glomerular  capsule  and  the  perti- 

nent distal  convolute  tubule.  I  shall  not  enter  into  further  histologic  description 
of  these  details  which  can  be  found  in  the  oi-iginal  articles  and  in  Homer  Smith's 
Harvey  lectvn-e. 

The  juxtaglomerular  api)aratus  has  been  considered  as  exerting  a  flelicate 
regulatory  mechani.sm  upon  glomerulai-  ciiculat ion.  Goormaghtigh  believes  it 
to  be  an  endocrine  organ,  the  main  function  of  \\  hich  is  the  s(>ci(^tion  of  a  pressor 
substance,  possibly  renin.  He  found  striking  li>  pei  t loptiy  of  the  granular  cells 
in  dogs  and  rabbits  made  hypertensive  by  the  Goldblatt  techniciue.  Opposin 
this  belief,  Oberling  maintains  that  in  the  human,  identical  pictuies  are  neve 
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observed  and  that  contrary  to  Goormaghtigh's  hypothesis,  in  severe  hyper- 
tension the  granular  cells  generally  degenerate.  Consequently,  he  assumes  that 

the  degeneration  of  the  apparatus  is  responsible  for  the  suppression  of  a  regu- 
latory mechanism,  which  in  turn  may  account  for  the  development  of  hyper- 

tension. 
While  these  lines  of  histiophysiologic  research  take  their  origin  from  the 

identification  of  structural  elements  within  the  organs,  another  chapter  of 
morphologic  research  was  stimulated  by  the  ad^^ance  of  enzyme  chemistr.y  and 
intends  to  visualize  the  site  of  enzyme  activity  within  tissues.  Ehrlich's  and 
Unna's  investigations  of  the  site  of  oxydati\-e  processes  Avithin  cells  were  the 
starting  point  for  the  discovery  of  the  oxydase  reaction  by  Winkler  and  Schultze 
and  the  demonstration  by  Lole  of  a  .stable  and  a  labile  oxydase  within  the  animal 
body.  The  presence  of  the  stable  oxyda.se  in  blood  cells  is  used,  as  you  know, 
for  the  identification  of  myeloid  elements.  The  instability  of  the  other  oxydase, 
however,  has  handicapped  its  further  investigation  with  morphologic  methods. 

The  discovery  by  Bruno  Bloch  of  the  specific  dioxyphenylenalaninoxydase, 
Dopaoxydase,  has  clarified  the  site  and  mechanism  of  pigment  formation  in  the 
human  and  animal  body. 

The  technique  described  very  recently  by  Takamatsu  and  by  Gomori  for  the 
histochemical  demonstration  of  phosphatase  is  specific  for  this  enzyme.  Alka- 

line phosphatase  activity  is  characteristic  of  certain  cells.  Among  normal  cells 
the  epithelium  of  the  small  intestine  and  of  proximal  convoluted  tubules,  osteo- 

blasts and  endothelium  are  particularly  rich  in  phosphatase. 
The  .stability  of  this  enzyme  and  the  simpHcity  of  its  histologic  demonstration 

ju.stify  the  hope  that  investigations  on  human  pathologic  material  will  yield 
valuable  results. 

Oster  and  Schlossman  in  our  laboratories  have  demon.strated  the  presence  of 
an  amino-oxydase  within  the  cells  of  the  distal  convoluted  tubules  of  the  guinea 
pig  kidney.  It  could  be  suggested  that  this  enzyme  might  be  utilized  in  the 
deaminization  of  circulating  pre.s.scr  amines  and  become  inactive  in  Ischemia  of 
the  kidney.  However,  the  absence  of  this  enzyme  in  the  rat's  kidney,  as  shown 
by  the  authors,  casts,  according  to  them,  doubt  on  the  general  validity  of  the 
amino-oxydase  theory  of  nephrogenic  hypertension. 

The  techniques,  so  far  reviewed,  are  only  qualitative  ones  permitting  mainly 
of  the  locahzation  of  enzymatic  action  although  the  intensity  of  the  reaction  might 
be  utilized  as  an  index  of  quantitative  factors.  The  complicated  technique 
employed  by  Linderstrom  Lang,  and  his  school,  compares  in  successive  equal 
frozen  sections  the  cellular  composition  with  enzymatic  activity.  With  this 
method  the  distribution  of  pepsin,  dipeptida.se,  and  urease  in  the  swine's  .stomach 
and  arginase  in  the  kidney  of  the  rabbit  has  been  studied.  Glick  and  Bi.skind 
have  applied  the  same  method  for  the  study  of  the  distribution  of  Vitamin  C 
in  the  adrenal  gland. 

If  I  now  turn  to  a  l  eview  of  the  cell  and  tissue  changes  in  avitaminosis  I  should 
like  to  remind  you  that  Vitamin  A  can  be  demonstrated  by  its  fluorescence  w  hen 
present  in  tissues. 
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In  the  further  discussion  I  should  Hke  to  hmit  myself  to  the  cell  and  tissue 
changes  observed  in  Vitamin  A  and  C  deficiencies.  The  reason  for  this  selection 
is  tliat  only  in  these  states  the  rationale  of  the  morphologic  alterations  is  clarified, 
A\  hereas  in  the  other  deficiencies  w  e  luive  not  yet  passed  beyond  the  mere  descrip- 

tive phase  of  information. 
We  owe  to  Wolbach  and  his  associates  not  only  the  most  comprehensive 

description  of  the  structural  alterations  in  A''itamin  A  and  C  deficiency  states, l)ut  also  the  most  adequate  elucidation  of  the  biological  principles  of  their 
de\-elopment  and  recession.  These  investigations  illustrate  lunv  the  searching 
morphologist  can  penetrate  to  the  very  foundations  of  the  living  substance. 

The  effect  of  Vitamin  A  deficiency  is  exhibited  mainly  in  alterations  of  epi- 
thelium and  teeth.  Descriptively  they  are  manifest  in  keratinizing  metaplasia 

of  the  salivary  glands,  the  respiratory  tract,  the  genitourinary  system,  eyes,  and 
paraocular  glands.  Vitamin  A  deficiency  also  produces  profound  changes  in  the 
incisor  teeth  of  rats  and  guinea  pigs.  Their  growth  and  organization  throughout 
the  life  of  the  animal  is  controlled  by  the  enamel  organ,  an  epithelial  organ  which 
in  Mtamin  A  deficiency  atrophies  and  undergoes  keratinizing  metaplasia. 

The  fact  that  such  heterogenous  epithelium  like  that  of  salivary  gland  and 
Fallopian  tubes  react  in  an  identical  way  is  accounted  for  by  Wolbach  that  both 
have  a  secreting  function  in  addition  to  the  role  of  a  covering  layer  and  that  the 
functioning  cells  are  without  power  to  di\  ide  and  therefore  unable  to  regenerate. 
Repair  therefore  must  take  place  from  basal  cells.  Vitamin  A,  according  to 
Wolbach,  may  form  within  the  covering  epithelial  cells  a  vitamin-protein 
compound  like  it  does  in  visual  purple.  This  vitamin-protein  compound  may 
constitute  a  cell  apparatus  concerned  with  the  specific  chemical  function  of  the 
cell.  In  its  absence,  due  to  vitamin  deficiency,  the  specific  cells  atrophy  while  the 
germinal  cells  proliferate  but  in  an  undifferentiated  form.  Upon  restoration  of 
Vitamin  A  to  the  deficient  animals  the  differentiated  epithelium  returns.  This 
l)roves  that  the  stratum  germinativum  preserves  the  identity  of  the  original 
epithelium  throughout  the  period  of  metaplasia.  The  significance  of  these 
investigations  for  a  deeper  knowledge  of  cellular  biology  can  best  be  demonstrated 
by  quoting  from  an  article  by  Wolbach  and  Howe. 

"The  evidence  is  conclusive  that  all  the  cells  of  the  stratum  germinativum 
can  assume  the  original  functions  and  morphology  without  undergoing  division 
when  supplied  with  Vitamin  A.  We  may  therefore  conclude  that  the  nuclear 
chromatin  remains  unaffected  by  the  deficiency.  We  believe  that  careful 
cytological  studies  as  the  deficiency  progresses  and  during  the  recovery  phe- 

nomenon may  yield  interesting  correlation  between  morphology  and  function. 
In  1925  we  concluded  that  the  mitochondrial  apparatus  was  not  the  seat  of  the 
l)rimary  injury  in  A  deficiency  and  suggested  that  nuclear  changes  were  im- 

portant. Obviously,  if  there  are  two  sorts  of  chromatin,  one  concerned  with 
identity  (idiochromatin),  the  other  with  cell  function  (trophochromatin)  we  have 
in  the  cycle  of  A  deficiency  metaplasia  and  recovery,  a  possible  means  of  securing 
appropriate  material  for  this  study." 
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While  these  studies  of  Vitamin  A  deficiency  have  provided  us  with  funda- 
mental information  of  the  pathomorphology  of  epithelial  cells,  the  investigation 

of  Vitamin  C  deficiency  states  has  supplied  equally  important  revelation  con- 
cerning the  morphogenesis  of  the  connective  tissues.  The  alterations  which 

these  tissues  undergo  in  complete  scorbutus  and  in  recovery  states  have  given 
us  a  deep  insight  into  the  formation  of  these  tissues  and  have  decided  problems 
which  liave  vexed  histologists  and  pathologists  for  many  decades. 

From  these  and  other  investigations  by  Wolbach  and  his  associates  scorbutus 
can  be  defined  as  a  condition  characterized  by  the  inability  of  the  connective 
tissues  to  produce  and  maintain  intercellular  substances.  The  following  con- 

clusions can  be  reached  as  to  the  formation  of  the  intercellular  substances: 
The  mesenchymal  cells  endowed  with  the  production  of  intercellular  substance 
produce  a  liquid  material  which,  under  the  influence  of  an  agent  present  in 
vitamin  C,  undergoes  a  process  of  setting  or  jelling.  Within  this  collagenous 
ground  substance  fibers  are  formed  under  the  organizing  influence  of  fibroblasts. 

It  is  certainly  not  a  coincidence  that  these  investigations  on  scorbutus  have 
been  contemporaneous  with  an  intense  interest  of  pathologic  anatomists  in 
alterations  of  the  connective  tissues  in  other  human  diseases.  The  investigations 
of  Klinge  and  Rossle  of  rheumatic  fever  have  demonstrated  that  lesions  of  the 
connective  tissue  throughout  the  body  and  especially  alterations  of  the  inter- 

cellular substance  are  of  fundamental  importance  in  the  pathomorphology  of 
this  malady.  The  study  of  the  pathology  of  disseminated  lupus  erythematosus 
and  scleroderma,  Avhich  we  have  carried  out  in  the  past  years,  has  focused  our 
attention  upon  the  collagenous  tissue  of  the  body. 

These  observations  demonstrate  that  the  basic  structural  changes  in  dis- 
seminated lupus  and  scleroderma  reside  within  the  connective  tissue  system 

of  the  body.  But  the  visible  alterations  of  this  system  are  only  the  most  pro- 
nounced manifestations  of  a  disturbance  of  the  colloidal  connective  tissue  system 

and  different  degrees  of  this  imbalance  might  obtain  beyond  the  power  of  our 
microscopes  to  reveal.  To  determine  such  states  with  methods  other  than 
optical  must  be  the  object  of  further  investigations;  to  correlate  such  physical — 
molecular — aberrations  with,  functional  disorders  and  -with  cause  must  be  our 
final  aim  in  order  that  we  reach  a  full  understanding  of  the  fundamental  nature 
of  these  obscure  maladies.  Analytical  morphologic  investigations  can  point  the 
way,  but  only  the  cooperation  of  all  lines  of  medical  research  can  lead  to  synthesis. 



THE  CLINICAL  SIGNIFICAN'CE  OF  PAIN  IX  ACUTE CORONARY  OCCLUSION  WITH  MYOCARDIAL 
INFARCATION 

M.  A.  KUGEL,  M.D. 
[Miami  Beach,  Fla.] 

The  association  of  pain  in  the  chest  with  heart  disease  has  been  uppermost  in 
the  minds  of  the  laity  and  the  medical  profession  ever  since  the  classic  descrip- 

tion of  Angina  Pectoris  by  Heberden  (19)  in  17G8.  Since  then  it  gradually  be- 
came recognized  that  pain  in  the  chest,  which  is  more  severe  and  persistent  in 

nature,  may  be  associated  with  coronary  occlusion. 
Herrick  (20),  in  1912,  in  discussing  the  "clinical  features  of  sudden  obstruction 

of  the  coronary  arteries,"  stated  that  although  the  pain  in  the  chest  associated 
with  coionary  thrombosis  may  bo  of  unusual  severity,  yet  "the  clinical  mani- 

festations of  coronary  obstruction  will  evidently  vary  greatly,  depending  on  the 
size,  location,  and  number  of  vessels  occluded  ....  In  some  instances  there 
has  been  no  definite  radiation  of  the  pain,  as  to  the  neck  or  left  arm,  though 
this  may  have  been  a  feature  of  other  anginal  attacks,  and  the  pain  may  be  re- 

ferred to  the  lo\A'er  sternal  region  or  definitely  to  the  upper  abdomen."  At  this 
time  he  already  noted  that  there  may  be  cases  of  coronary  occlusion  with  little 
or  no  pain. 

Astute  clinicians  for  a  long  time  have  recognized  that  not  all  patients  have 
pain,  nor  do  all  react  to  the  same  disease  in  a  similar  manner.  Libman  (31) 
in  his  "Observations  on  Sensitiveness  to  Pain"  aptly  stated  that  "clinical  ex- 

perience shows  that  patients  are  not  equally  sensitive  to  pain  and  that  the  same 
disease  may  cause  varying  clinical  pictures  in  different  persons."  In  1919  before 
the  Association  of  American  Physicians  Libman  (30)  noted  that  "when  throm- 

bosis of  a  coronary  artery  occurred  in  a  patient  who  was  not  sensitive  to  pain, 
pain  could  be  absent."  Further  he  found  that  "acute  coronary  thrombosis  of 
even  fatal  type  may  occur  without  pain  if  the  sensiti\ cncss  of  the  patient  be  low. 
In  older  cases  of  thrombosis,  and  in  cases  of  narrow  ing  oi  the  coronary  arteries, 
there  may  be  present  little  or  no  pain  in  the  patient  who  is  not  sensitive." 

Again  in  1929,  Libman  (32)  pointed  out  that  "while  the  sensitive  and  the  hypo- 
sensitive  patient  may  have  the  same  symptomatology  in  a  given  disease,  that  of 
the  hyposensitive  is  often  different.  Briefly  stated,  the  hypo.sen.sitive  individual 
is  apt  to  feel  less  or  none  of  the  pain  characteristic  of  the  disorder,  to  have  much 
more  of  the  substitution  symptoms,  more  of  the  peculiar  radiations  of  pain,  and 
more  in  the  \\  ay  of  reflex  symptoms.  Whereas  a  mild  clinical  picture  in  a  sensi- 

tive person  usuall\-  jjoints  to  a  milder  form  of  disease,  it  may,  in  a  hyposen-sitive 
one  occur  in  the  presence  of  severe  conditions."  He  also  stressed  the  fact  that 
"one  must  magnify  in  his  mind  the  mild  symptoms  of  a  hyposensitive  if  one 
wishes  to  calculate  their  real  significance."  Thus  Libman  found  that  in  hypo- 

sensitive patients  suffering  an  attack  of  coronary  thrombosis,  dizziness  and 
vertigo  maj'  take  the  place  of  usual  gastric  disturbances  such  as  nausea  and 
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vomiting.  He  also  found  that  "in  hyposensitives,  the  pain  may  be  slight  or 
absent,  and  be  replaced  by  the  substitution  symptoms  such  as  burning,  a  sense 
of  pressure,  a  feeling  of  constriction  in  the  chest  or  in  the  throat,  a  feeling  of 
swelling  of  the  arms  or  forearms,  etc.  In  the  hyposensitive  individual  epigastric 
localization  is  of  more  frequent  occurrence.  Dyspnea  may  become  the  out- 

standing complaint.  Other  symptoms  may  become  predominant,  such  as  cold- 
ness, sweating,  weakness  of  the  extremities,  general  weakness,  collapse,  etc." 

Since  the  observations  of  Herrick  and  Libman,  it  has  been  amply  confirmed 
that  (■(irouary  occlusion  may  occur  with  little  or  no  pain.  There  has  appeared  in 
the  literal  uic  a  number  of  papers  on  the  incidence  of  painless  coronary  occlusion 
(2,  39,  22,  4G).  There  is  a  wide  divergence  of  opinion  as  to  the  frequency  of 
coronary  occlusion  without  pain.  Thus  it  has  been  reported  to  occur  without 
pain  on  the  one  hand  as  high  as  75  per  cent,  and  on  the  other  hand  as  low  as  less 
than  1  per  cent.  Another  paper  merely  on  the  incidence  of  coronary  thrombosis 
Avithout  pain  would  ser\  e  no  useful  purpose.  Our  own  observations  on  certain 
cases  has  given  us  an  insight  as  to  some  of  the  reasons  which  might  account  for 
such  a  wide  divergence  of  opinion  in  the  literature. 

Morawitz  and  lloclirein  (37)  in  a  study  of  91  cases  of  coronary  thrombosis 
found  75  per  cent  to  be  without  pain  Bruenn,  Tui'ner  and  Levy  (7)  I'eport 
61  per  cent  of  a  series  of  31  cases  w  ith  no  pain.  Gorham  and  Martin  ( 1 4)  in  the 
study  of  100  cases  found  that  painless  coronary  occlusion  occurred  in  42  jjer  cent 
of  their  cases.  Saphir,  Priest,  Hamburger  and  Katz  (42)  i'eport  38  per  cent  of 
their  cases  of  coronary  thrombosis  to  be  without  pain.  Boyd  and  Werblow  (6) 
in  a  study  of  127  cases  found  one  third  without  pain,  while  Stroud  (4(5)  in  the 
study  of  49  cases  of  proven  myocardial  infarction  found  2(1.5  pei-  cent  without 
pain. 

On  the  other  hand  there  is  another  group  of  investigators  who  have  found  that 
acute  coronary  occlusion  without  pain  is  rare.  Kennedy  (22)  who  has  studied 
200  cases  of  coronary  thrombosis  found  that  in  the  acut(>  cases  only  about  4  per 
cent  had  no  pain  or  distress  in  the  chest.  Pollard  and  Harx  ill  (39)  "in  a  study  of 
375  cases  of  myocardial  infarction  in  which  the  diagnosis  was  based  on  clinical 
features,  electrocardiographic  findings,  and  available  necropsy  material,  there 
were  17  instances  (4.5  per  cent)  of  undoubted  (ioronary  occlusion  in  which  no 
pain,  substernal  pressure  or  other  "anginal"  symptoms  had  occurred  at  any 
time."  Rosenbaum  and  Levine  (28)  in  a  study  of  208  patients  found  there 
were  4  who  had  no  pain  or  sense  of  oppression  at  all  and  2  more  in  whom  pain  was 
thought  to  be  absent  but  whose  history  was  not  satisfactory.  Thus,  at  most, 
3  per  cent  of  the  patients  had  "painless  myocardial  infarction."  Paul  D. 
White  (48)  also  agrees  with  Tveiuiedy,  and  in  his  own  obseivations  and  ex- 

perience he  found  myocardial  infarction  w  ithout  pain  relatix cly  rare.  Dr.  C.  F. 
Roche  (41),  who  has  been  interested  in  the  same  prol)lem,  found  from  his  own 
records  that  "it  would  be  extremely  surpiising  if  he  had  more  than  4  per  cent 
unquestionable  cases  without  pain."  Bal)ey  (2)  in  a  study  of  IIG  cases  was 
able  to  find  only  one  case  without  pain,  and  according  to  his  experience  feels  that 
painless  acute  infarction  of  the  heart  is  a  rarity. 
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In  a  review  of  my  own  material  I  have  considered  no  case  of  acute  coronary 
occlusion  as  painless  if  there  were  symptoms  such  as  bui-ning,  a  sense  of  pressure, 
a  feeling  of  constriction  of  the  chest  or  in  the  throat,  choking,  tightness  or  simple 
heaviness  in  the  chest,  or  a  feeling  of  swelling  or  numbness  in  both  arms.  The 
foregoing  are  the  suljstitiition  symptoms  for  pain  which  Libman  found  in  the 
hyposensitive  group.  In  a  study  of  350  cases  of  coronary  occlusion  with  mj^o- 
cardial  infarction,  we  hiive  found  only  10  cases  which  could  have  been  con- 

sidered to  have  occurred  \\  ithout  pain.  This  is  an  incidence  of  less  than  3  per 
cent. 

Although  we  have  seen  cases  of  acute  coronary  occlusion  without  pain,  never- 
theless \\'e  have  never  seen  acute  coronary  occlusion  and  myocardial  infarction 

without  i)ain  unless  it  \A  as  accompanied  by  some  other  subjective  symptoms. 
Oiu-  experience  with  such  a  case  without  pain  and  apparently  without  any 

symptoms  focused  our  attention  to  this  problem: — 
REPORT  OF  CASES 

Case  1.  Hislorij:  P,  S.,  a  manufacturer  in  (ieorgia,  came  to  the  office  on  .January-  7.  1943 
at  the  recommenilation  of  liis  brother  for  a  "check-up,"  and  stated  that  he  was  feelinf;;  fine. 
His  past  history  was  negative  except  tliat  about  20  years  previously  he  was  told  that  he  had 
a  heart  niurmui',  and  17  years  previously  he  was  given  life  insurance,  but  at  an  increased 
rale.    Theie  was  no  history  of  rheumatic  fever,  tonsillitis  or  scarlet  fever. 

Exaiiiindlidit:  A  man  al)out  5'  5",  weighing  141  lbs.  and  of  good  color.  The  pupils  were ecjual  and  regular,  and  they  reacted  to  light  and  accommodation.  The  retinal  vessels 
showed  some  slight  sclerosis.  On  fluoroscopy,  the  heart  was  normal  in  size,  shape  and 
position. 

Luboruturi/  data:  The  bloud  |)rcssurc  \\  as  144  systolic  and  Dd  iliasldlic  and  pulse  rate,  72. 
The  heart  soutuIs  were  of  gcjo.i  (|uali1y.  There  was  a  rough  systolic  nuirinur  at  the  apex. 
The  pulmonic  second  sound  was  greater  than  the  aortic  second  sound.  The  peripheral 
vessels  in  both  legs  were  ])at('nl .  and  the  oscillometric  reading  was  G  units  in  both  legs,  which 
was  weU  within  normal  limits. 

A  stetlingi  aui  1  a  ken  on  t  he  same  (la  \  ic\ calcil  t  racings  which  is  suggest  i\-e  of  a  presystolic 
and  systcilic  nuuiuui-  ifig.  1  i.  Tiic  rli'ci  k »  ai diograms  taken  on  tiic  1st  da>-  (fig.  2)  showed 
a  slight  depression  of  the  ."^-T  scgniciil  in  li'ad  I,  and  a  cove  ])lanc  inversion  of  T|.  There 
was  a  (lipliasic  and  partiall>-  invfiMc.l  T..,  The  waxes  were  prdminent  in  leads  II  and  III, 
and  a  slight  elevation  of  the  S-T  1  ak(>  off  in  lead  I\'  with  a  diphasic  T  wave.  The  unexpected finding  of  these  abnormal  electrocardiograms  in  a  man  without  any  signs  or  symptoms 
prompted  us  to  repeat  another  electrocardiogram  which  was  identical. 

A  blood  count  taken  on  January  7  showed  the  white  cell  count  to  be  15,050.  The  sedi- 
mentation time  on  January  Oth  was  25  mm.  (corrected)  in  one  hour  by  the  Wintrobe  method. 

After  repeated  questioning,  the  patient  stated  that  he  was  entirely  free  of  symptoms. 
He  was  markedly  hyposensitive  when  examined  according  to  the  Libman  technique. 

The  problem  was  jjresentcd  to  the  patient,  who  did  not  believe  that  there  was  anything 
wrong  with  him.  He  finally  con.sented  to  enter  the  St.  Francis  Hospital  of  Miami  Beach 
on  January  10,  1!I43  for  observation.  While  there,  he  would  not  stay  in  bed,  walked  around,, 
smoked  cigarettes,  and  look  his  own  baths;  at  no  time  was  he  convinced  that  he  was  sick. 

The  following  are  t)lood  ])re.ssure  readings  taken  while  he  was  hospitalized:  January  11 — 
128  systolic  and  90  diastolic;  January  12—126  systolic  and  90  diastolic;  January  13 — 160 
systolic  and  90  diastolic;  January  14—160  systolic  and  90  diastolic;  January  15—132  systolic 
and  90  diastolic;  January  16—140  systolic  and  90  diastolic.  The  following  are  laboratory- 
findings  covering  the  same  period:  January  11 — complete  blood  count  revealed  hemoglobin,. 
92  per  cent;  red  blood  count,  4,740,000;  white  blood  count,  11,700;  differential,  lymphocytes,. 
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36  per  cent;  polymorphonuclear,  58  per  cent;  eosinophils,  3  per  cent;  monocytes,  2  per  cent; 
plasma  cell,  1  per  cent.  The  blood  sedimentation  rate  was  1 .26  (corrected)  by  the  Ernestene- 
Kourkc  method  (0.65  normal).  The  urinalysis  was  negative.  January  12— nonprotein 
nitrogen  was  61.8  mg.  per  100  cc;  fasting  blood  sugar  was  102.(1  nifr.  j)or  100  ic;  blood  choles- 

terol was  167.5  mg.  per  100  cc,  and  the  Kahn  test  was  negative.  Jan.  16 — the  white  cell 
count  was  14,850. 

The  electrocardiogram  taken  on  January  1,3th  showed  a  cove  shaped  S-T  intei  val  with 
an  inverted  T  in  lead  I.  Lead  II  showed  a  small  \\:\vc.  nm mal  conduction  times  and  an 
upright  T.  Lead  III  showed  a  Q  wave  of  3  mm.  and  :i  slight  Iv  olevatetl  S-T  segment  with 
an  upright  T.  Lead  IV  showed  a  P  wave  of  very  low  voltage  with  slurring  and  a  slightly 
elevated  S-T  segment  with  an  upright  T. 

He  was  seen  in  consultation  with  Dr.  C.  F.  Roche  on  January  13,  1943,  who  confirmed 
my  findings  that  the  patient  was  asymptomatic  and  was  suffering  from  coronary  artery 

S.  M.— Systolic  Murmur  D.  M.— Diastolic  Murmur 

A.  S.— Auricular  Sound  P.  M.— Presystolic  Murmur 
Fig.  1 .  Simultaneous  stethogram  and  electrocardiogram 

thrombosis  (anterior  wall).  The  patient  had  absolutely  no  symptoms.  He  had  a  grade  2 
systolic  murmur — now  suggestive  of  A.  S.  type  which  the  patient  said  had  been  in  existence 
for  twenty  years. 

Course:  Had  this  patient  left  Miami  Beach,  I  think  we  would  have  been  justified  in  as- 
suming that  the  case  was  one  of  coronary  occlusion  with  myocardial  infarction  not  only 

without  pain,  but  also  without  any  symptoms.  Fortunately  he  remained  as  advised  in 
southern  Florida.  Although  he  continued  to  claim  that  there  was  nothing  ever  wrong  with 
him,  his  wife  revealed  that  about  five  or  six  years  ago  he  had  had  an  attack  of  pain  in  his 
left  shoulder,  which  was  then  thought  to  be  "bursitis"  (11 ).  At  this  time  he  was  able  to 
move  his  left  arm  freely,  and  the  pain  disappeared  in  a  few  days  after  short  wave  therapy. 
His  wife  noticed  that  after  this  attack  of  "bursitis"  he  used  to  come  home  fatigued.  On 
■closer  questioning,  it  was  found  out  that  his  recent  trip  to  Florida  was  not  merely  for  a 
vacation,  but  for  a  needed  rest  since  he  was  again  beginning  to  feel  very  tired,  sluggish,  and 
exhausted  at  the  end  of  a  day's  work  in  the  past  few  months.  Also,  he  had  a  sense  of  fullness in  his  chest  after  eating. 

On  February  6,  1943  I  was  called  to  see  him.  Contrary  to  instructions,  he  walked  a  dis- 
tance of  about  7  to  8  blocks,  and  he  felt  extremely  weak  in  his  legs  and  had  a  feeling  of  cold- 

ness. For  the  first  time  he  realized  that  he  was  not  well.  His  blood  pressure  then  was  158 
.systolic  and  90  diastolic.  On  February  12  while  talking  to  a  group  of  people,  he  became 
«xcited  and  had  a  sense  of  choking.    At  this  time  he  recollected  that  about  two  weeks 



426 M.  A.  KUGEL 

previously  he  had  a  sense  of  pressure  in  his  chest  with  peculiar  sensations  down  both  arms. 
On  February  15  there  was  further  excitement  in  the  hotel,  and  the  patient  again  became 
upset.  His  blood  pressure  rose  to  180  systolic,  and  100  diastolic,  and  he  had  definite  com- 

plaints of  precordial  oppression. 
The  laboratory  findings  during  this  period  were  as  follows:  January  23— the  white  cell 

count  was  15,150  with  25  per  cent  lymphocytes  and  60  per  cent  polymorphonuclear.  The 
blood  sedimentation  rate  was  30  mm.  (corrected)  in  one  hour  by  the  Wintrobe  method. 
January  30 — the  white  cell  count  was  14,600  and  the  blood  sedimentat  ion  rate  32  mm.  (cor- 

FiG.  2.  Serial! electrocardiograms  showing  progressive  "T"  wave  changes.  See  figure  3 for  latest  records. 

rected).  February  15 — the  sedimentation  rate  was  23  mm.  (corrected).  February  27 — 
the  white  cell  count  was  13,850  and  the  blood  sedimentation  rate  19  mm.  (corrected). 

The  electrocardiograms  in  the  meantime  showed  progressive  changes  toward  improve- 
ment. The  inverted  T  wave  in  lead  I  became  less  shallow,  and  in  lead  II  it  became  upright, 

and  by  March  5th  there  was  little  evidence  of  myocardial  damage  except  for  an  inverted  T 
wave  in  lead  I  and  prominent  Q  waves  in  leads  II  and  III  (fig.  2). 

In  all  probability  this  patient  had  his  coronary  occlusion  for  some  time  before  he  pre- 
sented himself  for  examination.  The  increased  sedimentation  rate,  leukocytosis,  transient 

drop  in  blood  pressure,  as  well  as  the  serial  changes  in  the  electrocardiograms  indicated  that 
his  myocardial  infarct  had  not  healed.  It  is  possible  that  in  this  case  we  were  dealing  with 
a  gradual  occlusion  or  a  series  of  minor  occlusions.  We  interpreted  the  valvular  lesion  as 
an  old  healed  mitral  stenosis  of  rheumatic  origin. 

On  March  29,  1943  the  patient  was  very  much  improved,  and  he  left  Miami  Beach  for  his 
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liomo.  On  February  IH,  1944  wo  received  a  distance  telephone  message  from  the  patient's 
wife  in  (ieorgia,  informing  us  that  her  husband  was  sufferinfr  now  from  high  blood  pressure, 
sensory  disturbance  in  the  right  arm,  and  the  vision  in  the  left  eye  was  deteriorating.  On 
April  26,  1944  the  patient  came  baci<  to  Miami  B(  :\(  li  (  (Jinphiiiiitig  of  a  peculiar  lack  of 
sensation  in  the  right  arm  and  lack  of  vision  in  the  left  eve.  AIiIiuukIi  lie  claimed  that  he 
was  feeling  fine,  nevertheless  he  walketl  in  w  ith  a  cane,  ami  admit  (cd  nller  fui  ther  (juestion- 
ing  that  he  had  marked  weakness  and  could  not  walk  more  than  a  bloc  k  without  exhaustion. 
His  blood  pressure  was  210  systolic  and  90  diastolic,  pulse,  72  and  weight,  137  lbs.  Exam- 

Lead  O 
Heart 

Uad  m 
Ult  Side  oi 

Heart 

CF5 

Fig.  3.  Electrocardiograms  with  chest  leads  showing  changes  characteristic  of  coronary 
occlusion  and  myocardial  infarction. 

ination  of  the  eyes  disclosed  that  vision  in  left  eye  was  impaired,  he  could  see  fingers  at  2 
ft.  with  no  improvement  with  correction.  The  fundus  of  the  left  eye  showed  a  diffuse 
hemorrhagic  retinitis  and  a  t lironibo.scd  central  vein.  The  right  fundus  showed  a  small, 
punctate  hemorrhage  of  the  superior-temporal  branch. 

The  sedimentation  rate  was  18  mm.  (corrected)  in  one  hour  by  the  Wintrobe  method. 
The  electrocardiogram  taken  on  this  date  with  six  chest  leads  showed  a  slight  depression 
of  the  S-T  segment  in  lead  I  and  a  cove  plane  T  wave,  a  diphasic  and  slightly  inverted  Ts, 
prominent  Q  waves  in  leads  II  antl  III,  and  cove  plane,  inverted  T  waves  in  CFj,  CF5  and 
CFj  (fig.  3).  The  patient  stayed  in  Miami  Beach  until  the  end  of  May,  and  with  rest  and 
medication  his  blood  pressure  came  down  to  144  systolic  and  90  diastolic. 

On  ,July  10,  1944  he  went  to  Xew  York  and  saw  Dr.  George  Baehi-,  who  confirmed  my 



428 M.  A.  KUGEL 

findings  of  probable  preexisting  coronary  artery  thrombosis  from  which  he  was  now  con- 
valescing. 

Comment.  This  most  instructive  case  has  been  presented  in  detail  because  it 
emphasizes  what  Libman  has  ah-eady  stated  that  "one  must  magnify  in  his  mind 
the  mild  symptoms  of  the  hyposensitive  if  one  wishes  to  calculate  their  real 
significance." 

Another  important  observation  made  in  this  case  is  that  the  history  given  by 
the  hyposensitive  individual  may  be  totally  unreliable.  Apparently  in  the 
mind  of  the  hyposensitive  individual  certain  symptoms  appear  of  no  consequence, 
and  hence  the  inquiring  physician  is  not  informed  of  their  presence.  The  ques- 

tion which  naturally  arises  in  this  case  is  to  what  extent  the  psyche  may  play  a 
role  in  the  patient's  own  reaction  to  his  disease. 

The  desire  to  minimize  or  conceal  one's  ailments  cannot  be  attributed  to 
hyposensitivity  alone.  The  entire  problem  of  the  patient's  reaction  to  his  own 
condition  is  rapidly  being  recognized  by  students  of  psychosomatic  medicine. 
The  psychological  mechanisms  involved  in  the  production  of  pain  and  the  emo- 

tional make-up  of  the  hyposensitive  individual  probably  play  an  important  role 
in  the  clinical  picture. 

It  is  necessary  when  taking  the  history  of  a  hyposensitive  person  to  inquire 
repeatedly  into  changes  from  the  usual.  Despite  the  fact  that  we  did  do  so  in 
this  case,  it  was  not  until  his  wife  reminded  him  of  what  had  happened  in  the 
past  two  months  that  he  could  recollect  at  all  that  he  had  not  been  feeling  well. 
Under  these  circumstances  one  can  realize  how  unreliable  the  history  of  a  hypo- 

sensitive patient  can  be  when  it  is  taken  four  or  five  years  after  an  occlusion, 
particularly  when  there  had  been  no  pain,  but  only  substitution  symptoms. 

Various  theories  liave  been  formulated  in  an  attempt  to  explain  why  some  cases 
of  coronary  occlusion  may  occur  with  very  mild  symptoms,  and  even  without 
pain.  The  theory  of  liyposensitivity  of  the  individual  finds  most  favor.  Other 
factors,  such  as  the  state  of  the  collateral  circulation  may  have  some  importance. 
Local  myocardial  damage  of  an  old  infarct  may  also  play  a  role  in  altering  the 
clinical  picture.  Recently  it  has  been  suggested  that  the  symptoms  in  many 
cases  diagnosed  as  coronary  occlusion  may  really  be  due  to  coronary  insufficiency, 
which  would  explain  the  presence  of  little  or  no  pain.  These  various  theories 
will  be  considered  briefly. 

Hyposensilivily.  Libman  detemiined  the  sensitivity  of  a  patient  by  a  simple 
test  which  he  described  as  follows: 

"One  first  presses  with  the  thumb  of  the  right  hand  upon  the  tip  of  the  mastoid 
bone  (usually  the  left,  unless  there  be  present  an  inflammatory  process  in  the 
bone),  and  then  against  the  styloid  process.  Pressure  against  the  normal  mas- 

toid process  causes  no  pain.  Pressure  in  the  direction  of  the  styloid  process 
causes  pain  in  some  individuals  and  not  in  others.  What  one  really  presses- 
upon  is  a  branch  of  the  auricularis  magnus  nerve  ....  Those  who  have  little 
or  no  pain  by  this  test  are  considered  hyposensitive." 

Libman  further  stated  that  "whereas  a  mild  pain  in  the  sensitive  person  usually 
points  to  a  milder  form  of  disease,  slight  pain  in  a  hyposensitive  individual  often 
occurs  in  the  presence  of  severe  conditions." 
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Collateral  circulation .  The  idea  that  the  cUnical  picture  in  coronary  occlusion 
may  vary  according  to  the  state  of  the  coronary  arterial  circulation  of  the  heart 
is  not  a  new  one.  Herrick  (20)  in  1912  ali'eady  stated  that  ''the  clinical  manifes- 

tations of  coronary  obstruction  will  evidently  vary  greatly  depending  on  the  size, 
location  and  number  of  vessels  occluded." 

Gross  (15)  in  his  classic  book  on  "The  Blood  Supplj-  to  the  Heart"  was  of  the 
impression  that  the  ccjllatcral  circulation  in  the  heart  gradually  increased  with 
age.  Although  this  l)ook  was  chiefly  on  an  anatomical  basis,  he  nevertheless 
made  the  observation  that  coronary  occlusion  could  occur  without  pain  or  symp- 

toms. On  page  141  of  this  book  there  is  a  roentgenogram  of  a  heart  from  a 
female,  aged  seventy-three,  who  died  of  cancer  of  the  gall  l^ladder.  According 
to  Gross:  "During  life  she  had  no  symptoms  referable  to  the  heart  or  coronary 
vessels.  In  the  hospital  no  signs  were  found  during  life  indicating  a  lesion  of 
the  heart.  Upon  injection  of  the  heart  at  autopsy,  however,  it  was  seen  that  the 
ramus  circumfiexus  dexter  presented  to  a  great  extent  of  its  course  an  arterio- 

sclerotic obliteration  which  was,  in  several  places,  almost  complete.  The  myo- 
cardium was  absolutely  intact,  no  suggestion  of  an  infarct  being  present.  The 

case  is.  in  short,  very  similar  to  that  described  by  Galli.  A  more  careful  observa- 
tion of  the  plate  shows  that  a  very  ample  and  abimdant  anastomosis  of  large, 

patent  rami  interventriculares  supplied,  to  a  great  extent,  the  right  side,  and 
this  was  further  compensated  by  an  extensive  labja-inthine  felt-work  of  rami 
telae  adiposae  which  massively  covered  the  right  ventricular  surface."  .... 

According  to  Gross:  "The  conclusions  which  can  be  drawn  from  this  case  are, that  in  the  seventh  decade  of  life  the  vascular  architecture  of  the  heart  is  well 
prepared  to  receive  the  brunt  of  the  obliteration  even  of  a  main  coronary  artery, 
not  only  on  account  of  the  existence  of  abundant  and  free  anastomoses,  but  also, 
as  is  seen  in  this  case,  hy  the  non-negUgible  factor  of  the  development  at  this  age 
period  of  a  dense  felt-work  of  arteriae  telae  adiposae  which  can  compensate  and 
•supply  con.siderable  blood  to  the  subjacent  muscle."  .... 

Kugel  (23)  in  1927  in  his  description  of  "An  Important  Anastomotic  Vessel 
in  the  Auricle  of  the  Human  Heart"  made  note  of  the  fact  that  "in  several 
hearts  which  were  the  seat  of  arteriosclerotic  coronarj-  disease,  this  A'essel  was  of 
unusually  large  caliber." 

Later  Gross  and  Kugel  (17)  in  their  study  of  "The  Arterial  Blood  Vascular 
Distribution  to  the  Left  and  Right  Ventricles  of  the  Human  Heart"  found  that 
"gradual  development  of  septal  anastomoses  serve  as  a  compensatory  factor 
during  the  latter  age  periods  when  sclerotic  changes  begin  to  appear,"  and  also 
that  "septal  anstomotic  ^'essels  play  an  extraordinarily  important  role  in  coro- 

nary disease  where  myocardial  infarction  has  taken  place." 
The  observations  of  Blumgart,  Schlesinger  and  ZoU  (5)  have  added  a  great 

deal  to  our  knowledge  of  the  collateral  circulation  of  the  heart  and  its  clinical 
significance.  They  felt  tliat  "regardless  of  the  age  of  the  sul^ject,  normal  hearts 
in  which  there  is  little  or  no  coronary  arteriosclerosis  regularly  hiwe  fine  inter- 
coronary  communications,  ljut  do  not  possess  an  anastomotic  circulation  through 
vessels  large  enough  to  be  functionally  significant  in  obviating  the  untoward 
results  of  rapidly  developing  coronary  narrowing  or  occlusions."    They  further 
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stated  that  "the  development  of  such  anastomoses  is  not  related  to  age,  for  they 
are  not  present  in  the  hearts  of  even  senile  patients  when  little  or  no  coronary 
arteriosclerosis  is  present." 

They  further  stated  that  "in  patients  dying  with  the  syndrome  of  coronary 
occlusion,  i.e.,  prolonged,  crushing  chest  pain  with  the  signs  and  symptoms  of 
collapse,  the  frequent  disclosure  of  a  fresh,  occluding  thrombus  or  embolus  has 
led  to  the  assumption  that  thrombosis  or  embolism  of  a  coronary  artery  always 
precipitates  these  symptoms  and  signs  and  that  they  are  produced  in  no  other 
way.  Our  observations  demonstrate  that  such  is  not  the  case;  thrombosis  of  a 
coronary  artery  produces  symptoms  only  if  myocardial  ischemia  follows.  When 
the  previous  narrowing  has  been  gradual,  with  concomitant  development  of  an 
adequate  collateral  circulation,  the  final  occlusion  of  the  vessel  may  be  asympto- 

matic, and  myocardial  necrosis  may  be  entirely  absent.  Our  repeated  finding  of 
long-standing  complete  occlusions,  with  no  history  of  symptoms  and  no  severe 
myocardial  damage  post  mortem,  is  unequivocal." 

In  collaboration  with  Dr.  Gross  (1,  16,  17,  18,  23,  24)  on  the  collateral  circu- 
lation of  the  heart,  we  too  came  across  specimens  which  showed  old  occlusions 

in  the  coronary  arteries,  and  a  study  of  the  hospital  charts  revealed  no  clinical 
history  suggesting  symptoms  of  coronary  occlusion.  However,  it  was  vmfor- 
tunate  that  we  were  not  in  possession  of  adequate  histories  as  to  existence  of 
cardiac  pain  pi'ior  to  death. 

In  Case  1,  which  wc  described  in  detail,  we  too  felt  that  we  oliserved  a  case  of 
coronary  occlusion  without  pain  or  symptoms.  The  story  ̂ \•as  unequivocal. 
As  pointed  out  already,  three  physicians  on  lepeated  questioning  failed  to  elicit 
such  history,  although  a  statement  was  sufificstix  o  of  the  occurrence  of  a  coronary 
occlusion  a  few  years  previously.  There  is  ex  idenrp  that  for  a  few  months  before 
he  saw  us  he  already  had  evidence  of  some  myocardial  involvement.  Even 
though  he  may  have  had  a  gradual  occlusion  appai'ently  without  pain,  he  had 
definite  subjective  .symptoms. 

His  collateral  circulation  must  have  been  well-developed,  but  in  addition  it 
must  be  emphasized  that  he  was  also  hyposensitive.  There  is  no  doubt  though 
that  the  state  of  the  collateral  circulation  is  a  factor  in  the  ultimate  clinical 
picture.  It  is  not  impossible  then  to  imagine  that  some  of  these  cases  that 
have  been  reported  without  pain  or  without  symptoms  might  have  been  hypo- 
sensitives.  Although  a  gradual  closure  may  occur  without  pain  or  other  sub- 

jective symptoms,  nevertheless  in  our  experience  acute  coronarj^  occlusion  with 
myocardial  infarction  is  invariably  accompanied  by  subjective  symptoms,  even 
in  the  absence  of  pain. 

LOC.\L  MYOCARDI.VL  DAMAGE 
It  is  a  well  known  clinical  fact  that  in  cases  of  angina  pectoris  the  frequency 

and  severity  of  the  attacks  of  precordial  pain  are  often  lessened  following  an 
attack  of  coronary  occlusion. 

Kennedy  (22)  in  his  study  of  the  incidence  of  myocardial  infarction  without 
pain  of  200  autopsied  cases,  found  that  while  only  4  per  cent  of  the  attacks  of 



PAIN  IN  ACUTE  CORONARY  OCCLUSION 431 

acute  myocardial  infarction  were  painless,  an  analysis  of  old  attacks  from  which 
recovery  had  occurred  showed  that  about  22  per  cent  were  painless. 

The  following  is  a  case  illustrating  this  point:— 
Case  2.  Hislortj:  H.  K.,  a  man  aged  44  years,  on  March  8, 1938  had  an  attack  of  coronary 

occlusion  and  was  in  bed  for  four  months.  At  the  beginning  of  the  attack  he  complained 
of  shortness  of  breath,  severe  precordial  pains  with  radiation  down  the  left  arm,  and  dizzi- 

ness. P'our  months  later  he  had  another  episode  associated  with  pain  in  the  left  shoulder radiating  down  to  his  little  finger.  The  electrocardiograms  and  the  clinical  course  were 
typical  of  coronary  occlusion.  On  February  16,  1943  he  had  an  "attack"  of  sudden  dyspnea 
with  collapse.  This  time  he  stated  that  he  did  not  have  any  pain  whatsoever.  The  electro- 

cardiograms taken  at  this  time  and  the  clinical  course  were  characteristic  of  acute  coronary 
occlusion.  The  patient  was  examined  by  the  Libman  method  and  was  found  to  be  mod- 

erately hyposensitive. 

Comment.  The  question  naturally  arises  why  the  first  and  second  attacks 
occurred  with  pain  and  the  subsequent  one  without  pain.  A  diseased  organ  is 
usually  a  more  sensitized  organ,  but  local  myocardial  damage  may  apparently 
desensitize  it  to  pain. 

Some  have  suggested  that  the  cause  of  lack  of  pain  is  due  to  the  fact  that  there 
is  not  only  an  infarct  but  absolute  ischemia,  while  others  feel  that  the  lack  of  pain 
is  due  to  alteration  in  the  nerve  plexuses  surrounding  the  coronary  vessels. 

Lewis  (29)  in  his  observations  on  pain-sensitive  tissues,  found  "traction  on  a 
ligature  previously  passed  around  the  descending  branch  of  the  left  coronary 
promptly  calls  forth  evidence  of  pain,  the  dog  limping  on  the  left  forepaw  (Sut- 

ton and  Lueth).  Signs  of  pain  are  elicited  by  such  traction,  even  though  the 
artery  remains  patent,  it  therefore  seems  to  come  at  least  in  part  from  tension 
on  the  nerves  accompanying  the  artery.  Puncturing  the  heart  wall  in  dogs  is 
said  to  be  painless;  the  aorta  may  be  punctured  painlessly,  but  signs  of  pain  are 
sometimes  elicited  from  the  adventitia." 

The  exact  mechanism  is  not  clearly  understood,  how  previously  existing  myo- 
cardial damage  or  a  healed  infarct  serves  to  disrupt  the  passage  of  painful  stim- 

uli from  the  heart.  Although  local  neurogenic  factors  may  be  effective  in  pre- 
viously damaged  hearts  in  eliminating  the  pain  of  myomalacia,  the  constitutional 

factor  of  hypo.sensitivity  may  also  play  a  significant  role  in  its  elimination,  as 
occurred  in  the  last  attack  of  the  case  we  have  just  presented. 

CORONARY  INSUFFICIENCY 

It  has  been  known  for  some  time  that  acute  coronary  occlusion  may  occur  with- 
out pain  post-operatively  (3,  35).  Recently,  however,  Master  (33,  36)  has 

emphasized  the  fact  that  many  of  these  cases  of  so-called  coronary  occlusion  are 
really  cases  of  coronary  insufficiency.  In  a  recent  article  he  (34)  stated:  "Coro- 

nary insufficiency  is  due  to  a  sudden  inadequacy  of  coronary  blood  flow,  produced 
by  a  number  of  factors.  Thus,  unusual  effort  and  emotion  increase  the  work  of 
the  heart;  acute  hemoirhage,  shock,  tachycardia,  heart  failure,  surgical  opera- 

tions, and  aortic  A'alve  disease  diminish  the  amount  of  blood  flow  through  the 
coronary  arteries.    If  either  increased  cardiac  work  or  diminished  coronary  blood 
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flow  develops  in  the  presence  of  coronary  artery  disease,  the  myocardium  may 
become  ischemic  and,  if  the  precipitating  factor  persists,  necrosis  of  the  heart 
muscle  may  ensue.  Occasionally  no  discernible  cause  of  the  coronary  insuffi- 

ciency is  present. 
"Unlike  coronary  occlusion,  pain  may  be  a  minor  symptom  in  coronary  in- 

sufficiency, and  sometimes  is  obscured  entirely  by  the  condition  causing  the 
ischemia,  for  example,  shock  or  a  surgical  operation.  Even  when  present,  the 
pain  is  often  transitorJ^  In  other  cases  status  anginosus  may  be  present.  In 
general,  when  no  precipitating  factor  of  an  attack  is  apparent,  the  differential 
diagnosis  of  coronary  occlusion  and  insufficiency  may  depend  on  the  electro- 
cardiogram." This  clinical  classification  is  of  great  value  if  used  with  the  proper  sense  of 
balance.  One  can  never  be  certain  whether  what  might  seem  to  be  a  coronary 
insufficiency  might  not  be  the  prodromal  symptoms  of  an  impending  acute 
coronary  occlusion  of  major  proportions. 

Recently  White  (49)  describing  a  case  of  coronary  insufficiency,  which  he  called 
angina  pectoris  decubitus  stated  that  "one  cannot  over-emphasize  the  impor- 

tance of  a  rest  cure  during  periods  of  angina  pectoris  decubitus.  It  is  just  as 
important  to  treat  angina  pectoris  decubitus  by  rest  as  it  is  an  actual  myocardial 
infarct.  It  is  quite  likely  that  as  many  deaths  have  occurred  during  a  period  of 
angina  pectoris  decubitus  as  during  acute  myocardial  infarction,  or  even  more, 
owing  in  part  at  least  to  the  failure  to  restrict  activities  over  that  period  of 

time." The  clinical  picture  of  coronarj'  insufficiency  may  resemble  that  of  coronary 
occlusion,  but  pain  and  signs  of  shock  may  be  absent  or  inconspicuous.  In  view 
of  the  fact  that  there  may  be  an  absence  of  pain  or  shock,  it  may  be  of  interest 
to  some  investigator  to  determine  how  many  of  these  people  are  hyposensitive. 

DIAGNOSIS  OF  ACUTE  CORONARY  OCCLUSION 
The  diagnosis  of  acute  coronary  occlusion  with  myocardial  infarction  can  only 

be  made  after  a  thorough  investigation  of  the  clinical  history  and  subsequent  ob- 
servations of  the  patient.  In  coronary  occlusion  the  pain  is  usually  located  in 

the  middle  of  the  chest  near  the  sternum.  It  can  be  extremely  severe  and  agoniz- 
ing, and  with  a  tendency  to  being  persistent.  In  some  cases  the  pain  may  be 

referred  to  the  back  or  to  the  abdomen.  In  those  cases  where  the  individual  is 
hyposensitive,  the  pain  may  be  mild  or  represented  by  the  substitution  symptoms 
of  Libman.  In  rare  instances  there  may  be  a  total  absence  of  pain.  In  such 
cases  where  pain  is  absent,  the  presenting  symptoms  may  be  sudden  dyspnea, 
sudden  increase  of  myocardial  failure,  vertigo,  sjmcope,  collapse  or  digestive  dis- 

turbances.   These  are  observations  made  a  long  time  ago  by  Libman. 
The  pain  in  acute  coronary  occlusion  is  usually  not  relieved  by  nitroglycerine. 

Furthermore  the  patient  may  present  the  picture  of  shock,  with  cold  and  clammy 
extremities  and  an  ashen  gray  facies.  There  is  a  tendency  for  the  blood  pressure 
to  decline  and  then  gradually  return  towards  normal.  In  some  cases  the  blood 
pressure  remains  elevated.  Fever  and  leukocytosis  are  usually  present,  but  this 
is  absent  in  an  appreciable  number  of  cases.    In  most  instances  the  increase  in 
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the  leukocyte  count  and  the  rise  in  temperature  may  occur  before  the  sedimenta- 
tion rate  becomes  elevated. 

In  his  investigations  Bean  (4)  found  that  "pericardial  friction  rubs  were  heard 
in  41  per  cent  with  acute  pericarditis  in  coronary  occlusion  with  infarction." 
When  the  opportunity  affords,  fluoroscopic  examination  of  these  patients 

may  reveal  a  systolic  expansion  in  the  area  of  the  left  ventricle  which  is  in  the 
region  of  ihv  infarct. 

In  addition  to  all  these  signs  and  symptoms,  one  usually  finds  elevation  of  the 
RS-T  segment  and  a  deep  Q  wave  in  one  or  more  leads,  with  progressive  change 
from  RS-T  elevation  to  T  wave  inversion  in  serial  electrocardiograms. 

DIFFERENTIAL  DIAGNOSIS 

Severe  pain  in  the  chest  which  may  often  seem  characteiistic  of  acute  coronary 
thrombosis  may  actually  signify  other  conditions  such  as  pulmonary  embolism 
and  pulmonary  infarction.  In  pulmonary  embolism  and  infarction  one  may  get 
the  clinical  picture  and  even  electrocardiograms  suggestive  of  acute  coronary 
occlusion. 

There  are  many  other  conditions  which  may  cause  chest  pain  such  as  inter- 
costal neuralgia,  herpes  zoster,  fractured  rib,  and  inflammation  or  disease  of  the 

vertebrae,  cartilage  or  fibrous  tissue.  Visceral  disease  other  than  heart  affections 
causing  chest  pain  include  lesions  of  the  pleura,  diaphragmatic  pleuiisy,  pneu- 

monia, inflammation  in  the  mediastinum,  diaphragmatic  hernia,  etc.,  etc. 
At  times  certain  intra-abdominal  conditions  such  as  perforated  peptic  ulcer 

and  gall  bladder  disease  may  closely  simulate  acute  coronary  thrombosis  with 
abdominal  symptoms. 

Another  condition  which  may  easily  be  confused  with  acute  coronary  occlusion 
is  acute  pancreatitis.  Dittler  and  McGavack  reported  a  case  of  a  53  year  old 
man  who  had  sharp  abdominal  pain,  nausea,  orthopnea  and  precordial  oppres- 

sion. He  was  admitted  into  the  hospital  in  shock.  The  patient  had  auricular 
fibrillation.  On  admission  the  blood  pressure  was  160/90.  There  was  a  leuko- 

cytosis and  the  sedimentation  rate  became  elevated.  Changes  in  the  electro- 
cardiograms and  a  subsequent  drop  in  blood  pressure  to  110/80  made  it  almost 

certain  that  the  clinical  picture  was  that  of  an  acute  coronary  thrombosis. 
After  the  patient  died,  it  was  found  on  autopsy  that  there  was  necrosis  of  the 
pancreas  and  a  peritonitis.  Examination  of  the  heart  showed  that  both  coronary 
arteries  were  patent  throughout  and  on  section  presented  smooth,  intact  intimae. 

In  their  observations,  Gottesman,  Casten  and  Beller  (53)  have  pointed  out 
that  the  electrocardiographic  changes  which  may  occur  with  acute  pancreatitis 
have  been  repeatedly  interpreted  as  indicating  acute  coronary  occlusion.  In 
experimental  work  on  dogs  they  induced  acute  pancreatitis,  and  on  autopsy  they 
found  that  despite  the  abnormal  electrocardiograms  the  coronary  arteries  were 
normal.  They  further  reported  cases  of  acute  pancreatitis  where  the  clinical 
course  and  the  electrocardiograms  which  included  inversion  of  the  T  waves  were 
very  suggestive  clinically  of  acute  coronary  thrombosis.  In  those  instances 
where  they  were  able  to  obtain  autopsies  the  coronary  arteries  were  patent. 

A  case  observed  by  Gottesman,  Casten  and  Beller  on  the  service  of  Dr.  Eli 



434 M.  A.  KUGEL 

Moschco^\^tz  was  very  suggestive  of  acute  coronary  thrombosis.  The  electro- 
cardiograms showed  elevation  of  the  RS-T  segments  in  all  leads,  and  the  diag- 

nosis of  anterior  myocardial  infarction  was  made.  Death  occuncd  tlnee  hours 
after  admission  and  autopsy  revealed  an  acute  fibropurulent  pancreatitis.  The 
coronary  arteries  were  patent  throughout.  They  have  suggested  a  "triad  for 
establishing  diagnosis  of  pancreatitis:  1)  elevated  blood  amylase  2)  signs  of  upper 
abdominal  peritoneal  irritation  and  3)  variation  from  the  normal  in  electro- 

cardiographic tracing  which  may  simulate  coronary  disease  or  myocardial  in- 
farction." Clinical  and  experimental  observations  have  shown  that  disturbances  in  the 
gastro-intestinal  tract  may  be  associated  with  electrocardiographic  changes  sug- 

gestive of  coronary  disease. 
Thus  it  should  be  emphasized  that  there  are  conditions  in  the  chest  or  elsewhere 

which  may  simulate  acute  coronary  occlusion,  and  one  cannot  depend  on  pain 
alone,  e\  en  if  associated  with  electrocardiographic  changes,  as  sufficient  basis  to 
make  an  accui  ate  and  final  cUagnosis  of  coronary  occlusion. 

Also  one  cannot  make  an  accurate  diagnosis  of  coronary  disease  on  electro- 
cardiographic findings  ■Aonv  \\ithout  obtaining  a  complete  clinical  history. 

Marvin  (54)  has  pointed  out  that  changes  in  the  electrocardiogram  particularly 
the  S-T  segment  and  T  wave  ha\  e  caused  more  confusion  and  trouble  than  any 
other  portion  of  the  tracings. 

There  are  many  conditions,  other  than  coronary  atherosclerosis,  responsible 
for  abnormalities  of  S-T  segment  and  T  wave.  Marvin  points  out  that  un- 

doubtedly changes  in  these  segments  are  found  with  coronary  atherosclerosis  but 
coronary  disease  is  onl.y  one  of  many  factors  that  cause  such  changes,  and  it  is 
definitely  impossible  to  decide  from  the  electrocardiogram  alone  which  of  these 
many  causes  is  responsible.  "If  myocardial  infarction  is  excluded,  there  is  no 
change  in  the  electrocardiogram  that  in  itself  justifies  the  diagnosis  of  coronary 
disea.se,  l)ecause  the  alterations  on  which  this  diagnosis  is  based  may  be,  and 
often  are,  due  to  other  causes." 

The  general  impression  in  the  literature  is  that  there  is  a  wide  divergence  of 
opinion  as  to  the  frequency  of  acute  coronary  occlusion  and  myocardial  infarction 
without  pain.  Actually  this  not  the  case  All  those  investigators  who  have 
carefully  defined  theii-  criteiia  as  to  what  they  consider  pain,  and  who  have  in- 

cluded Libman's  (30,  31,  32)  substitution  symptoms  as  a  manil'estation  of  pain, are  in  complete  agreement.  Babey  (2),  Kennedy  (22),  Pollard  and  Harvill  (39), 
as  well  as  the  writer,  interpreted  the  substitution  symptoms  of  Libman  as  a 
manifestation  of  pain,  and  under  these  circumstances  it  was  found  that  acute 
coronary  occlusion  without  pain  is  very  rare,  at  most  4  per  cent. 

White  (48),  Levine  (27)  and  Roche  (41)  who  recognized  the  substitution 
symptoms  as  a  criteria  for  pain  are  also  of  the  opinion  that  acute  coronary  oc- 

clusion without  pain  occurs  in  only  about  3  or  4  per  cent  of  the  cases. 
Others  like  Barnes  (3)  report  that  they  have  always  been  skeptical  about  the 

occurrence  of  coronary  occlusion  w  ithout  pain,  and  recently  Dressier  (10)  has 
stressed  tliat  painless  attacks  are  infrequent  and  that  thorough  questioning  elicits 
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tlie  fact  that  there  was  some  kind  of  anginal  pain  in  the  overwhelming  majority 
of  cases. 

Wolferth  (51)  states  that  he  has  seen  only  two  or  three  patients  with  definite 
electrocardiographic  evidence  of  recent  infarction  from  whom  a  history  of  pain 
or  other  anginal  type  of  distress  could  not  be  elicited. 

There  are  man.y  objections  already  raised  in  the  literature  as  to  the  validity 
of  some  of  the  reports  on  the  high  incidence  of  cases  of  coronary  occlusion  with- 

out pain.  Thus,  in  order  to  avoid  the  pitfalls  of  incomplete  histories,  Babey  (2) 
excluded  patients  who  died  very  suddenly  before  complete  study  or  those  who 
wei-e  sick  to  study  and  died  soon  after  admission.  Also  he  excluded  cases 
of  i)ati('nts  who  suffered  coronary  occlusion  shortly  after  operation  or  when  they 
were  under  the  eff  ects  of  drugs  or  anesthesia  and  whenever  the  mental  state  was 
clouded  on  admission  by  uremia  or  impending  coma,  and  no  reliable  history  was 
obtainable.  Babey  (2)  also  pointed  out  that  almost  all  reports  which  declare 
acute  coronary  occlusion  without  pain  to  be  frequent  are  based  on  old  case  rec- 

ords, which  can  be  very  misleading.  Wolferth  (51)  has  stated  that  "patients 
who  have  suffered  a  coronary  closure  weeks  or  months  before  may  have  had 
such  mild  pain  as  to  have  completely  forgotten  about  it.  Questioning  all  acute 
cases  soon  after  the  attack  is  the  only  safe  approach.  Yet  even  this  is  liable  to 
error,  for  patients  occasionally  suspect  the  nature  of  their  attack  and  deny  typ- 

ical pain  out  of  fear  of  being  told  the  truth;  or  their  distress  may  not  be  classical 
and  be  entirely  overlooked." 

The  objections  raised  by  Kennedy  (22)  are  that  "most  of  the  previously  pub- 
lished reports,  which  have  indicated  that  painless  coronary  thrombosis  was  of 

■fairly  frecjuent  occurrence,  have  failed  to  take  into  account  the  difficulty  of  ob- 
taining an  adequate  history  under  such  conditions  as  sudden  death,  coma,  sur- 

gical anesthesia  and  cerebral  vascular  accidents.  They  have  also  omitted  the 
important  distinction  between  pain  and  other  sensations  equally  characteristic 
of  coronary  disease,  such  as  pressure,  constriction,  and  burning." 

Similar  criticisms  have  also  been  raised  by  Pollard  and  Harvill  (39),  who  stated 
that  "some  authors  have  included  in  the  painless  group  all  cases  in  which  the 
patient  did  not  use  the  term  pain  in  describing  his  symptoms,  even  though  'pre- 

cordial discomfort',  'precordial  distress'  or  'a  sense  of  constriction  in  the  chest' 
did  occur.  Some  authors  have  included  in  the  painless  group  cases  in  which  the 
patient  had  experienced  transient  anginal  pain  of  the  type  which  occurs  in  angina 
of  effort,  but  no  prolonged  myocardial  damage  or  failure." 

The  problem  of  the  personal  interpretation  of  pain  is  not  a  simple  one  as  has 
already  been  pointed  out  by  Lewis  (29)  who  stated  that  "it  must  be  obvious  to 
anyone  wlio  has  given  thought  to  the  matter  that  most  descriptions  of  pains — 
as  thcsf  aic  sui)plio(l  to  us  by  those  who  suffer  from  such  pains  in  words  purely 
of  llicii-  own  clioicc  fail  to  convey  sufficiently  precise  ideas  of  the  sensations  ex- 

perienced anti  therefore  do  not  adequately  identify  the  pains.  One  reason  for 
inaccvuacy  and  inadequacy  of  description  is  the  difficulty  of  calling  up  exact 
memories  of  what  has  been  felt  some  time  previously.  It  is  certain  that  the 
closer  the  description  is  to  the  exont  the  more  accurate  it  becomes,  and  that  the 
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description  is  most  accurate  when  given  at  the  time  pain  occurs  and  deliberately 
revised  at  the  tim.e  the  pain  recurs.  Another  reason  is  the  difficulty  of  finding- 
right  words  of  description  and  apposite  illustrations;  to  do  this  requires  obser- 

vational and  didactic  skill  in  a  degree  which  few  possess  .  .  .  .  " 
Unless  the  examining  physician  is  clear  in  his  own  mind  as  to  what  is  pain,, 

and  unless  he  is  acquainted  with  the  importance  of  the  substitution  symptoms 
as  described  by  Libman,  he  is  apt  to  make  a  serious  error  in  diagnosis.  The 
following  case  report  is  an  example: — 

Case  3.  History:  R.  K.,  a  young  man  of  28  years  of  age,  who  had  been  in  Officers'  Candi- 
date School  in  Miami  Beach,  was  brought  in  by  his  father  on  Sunday,  September  13,  1942 

for  examination.  For  the  past  week  he  had  felt  a  constriction  around  the  head  associated 
with  weakness  in  the  arms  after  marching,  walking  and  dancing,  and  with  it  he  felt  quite 
weak.  He  also  noticed  that  after  meals  or  walking,  he  would  have  a  constricting  sensation 
around  the  chest.  He  had  been  examined  by  an  Army  officer  who  made  a  diagnosis  of  neuro- 

circulatory asthenia  and  salt  deficiency. 
Examination:  His  heart  was  normal  in  size,  shape  and  position.  His  blood  pressure  was 

110  systolic  and  80  diastolic  and  pulse  rate,  78.  Electrocardiograms  showed  a  cove  plane 
inversion  of  To  and  T3  with  prominent  Q  waves  in  leads  II  and  III.  He  was  hyposensitive 
when  examined  by  the  styloid  pressure  test  of  Libman.  It  was  three  days  before  gradua- 

tion, and  the  father  was  informed  that  it  would  be  a  great  risk  to  have  this  boy  march  or 
drill  any  further  even  though  it  nicant  that  he  would  not  obtain  his  commission.  He  was 
admitted  to  the  Army  hospital  where  the  diagnosis  of  coronary  occlusion  was  confirmed  by 
the  cardiologist.  After  six  weeks  in  bed  he  made  a  complete  recovery,  and  was  subsequently 
honorably  discharged  from  the  Army. 

Comment.  The  incidence  of  coronary  disease  in  youth  has  already  been  de- 
scribed by  Glendy,  Levine  and  White  (13),  and  its  importance  in  the  armed 

services  is  being  recognized  as  indicated  by  the  work  reported  by  French  and 
Dock  (12)  on  "Fatal  Coronary  Arteriosclerosis  in  Young  Soldiers." 

Had  this  soldier  with  acute  coronary  occlusion  and  mild  substitution  symp- 
toms been  allowed  to  march,  the  outcome  could  easily  have  been  fatal.  It 

cannot  be  over-emphasized  that  one  should  treat  with  great  caution  those  hypo- 
sensitive  individuals  with  acute  coronary  occlusion  with  mild  substitution  symp- 

toms. It  is  in  this  group  where  errors  in  diagnosis  are  most  apt  to  be  made,  and 
the  serious  nature  of  the  underlying  illne.ss  is  most  apt  to  be  overlooked  by  the 
physician  and  the  patient. 

SUMM.\RY  AND  CONCLUSIONS 

In  a  study  of  350  cases  of  coronary  occlusion  only  ten  were  found  to  be  with- 
out pain,  an  incidence  of  less  than  3  per  cent.  A  re\'iew  of  the  literature  on  this 

subject  reveals  that  all  those  investigators  who  clearly  define  their  criteria  for 
pain,  and  who  have  considered  Libman 's  substitution  symptoms  as  a  manifesta- 

tion of  pain,  also  found  a  very  low  percentage  without  pain. 
Although  severe  precordial  pain  of  a  characteristic  nature  may  occur  in  coro- 

nary occlusion,  it  should  be  emphasized  that  there  are  many  cases  where  the 
symptoms  are  atypical,  the  pain  mild,  or  in  rare  cases,  even  absent.  In  the  hypo- 
sensitive  individual  pain  may  be  manifested  by  substitution  symptoms,  or  when 



PAIN  IN  ACUTE  CORONARY  OCCLUSION 437 

pain  is  absent,  the  presenting  symptoms  may  be  a  sudden  dyspnea,  sudden  in- 
crease in  myocardial  failure,  vertigo,  syncope,  digestive  disturbances  or  collapse. 

It  is  in  the  hyposensitive  individual  that  one  is  most  apt  to  overlook  the 
seriousness  of  the  vmderlying  condition.  One  cannot  depend  on  pain  alone,  even 
associated  with  the  electrocardiograms  which  might  seem  to  be  characteristic, 
for  the  final  diagnosis  of  acute  coronary  occlusion.  One  must  go  into  the  history 
in  great  detail  and  consider  the  entire  clinical  picture. 
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ACUTE  TOXIC  NEPHROSIS  IN  C.\RBON 
TETRACHLORIDE  POISONING^ 
VICTOR  H.  KUGEL,  Captain,  A.U.S. 

According  to  Smetana  (1)  the  diagnosis  of  carbon  tetrachloride  poisoning 
presents  no  difficulty  if  one  is  familiar  with  the  toxic  manifestations,  particularly 
renal;  the  clinical  symptoms  and  laboratory  findings  are  so  characteristic  and 
uniform  as  to  lead  to  the  correct  diagnosis  without  adequate  history.  That  there 
is  a  lack  of  famiUarity  with,  the  injurious  effects  of  carbon  tetrachloride,  their 
prevention,  diagnosis,  clinical  manifestations  and  treatment,  is  evidenced  by 
mounting  reports  of  poisoning  (2).  Wartime  use  of  this  degreasing  solvent 
emphasizes  the  problem.  This  case  report  of  severe  acute  renal  insufficiency 
with  full  recover}^  illustrates  and  reviews  that  newer  knowledge  of  carbon 
tetrachloride  poisoning. 

CASE  REPORT 
Hislorij:  This  22  year  old  soldier  was  in  a  detail  of  fifteen  men  assigned  to  degreasing 

guns  with  carbon  tetrachloride  after  a  preliminary  cleansing  with  common  gasoline  (73  oc- 
tane) .  His  exposure  was  intermittent,  totalling  about  five  hours  on  the  3rd,  and  seven  hours 

on  the  4th  of  December.  The  detail  worked  in  a  large,  stove-heated  room  in  which  two 
windows  and  a  door  were  kept  open.  He  sat  with  most  of  tlie  others  at  a  long  bench  which 
held  a  deep  tray  containing  1-2  quarts  of  carbon  tetrachloride  washing  gun  parts  that  had 
been  cleaned  with  gasoline  contained  in  another  tray  on  this  bench.  Nine  of  the  fifteen 
soldiers  became  acutely  ill  in  the  late  evening  of  the  second  day  with  headache,  nausea, 
vomiting  and  backache.  One  soldier  went  rapiclly  into  such  a  shock-like  state  that  it  was 
feared  he  was  about  to  die;  he  and  seven  others  reccA  iTctl  fully  within  48  hours,  whereas  this 
patient  progressed  to  renal  insufficiency.  One  of  the  acutely  ill  men  handled  neither  gaso- 

line nor  carbon  tetrachloride.  Although  the  route  was  predominately  by  inhalation,  some 
of  the  carbon  tetrachloride  may  have  been  absorbed  through  the  skin  and  perhaps  ingested. 

The  past  history  disclosed  no  significant  illnesses  but  did  reveal  that  for  several  years  the 
patient  was  accustomed  to  consuming  large  quantities  of  hard  liiiuor,  as  much  as  a  quart 
and  a  half  daily.  However,  he  at  first  maintained  that  for  the  past  year  he  had  "sworn  off"; closer  questioning  revealed  that  on  the  evening  prior  to  the  first  exposure  he  consumed  25 
or  30  beers  and  "onlj'  two  whiskeys."  About  three  nights  a  week  he  "swore  off"  in  this 
manner.  Curiously,  and  perhaps  significantly,  he  consumed  much  milk,  drinking  6  to  8 
gla-sses  a  day  regularly. 

Course:  The  course  of  the  illness  can  be  divided  into  the  following  phases;  latent,  acute 
toxic,  delayed,  renal  insufficiency  and  recovery. 

Short !}•  after  completing  his  second  afternoon  of  work,  the  patient  had  malaise,  loss  of 
appetite  and  drowsiness.  He  omitted  supper  and  went  to  sleep.  Five  hours  later  he  awoke 
acutely  ill,  nauseated,  began  to  vomit,  was  quite  dizzy  and  weak,  and  was  hospitalized  with 
the  additional  complaints  of  backache,  and  pains  radiating  down  the  back  of  the  legs. 
The  temperature  was  102°F,  pulse  128,  and  respirations  24.  He  was  treated  with  morphine, 
glucose  and  saline,  atropine  and  repeated  intravenous  injections  of  calcium. 

On  the  second  day  of  illness  there  seemed  to  be  some  improvement,  although  nausea  and 
vomiting  were  persistent  and  a  cloudy  mental  state  prevailed  and  persisted  for  the  next  nine 

1  From  the  Medical  Service  of  Lt.  Col.  Marshall  X.  Fulton,  MC,  Valley  Forge  General 
Hospital,  Colonel  Henry  Beeuwkes,  MC,  Commanding. 440 
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days.  The  tomporature  was  99. ST  and  thereafter  became  normal.  He  received  10  cc.  of 
10  per  cent  cah-iuni  gluconate  intravenously  and  -lO  grains  of  calcium  glu(-onat(!  orally. 

On  the  third  d.-iy  the  clinical  condition  suddeidy  became  worse  with  exacerbation  of  the 
dizziness,  nausea  and  vomiting.  This  was  accompanied  liy  distension  and  abdominal  pain, 
generalized  as  well  as  localized  in  the  right  upper  ciuadrar)t.  Oliguria,  previously  attri- 

buted to  dehydration,  failed  to  respond  to  3,C0O  cc.  of  intravenous  10  per  cent  glucose. 
There  was  no  improvement  on  the  fourth  day  despite  repeated  intravenous  infusions,  cal- 

cium gluconate  and  intramuscular  thiamine.  He  was  then  transferred  to  Valley  Forge 
General  Hospital  for  diagnosis  and  treatment. 

Examinatiun:  The  ])ati(Mit  was  an  a|)athetic,  nauseated,  drowsy  soldier,  temperature 
98.2°F,  pulse  64,  respirat  ions  L' t .  The  cn  cs  w  ere  puffy,  the  sclerae  subicteric  and  a  urinifer- ous  oder  was  detectable  in  his  breath.  There  was  slight  bleeding  from  the  right  nostril. 
There  was  moderate  stomatitis  and  the  right  tonsil  \\as  ulcerated.  Heart  and  lungs  were 
negative.  The  abdomen  was  distended,  the  liver  edge  paljiable  one  to  two  fingerbreadths 
below  the  costal  border  and  (|uite  tender.  Spleen  and  kidneys  were  not  palpable,  but  there 
was  slight  costo-vertebral  teiiderness.  Deep  reflexes  were  normal ;  a  few  muscular  twitches 
were  noted,  but  no  Chvostek.  Treatment  was  begun  by  restriction  of  all  oral  intake. 
Fifty  per  cent  glucose,  repeatefl  calcium  gluconate  and  5  per  cent  glucose  alternately  in 
saline  and  distilled  water  were  given  intravenously. 

Laljoratory  determinations^  (Tables  1  and  2)  corroborated  the  clinical  impression  of  pre- 
dominant renal  insufficiency.  On  the  fifth  day,  although  vomiting  was  slight  but  bloody, 

the  general  condition  was  worse.  The  symptoms  persisted  and  the  abdominal  complaints 
increased.  The  puffiness  was  a  little  more  marked.  Three  hundred  cc.  of  plasma  were 
given  in  addition  to  intravenous  glucose  in  saline  and  in  distilled  water,  a  total  intake  of 
3,720  cc.  Several  injections  of  caffein  sodium  benzoate  were  also  given.  The  condition 
was  unchanged  the  following  day  except  that  vomiting  ceased.  The  lungs  were  clear,  the 
second  pulmonic  sound  was  accentuated  and  reduplicated.  There  was  puffiness  of  the  face 
and  skin  but  no  pitting  edema.    Treatment  continued  as  previously  indicated. 

On  the  seventh  day  the  condition  appeared  critical.  Headache  was  prominent  and  the 
breath  sti-(jngly  uremic.  He  vomited  a  total  of  180  cc.  of  frnnldy  bloody  material.  Ab- 

dominal pain  was  severe,  the  liver  edge  being  enlarged  to  the  umlii I icu^  .mimI  iii;irkedly 
tender.  A  superficial  scratch  of  the  neck  resulted  in  bl(;eding  so  ])rorusr  ;is  to  ic(iuii'e  com- 

pression. There  was  also  a  very  brisk  cpistaxis  following  picking  of  the  iios(  \'i(;imin  K 
(1  cc.  Hykinonc)  daily  was  administered  and  continued  for  seven  days.  .Manilrsi  .'it  ions  of 
a  hemorrhagic  diathesis  were  not  noted  after  the  ninth  day.  Intramuscular  iMainine,  .50 
mg.  daily,  previously  administered  at  intervals,  was  given  daily  foi-  seventeen  days.  In 
view  of  the  imminent  congestive  failure  all  intravenous  fluids  were  fliscontioued  and  the 
patient  allowed  only  an  irreducible  minimum  of  fluids.  The  patient  fell,  better  on  the 
eighth  day  despite  the  appearance  of  rales  in  the  chest  and  peripheral  cilcnia.  Another 
brisk  epistaxis  occurred.  There  was  cough  with  expectoration  of  thick,  bloody  muco- 

purulent sputum.  X-ray  of  the  chest  disclosed  early  pulmonary  congestion,  patches  of 
broncho-pneumonia  and  borderline  cardiac  enlargement.  On  the  ninth  day  there  was  frank 
congestive  failure  with  numerous  rales  at  both  bases,  probable  ascites,  liver  edge  was  tender 
and  at  the  umbilicus,  and  there  was  pitting  edema  of  the  abdominal  wall  and  lower  extremi- 

ties. There  were  signs  of  increased  neuro-muscular  irritability.  There  was  also  an  alarm- 
ing episode  of  45  minutes  duration  in  which  there  was  confusion,  severe  headache,  mild  con- 

vulsion, progressive  impairment  of  vision  resulting  in  complete  blindness.  The  blood  pres- 
sure, previously  elevated  (Table  1),  rose  to  186  systolic  and  124  diastolic  at  this  time. 

X-ray  disclosed  remarkable  cardiac  enlargement,  pulmonary  edema,  broncho-pneumonia, 
and  a  small  effusion  at  the  right  base.  The  patient  was  able  to  retain  1  j  grams  of  sodium 
bicarbonate  and  vitamin  capsules  containing  30,000  units  of  vitamin  A  and  3,000  units  of 

2  Grateful  acknowledgment  is  made  to  the  Laboratory  Staff,  Lt.  Edmund  P.  Finch  and 
Captain  Hans  Schlumberger,  for  their  enthusiastic  cooperation. 
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vitamin  D.  For  the  next  three  days  he  received  3  grams  or  slightly  more  of  sodium  bicar- 
bonate and  for  the  next  three  weeks  about  100,000  units  of  vitamin  A  and  10,000  units  of 

vitamin  D  daily. 
The  condition  on  the  tenth  day  was  generally  the  same.  An  encouraging  urinary  output 

of  1,419  cc.  was  charted.  From  the  eleventh  through  the  eighteenth  day  there  was  a  strik- 
ing diuresis  of  nearly  26  liters.    Within  48  hours  there  were  only  traces  of  the  water  reten- 

TABLE  1 
Composite  of  intake,  output,  blood  pressure  and  blood  chemistnj 
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Observat  ions  charted  on  semi-logarithmic  paper.  Non-protein  nitrogen,  blood  urea 
nitrogen,  cholesterol  and  cholesterol  esters,  creatinine,  calcium,  phosphorus  and  uric  acid 
recorded  in  milligrams  per  cent.  Icteric  index  in  conventional  units.  Total  protein  in 
grams  per  cent.  CO2  in  volumes  per  cent.  Urea  clearance  in  per  cent  of  average  normal 
function. 

tion.  The  mental  symptoms  rapidly  disappeared.  Expectoration  of  bloody  sputum,  about 
an  ounce  daily,  continued  through  the  thirteenth  day.  X-ray  on  the  sixteenth  day  re- 

vealed a  normal  heart  and  clearing  of  the  pneumonia  and  odeina.  The  appetite  returned 
rapidly  and  by  the  fourteenth  day  it  was  possible  to  inst  it  utc  a  diet  of  -',.".( !0  calories  with  450 grams  of  carbohydrate,  50  grams  of  protein,  and  20  grams  ol  fat .  Al  ter  four  days  the  pro- 

tein was  increased  to  75  grams  and  the  fat  to  40  grams.  From  the  twenty-third  day  the 
'patient  was  able  to  tolerate  protein  of  90  grams  and  fat  of  60  grams.    Clinical  improvement 
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was  ra|)icl  and  all  evidences  of  liver  and  renal  damage  had  disappeared  at  the  time  of  return 
to  full  duty  after  forty-five  days  of  hospitalization  that  included  a  sick  furlough.  (The 
final  urea  clearance  of  89  per  cent  of  average  normal  function  is  not  charted.) 

Lahoratonj  Data:  Table  1  details  the  outstanding  features.  In  addition  to  the  progres- 
sive retention  of  nitrogenous  products  there  is  also  elevation  of  phosphorous  and  uric  acid. 

The  creatinine  levels  are  striking,  reaching  a  peak  elevation  of  26.4.  The  peak  of  retention 
was  reached  about  thirty-six  hours  after  diuresis  had  started.  Three  weeks  elapsed  be- 

tween the  peak  levels  and  the  return  to  normal,  the  return  being  inversely  proportional  to 
the  urea  clearance.  The  earliest  determination  of  the  latter,  on  the  tenth  day,  was  4  per 
cent  of  average  normal.  The  icteric  index  was  never  higher  than  11.5  and  normal  from  the 
fifth  day  on.  The  total  protein  was  initially  reduced  witn  a  minimum  of  5.2  grams  but  with- 

out reversal  of  the  A/G  ratio.  Total  cholesterol  was  st  rikingly  depressed  to  86  with  esters 
of  42;  these  remained  low  for  sevei-al  weeks,  becoming  normal  on  the  thirty-second  day. 
Whole  blood  chlorides  wc-re  430  on  the  fourth,  sixth  and  seventh  day.s;  plasn\a  chlorides  were 
600  mg.  per  cent  on  the  sixteenth  day  and  (340  on  the  twent y-fourtli  day.  Low  specific 
gravity  of  the  uritie  and  tendency  to  fixation  despite  oliguria  were  noted.  .Mhuniinuria  was 
not  massive.  Microscopic  hematuria  and  prolonged  |)yuria  were  ])i'esciii  ,  liul  ihc  ))aucity 
of  epithelial  cells  and  casts  is  notevi'orthy .  The  initial  le.-id  deterininai  khi  indicates  a 
marked  (>xposui-(',  (he  second  delenninal  inn  a  niddernti'  cxposuic  ami  llic  linal  lindiiig  ap- 
l)ro:iclies  normal  values  lied  crlls  and  liciii(i'.il..l)ni  were  nol  significantly  arfeclcd  except 
for  a  possililc  early  lienuiconceiit  ral  mii .  .Vii  i  iii  I  i.al  leuk(ic>-1  osis  and  poly nucleo.'sis  were  fol- 

lowed by  normal  or  mildly  elexaled  \alues.  The  platelets  wei'e  significantly  depressed, 
remaining  so  I'oi-  twenty-five  days  at  least.  The  ])i-nt  liromhin  time  was  mildly  elevated  for 
a  short  period.    There  was  no  i-etenlion  of  bromsulfalein  on  the  thirty-eighth  day  (Table  2). 

COMMENT 

Poisonin<i;  I'loiii  carbon  lotrachloride  frequently  results  in  a  clinical  picture  in which  kidney  damage  is  i)redominant.  Of  141  collected  cases  of  poisoning  (1), 
33  (23  per  cent)  had  kidney  damage.  The  inhalation  route  favors  renal  involve- 

ment; 75  per  cent  of  the  instances  of  renal  insufficiency  developed  after  inhala- 
tion. Experimental  poisoning  has  revealed  that  the  concentration  of  carbon 

tetrachloride  after  ingestion  is  greater  in  the  portal  circulation  than  in  tlic  general 
circulation,  whereas  after  inhalation  the  concentration  reaching  the  liver  and 
kidneys  is  about  equal. 

The  influence  of  alcoholism  on  kidney  susceptibility  is  impressi^'e.  Carbon 
tetrachloride  is  said  to  be  more  toxic  to  the  kidne.y  when  liver  function  is  abnor- 

mal, as  in  hepatic  cirrhosis.  Smetana  (1)  reported  three  cases  of  poisoning; 
the  two  fatalities  were  in  alcoholics.  The  co-worker  of  one  of  his  fatal  cases,  a 
teetotaler,  worked  in  the  same  room  for  the  same  length  of  time  and  although  he 
was  affected  with  headache  and  gastro-intestinal  distress,  he  recovered  quickly. 
Perry  (2),  reporting  88  cases  of  carbon  tetrachloride  poisoning,  five  of  whom  re- 

quired hospitalization,  described  two  fatal  cases  in  individuals  who  were  heavy 
periodic  drinkers.  Autopsy  revealed  "acute  nephritis"  in  both  instances.  The 
three  other  cases  with  dominant  features  of  severe  gastro-intestinal  upset  and 
renal  damage  recovered  in  spite  of  severe  illness.  The  factor  of  alcoholism  is 
noted  in  this  case  report  but  was  possibly  counteracted  to  some  extent  by  the 
large  daily  consumption  of  calcium.  Animal  experiments  indicate  that  the  pre- 

vious diet,  particularly  the  calcium  content,  is  important.  Length  and  mode  of 
exposure  and  alcoholism  are  not  the  sole  factors ;  indi\'idual  susceptibility  is  also 
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important.  Ashe  and  Sailor  (3)  attribute  the  fatal  uremia  in  their  report  to  indi- 
\'idual  susceptibility.  Smith  (4)  reports  an  iiistiu(  ti\e  instance  in  a  female 
employed  in  a  jewelry  cleaning  establishment.  Some  of  her  co-workers  de- 

veloped an  acute  but  brief  poisoning;  one  girl  who  dipped  the  jewelery  in  the 
solvent  was  unaffected,  yet  the  patient  who  did  not  handle  the  solvent  con- 

tracted severe  kidnej^  damage  with  eventual  recovery.  Exact  knowledge  of  the 
amount  of  exposure  of  each  of  the  soldiers  was  impossible,  but  review  of  the  con- 

ditions under  which  the  detail  worked  failed  to  explain  why  six  of  them  escaped 
unscathed. 

Li\"er  damage  in  this  case  was  e\-ident  from  laboratory  examination  but  might 
easily  have  been  overlooked  clinically.  There  was  brief  slight  icterus  and  a 
slightly  enlarged  tender  li\'er.  The  subsequent  enlar'gement  of  the  liver  reflected 
water  retention  and  congestive  failure,  neither  of  Avhich  schemed  to  imi)air  li\er 
function  further.  The  cholesterol  and  ester  depression  were  laboiatory  indica- 

tions of  prolonged  li\  er  damage.  Fasting  blood  sugars  were  normal.  Vitamin 
K  metabolism  was  only  mildly  impaired. 

Hemorrhagic  tendency  is  common  in  carbon  teti-achloride  poi.soning.  It 
residts  probably  from  several  factors.  Fibrinogen,  not  estimated  in  this  in- 

stance, may  be  reduced  (liver  damage).  Prothi'ombin  may  also  be  reduced,  but 
in  our  studies  the  prothrombin  time  approached  normal  at  a  period  when  the 
patient  had  significant  bleeding  with  a  bleeding  time  of  8  minutes.  Another 
factor  is  the  prolonged  leduction  in  platelets.  A  toxic  capillary  factor  is  also 
probable. 

DISCUSSION' 
The  clinical  aspects  of  carbon  tetrachloride  poisoning  are  characteristic  (1). 

The  initial  symptoms  are  headache,  dizziness,  general  malaise,  fever,  and  some- 
times irritation  of  the  nose  and  eyes.  Soon  thereafter,  there  is  gastro-intestinal 

irritation  manifested  by  nausea,  vomiting,  diarrhea  and  not  infrequently  hema- 
temesis;  jaundice  sets  in  and  may  be  severe.  After  several  days,  during  which 
the  gastro-intestinal  symptoms  remain  more  or  less  stationary  and  the  jaundice 
increases,  there  develop  clinical  signs  of  renal  involvement,  such  as  oliguria, 
sometimes  anuria,  epileptiform  convulsions,  hypertension  and  generalized  edema; 
cyanosis  and  pulmonary  edema  may  develop  and  uremic  coma  is  not  rare. 
Hemorrhagic  diathesis  is  common. 

The  anatomical  basis  for  the  renal  symptoms  is  essentially  a  "nephrosis" 
characterized  by  distension  of  the  spaces  of  Bowman  with  an  albuminous  pre- 

cipitate, swelling  of  the  lining  cells,  swelling  and  vacuolation  of  cells  of  the 
proximal  convoluted  tubules,  degeneration  and  necro.sis  of  distal  convoluted  and 
Henle  loops  with  plugging  of  the  lumens  and  granular,  hyaline  and  cellular  casts 
in  the  tubules.  Destruction  of  the  basement  membrane  aiul  interstitial  in- 

volvement are  minimal. 
Clinically  and  pathologically  then,  the  renal  lesion  of  carbon  tetrachloride 

poi.soning  offers  a  good  prognosis  provided  the  patient  reaches  the  recovery  stage. 
There  is  reported  (4)  an  instance  of  acute  toxic  renal  insufficiency  as  a  result  of 



446 VICTOR  H.  KUGEL 

inhalation  of  carbon  tetrachloride  Avith  predominant  features  of  vomiting,  anuria 
and  hematuria.  This  56  year  old  man  recovered  completely  and  died  ten  months 
later  of  an  unrelated  condition.  At  autopsy  the  kidneys  were  pronounced  nor- 

mal for  a  man  of  that  age  and  the  liver  showed  no  abnormality.  Corcoran, 
Taylor  and  Page  (5)  report  a  case  of  renal  injury  resulting  from  inhalation.  In 
their  case  the  urea  nitrogen  rose  to  75.3  mg.  per  cent  and  the  urea  clearance  was 
5  per  cent  of  normal.  Their  detailed  studies  of  renal  function  led  to  the  conclu- 

sion that  there  was  "convincing  evidence  of  renal  restitution  to  integrity."  In 
this  case  report  the  clinical  and  laboratory  data  indicate  renal  damage  of  maxi- 

mum severity  compatible  with  I'ecovery.  Creatinine  retention,  usually  consid- 
ered prognostic  of  fatal  outcome  if  approaching  10  mg.  per  cent,  reached  the  ex- 

ceptional value  of  2(,).4  mg.  per  cent.  That  complete  recovery  ensued  is  encour- 
aging not  only  for  similar  instances  but  for  the  various  allied  toxic  nephroses. 

(Although  full  return  of  urine  concentrating  power  had  not  occurred  at  time  of 
discharge,  it  can  be  exjjected  in  the  presence  of  a  normal  urea  clearance  that  such 
recovery  will  take  place  within  several  months.)  The  exact  role  of  lead  absorp- 

tion could  not  be  evaluated.  It  may  have  contributed  to  the  toxicity,  particu- 
larly the  mental  state,  but  all  the  significant  symptoms  and  findings  in  this  case 

have  been  described  in  other  reports  of  carbcm  tetrachloride  poisoning. 
TREATMENT 

Prevention  of  accidental  poisoning  should  he  the  primary  approach.  In- 
creasing reports  of  poisoning  indicate  the  lack  of  uni^-ersal  familiaritj'^  with  the 

toxicity  of  carbon  tetrachloride.  In  this  connection  it  is  to  be  emphasized  that 
the  generally  accepted  figure  of  allowable  concentration  of  carbon  tetrachloride 
is  four  times  too  high  (6).  In  an  editorial  (2)  appended  to  Captain  Perry's  re- 

port, the  dangers  connected  with  the  use  of  solvents  were  re-emphasized,  atten- 
tion was  again  directed  to  Ordnance  Safety  Bulletin  No.  8  (April  21,  1941)  and  it 

was  insisted  that  medical  officers  familiarize  themselves  with  the  types  and  chemi- 
cal constituents  of  solvents  used  by  troops.  The  factor  of  individual  suscepti- 

bility also  deserves  attention  and  consideration. 
Liver  and  kidney  damage  should  be  immediately  presumed  in  every  instance  of 

poisoning.  There  should  be  no  expectant  period  of  a  day  or  two  in  the  hope  that 
the  patient  will  recover  promptly  (as  many  will).  The  phase  of  delayed  effects 
merges  so  indistinguishably  with  the  phase  of  severe  renal  or  hepatic  damage  that 
treatment  must  be  instituted  promptly.  Where  the  early  manifestations  are 
those  of  shock,  transfusion  or  plasma  are  indicated.  Since  vomiting  is  a  promi- 

nent feature  and  the  resulting  dehydration  obscures  or  comphcates  concomitant 
renal  disease,  fluids  should  be  given  promptly  and  parenterally.  It  is  of  utmost 
importance  to  attempt  to  promote  and  maintain  urinary  output.  The  regula- 

tion of  intake  and  the  management  of  renal  complications  necessitate  careful  re- 
cording of  intake  and  output.  The  aim  is  to  keep  the  urinary  output  at  about 

1,500  cc.  daily,  but  if  the  output  declines  extreme  care  must  be  exercised  not  to 
"droAvn  the  patient  in  his  own  fluids."  Despite  such  precautions  heart  failure 
and  pulmonary  edema  may  develop  (3).    Ten  per  cent  glucose  intravenously  is 
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the  conventional  solution  employed,  but  whether  in  saline,  Ringer's  solution,  or 
in  distilled  water  depends  on  the  state  of  hydration  and  laboratory  determina- 

tions. Further  protection  of  the  liver  is  afforded  by  50  per  cent  glucose  intra- 
venously.   Where  glucose  is  used,  thiamin  chloride  is  theoretically  indicated. 

Experimental  evidence,  favored  by  the  clinical  impression  in  this  case,  points 
to  the  value  of  repeated  intravenous  calcium  (10  cc.  of  10  per  cent  calcium  glu- 

conate, several  times  daily).  Minot  and  Cutler  (7)  have  shown  that  guanidine 
accumulates  after  liver  damage.  Calcium  detoxifies  guanadine  in  an  unknown 
manner.  Not  only  can  calcium  protect  against  lethal  doses  of  guanadine  but  it 
can  also  protect  markedly  an  animal  with  extensive  liver  damage  against  carbon 
tetrachloride  poisoning.  Heinori  hagic  tendency  can  be  combatted  by  parenteral 
vitamin  Jv  and  transfusitjns.  High  carbohydrate  diet  in  the  reco\-ery  phase,  with 
high  protein  as  soon  as  tolerated,  not  only  combats  liver  damage  but  aids  in  the 
rapid  restoration  to  total  normalcy. 

SUMMARY 
1 .  A  case  of  acute  severe  renal  insufficiency  resulting  from  inhalation  (mainly) 

of  carbon  tetrachloride  is  detailed.  The  salient  features  were  a  history  of  alco- 
holism, mental  symptoms,  acute  toxic  manifestations,  gastro-intestinal  irrita- 

tion, indications  of  inild  hepatic  damage,  hemorrhagic  diathesis,  oliguria,  azo- 
temia, hypertension,  hypertensive  encephalopathy,  broncho-pneumonia,  ana- 

sarca of  combined  renal  and  cardiac  origin,  and  uremia.  Full  clinical  recovery 
occurred  without  any  permanent  kidney  or  liver  damage. 

2.  The  pertinent  laboratory  data  are  recorded. 
3.  The  prevention,  diagnosis,  clinical  manifestations,  treatment  andprognosis 

of  carbon  tetrachloride  poisoning  are  discussed. 
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THE  CONTEIMPORARY  TREATMENT  OF  CHRONIC  SIMPLE 

GLAUCOMA' 
ROBERT  K.  LAMBERT,  M.D.,  and  SYLVAX  BLOOMFIELD,  JNI.D. 

The  term  "glaucoma"  may  be  loosely  applied  to  any  ocular  syndrome  char- 
acterized by  an  abnormal  rise  of  pressure  within  the  eye.  In  this  discussion, 

we  shall  only  consider  the  therapy  of  the  most  common  form  ot  ocular  hyper- 
tension, namely,  chronic  simple  glaucoma.  The  pathogenesis  of  this  disease  is 

unknown  and  its  course  is  characterized  by  an  insidious  loss  of  vision  and  visual 
fields.  Unless  therapeutically  arrested,  bUndness  is  the  almost  inevitable  conse- 

quence. The  importance  of  this  malady  is  indicated  by  the  fact  that  it  produces 
approximately  10  per  cent  of  all  blindness  in  the  United  States  (1). 

We  shall  not  consider  the  acute  congestive  type  of  glaucoma,  ̂ \•hich  generally 
responds  well  to  surgery,  nor  the  secondary  type  of  glaucoma,  caused  by  anteced- 

ent ocular  disease.  As  a  matter  of  fact,  in  the  latter  variety,  where  the  eleva- 
tion of  tension  is  produced  by  other  disease  processes,  the  treatment  may  be 

altogether  at  variance  with  that  for  the  chronic  simple  type.. 
Since  the  basic  nature  of  chronic  simple  glaucoma  is  obscure,  the  treatment 

of  the  disease  is  still  completely  empirical.  A  constant  challenge  is  thus  pre- 
sented by  this  disease  to  those  ophthalmologists  who  yearn  for  a  more  rational 

approach  to  therapy,  although  fair  success  has  been  obtained  through  contem- 
porary medical  and  surgical  means.  The  present  treatment  of  chronic  simple 

glaucoma  involves  three  possible  approaches :  first,  the  general  care  of  the  patient, 
including  psychotherapy  of  ̂ \•hich  we  shall  speak  more  fully  later;  second,  local 
medical  treatment  of  the  eye;  and  third,  surgery.  The  response  to  treatment  of 
an  eye  with  chronic  simple  glaiicoma  is  unpredictable  and  subject  to  variations 
over  a  period  of  time.  The  efficacy  of  any  form  of  therapy,  therefore,  must  be 
evaluated  at  freciuent  intervals  by  careful  tests  of  those  visual  functions  which 
are  insidiously  and  irreversibly  impaired  when  the  disease  is  inadequately  con- 

trolled. The  state  of  visual  acuity,  ocular  tension,  peripheral  and  central  fields, 
and  the  appearance  of  the  fundus  are  important  factors  in  determining  the  status 
of  the  glaucomatous  eye,  and  the  adequacy  of  its  treatment. 

Ophthalmologists  generally  agree  that  the  majority  of  cases  of  chronic  simple 
glaucoma  eventually  require  surgery,  and  it  has  been  proven  beyond  a  doubt 
that  one  of  the  gieatest  therapeutic  mistakes  is  to  delay  an  operation  after  the 
indicati(jns  loi-  it  have  become  apparent.  However,  since  intraocular  surgery 
involves  certain  serious  hazards,  it  is  advisable  first  to  try  to  control  the  disease 
by  medical  means.  The  success  of  such  an  attempt  must  be  determined  at 
intervals  by  the  functional  tests  mentioned,  and  should  not  be  continued  beyond 
a  reasonable  time,  the  length  of  which  depends  upon  the  severity  and  tempo 
of  the  pathological  process. 
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GENERAL  MEDICAL  CARE 
The  least  fruitful  approach  to  the  treatment  of  chronic  simple  glaucoma  has 

been  the  general  medical  care  of  the  patient.  No  definite  mechanism  Avhereby 
the  state  of  general  bodily  health  affects  the  local  ocular  disease  has  been  estab- 

lished, although  many  investigations  have  been  conducted  to  prove  such  a 
relationship.  The  oft  repeated  statement  of  Lagrange  that  glaucoma  repre- 

sents a  "sick  eye  in  a  sick  body"  may  very  well  be  true,  but  the  exact  nature 
of  the  general  disturbance  has  unfortunately  not  been  determined.  Neverthe- 

less, general  hygienic  measures  are  usually  advocated  as  an  early  step  in  the 
treatment  of  this  disease.  In  a  set  of  rules  for  patients  with  glaucoma  formu- 

lated by  the  Committee  on  Glaucoma  of  the  National  Society  for  the  Prevention 
of  Blindness,  there  are  several  suggestions  relating  to  general  hygiene  (2). 
However,  a  too  rigid  control  of  the  patient's  life  and  habits  has  been  found  to 
encourage  a  tense  hypochondriacal  attitude  which  may  increase  an  already  pre- 

existing anxiety. 
Mention  should  be  made  of  two  specific  methods  recommended  in  recent  j^ears 

to  control  glaucoma  by  systemic  treatment.  The  first  was  suggested  by  Joseph- 
son  (3)  in  1935,  who  claimed  good  results  with  the  use  of  adrenal  cortical  extract; 
and  the  second  by  Miller  (4)  in  1939  and  by  Alvis  (5)  in  1940,  both  of  whom  used 
a  splenic  extract.  The  good  results  claimed  for  these  agents  have  not  been 
confirmed. 

The  possibilitj'  of  an  extra-ocular  origin  of  glaucoma  has  been  widely  discussed. 
Elwyn  (6)  and  others  have  suggested  that  the  basic  dysfunction  may  be  a  de- 

rangement of  a  central  autonomic  regulatory  control  of  intraocular  pressure. 
However,  no  definite  proof  for  such  an  hypothesis  has  yet  been  offered,  and  the 
therapeutic  implications  of  this  new  etiological  approach  have  not  been  explored. 

The  intraocular  pressure  can  be  temporarily  lowered  by  rapidly  changing  the 
osmotic  pressure  relations  between  the  ocular  fluids  and  the  blood  stream  (7). 
A' ascular  osmotic  pressure  may  be  increased  by  the  administration  of  inocuous 
crystalloids  or  colloids  in  such  concentrations  as  to  increase  the  tonicity  of  the 
blood.  Readily  absorbable  substances  may  be  administered  orally  or  rectally, 
but  the  intravenous  route  is  preferable,  as  it  avoids  the  dilution  of  concentrated 
solutions  in  the  gastro-intestinal  tract.  Various  hypertonic  solutions  have  been 
recommended.  The  use  of  salt  solutions  (8)  has  been  generally  superseded  by 
less  readily  diffusable  substances,  such  as  glucose  (9),  sucrose  (10),  and  sorbitol 
(11)  .  Of  these,  sorbitol,  a  complex  alcohol,  is  perhaps  the  most  useful.  Bel- 

lows, Puntenney,  and  Cowan  (11)  found  that  100  cc.  of  50  per  cent  sorbitol 
administered  intravenously  would  produce  a  marked  lowering  of  intraocular 
pressure  for  several  hours.    No  harmful  effects  are  known  to  result  from  its  use 
(12)  .  The  principle  use  of  this  method  to  lower  the  tension  is  in  the  preparation 
of  a  glaucomatous  eye  for  operation. 

LOCAL  MEDICAL  TREATMENT 

The  mainstay  of  the  medical  treatment  of  glaucoma  is  the  use  of  drugs  locally, 
usually  in  the  form  of  eye-drops.    These  are  fortunately  well  absorbed  through 
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the  cornea  of  the  eye,  producing  a  direct  effect  upon  the  intraocular  structures. 
The  actions  in  the  eye  of  most  of  these  locally  applied  medications  are  related 
to  those  of  the  autonomic  nervous  system,  a  fact  with  deep  implications,  although 
we  do  not  fully  understand  the  exact  mechanism  whereby  they  lower  the  intra- 

ocular tension. 
The  fact  that  certain  para-sympathomimetic  and  sympathomimetic  dmgs  are 

useful  in  glaucoma  has  been  known  for  many  decades,  but  it  is  only  in  recent 

1 

Parasympathetic 
nerve  impulses 

Acetylcholine 
liberated 

Choline 
ESTERASE 

Atropine 
HOMATROPINE 
Scopolamine 

Effector 
CELL 

ESERINE 
Prostigmine 

Pilocarpine 
DORYL 

Mecholyl 

(After  Schoenberg) 
Fig.  1.  Schema  showing  action  of  parasympathomimetic  drugs  (See  text). 

years  that  any  rational  approach  to  an  understanding  of  their  mode  of  action 
has  been  gained.  This  has  been  largely  due  to  the  work  of  Loewi,  Dale  and 
others  who  have  labored  so  fruitfully  in  developing  evidence  of  the  chemical 
mediation  of  nerve  impulses  (13).  It  has  now  been  made  clear  that  the  para- 

sympathetic nerves  act  through  the  liberation  of  acetyl-choline,  and  that  the, 
sympathetic  nerves  act  through  the  liberation  of  epinephrine.  Normally,  acetyl- 

choline is  rapidly  destroyed  by  an  enzyme  in  the  blood  and  tissue  fluids,  known 



CHRONIC  SIMPLE  GLAUCOMA 451 

as  cholinesterase.  This  destructive  effect  on  acetyl-choline  of  chohnesterase 
can  be  prevented  by  oserine  and  prostigmine.  Parasympathomimetic  drugs 
may  therefore  act  eithei-  by  direct  choline-like  action  on  the  motor  cell,  or  by 
inhibition  of  cholinesterase.  The  action  of  acetyl-choline  may  be  abolished  by 
drugs  of  the  atropine  group.  Figure  1 ,  adapted  from  a  paper  by  Schoenberg  (14), 
schematically  suggests  such  modes  of  action.  The  para-sympathomimetic  drugs 
are  the  most  useful  in  treating  chronic  simple  glaucoma.  Their  classical  action 
is  to  produce  miosis,  although  other  less  well  understood  effects  are  now  believed 
to  play  an  equal  if  not  more  important  role  in  the  lowering  of  pathological  ten- 

sion. This  latter  fact  is  proven  b.y  evidence  that  intraocular  pressure  is  lowered 
even  in  cases  where  the  pupil  cannot  be  constricted  (15). 

Pilocarpine  is  still  the  most  popular  miotic  employed  in  the  treatment  of  the 
disease.  Its  value  lies  in  the  fact  that  while  it  produces  a  choline-like  effect 
directly  on  the  effector  cells,  it  is  not  actually  a  choline  derivati\'e  and  hence 
is  not  inactivated  by  the  cholinesterase  of  the  surrounding  media.  In  the  proper 
dosage  it  produces  a  prolonged  effect  usually  lasting  about  six  hours.  In  addi- 

tion to  lowering  the  tension  of  most  glaucomatous  eyes,  although  not  necessarily 
to  an  adequate  degree,  pilocarpine  tends  to  reduce  the  lability  of  the  intraocular 
pressure,  as  shown  by  its  stabilizing  effect  on  the  abnormal  tension  \  ariations 
generally  encoimtered  in  glaucoma  (16).  The  frequency  witli  Avhicli  pilocarpine 
should  be  administered,  and  its  effectiveness,  must  be  determined  indi\'idually 
for  each  patient.  An  obstacle  to  its  use  sometimes  encountered  is  a  local  sensi- 

tivity of  the  coTijunctivae  or  lids  to  the  drug.  A  change  in  the  salt  of  the  drug 
and  careful  buffering  of  its  hydrogen-ion  concentration  have  been  foimd  to  over- 

come this  difficulty  in  most  instances. 
After  pilocarpine,  eserine,  otherwise  known  as  physostigmine,  is  the  most 

commonly  used  drug  for  chronic  simple  glaucoma.  Its  salts  were  the  first 
drugs  used  effectively  in  the  treatment  of  glaucoma,  having  been  introduced  by 
Laqueur  in  1876.  Its  parasympathomimetic  effect  is  attained  through  the 
inhibition  of  cholinesterase,  thereby  permitting  prolonged  and  intensive  action 
by  acetjd-choline.  The  result  of  its  use  in  the  eye  is  intense  miosis,  ciliaiy  spasm 
and  intraocular  vasomotor  changes,  which  reach  their  maximum  in  about  thirty 
minutes  and  last  for  about  two  hours.  The  severe  contraction  of  the  intraocular 
musculature  may  be  painful,  and  may  even  produce  a  secondary  inflammatory 
reaction  such  as  iritis,  so  that  the  drug  must  be  used  cautiously.  Its  use  in 
chronic  simple  glauc(jma  is  generally  limited  to  cases  where  an  adjuvant  to 
pilo(/ai-|)iiic  is  indicated. 

In  l  ecciit  years,  several  other  miotic  drugs  haAc  been  added  to  the  pharmaco- 
logical armamentarium.  The  most  important  ( )1  1  hcsc  a  re  prostigmine,  mecholyl, 

doryl,  and  furmethide.  None  of  these  has  been  startling  in  its  effects,  but  all 
have  certain  special  uses  and  advantages.  Prostigmine  acts  similarly  to  eserine, 
but  is  more  stable,  less  irritating  and  more  prolonged  in  its  act  um  (17).  It  may 
be  used  where  a  sensitivity  to  eserine  exists,  and  has  been  particularly  recom- 

mended in  conjunction  with  mecholyl,  with  which  it  seems  to  lia\  e  a  therapeutic 
synergism  (18).    ̂ lecholyl,  (acetyl-beta-methylcholine  chloride)  is  similar  to 
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acetyl  choline  in  its  direct  effect  on  the  motor  cell,  but  its  action  is  stronger  and 
of  longer  duration  (19).  Clarke  (20)  suggexted  its  use  in  chronic  simple  glau- 

coma in  combination  with  prostigmine,  when  some  contraindication  to  the  use 
of  more  common  miotics  exists.  Doryl  (carbaminoylcholine  chloride)  seems  to 
be  the  most  useful  of  the  newer  miotics.  It  has  a  chohne-like  effect  that  is 
prolonged  and  intense,  due  to  its  relative  invulnerability  to  choUnesterase  (21). 
It  is  stable  and  well  tolerated  chnically.  It  controls  the  tension  in  some  cases 
where  other  miotics  fail,  and  its  use  for  short  pei'iods  seems  to  enhance  the 
effects  of  other  miotics  (22).  Doryl  does  not  penetrate  the  cornea  well  in 
ordinary  aqueous  solution,  and  its  action  is  enhanced  by  using  a  wetting  agent, 
such  as  zephiran,  as  a  vehicle  (23).  Furmethide  (furfuryl-trimethyl  ammonium 
iodide)  is  the  most  recentty  introduced  parasympathomimetic.  It  exerts  a 
direct,  choline-like  effect  on  the  effector  cell  and  is  not  affected  by  chohnesterase 
(24).  The  result  is  a  prolonged  hypotensive  effect  on  the  eye,  but  it  has  been 
found  that  such  action  is  not  dependable  over  a  long  period  (25). 

Those  drugs  who.se  action  simulates  that  of  the  sympathetic  or  adrenergic 
ner\-ous  .system  are  called  sympathomimetics.  It  has  been  found  that  certain 
members  of  this  group  are  often  locally  effective  in  reducing  the  abnormal 
ocular  tension  of  glaucoma.  Strong  solutions  of  epinephrine  bitartrate  and 
various  synthetic  substances  such  as  neosynephrine  exert  a  hypotensive  effect 
for  varying  lengths  of  time  (26).  This  action  is  produced  differently  than  in 
the  case  of  the  miotic  drugs,  and  is  probably  attained  initiallj^  through  vaso- 

constriction and  later  by  secondary  alterations  in  the  circulation  in  the  eye  (27). 
Such  action  is  inconstant  and  not  reliable.  There  is  even  a  definite  risk  involved 
in  the  use  of  these  substances  since  an  acute  congestive  glaucoma  may  be  precipi- 

tated by  the  mydriasis  they  produce,  and  later  rises  in  tension  may  be  caused  by 
reactive  hyperaemia.  Such  unfortunate  complications  may  usually  be  avoided, 
however,  by  the  preliminar}'  use  of  eserine  (28). 

SURGICAL  TREATMENT 
The  principle  involved  in  most  operations  for  the  treatment  of  chronic  simple 

glaucoma  has  remained  the  same  for  decades.  The  rationale  is  to  decompress 
the  globe  by  producing  a  channel  through  which  some  of  the  intraocular  fluid 
can  be  drained  away.  This  idea  was  probably  first  evolved  by  deWecker,  in 
1867.  He  devised  a  simple  operation  termed  anterior  sclerotomy  to  produce  this 
effect.  The  procedures  based  on  this  principle  are  called  filtering  operations, 
and  practically  all  are  intended  to  allow  aqueous  fluid  to  escape  from  the  inte- 

rior of  the  eye  to  more  superficial  levels  under  the  conjunctiva,  whence  it  can 
be  more  rapidly  absorbed  by  the  blood  stream.  No  permanent  direct  fistulous 
opening  from  the  eye  to  the  outside  is  of  course  feasible,  as  this  would  reduce 
the  ocular  tension  to  abnormally  low  levels,  and  also  be  a  source  of  danger 
through  infection. 

Three  operative  procedures  are  most  commonly  performed  today  for  the 
production  of  this  filtration  of  aqueous,  in  order  to  reduce  the  elevated  tension 
to  normal  levels.    These  are  performed  by  either  removing  a  small  portion  of 
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sclera  near  the  cornea,  making  a  trephine  opening  in  the  eye  where  the  cornea 
meets  the  sclera,  or  by  incarcerating  a  small  portion  of  iris  in  an  opening  between 
the  cornea  and  sclera,  enabling  aqueous  to  drain  off  subconjunctivally. 

EVALUATION  OF  RESULTS 
Some  idea  of  the  results  attained  in  the  treatment  of  chronic  simple  glaucoma 

may  be  obtained  from  the  statistics  of  the  Glaiicoma  Clinic  of  The  Mount  Sinai 
Hospital.  This  clinic  was  organized  in  1943  to  study  and  follow  the  patients 
under  treatment  in  the  hospital  and  Out  Patient  Department,  and  is  conducted 
by  Dr.  H.  Katzin.  Records  have  been  kept  of  seventy -two  eyes  in  foii;y-four 
patients.  Of  these,  satisfactory  cHnical  control  of  the  disease  has  been  attained 
in  forty-eight  eyes,  or  67  per  cent  of  those  treated.  This  was  achieved  by  the 
local  instillation  of  drugs  alone  in  26  per  cent  of  all  the  cases.  Of  the  entire 
group,  forty  eyes,  or  56  per  cent,  came  to  operation  after  miotics  alone  had 
proven  inadequate.  63  per  cent  of  the  operated  cases  are  now  cUnically  con- 

trolled, usually  with  supplementary  use  of  miotics.  Figures  such  as  these  are 
interesting,  but  must  be  examined  further  if  any  real  insight  into  the  situation 
is  to  be  obtained. 

In  any  study  of  glaucoma  statistics,  one  fact  stands  out;  namely,  that  the 
value  of  therapy  depends  largely  upon  what  point  in  the  course  of  the  disease 
treatment  is  undertaken.  Early  cases  of  glaucoma  can  generally  be  arrested, 
if  not  by  medical  treatment,  then  by  operation.  Advanced  cases, — and  "ad- 

vanced" does  not  refer  to  duration  but  to  the  degree  of  pathology  present, — 
respond  in  a  much  less  satisfactory  manner.  In  a  series  of  cases  analyzed  by 
Reese  (29)  in  1939,  forty-six  of  fifty-one  early  cases,  or  over  90  per  cent,  were 
arrested  by  operation.  Of  one  hundred  and  two  late  cases,  despite  operation, 
sixty-five  were  failures. 
A  study  of  the  pathological  changes  induced  by  chronic  simple  glaucoma 

explains  why  advanced  cases  do  so  poorly  under  treatment.  Clinically,  an  eye 
with  a  visual  field  under  30  degrees  at  any  meridian,  with  cupping  of  the  nerve, 
obUteration  of  the  iris  angle,  or  blood  vessel  changes,  presents  evidence  of 
advanced  disease.  When  such  an  eye  is  examined  histologically,  irreversible 
damage  with  connective  tissue  replacement  of  normal  tissues  can  be  demon- 

strated. Unfortunately,  when  such  a  degree  of  damage  has  occurred,  the  process 
often  can  no  longer  be  arrested,  as  a  vicious  circle  of  scarring,  circulatory  embar- 

rassment, and  nutritional  impairment  sometimes  has  been  set  up.  In  these 
eyes  the  obliteration  of  the  normal  iris  angle  and  drainage  tracts  produces 
abnormal  tension,  and  the  increased  intraocular  pressure  produces  more  damage 
in  many  cases,  no  matter  what  procedures  are  undertaken.  Cavernous  degen- 

eration of  the  optic  nerve  occurs,  and  proliferation  of  interstitial  connective 
tissue  produces  scar  tissue  that  occupies  the  cupped  disc.  An  obliterating 
endarteritis  often  is  found  in  retinal  arterioles,  and  the  degeneration  so  initiated 
goes  on  to  destroy  vision  despite  subsequent  procedures  that  rnay  lower  the 
tension. 

Since  the  results  of  early  treatment  of  chronic  simple  glaucoma  are  usually 
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satisfactory,  the  most  pressing  problem  in  the  piibhc  health  aspect  of  the  disease 
is  why  certain  cases  are  permitted  to  go  on  untreated,  to  such  hopelessly  late 
stages.  The  three  principal  reasons  are:  (1)  dehberate  neglect  of  the  disease, 
(2)  failure  of  early  diagnosis,  (3)  postponement  of  operation  where  necessary. 
All  of  these  are  attributable  to  ignorance. 

CAMPAIGN  OF  EDUCATION 

The  early  diagnosis  of  disease,  and  provision  for  the  adequate  medical  atten- 
tion which  it  requires,  are  matters  which  concern  the  general  public  quite  as 

much  as  the  medical  profession.  The  situation  is  not  strictly  analogous  to 
cancer,  where  the  earlier  the  operation  the  better  the  result,  Init  in  some  instances 
it  maj^  be  very  similar.  Certainly  one  of  the  most  impui  tant  advances  in  the 
therap3^  for  glaucoma  has  been  the  campaign  of  education  by  the  National 
Society  for  the  Prevention  of  Blindness,  to  acquaint  the  laity,  and  the  general 
practitioner,  with  the  need  for  early  diagnosis  and  proper  obser\-ation. 

EARLY  DIAGNOSIS 

There  ha-\  e  been  gratifying  advances  in  recent  years  in  the  earUer  and  more 
acurate  diagnosis  of  this  cUsease.  INIore  refined  methods  of  plotting  visual  fields 
with  tlie  minute  test  olijccts  of  ICvans,  now  give  us  information  that  takes  some 
patients  with  l)()r(lc]linc  tensions  out  of  the  doubtful  group.  Patients  are  now 
hospitalized  and  ocular  tension  curves  studied  at  frequent  intervals  over  the 
entire  (la>-  and  night,  to  tletect  an  abnormal  rise  that  might  be  missed  in  a  single 
office  or  clinic  A'isit.  A  chagnostic  test  recently  reported  from  this  institution 
by  Blooinlicld  and  Lambert  (30)  demonstrates  an  increased  lability  of  the  ocular 
tension  in  ycvy  early  or  incipient  glaucoma.  This  method  for  estimating  the 
efficiency  ol  ocular  tension  regulation  in  any  eye  may  ha\r  some  \  ahie  not  only 
in  diagnosis  but  in  ex  ahiating  the  efficiency  of  therapy. 

PSYCHOSOMATIC  POSSIBILITIES 
There  is  much  evidence  that  chronic  simple  glaucoma  may  be  one  of  that 

group  of  illnesses  that  includes  Graves'  Disease,  peptic  ulcer  and  hypertension; 
where  psychic  distuibanccs  p\i\y  an  important  role  in  pathogenesis  (31).  For 
years,  most  oi)lithalinol()gists  have  recognized  that  the  acute  congestive  type  of 
glaucoma  may  he  ])i-eci|)itate(l  l)y  mental  shock  or  emotional  disturbances.  This 
factor  has  not  been  so  obvious  in  chronic  simple  glaucoma,  although  some 
obser\'eis  l^n  e  noted  what  appear  to  be  definite  j^sychosomatic  relationships. 
The  papers  of  Inman  (32),  Schoenberg  (33)  and  others  called  the  attention  of 
the  profession  to  this  phase  of  the  problem.  While  conclusive  evidence  has  not 
been  forthcoming,  their  reports  have  been  most  stimulating  to  thought. 

In  this  institution,  ti-ained  in\Tstigators  are  now  studying  this  important 
phase  of  the  problem  of  chronic  simjile  glaucoma.  This  work  was  begun  one 
year  ago  and  the  Rorschach  Test  was  selected  as  a  useful  means  for  determining 
the  character  structures  of  patients  with  this  disease.  The  tests  a'e  adminis- 

tered and  analyzed  by  Mrs.  M.  Levi  under  the  supervision  of  Dr.  E.  G.  Schachte^ 
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The  material  is  then  presented  to  Dr.  S.  W.  Ginsburg,  Associate  Psychiatrist 
to  the  hospital,  for  review  and  criticism. 

As  the  work  progresses,  it  is  hoped  to  include  a  large  projiortion  of  the  available 
cases  and  to  complete  a  series  of  cdntrol  tests  which  liaxc  just  been  started. 
Two  control  groups  are  to  be  studied;  nnincly,  i)a1ieuts  witli  eye  diseases  other 
than  glaucoma,  and  patients  of  the  equivalent  age  gioup  chosen  ;it  l  andom  fi'om 
the  Genei-al  ̂ ledical  Clinic.  As  time  goes  on,  it  is  also  planned  to  iin cstigate 
a  certain  nuinl)er  of  these  patients  psychoanalytically  in  conjunction  witli  their 
Rorschach  Tests. 

Altliougli  it  is  much  too  soon  to  make  any  definite  statements,  AIi's.  Levi  has 
made  certain  preliminary  observations  which  seem  to  he  sii-2;ii;est i\e.  In  gen- 

eral, all  the  patients  studied  hiivo  had  more  or  less  o\-ert  anxiety,  and  were  con- 
sistent in  having  feelin.u:s  ol  insecurity  and  heli)lessness  to  some  degree.  Strik- 

ingly, about  a  third  of  the  iiatients  studied  had  a  dee])-seated  anxiety  neurosis, 
which  seemed  of  Icnig  standing  and  undoubtedly  ante<hite(l  the  glaucoma.  It 
is  to  be  hoped  that  from  such  an  investigation  the  psychosomatic  background 
for  chronic  simple  glaucoma  may  be  clarified  and  a  psychotherapeutic  approach 
to  treatment  of  appropriate  cases  elucidated. 

While  much  has  been  accomplished  in  the  dexelopment  of  the  treatment  of 
chronic  simple  glaucoma,  the  greatest  obstacle  to  a  completely  satisfactory  thera- 

peutic approach  has  l)een  the  lack  of  understanding  of  its  basic  nature.  Further 
advances  will  follow  as  systematic  studies  of  its  cause  and  ])athogenesis  bear 
fruit.  Certain  leads  are  unfolding,  such  as  the  mechanism  of  the  lu'potensive 
effects  of  choline  derivatives  and  their  sites  of  action.  On  the  othei-  hand,  the 
concept  of  an  autonomic  centei-  foi-  intraocular  pressure  suggests  that  a  break- 

down (on  a  presenile  or  degeneiati\ <-  basis)  may  i)reclude  a  basic  cure  for  the 
disease.  Finally,  specialized  problems,  such  as  that  of  the  aqueous  veins, 
goniotomy,  intraocular  fluid  dynamics,  and  many  others,  present  themselves. 

Perhaps  the  most  effective  single  measure  for  the  control  of  the  disease  in 
the  immediate  future  is  the  education  of  the  public  to  the  need  for  early  diagno- 

sis and  tieatment,  and  proper  c-are  and  observation.  It  is  in  this  field  that  the 
efforts  ol  the  National  Society  for  Prevention  of  Blindness  have  t)een  so  com- 
mendablx-  cllectix'e. 
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A  DISTINCTIVE  BUT  FREQUENTLY  UNRECOGNIZED  ^^ARIETY 
OF  RINGWORM  OF  THE  SKIN 

OSCAR  L.  LEVIX,  M.D.  and  HOWARD  T.  BEHRMAX,  M.D. 
[From  the  Department  of  Dermatology,  the  Mount  Sinai  Hospital] 

It  is  only  within  the  past  iew  years  that  fungus  infections,  in  contrast  to 
bacterial  diseases,  have  attracted  much  notice.  \eiy  little  attention  has  been 
focused  on  the  extremely  ̂ \•ide  range  of  diseases  Avhich  are  due  to  mycologic 
agents.  The  popularization  of  the  term  "athlete's  foot",  the  return  of  war 
casualties  with  tropical  fungus  diseases  and  the  discovery  of  the  amazing  prop- 

erties of  the  fvmgus  product,  penicillin,  are  among  the  most  recent  developments 
leading  to  a  renewed  interest  in  mycology.  The  diagnosis  of  fungus  infections 
usually  reciuires  complex  laboratory  techniques  and  may  only  be  performed  with 
extreme  difficulty.  However,  different  fungus  diseases  have  certain  definite 
feat\ii'es  which  may  suggest  the  etiologic  agent  from  a  clinical  standpoint  and 
thereby  simplify  the  selection  of  the  proper  laboratory  procedure.  For  example, 
ringwornn  of  the  scalp  due  to  "animal"  fungi  usually  appears  as  scaling  patches 
of  brittle  hairs.  Pustules  are  found  around  hair  follicles,  the  hair  is  easilj'  re- 
mo\  ed  and  the  patches  are  inflammatory.  With  infection  due  to  the  "human" 
type  of  fungus,  pustules  are  rarely  observed,  hairs  are  not  easilj'  extracted  and 
the  patches  are  not  inflammatory.  These  chnical  differences  are  then  cor- 

roborated by  microscopic  examination  of  the  hair,  observation  under  filtered 
ultraviolet  radiation,  trichophytin  tests  and  cultural  studies.  With  the  aid 
of  similar  procedures,  it  has  become  possible  to  recognize  that  certain  infections 
of  the  skin  may  be  due  to  a  specific  vegetable  parasite  from  the  clinical  features 
alone.  In  the  past,  it  has  been  customary  to  group  a  Avide  variety  of  fungus  in- 

fections of  the  non-hairy  skin  under  the  heading  of  tinea  circinata  or  ringworm 
of  the  body.  This  group  was  divided  into  two  \rdrt>^,  namel\'  the  dvy  and  the 
moist.  The  dry  form  of  the  disease  was  usually  flescribed  as  one  or  several, 
pea  to  large-coin-sized  i-eddish  circles  with  a  pale  center.  It  was  this  unaffected 
pale  center  with  the  raised  periphery  that  was  responsible  for  the  term  "ring- 

worm". The  moist  form  of  the  disease  was  represented  by  \'esicular  and  pustular 
lesions.  In  the  usual  instance,  pinpoint  sized  vesicles  sprang  from  a  central 
point  and  rapidly  spread  outward  to  form  an  enlarging  circle.  These  evolved 
in  similar  fashion  to  the  dry  forms  but  usually  maintained  their  active  vesicular 
borders.  As  a  rule,  the  eruption  was  trifling  but  may  have  been  quite  extensive 
due  to  the  confluence  and  extension  of  several  le.sions.  In  addition  to  these 
main  types,  numerous  variants  were  included  with  the  original  descriptions. 
From  this  scrap-basket  designation,  various  entities  have  been  gradually  re- 

moved and  some  of  these  included  such  diseases  as  favus,  moniliasis,  blasto- 
mycosis, erythrasma,  tinea  versicolor,  tinea  imbricata,  chromoblastomycosis 

and  others  too  numerous  to  mention.  The  purpose  of  this  article  is  to 
describe  the  manifestations  of  one  of  the  lesser  known  members  of  the  family 
of  fungi  which  produce  ringworm  of  the  body,  namely  trichophyton  purpureum. 
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This  organism  produces  a  clinical  pictvne  which  is  so  characteristic  that  an 
etiologic  diagnosis  can  usuallj^  l)e  made  from  the  superficial  appearance  alone. 
This  is  of  importance  both  as  to  prognosis  and  therapy. 

CHARACTERISTICS  OF  THE  FUNGUS   (t.  PURPUREUM) 

Historical — The  fungus  was  first  described  in  1910  by  Castellani  (1).  He 
called  it  epidermophyton  rubrum  because  the  cultures  on  glucose  agar  were  red. 
They  also  showed  a  central  knob  oi-  a  crateriform  appearance.  Almost  simul- 

taneously, Bang  (2)  ciilti\  ated  a  si)ecies  which  he  called  trichophyton  purpureum. 
On  glucose  agar,  these  colonies  were  white  Avith  an  elevated  center.  The  char- 

acteristic i-ed  color  could  only  be  seen  on  transillumination  of  the  deep  layer  of 
the  colony  or  from  the  back  of  the  culture.  Notwithstanding  the  different 
features  desci'ibed  by  these  mycologists,  Saboraud  (3)  expressed  the  opinion 
that  the  organisms  were  identical.  The  excellent  work  of  Lewis  (4)  on  the 
laboratory  and  clinical  phases  of  the  disease  has  lent  proof  to  this  observation. 

Laboratory  Observations  Micioscopic  examination  of  sciajiings  from  cutaneous 
lesions  may  show  a  few  inycc^lial  fragments.  These  arc  neither  characteristic 
nor  diagnostic.  C'ultuial  studies  must  be  performed,  and  it  may  be  necessary 
to  culture  i-epeatedly  the  lesions  l)ef(ir(>  the  organism  can  be  isolated.  If  the 
nails  are  involved,  it  is  im])oi-tant  to  obtain  material  from  their  deeper  strata 
inasmuch  as  the  fungus  is  hard]}'  e\('iy  found  superficially  in  nail  tissue.  In 
t>  i)i(  a]  cases  the  cultural  gi'owth  begins  in  several  days  as  a.  fluffy  white  speck 
on  dextrose  agar.  In  one  to  two  weeks,  the  colony  appeals  as  a  downy  or  fluffy 
while  culture  with  a  lilac  or  deep  red  coloi-  best  seen  from  the  back.  I'nder  the 
lillei'ed  ul1ra\iolet  radiation,  a  rather  typical  blue  boi-der  is  usuall\'  oljserM'd. 
I'lie  ]nici'osco])ic  cultiu'c  mounts  are  not  sitccilic  and  show  tortuous  mycelia 
with  occasional  small  conidia,.  The  trichoi)hyt in  test  may  be  w(>akly  positive 
or  excn  negati\  e  i)robably  due  to  the  lack  of  d(>\-eloj)ment  of  immune  bodies  to 
this  infectious  agent.  The  histopathologic  findings  arc  similar  1o  those  of  other 
cutaneous  fungus  infections  and  consist  meicly  of  a  su])criicial  inflammatorj^ 
proc(^ss  of  little  iliagnoslic  import. 

( 'InnCtil  chdrucli  n.-<lics  of  lli<  infection.  This  fungus  is  responsible  for  a  clinical 
l)icture  whose  features  enable  one  fanfiliar  with  it  to  suggest  an  immediate 
diagnosis.  The  (M'uption  may  consist  of  few  or  many  lesions.  These  lesions 
are  usually  nonekwated,  eiytluMnato-siiuamous  jjatches  of  various  size  and  shape 
with  an  extremely  well  d(>fiiied  bolder.  The  erythema  is  of  a  dull,  lustreless 
sheen  and  is  muform  Ihroughout  the  i)atch.  The  co\ cring  scale  is  thin  and  super- 

ficial. The  border  is  shai'pl\-  detined  and  unlike  most  superficial  fungus  infections 
of  the  body,  it  shows  no  signs  of  a,  A'csicular  border.  Th(>  affected  areas  and  es- 

pecially the  border  are  usually  infiltrated.  I'his  ele\ateil  border  may  be  SO 
c\-ident  as  to  i-esemble  the  lesions  of  erytli(>ma  annulaic  ceiitrifigum  or  even  an 
annular  lichen  planus.  The  faxoiite  locations  are  the  hands,  feet  and  groin. 
Unlike  most  fungus  infections  of  the  leet,  the  imohcMuent  may  be  along  the 
medial  or  lateral  as])ects  although  the  iiiterdigital  spaces  are  frequently  involved. 
The  lesions  iuNoh  ing  the  groin  resemble  tlio.se  of  tinea  cruris  except  for  the  ab- 
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sence  of  a  vesicular  margin  and  the  lack  of  central  clearing.  The  toe  nails, 
and  the  finger  nails  to  a  lesser  degree,  are  commonly  involved  and  like  other  forms 
of  onychomycosis  are  discolored,  filled  with  cmmbly  material  and  dystrophic. 
Repeated  observations  lead  us  to  concur  with  Lew  is  in  tluit  neither  concomitant 
involvement  of  the  toe  webs  nor  paronychia  are  ciicountcred  in  association  with 
ungual  infections  due  to  T.  purpureum.  This  organism  rarely  gives  rise  to 
infection  of  the  hair  follicles  although  we  have  isolated  it  in  pure  culture  from 
two  cases  of  ringworm  of  tlie  bearded  region. 

CASE  REPORT 
History:  G.  L.,  a  woman,  aged  41  years,  was  first  seen  on  September  3, 1943.  There  was 

nothing  of  importance  in  the  past,  personal  or  family  history  except  for  "nail  trouble" 
over  a  period  of  years.    The  present  illness  began  several  months  before  the  initial  observa- 

FiG.  1.  Scaling  lesion  on  dorsum  of  hand.  The  sharply  defined,  elevated  margin  is  char- acteristic. 

tion  and  appeared  as  red,  scaling  patclies  on  the  hands,  feet  and  anterior  aspects  of  the 
legs  (figs.  1  and  2).  These  patclies  graikially  increased  in  size  and  spread  to  the  forearms, 
arms  and  thitjlis.  Tlic  patient  applietl  various  local  preparations  w  ittiout  influencing  the 
eruption  ill  an\'  inariiici-. 

Examination :  The  skin  showed  numerous  erytheniato-sciuanious  pat(dies  on  the  upper and  lower  extremities.    These  lesions  w(!re  dull  rvd  in  coh)r  and  1  to  tS  cm.  in  diameter. 
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The  surface  was  covered  with  a  fine  branny  scale  and  the  border  was  sharply  defined.  There 
was  no  evidence  of  vesiculation  or  of  central  clearing.  Several  nails  of  both  hands  and  feet 
were  opaque,  yellowish-brown  and  friable.  The  nail  plates  were  separated  and  filled  with 
a  thick,  yellowish,  hyperkeratotic  material. 
'  ̂̂ Laboralory  data:  Microscopic  examination  of  scrapings  in  lactophenol  with  cotton  blue revealed  numerous  mycelia  which  were  long,  wavy  and  septate  (fig  3).  Scales  were  planted 
in  dextrose  agar  and  gave  typical  fluffy  white  cultures  with  lilac  undersurfaces  and  knob- 

like, elevated  centers  (fig.  4).  The  purple-reddish  color  was  particularly  evident  on  trans- 
illumination.   Culture  mounts  revealed  tortuous  mycelia  with  interspersed  small  conidia 

Fig.  4.  Culture  of  T.  purpureum,  age  one  month.    Note  knob  at  center. 

(fig.  5).  Under  the  Wood's  filter  the  culture  showed  a  bright  blue  fluorescence.  The colony  eventually  exhibited  pleomorphism. 
Treatment:  The  lesions  were  treated  locally  with  several  fungicidal  and  keratolytic 

agents.  They  showed  progressive  improvement  following  repeated  applications  of  a  solu- 
tion containing  five  per  cent  salicylic  acid  and  two  per  cent  thymol,  and  an  ointment  con- 

taining soft  soap,  resorcinol  and  sulfur.  The  nails  improved  slowly  with  mechanical 
abrasion,  copper  sulfate  iontophoresis  and  salicylic  acid  plasters. 

Therapy.  Fungus  infections  due  to  T.  purpureum  are  among  the  most  ob- 
stinate and  rebellious  skin  lesions  to  cure.  Treatment  must  be  continued  over 

prolonged  periods  of  time  and  modified  according  to  the  changes  observed  in 
the  skin.    The  organisms  which  ordinarily  produce  ring\vorm  of  the  glabrous 
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skin  respond  readily  to  ointments  containing  five  to  ten  per  cent  sulfur,  ammoniate 
of  mercury  and  combinations  of  benzoic  and  salicylic  acid.  Unfortunately, 
this  does  not  apply  to  infections  of  this  type.  In  our  experience,  the  most 
effective  parasiticides  in  this  disease  include  combinations  of  pyrogallol,  beta- 
nap  thol,  thymol,  iodine,  salicylic  acid,  resorcinol  and  chrysarobin.  The  roentgen 
rays  are  of  value  only  in  the  presence  of  secondary  eczematization  and  lichenifica- 
tion.  The  diseased  nails  offer  a  peculiar  focal  problem  due  to  their  relationship 
to  recurrences  and  exacerbations.  Surgical  evulsion  is  usually  followed  by 
prompt  recurrence  of  the  disease  in  the  newly  formed  nail.  We  are  more  apt 
to  apply  gradual  mechanical  debridement  (dental  burr,  glass  slide)  following 

Fig.  5.  Culture  mount  of  7'.  purpureum.  Many  microconidia,  both  grappes  and  thyrsi, are  evident. 

applications  of  potassium  hydroxide  or  salicylic  acid  plasters.  Fungicidal 
agents  which  arc  ulso  keratolytic  in  effect,  may  also  be  applied.  Iontophoresis 
Avitli  copper  or  zinc  sulphate  in  conjunction  Avith  the  lemedies  listed  above  may 
also  lead  to  impro\'ement.  The  patient  must  be  informed  as  to  the  chronicity 
of  this  particular  infection  and  the  importance  of  continuing  local  appUcations 
for  prolonged  periods  of  time.  Iramtuiologic  methods  of  therapy  are  of  no  value. 
It  has  often  been  said  that  the  treatment  of  skin  disorders  is  unsatisfactory 
because  the  preparations  used  are  too  strong.  In  this  disease,  however,  it  is 
important  to  make  the  i)roper  diagnosis  so  that  stronger  remedies  will  be  employed 
early.  If  this  does  not  occur,  the  patient  will  usually  become  discouraged  due 
to  the  application  of  and  ineffectual  drugs  when  Herculean  remedies  are 
essential  from  the  time  of  the  initial  obserA-ation.    We  believe  that  some  of  our 
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patients  did  not  respond  properly  to  therapy  because  of  the  employment  else- 
where of  weak  concentrations  of  various  drugs  to  which  they  acquired  a  tolerance 

and  subsequent  therapeutic  impotency. 

SUMMARY 
A  report  is  made  of  a  typical  case  of  ringworm  of  the  body  due  to  T.  purpureum. 

The  fundamental  characteristics  of  the  disease  produced  by  this  organism  are 
enumerated.  Some  of  the  features  of  this  disease  are  so  characteristic  as  to 
enable  the  trained  observer  to  make  an  etiologic  diagnosis  from  the  chnical 
findings.  A  brief  description  of  the  gross  and  microscopic  pathological  changes 
produced  l)y  this  fungus  is  included.  It  is  to  be  emphasized  that  this  disease 
shows  unusual  resistance  to  treatment.  For  this  reason,  it  is  of  the  utmost  im- 

portance that  early  diagnosis  and  adequate  therapy  be  employed. 
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RECENT  ADVANCES  IN  CANCER  RESEARCH^ 
RICHARD  LEWISOHN,  M.D. 

It  is  impossible  in  the  short  time  of  a  lecture  to  review  even  the  most  recent  ad- 
vances in  Cancer  Research. 

Cancer  Research  is  carried  on  all  over  the  world  in  institutions  especially  built 
or  equipped  for  this  purpose  or  in  smaller  units  affiliated  with  general  hospitals. 
Their  number  cannot  be  given  accurately. 

The  literature  which  has  been  accumulated  on  this  subject  is  so  vast  that  it  is 
impossible  for  any  one  person  to  be  familiar  with  all  its  different  phases.  A 
recent  bibliography,  published  by  the  International  Cancer  Research  Founda- 

tion, lists  over  12,000  individual  papers  and  monographs  which  appeared  between 
1900  and  1935 — certainly  a  definite  proof  of  the  enormous  amount  of  effort  and 
endeavor  which  has  been  put  into  cancer  research. 

In  this  lecture,  I  shall  confine  myself  to  a  discussion  of  three  different  groups 
of  cancer  research:  1)  A  review  of  some  recent  work  on  carcinogenic  substances, 
2)  a  discussion  of  the  relationship  of  sex  hormones  to  carcinogenesis,  and  3)  a 
brief  report  of  the  work  of  the  Cancer  Research  Laboratory  of  Mount  Sinai  Hos- 

pital in  cancer  therapy. 

1.  CARCINOGENIC  SUBSTANCES 

In  recent  years  great  progress  has  been  made  in  the  production  of  cancerous 
growth  in  laboratory  animals  by  known  chemical  agents,  i.e.,  carcinogenic  sub- 

stances. Let  us  review  briefly  one  group  of  such  substances,  namely,  the  aro- 
matic hydrocarbons. 

The  aromatic  hydrocarbons  are  composed  of  several  benzene  nuclei  (Fig.  la); 
the  benzene  nucleus  is  commonly  presented  by  a  hexagon,  numbering  the  substi- 
tuent  groups  in  order  of  their  respective  carbon  atoms  (lb).  Three  such  hexa- 

gons fused  together  form  the  anthracene  nucleus  (Ic).  Substituting  in  the  posi- 
tion 1-2  and  5-6  one  hydrogen  by  one  benzene  nucleus,  we  have  a  pentacyclic 

compound,  called  1,2,5,6  Dibenzanthracene  (fig.  Id),  a  highly  potent  carcino- 
gen. Four  hexagons  arranged  as  presented  in  figure  le,  are  called  pyrene;  if  one 

more  hexagon  is  added  in  the  3,4  position,  we  arrive  at  3 ,4  benzpyrene  (fig.  If) 
which  is  one  of  the  most  potent  carcinogenic  compounds.  This  particular  com- 

pound has  the  distinction  of  being  the  only  carcinogenic  hydrocarbon  which  so 
far  has  been  isolated  directly  from  the  coal  tar  (18). 

Substituting  into  the  anthracene  nucleus  in  position  1-2  (Ig)  one  benzene  nu- 
cleus, we  arrive  at  1:2  benzanthracene  (Ih)  which  leads  to  a  compound  called 

cholanthrene  (li).  Replacing  one  hydrogen  of  this  compound  in  position  20  by 
a  methyl  group  (CH3)  we  arrive  at  20-methyl  cholanthrene  (Ik)  which  is  a 
highly  potent  carcinogen. 

1  From  the  Cancer  Research  Laboratory,  Department  of  Pathology,  The  Mount  Sinai 
Hospital.    Lecture  delivered  at  the  Blumenthal  Auditorium,  January  24,  1945. 
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Benzene Anthracene        l;2-5:6  -Dibenzonthrazene 

Pynene 3=4-Benzpypene 

9  h 
Anthracene  h2-Benzanthcacene Cholanthrene  20-Methyicholanthpene 

Fig.  1.  Carcinogens 

CHoCOOH 
I 

Cholic  acid Deoxychoiic  aCid 
Fig.  2.  Bile  acids 

Let  us  now  review  briefly  the  chemistry  of  the  bile  acids,  namely,  cholic  acid 
and  deoxochohc  acid  (fig.  2m). 

We  observe  a  close  structural  similarity  between  these  two  compounds  and  the 
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above  mentioned  methylcholanthrene.  Indeed  Fieser  and  Newman  (19)  suc- 
ceeded in  converting  cholic  acid  into  methylcholanthrene  by  chemical  methods. 

The  conversion  of  the  physiologic  bile  acids  into  a  highly  potent  carcinogen  is 
most  significant. 
Why  did  the  chemists  become  interested  in  these  aromatic  hydrocarbons? 

Percival  Pott  (20)  described,  in  1775,  the  chimney  sweep's  disease  and  attributed 
it  correctly  to  the  irritation  of  the  scrotal  skin  by  coal  soot,  deposited  in  the 
chimneys.  In  1915,  two  Japanese  scientists,  Yamagiva  and  Itchikava,  (21) 
proved  that  coal  tar,  rubbed  into  the  skin  of  animals  will  produce  cancers.  From 
192-1  on,  Kennaway  and  his  associates  (22)  started  to  prepare  various  fractiona- 

tion products  of  coal  tar  and  tested  these  for  their  carcinogenic  activity.  A 
large  number  of  synthetic  carcinogenic  compounds  was  prepared  and  one  sub- 

stance, namely,  3,4  benzpyrene,  was  isolated  from  coal  tar.  Through  the 
efforts  of  this  group,  the  Harvard  group  under  Fieser  (23)  and  the  Xational 
Cancer  Institute  (Andervont  (24),  Shear  (25)  and  Shimkin  (26)),  many  carcino- 

genic substances  were  discovered.  The  relation.ship  between  chemical  structure 
and  carcinogenecity  was  studied.  The  potency  of  various  active  compounds  was 
estimated  and  the  influence  of  hereditary  factors  upon  the  formation  of  tumors  by 
these  hydrocarbons  was  examined.  The  mechanism  of  detoxification  and  elimi- 

nation of  the  carcinogenic  .substances  in  various  animal  species  was  investigated 
(Boyland  (27),  Dobrhier  and  Rhoads  (28)). 

These  series  of  investigations  clarified  a  number  of  problems,  which  I  would 
like  to  mention  briefly :  The  time  period  elapsing  between  the  application  of  the 
carcinogen  and  the  first  occurrence  of  tumors  depends  on  the  potency  and  quan- 

tity of  the  carcinogen,  on  the  solvent  in  which  the  carcinogen  is  applied,  on  the 
mode  (jf  administration  to  the  experimental  animal  and  also  upon  the  strain  of 
animals  used.  H()we\-er,  when  once  optimal  conditions  are  reached,  the  latent 
period  cannot  l)e  shortened  and  will  last  several  weeks. 

Furthermore,  the  latent  period,  frequency  of  tumor  occurrence  and  the  type  of 
tumor  tissue  formed,  depend  on  the  mode  of  administration  (subcutaneous  or  in- 

travenous administration,  etc.)  even  when  applying  one  carcinogen  in  one  uni- 
form dose  to  one  animal  strain. 

Although  a  large  number  of  carcinogenic  substances  of  various  potencies  are 
known,  no  definite  relationship  between  structure  and  carcinogenicity  exists. 
Structurally  clo.sely  related  hydrocarbons  differ  considerably  in  their  potency. 

In  a  recent  publication  Ci'amer  and  Simp.son  (29)  described  a  considerable  in- 
crease in  mast  cells  in  the  epidermis  after  painting  the  skin  with  methylcholan- 

threne. This  increase  in  the  mast  cells  was  observed  long  before  skin  cancers 
appeared  and  as  a  matter  of  fact  was  especially  strong  in  the  epidermis  of  mice 
which  later  did  not  develop  cancers.  The  authors  feel,  that  the  mast  cell  reac- 

tion is  associated  with  a  defensive  process  against  the  de\-elopment  of  skin  cancer. 
Early  cheiiiical  changes  in  the  epidermis,  after  methyl  cholanthrene  painting, 
were  tlescriljed  by  Carruthers  and  Suntzeff  (30):  10  days  after  the  painting  the 
calcium  content  of  the  epidermis  dropped  considerably. 
Tumor  formation  does  not  i-egularly  depend  on  the  local  irritation.  Strong 
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local  initants  are  not  necessarily  carcinogens.  For  instance,  mustard  gas,  a 
strong  skin  irritant,  has  no  carcinogenic  properties.  On  the  contrary,  it  inhibits 
the  carcinogenicity  of  coal  tar  (Berenblum  (31)). 

Heredity  and  sexual  maturity  of  the  animals  have  a  strong  influence  upon  the 
latent  period  and  the  yield  of  the  tumors.  We  pointed  out  previously  the  chemi- 

cal relationship  between  20-methylcholanthrene  and  the  bile  acids.  A  number 
of  other  normal  constituents  of  the  animal  and  human  body  such  as  cholesterol, 
vitamin  D,  male  and  female  sex  hormones  are  also  structurally  related  to  methyl- 
cholanthrene.    There  is  however,  no  experimental  evidence  available  at  present 

Fig.  3.  Low  power  view  of  a  heart  5  months  after  one  suhrutaneous  injection  of  colloidal 
bnezpyrene.  This  section  shows  severe  difl'use  myocarditis.  A  large  branch  of  the  coron- ary artery  participates  in  the  process,    (.'^rch.  Pathology,  1941.) 

which  would  prove  or  even  suggest  the  conversion  of  a  naturally  occurring  com- 
pound into  a  carcinogen  in  the  body.  The  possibility  of  such  conversion  under 

abnormal  metabolic  conditions  was  repeatedly  stressed  and  has  to  be  considered 
in  future  research. 

Paradoxically  carcinogenic  substances  retard  the  growth  of  certain  trans- 
planted and  .spontaneous  neoplasms  (Haddow  (32) ) .  They  retard  apparently  the 

body  growth  of  young  animals.  In  certain  concentrations  they  inhibit  a  variety 
of  enzymatic  reactions.  In  this  laboratory,  generalized  vascular  and  visceral 
lesions  in  mice  following  a  single  .subcutaneous  injection  of  benzpyrene  were  ob- 

served by  R.  Leuchtenberger.  These  lesions  occurred  about  2-4  months  after 
the  injection  and  were  of  an  inflammatory  nature.  They  occurred  in  64  per  cent 
of  the  mice  in  which  m)  tumors  de\'eloped  after  the  injection  of  benzpyrene,  as 
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compared  with  only  25  per  cent  in  the  tumor  mice.  The  lesions  encountered 
were  either  a  nodular  periarteritis,  a  necrotising  panarteritis,  or  a  diffuse  myo- 

carditis. Occasionally,  they  consisted  of  an  extensive  tumor-hke  prohferation 
of  the  reticulo-endothelial  tissue  within  liver  and  spleen  with  infiltration  into  the 
wall  of  large  vessels  and  destruction  of  the  parenchyma  (figs.  3  and  4). 

Fig.  4.  Microscopic  section  of  an  artery  in  the  diaphragm,  4  months  after  one  subcutane- ous injection  of  colloidal  benzpyrene,  showing  necrotizing  arteritis.  Similar  lesions  are 
seen  in  the  blood  vessels  in  other  parts  of  the  body. 

2.  RELATION  OF  SEX  HORMONES  TO  CARCINOGENESIS 
For  a  long  time  the  sex  glands  have  been  suspected  of  being  closely  connected 

with  cancerous  growth.  A  large  number  of  experiments  in  animals,  dealing  with 
this  problem,  seemed  to  support  this  conception,  especially  the  studies  of  La- 
throp  and  Loeb  (33),  Cori  (34)  and  Murray  (35),  who  observed  that  ovariectomy 
in  mice  at  an  early  age  prevents  the  appearance  of  mammary  tumors  and  proved 
definitely  the  decisive  influence  of  the  ovaries  on  mammary  cancer  in  mice. 
Since  the  isolation  and  chemical  characterization  of  the  sex  hormones,  research 
in  this  field  was  of  course  greatly  stimulated.  As  it  is  impossible  to  discuss  in 
detail  the  numerous  studies  and  attempts  which  have  been  made  to  clarify  the 
relation  between  sex  hormones  and  carcinogenesis,  I  am  going  to  present  here 
only  -the  main  trends  and  advances  in  this  field. 

I.  Influence  of  female  sex  hormones  on  cancer  formation 
In  1932,  Lacassagne  (36,  37)  first  reported  a  carcinogenic  effect  of  estrogen  on 

the  mammary  gland.    In  his  strain,  breeding  female  mice  showed  a  high  inci- 



RECENT  ADVANCES  IN  CANCER  RESEARCH 
469 

dence  of  mammary  tumors,  while  male  mice  of  this  strain  never  developed  tumors. 
If  these  male  mice  were  treated  with  folliculin,  shortly  after  their  birth,  and  the 
injections  continued  at  weekly  intervals,  mammary  tumors  were  observed  in 
these  male  mice.  The  experiments  of  Lacassagne  have  been  confirmed  by  many 
investigators,  who  also  showed  that  male  mice,  from  strains  in  which  the  females 
develop  tumors,  acquire  such  tumors  after  the  injection  of  estrogens. 

In  some  strains  the  mammary  cancers  occur  earlier  following  treatment  wdth 
estrogen  than  in  the  untreated  animals.  Furthermore,  the  incidence  of  cancer  is 
usually  increased,  or  the  tumors  appear  earher  in  the  estrogen  treated  animals 
than  in  the  controls.  If  estrogen  is  administered  to  mice  from  a  strain  in  which 
no  tumors  appear  spontaneously,  tumors  are  observed  very  rarely.  The  stimu- 

lation of  neoplastic  processes  by  estrogens  was  also  described  in  rats  by  Ge- 
schickter  and  Byrne  (38).  They  reported  that  among  555  rats  treated  with 
estrogens,  202  developed  mammary  cancers.  Untreated  rats  of  the  same  colony 
did  not  develop  mammary  tumors.  The  larger  the  dose  of  the  hormones,  the 
earlier  the  tumors  appeared.  Tumors  in  other  locations  were  also  observed 
after  prolonged  estrogen  treatment.  Gardner  and  associates  (39)  reported  the 
appearance  of  spindle  cell  sarcomas  at  the  sites  of  injections  of  estrogens.  Pybus 
and  Miller  (40)  observed  an  increased  incidence  of  bone  tumors  in  male  mice  from 
a  strain  in  which  the  females  showed  a  high  incidence  of  bone  tumors  and  earlier 
appearance  of  bone  tumors  in  the  females.  Lacassagne  (41)  and  Gardner  (42) 
reported  the  appearance  of  lymphoid  tumors  after  estrogen  treatment.  Gardner 
also  described  the  frequent  appearance  of  hypophyseal  tumors  in  the  strain  of 
mice,  while  in  other  strains  the  appearance  of  hypophyseal  tumors  had  not  been 
observed.  Although  large  doses  of  estrogens  have  been  administered  to  animals 
of  other  species,  (rabbits, dogs, monkeys), no  malignant  growth  has  been  observed. 

The  effect  of  estrogens  on  the  growth  of  various  transplanted  animal  tumors 
has  also  been  studied.  Although  there  are  some  contradictory  results  which 
even  report  inhibition  after  estrogen  injections,  the  majority  of  the  experiments 
show  the  stimulating  effect  of  estrogens  on  the  growth  of  tumors.  It  was  also 
shown  that  estrogen  treatment  increased  the  susceptibility  to  carcinogenic  sub- 

stances, resulting  in  earlier  appearance  of  tumors  in  the  estrogen  treated  animals 
than  in  the  controls.  In  male  rabbits  estrogen  treatment  also  stimulated  the 
growth  of  BroAvn-Pearce  carcinoma  and  enhanced  its  metastasis  formation. 

Estrogens  of  different  chemical  structures  have  been  used  in  all  these  experi- 
ments and  similar  results  have  been  obtained.  For  instance,  a  synthetic  estro- 

gen, stilbestrol,  Avhich  does  not  occur  naturally  and  is  not  even  chemically  re- 
lated to  the  sterols  of  the  naturally  occurring  estrogens,  has  been  found  capable  of 

inducing  mammary  tumors  in  the  same  way  as  the  naturally  occurring  estrogens. 
This  observation  indicates  that  there  is  apparently  no  chemical  specificity  of  the 
estrogens  for  the  carcinogenesis,  but  the  biological  effect  produced  by  these  sub- 

stances seems  to  determine  their  carcinogenic  activity.  Up  to  the  present,  the 
mechanism  of  the  estrogenic  activity  is  not  too  well  understood  and  varied  opin- 

ions have  been  expressed.  The  assumption  which  appears  to  come  closest  to  the 
experimental  findings  is  that  estrogens  induce  hyperactivity  of  certain  specific  tis- 
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sues,  sensitizing  them  to  the  action  of  carcinogenic  factors,  either  inherent  or 
exogenous. 

The  display  of  carcinogenic  activity  of  the  estrogenic  hormones  in  animals  de- 
serves some  special  attention  in  view  of  the  widespread  clinical  use  of  estrogenic 

substances  in  humans.  Though  Zondek  and  other  investigators  never  observed 
tumor  development  in  female  patients  after  long  treatment  with  estrogen,  it 
seems  justified  to  use  great  care  when  estrogenic  substances  are  given  in  high 
doses  for  a  long  period  of  time. 

//.  Influence  of  the  male  sex  hormones  on  tumor  growth 
Nathanson  and  Andervont  (43),  Lacassagne  (4-4)  and  others  showed  that  in- 

jections of  testosterone  at  an  early  age  into  female  mice  of  a  strain  with  a  high 
tumor  incidence,  reduced  the  incidence  or  impeded  the  appearance  of  the  tumors. 
This  tumor  inhibiting  influence  of  the  male  sex  hormone  .seems  to  be  limited  to 
cases  in  which  it  might  possibly  effect  spontaneous  tumor  formation  by  inhibition 
of  the  estrogenic  activity.  The  observations  of  Gardner  that  testosterone  in 
very  large  amoimts  decreases  the  incidence  of  mammary  timiors  in  estrogen 
treated  animals  also  speak  for  the  counteracting  influence  of  testosterone  on  the 
estrogenic  activity.  In  transplanted  or  chemically  induced  tumors  testosterone 
did  not  show  an  inhibitory  influence  on.  the  tumor  growth. 

In  the  human,  the  male  sex  hormone  seems  to  promote  the  growth  of  the  pros- 
tatic cancer.  Time  does  not  allow  us  to  discuss  this  most  interesting  subject 

which  has  recently  ci-eated  wide  discussion. 
3.  STUDIES  IN  THE  THER.\PY  OF  C.VNCER 

In  the  woi'k  which  I  sliall  piesent  to  you,  I  was  fortunate  to  have  associated 
with  me  ]Mrs.  ('.  L(Hicliteiil)ert;'or(as  biologist),  Di-.  R.  Leuchtenberger  (as  pathol- 

ogist), and  Dr.  1).  Laszlo  (as  biochemist).  Our  group  has  worked  intensively 
on  this  problem  for  more  than  se\-en  years.  Any  progres.s  in  this  difficult  field  of 
cancer  therapy  whicli  A\  e  may  have  achie\  ed  is  the  lesult  of  the  endeavors  of  this 
group.  Dr.  K.  Blocli  and  Dr.  Z.  Dische  joined  oui-  .ui(>u|i  lor  one  and  two  years 
respectively.  During  the  last  seven  years  we  ha\  e  iHil)lished  a  number  of  papers. 
In  presenting  this  review  of  our  work,  I  shall  quote  occasionally  from  previous 
publications. 

In  the  course  of  this  report,  I  shall  ha\-e  to  refer  repeatedly  to  experiments  per- 
formed on  transplanted  and  spontaneous  malignant  tumors  in  mice.  Thus  it 

appears  appropriate  to  discuss  here  the  advantages  and  disadvantages  of  these 
two  groups  of  tumors. 

Transplanted  tumors:  In  a  transplanted  tumor,  a  very  small  piece  of  fresh 
tumor  tissue  is  inserted  subcutaneously  by  means  of  a  trocar  into  normal  mice  or 
rats.  This  tiny  piece  of  tumor  tissue  grows  rapidly  in  the  host.  Within  8  to  10 
days  it  has  changed  into  a  tumor  of  1-2  cm.  which  lends  itself  readily  to  thera- 

peutic experiments.  The  great  advantage  in  working  with  transplanted  tumors 
is  the  fact  that  these  tumors  are  available  at  any  time  in  large  quantities.  How- 

ever, it  must  be  born  in  mind  that  these  tumors  are  produced  artificially.  They 
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are  transplanted  into  the  host,  not  produced  by  the  host.  In  the  early  years  of 
cancer  research  most  of  the  research  work  on  malignant  tumors  was  done  on 
transplanted  tumors.  During  the  last  20  years,  the  transplanted  tumor  has  be- 

come discredited  for  some  very  good  reasons.  It  is,  as  just  stated,  not  a  cancer 
produced  by  the  host.  Furthermore,  many  of  these  transplanted  tumors,  while 
growing  fast  and  steadily  at  the  start,  show  definite  signs  of  spontaneous  regres- 

sions and  complete  disappearance  in  untreated  controls.  Thus,  the  evaluation  of 
any  new  therapy  becomes  very  difficult  and  subject  to  errors.  However,  trans- 

planted tumors  are  of  greatest  importance  for  cancer  research,  as  the  supply  of 
spontaneous  cancers  in  mice  is  limited.    Many  problems  could  not  have  been 

Fig.  5.  Miciwcopie  .section  of  untrcatoii  sarcoma  ISO  (Sur>rcrv,  Cvnecolofiv,  and  Ob- 
stetrics, 1938.)  .  "       ■  " 

attacked  without  the  use  of  transplanted  tumors.  For  instance,  the  bioassay 
test  which  Laszlo  and  Leuchtenberger  worked  out  in  this  laboratory  and  which 
has  helped  us  greatly  in  the  progress  of  our  therapeutic  studies  depends  on  the 
growth-rate  of  transplanted  tumors  (see  below).  In  our  work  with  transplanted 
tumors,  we  have  used  the  so-called  Sarcoma  180  which  is  really  a  carcinoma,  de- 

rived originally  from  a  breast  carcinoma  of  a  mouse  (Hg.  5). 
Spontaneous  Tumors:  In  the  mouse,  breast  tissue  is  foimd  not  only  on  the  front 

of  the  chest  and  abdomen,  but  on  the  dorsal  side  of  the  body  (fig.  6).  Therefore 
breast  cancers  can  be  found  not  only  in  front  or  on  the  sides  of  the  animals,  but 
also  on  the  back.  Spontaneous  malignant  tumors  in  mice  occur  practically  ex- 

clusively in  the  breast.  The  \  ast  majority  are  adenocarcinomas  (fig.  7).  They 
metastasize  frequently  (about  15  per  cent)  into  the  lungs.    Metastases  in  other 



472 EICHARD  LEWISOHN 

organs  are  very  rare.  We  have  observed  a  large  number  of  spontaneous  breast 
cancers  in  mice.  During  a  period  of  about  six  years,  we  have  treated  more  than 
6000  spontaneous  tumors.    We  have  learned  that  palpation  alone  is  not  sufficient 

Fig.  6.  Location  of  breasts  in  a  mouse 

Fig.  7.  Spontaneous  tumor.  Mouse  adenocarcinoma  (strain  A).  High  power  showing 
several  mitoses  (Surgery,  Gynecology,  and  Obstetrics,  1940). 

to  establish  the  diagnosis  of  malignancy.  Palpatory  findings  are  subject  to  error 
even  in  the  hands  of  experts,  exactly  like  in  human  pathology.  Thirteen  per  cent 
of  these  tumors  are  not  carcinomas  (milk  cysts,  abscesses,  benign  tumors,  etc.). 
For  this  reason,  we  have  biopsied  every  tumor  before  treatment.    A  tiny  piece  of 
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Fig.  8.  Control.  Jackson  Memorial  Laboratory,  (1)  (Left)  July  19,  1939:  Biopsy: 
Carcinoma.  (2)  (Center)  and  (3)  (Right)  Front  and  lateral  view  of  same  tumor  after  2 
months  (September 27, 1939) . 

Fig.  9.  Control.  Jackson  Memorial  Laboratory,  (1)  (Left)  August  3,  1939:  Biopsy: 
Carcinoma,  (2)  (Right)    Size  of  tumor  on  September  27,  1939. 
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tumor  is  removed  imder  general  anesthesia.  Any  negative  or  doubtful  case  is 
excluded. 

Some  of  our  critics  have  suggested  that  our  therapeutic  results  were  due  to  the 
biopsy  and  not  to  the  chemicals  used.  Experience  in  human  pathology  does  not 
substantiate  this  claim.  It  is  well  known  that  in  patients  a  biopsy  tends  to 
spread  the  growth  of  cancer  cells.  For  this  reason  biopsies  of  breast  cancers  in 
patients,  when  proven  to  be  malignant,  are  followed  immediately  by  radical 
mastectomy. 

•  However,  in  order  to  disprove  this  point  definitely,  we  subjected  374  mice  with 
breast  cancers  to  biopsy.    No  intravenous  treatment  was  given.    In  four  of  these 
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Fig.  10.  Effect  of  biopsy  ;itul  treatment  on  spontaneous  breast  cancers. 

374  animals,  the  tumors  regressed  completely  following  the  biopsy  (1%).  The 
remaining  370  animals  died,  the  majority  of  them  with  multiple  or  with  very 
large  tumors  (figs.  8,  9  and  29). 

It  has  been  our  custom  to  start  treatment  on  the  day  of  the  biopsy.  Early 
reduction  in  the  size  of  the  tumor  is,  in  the  majority  of  cases,  due  to  treatment 
and  not,  as  has  been  stated,  due  to  the  biopsy.  Figures  10  and  11  illustrate  this 
point  very  well.  Among  45  tumors  biopsied  and  treated  the  same  day,  24  showed 
marked  reduction  in  size  when  measured  the  next  day,  whereas  among  30  biopsied 
controls  only  4  tumors  showed  diminution  in  size. 

We  used  to  woi  k  for  a  number  of  years  exclvisively  with  strain  A  mice  from  the 
Jackson  Memorial  Laboratory.  These  mice  belong  to  a  tumor  strain.  The  inci- 

dence of  breast  tumors  in  these  mice  at  the  Jackson  Memorial  Laboratory  is 
about  90  per  cent .    It  may  be  reduced  to  8  per  cent  by  fostering  the  young  of  high 
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breast  tumor  stock  mothers  to  females  of  low  breast  tumor  strains.  The  young 
are  transferred,  before  they  are  24  hours  old.  Here  we  cannot  go  into  further  de- 

tails of  this  interesting  phenomenon  which  was  described  by  Bittner  (45).  We 
must  confine  ourselves  to  a  report  of  thciapoutic  results  ()l)tained  with  this 
strain  A  in  our  laboratory  during  the  last  scxcn  ycai  s. 

During  the  last  few  years,  we  have  also  w  orkcd  w  ith  breast  cancers  originating 
in  mice  obtained  from  the  Rockland  Farms.  They  <lo  not  belong  to  any  tumor 
strain.    They  are  collected  from  stock  mice  in  the  older  age  group  (about  12-15 

months  old).  It  is  interesting  to  i)oint  out  that  considering  the  shorter  life  span 
of  a  mouse  the  age  incidence  of  tlie  occvirroncc  of  these  tumors  corresponds  to 
40-GO  years  m  the  life  of  a  patient,  \\  hich  represents  the  most  frequent  age  group 
for  the  occurrence  of  human  cancer. 
We  have  now  had  a  large  experience  ̂ \■ith  mice  from  both  sources  (a  third 

source  used  by  us  was  the  so-called  Bagg  Strain).  In  addition,  we  used  smaller 
sets  of  Strain  R  111  mice  bearing  the  very  malignant  transplanted  Ca  2163. 
Therapeutic  results  were  identical  in  all  these  sets  of  mice.  I  have  dwelt  some- 

what in  detail  on  our  source  material  as  it  is  of  some  importance  to  show  that  our 
results  were  not  obtained  by  the  exclusive  use  of  one  mouse  strain  only. 

In  reviewing  our  work,  which,  as  statetl,  extends  over  a  period  of  seven  years, 
1  shall  give  a  very  brief  report  of  our  earlier  work. 
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Fig.  11.  Effect  of  simple  biopsy  on  spontaneous  breast  cancers 
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SPLEEN  EXTRACT 

The  experimental  work  was  started  with  a  highly  concentrated  spleen  extract. 
Aqueous  extracts  of  beef  spleen  containing  100  gms.  of  spleen  per  ccm.  were  in- 

jected subcutaneously,  far  away  from  the  tumor,  into  mice  transplanted  with  Sar- 
coma 180.  Spleen  exti'acts  had  been  tried  p^■e^■i()usly  by  a  number  of  investiga- 

toi's,  always  with  negati\'e  or  contradicloiy  lesiilts.  They  used  less  concentrated 
extracts.  We  found  that,  whereas  weak  extracts  stimulated  tumor  growth,  the 
highly  concentrated  extract  (prepared  for  us  by  Dr.  David  Klein  of  the  Wilson 
Laboratories),  effected  complete  disappearance  of  ti'ansplanted  tumors  (Sarcoma 
180)  in  00  per  cent  of  the  animals.  Spontaneous  regression  in  controls  was  ob- 
serv^ed  in  8  per  cent  only,  ("oncentrated  extracts  j^repared  from  other  organs 
failed  to  show  any  effect  on  the  tumors.  In  those  tumors  which  disappeared  sub- 

sequently, a  hemorrluigc  appeared  eithei'  immediately  or  within  a  few  days. 
Daily  injections  had  to  be  continued  over  a  period  of  4-6  weeks  in  order  to  estab- 

lish complote  disappearance  of  the  tumors  in  60  per  cent  of  the  animals. 
Detailed  description  of  the  preparation  of  the  spleen  extracts  as  well  as  the 

other  extracts  which  were  used  by  us  for  therapeutic  purposes  were  presented  in 
our  publications. 

It  is  of  hiterest  to  point  out  that  the  hemorrhages  just  described  were  not  due  to 
the  Shwartzman  phenomenon.  This  question  was  investigated  carefully  and  is 
discussed  in  detail  in  the  first  paper  published  from  our  laboratory. 

I  would  like  to  state  that  the  hemorrhages,  while  occurring  frequently  in  ani- 
mals treated  with  spleen  extract,  were  not  essential  foi-  a  cure.  Furthermore,  R. 

Leuchtenberger  showed  that  early  hemorrhages  occur  in  animals  treated  with 
histamines  wthout  sul:».sequent  disappearance  of  the  tumors. 

Spleen  extracts  appear  to  be  richer  in  these  "healing  substances"  than  extracts 
from  othei-  oi'gans.    This  is  indicated  by  the  obserx  ation  that  four  other  organ 
extracts  prepared  identically  from  liver,  heart,  pancreas,  and  testis  did  not  cause  * 
hemorrhages  nor  retard  the  growth  of  these  tumors. 

During  our  studies  on  the  action  of  concentrated  spleen  extract  on  Sarcoma 
180,  a  most  interesting  ol)sei  \'ation  was  made.  The  spleens  in  the  healed  animals 
grew  to  very  large  sizes,  while  the  spleens  in  the  controls  and  those  resistant  to 
treatment  retained  tlieir  normal  size.  Furthermore,  mice  treated  with  extracts 
from  other  oisans  sliowod  small  spleens  at  the  post  mortem  examination  (figs. 
12  and  13). 

This  observation  was  of  great  importance  for  the  progress  of  our  problem. 
Foi'  it  was  soon  foimd  that  concentrated  spleen  extract,  while  effective  in  trans- 

planted tumors,  w  hen  injected  subcutaneously,  did  not  act  on  spontaneous  breast 
cancers.  Thercloic,  tlie  intravenous  route  was  tried.  However,  the  concen- 

trated spl('(-n  (>xtiact,  when  used  intra venou.sly,  caused  a  thrombosis  of  the  veins 
and  inject  ions  had  to  he  discontinued,  perhaps  one  of  the  reasons  why  the  concen- 

trated si)l('('n  extract  did  not  work  in  spontaneous  tumors. 
In  this  connection  I  would  like  to  state  that  while  transplanted  tumors  re- 

sponded to  subcutaneous  and  intraperitoneal  treatment,  all  our  therapeutic  work 
with  spontaneous  tumors  had  to  be  carried  out  intravenously.    In  many  cases 
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70  or  more  daily  intravenous  treatments  are  required  before  these  spontaneous 
tumors  disappear.  The  injections  are  given  into  a  tail  vein.  A  perfect  tech- 

nique is  of  utmost  importance,  as  not  more  than  two  small  veins  are^available  for 
treatment. 

Fig.  12.  (a)  and  (b),  Spleen  in  animal  treated  with  Hpleen  cxl  raet  (c)  Control  (Surgery, 
Gynecology,  and  Obstetrics,  1938). 

Fig.  13.  (a)  and  (b),  Spleen  in  animal  treated  with  spleen  extract  (c)  animal  treated  with 
pancreas  extract.    (Surgery,  Gynecology,  and  Obstetrics,  1938.) 

With  an  extract  prepared  from  these  enlarged  spleens  obtained  from  mice 
cured  of  Sarcoma  180,  we  got  complete  disappearance  of  spontaneous  tumors  in 
30  per  cent  of  the  animals  and  marked  reduction  in  size  in  another  30  per  cent. 
About  40  per  cent  were  refractory  to  treatment.  We  have  been  most  rigid  with 
our  terminology  of  "healed  tumor."  For  instance,  tumors  which  were  appar- 

ently healed  clinically  with  completely  negative  palpatory  findings  were  always 
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excluded  from  the  "healed"  sioiip,  w  hen  niicioscopie  studies  at  the  post  mortem 
exammation  showed  am-  cN  idcncc  ol  caiicci-  tissue. 

Fig.  14.  Mouse  147.  J.  M.  L.  Biopsy:  Carcinoma,  treatment  started  April  26,  1939; 
healed  May  19,  193!);  died  October  3,  1939.  Postmortem  and  microscop.  exam.:  no  car- 

cinoma.   (Surgery,  Gynecology,  and  Obstetrics,  1940.) 

Fig.  15.  Mouse  147.  J.  M.  L.  Six  intravenous  injections  of  "healed  spleen"  extract  were given.    (Surgery,  Gynecology,  and  Obstetrics,  1940.) 

The  process  of  healing  in  these  spontaneoii.s  tunioi  .s  was  entirely  different  from 
that  observed  in  Sarcoma  180.    Hemorrhages  into  the  tumors  did  not  occur. 
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The  tumors  became  etlcmutous,  shrank  si'adually  in  size  and  disappeared,  w  itliout 
leaving  even  scar  tissue  (figs.  14  and  15). 

I  would  like  to  point  out  briefly  the  importance  of  these  experiments  with 
sp{)ntan(M)us  tumors.  E\'er  since  nictliodic;!}  cancer  res(>arcli  had  been  started 
in  the  early  part  of  this  century,  all  att-iupls  l<i  cflVct  c()ini)lctc  disappearance  by 
an  indirect  route  fsubcutaiuMuis,  iiitra])crit()iieal  (ir  intra\-(-n(;us )  hid  given  nega- 

tive results.  E\'eii  ;i  dircrl  ajjpioach  by  excision  or  by  I'adiothcrapy  gave  results 
of  temporary  nature  oidy.  In  f''\]>  ccinicctinn,  a  rcccnl  sfatcnicnt  from  the 
National  Cancer  Institute  may  dc  nf  iu'cicst:  "( >ii  an  <Mii])irical  basis  977  sub- 

stances and  mixtures  of  subst/nces  ww-  assayed  f(jr  therapeutic  etlicacy  in  18395 
mice  bearing  transplanted  or  spontaneous  neoplasms.  No  effective  agent  was 
discovered  (4()). 

Our  experimental  work  showed  for  the  fiist  time  a  \\a\-  df  effecting  a  cure  by 
intravenous  treatment.  The  extract  was  non-toxic.  In  many  cases  we  could 
observe  the  animals  for  9  months  to  one  year  in  perfect  health  without  any  sign 
of  recurrence.  In  a  fairly  small  percentage  (about  20-25  per  cent)  late  recur- 

rences were  noted  either  locally  oi'  in  other  parts  of  the  body.  However,  it 
should  noted  tliat  many  of  our  animals  belonged  to  a  timior  strain.  Probably 
some  of  these  recurrences  were  (hie  to  too  eaily  discontinuance  of  treatment.  It 
must  be  pointed  out  that  these  late  recuriences  were  absolutely  resistant  to 
treatment. 

The  great  objection  to  the  so-called  "healed  spleen"  extract  (as  we  called  it  for 
want  of  a  better  name)  was  that,  for  obvious  I'easons,  ciuantity  ])roduction  was 
impcj.s.sible. 

YEAST  EXTRACT 
In  the  course  of  our  experiments  with  spleen  extracts  our  attention  was  directed 

towards  the  possible  curative  role  of  certain  factors  of  the  vitamin  B  complex. 
A  rich  source  of  some  of  these  factors  and  readily  available  in  large  tjuantities  is 
brewer's  yeast.  It  should  be  undersnioil  ilial  brewer's  yeast  is  not  a  pure  strain 
of  yeast  cells,  but  a  mixture  of  maii>-  in,i;r;  (li<  uts  obtained  during  the  brewing 
process.  For  instance,  it  contains  among  othei's  l)arley  in  the  form  of  malt,  hops 
and  yeast  cells. 
We  prepared  an  acjueous  extract  which  corresponded  to  a  concentration  of  3 

grams  of  brewer's  yeast  per  ccm.  At  that  time  nothing  was  kno\m  about  the 
action  of  brewer's  yeast  on  spontaneous  tumors.  Maisin  and  his  associates  (47) 
had  I'ejiorted  retardation  of  experimental  cancer  (induced  by  carcinogenic  sub- 

stance's) in  rabbits  by  adding  boiled  yeast  to  the  food  of  the  animals. 
This  extract  was  given  intra\ cnuir-ly  in  daily  doses  of  0.1  ccm.  Attempts  to 

treat  these  s])ontaneous  tumors  with  yeast  in  i)()\vder  form  or  in  pellets  were  of  no 
avail.  I  mciit  ion  1  licsc  fut  ile  attempts  in  order  to  show  that  we  have  tried  again 
and  again  to  sul)stitut('  a  simpler  techniciue  for  the  intravenous  route  and  thus 
make  it  easier  for  other  cancel-  icsearch  centers  to  repeat  our  experiments. 

Our  next  step  was  to  test  \'aiious  fractions  of  yeast  extract  as  to  their  activity 
)n  spontaneous  tumors.  It  would  cairy  us  too  far  to  present  this  part  of  our 
studies  in  detail.    In  brief,  the  follow  ing  results  were  obtained:  The  active  prin- 
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Fig.  16.  Mouse  404.  J.  M.  L.  Biopsy:  Carcinoma.  Treatment  started  December  23, 
1939.  Tumor  healed  January  16,  1940.  Animal  received  12  intravenous  and  10  subcutane- 

ous injections  of  yeast  extract.  Animal  died  November  18,  1940.  Postmortem  and  micro- scopic examination:  no  carcinoma.  No  lung  metastatsis.  Adenoma  of  lung.  (Amer. 
Journal  of  Pathology,  1941.) 

//////=Vi 
= Hemorrhagic 

J.M.  362  Nov.  30, 1939 
Biopsy  :Ca 
Healed  with  yeast 
extract  in.  19  days. 
Healed  since  Dec.18 
1939. 
Died  Mar.  3, 1941. 
Pm.  and  micro. ■No  ca. 

Fig.  17.  Diagram  of  tumors 
Research,  1941.) 

in.  404  Dec.  23, 1939  R.  27       Feb.  5, 1940 
Biopsy :  Ca  Biop  sy ;  Ca 
Healed  with  yeast  Healed  with,  yeast 
extract  in  24  days.  extract  in  12  days. 
Healed  since  Jan.l6  Healed  since  Teb.  17, 
1940.  1940. 
Died  Nov.  18,1940.  Died  Mar  29,1941. 
Pm.  and  micco,-.TTo  ca.  Em.  and  micro.: No  ca. 
in  mice  following  injections  of  j'east  extract.  (Cancer 
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Fig.  18.  Biopsy  spontaneous  mammary  adenocarcinoma  .  J.  M.  L.  No.  314.  Mag.  X  160. 
(Cancer  Research,  1941.) 

Fig.  19.  Microscopic  section  of  same  tumor  after  7  intravenous  injections  of  yeast  extract, 
showing  necrosis  of  cells.    (Cancer  Research,  1941.) 
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ciple  is  water-soluble  and  comparatively  thermostable  at  neutral  pH.  It  is  not 
protein  in  nature,  not  affected  by  nitrous  acid,  and  is  precipitated  by  high  concen- 

tration of  ethanol.  The  active  material  is  not  precipitated  by  lead  acetate  and 
silver  nitrate.  Active  preparations  can  be  obtained  by  precipitation  with  barium 
and  ethanol  and  also  by  phosphotungstic  acid.  The  active  material  is  adsorbed 
by  Fuller's  earth  and  by  norite,  but  not  by  permutit.  Efforts  at  elution  were 
unsuccessful.  Autolysis  of  the  yeast  mixture  prior  to  extraction  caused  loss  of 
the  active  principle.  Figure  16  and  figure  17  show  a  number  of  spontaneous 
cancers  healed  with  yeast  extract. 

The  changes  occurring  in  these  breast  cancers  in  mice  following  treatment  is 
Avell  illustrated  in  the  accompanying  pictures.    Figure  18  shows  the  biopsy  from 

Inbred  French.  Strain  R3  Tronspionted  Carcinoma  2163 
Intravenous  tceatmem  given  for  12  consecutive  days 

Starting  on  the  day  <^  transplantation 
(U  cc.  yeast  extXMCt  +  05  ec  pantothenic  acid  Contpoia 

0l6  cc  pantothenic  oad  50  mg  pec  cent  Bolution 
SO  mg.  per  cent  •olution 1941  Feb                   Mot  feb                   Hof                 Feb  Map 4    7    U   19  25  10  K  4    7    U   19  25   10    25               4    7    11    19  25  10  25 
No  _  _  ̂   —   
1  «•  •  4  4*  iff 

2  ,  .  .•   ..•,;;»§ 
3  -  t4C%|ft4 
4   • • 
5««**-*-  •••••#%  €Diea. 
6.  ..  
7...    •  *****«S 

8.    ••«••••  •••.•t*tj 9  —  —  —  —  —  —  —  •••»••• 10 

Effect  No  effect 
 =No  lumor  palpople  0  1  2  3  4  5  cm. 

Fig.  22.  Prevention  of  tumor  growth  (Science,  1941) 

one  of  this  group  of  tumors.  Figure  19  presents  the  marked  changes  in  this 
tumor  after  7  intravenous  injections  of  yeast  extract.  Figure  20  shows  a  speci- 

men removed  by  biopsy  from  a  breast  cancer  (Rockland  Farms).  After  43 
intravenous  injections  of  yeast  extract,  we  see  a  fibrous  node  u-ith  partial  hya- 
linization ;  small  cords  of  lymphoid  cells  are  imbedded  in  the  fibrous  tissue  which 
cannot  be  identified  any  more  as  tumor  tissue  (fig.  21). 

After  we  had  worked  with  yeast  extracts  for  about  18  months,  we  ran  into 
unexpected  difficulties.  We  noted  that  the  latest  results  obtained  with  the  yeast 
extract  were  far  from  satisfactory.  These  failures  were  due  to  a  change  in  the 
bre^ving  process  of  ordinary  beer  made  by  the  brewery.  We  then  worked  with  a 
bock  beer  yeast  which  had  been  prepared  by  the  brewery  according  to  the  old 
formula.  This  yeast  extract  prepared  from  bock  beer  continued  to  give  very 
satisfactory  results,  when  to  our  dismay  this  source  stopped  completely  due  to 
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the  exigencies  of  the  war.  I  mention  these  details  in  order  to  show  how  many- external  difficulties  are  often  encountered  in  research  work. 
PREVENTION  OF  TUMOR  GROWTH 

So  far  we  have  discussed  the  action  of  different  extracts  (spleen  and  yeast) 
in  the  treatment  of  spontaneous  breast  cancers  in  mice.  A  logical  sequence  of 
this  work  was  the  attempt  to  prevent  malignant  tumor  growth.  We  used  for 
our  experiments  the  transplanted  so-called  Carcinoma  21G3  in  the  Rill  strain, 
a  tumor  which  was  found  to  be  transplantable  in  95  to  100  per  cent  of  animals  of 
this  strain.  When  daily  intravenous  injections  of  0.1  ccm.  of  yeast  extract  plus 
250  micrograms  pantothenic  acid  were  given  for  12  consecutive  days  starting  on 
the  day  of  transplantation,  7  among  9  tumors  failed  to  grow,  whereas  when  250 
micrograms  pantothenic  acid  without  yeast  extract  were  given  the  tumors  took 
and  grew  as  well  as  the  controls  (fig.  22).  Further  experiments  along  these  hues 
showed  that  the  vitamin  B  complex  (pantothenic  acid,  riboflavin  and  thiamin) 
alone  have  none  or  very  little  preventive  effect  on  tumors.  Yeast  alone  prevents 
tumor  occurrence  in  about  20  per  cent  only.  This  tumor  preventing  effect  of 
yeast  was  markedly  improved  by  adding  pantothenic  acid  (non-takes  47  per  cent) 
or  riboflavin  (non-takes  62  per  cent)  to  the  yeast  extract.  Addition  of  thiamin 
to  the  yeast  did  not  improve  the  tumor  preventing  action. 

Since  we  took  up  these  vitamin  studies  and  their  action  on  cancer  we  were 
fortunate  enough  to  have  the  help  and  assistance  of  members  of  the  scientific 
staff  of  Merck  &  Co.  I  would  Hke  to  express  our  thanks  to  Dr.  R.  Major,  Dr.  J. 
C.  Keresztesy  and  Dr.  J.  Little  whose  cooperation  and  interest  in  our  problem 
has  been  of  greatest  help  during  the  last  4  years. 

At  the  time  when  we  had  finished  our  experiments  on  tumor  prevention  Kensler 
and  his  associates  (48)  published  their  results  on  the  prevention  of  liver  cancers  in 
rats  induced  by  dimethylaminoazobenzone  ("butter  yellow").  They  showed 
that  riboflavin  mixed  with  casein  substantially  protects  the  rat  against  cancers. 
When  either  riboflavin  or  casein  alone  was  added  to  the  diet,  the  incidence  of  liver 
cancer  was  reduced  from  100  per  cent  to  70-80  per  cent.  When  both  substances 
were  added  simultaneously  to  the  diet,  the  incidence  of  mahgnancy  was  reduced 
to  3  per  cent. 

We  have  pointed  out  repeatedly  during  this  presentation  that  the  percentage 
of  cures  among  spontaneous  tumors  never  went  above  30  per  cent,  whether  we 
used  spleen  extracts  or  yeast  extracts.  As  attempts  to  raise  this  percentage  by 
increasing  the  individual  dose  or  by  repeated  daily  injections  failed,  we  considered 
the  possibility  that  the  diet  of  the  animals  might  contain  factors  which  antagonize 
our  therapeutic  attempts.  Therefore  we  investigated  whether  a  change  in  the 
diet  might  improve  our  results. 

ACTION  OF  DIETS  ON  MALIGNANT  TUMORS 
Attempts  to  retard  the  growth  of  malignant  tumors  by  diets  are  not  of  recen 

date.  About  30  years  ago  Rous  (49)  presented  studies  on  the  effect  of  deficien 
diets  on  transplanted  and  spontaneous  tumors. 

We  succeeded  in  improving  our  results  when  we  substituted  polished  rice  an 
carrot  for  pellets  and  carrots  as  food  for  the  animals.    The  time  required  for  a 
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Fig.  23.  Biopsy:  Mammary  carcinoma  (Rockland  Mouse  No.  703)  Mae.  X  77  (Cancer Research,  1942.) 

Fig.  24.  Second  biopsy,  20  days  after  the  first  biopsy.  Note  small  rest  of  unchanged carcinomatous  tissue.    (Rockland  mouse  No.  703)  Mag.  X  88  (Cancer  Research,  1942.) 

cure  was  reduced  from  an  average  of  47  days  to  20  days  and  larger  tumors  re- 
sponded to  treatment.  In  some  sets  we  increased  the  percentage  of  complete 

disappearance  of  the  tumors  from  30  per  cent  to  about  60  per  cent.  Another 
interesting  observation  was  that  hemorrhagic  tumors  adopted  a  white  appearance 
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during  the  combined  yeast  extract-diet  treatment.  Sometimes  ^\•ithin  a  week  the 
hard  tumor  became  necrotic  and  soft.  This  process  is  well  demonstrated  in 
figure  23  and  figure  24.    They  represent  two  biopsies  taken  from  the  same  tumor, 

Fig.  25.  Biopsy :  Mammary  carcinoma  in  Rockland  mouse  No.  715.  Mag.  x  85  (Cancer Research,  1942.) 

Fig.  26.  Section  through  the  site  of  the  former  tumor  in  mouse  No.  715.  Mag.  X  80 
Postmortem  finding.    (Cancer  Research,  1942.) 

the  first  before  treatment  was  started,  the  other  after  three  weeks  of  treatment. 
In  another  case  biopsy  showed  a  typical  adenocarcinoma  (fig.  25).  When  the 
mouse  came  to  autopsj'  one  month  later,  no  tumor  tissue  could  be  found  (fig.  26). 
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It  is  important  to  point  out  that  diet  alone  or  diet  in  combination  with  inactive 
yeast  extracts  did  not  show  any  influence  on  spontaneous  tumors. 

We  observed  that  our  therapeutic  results  in  spontaneous  tumors  improved  if 
the  normal  diet  was  replaced  by  a  polished  rice  diet.  The  problem  which  con- 

fronted us  at  this  stage  was  whether  this  improvement  was  due  to  a  lack  of  tumor 
promoting  substances  in  the  polished  rice  of  whether  it  contained  a  factor  which 
helped  actively  to  improve  our  results.  The  lead  which  aided  to  settle  this  prob- 

lem was  given  by  a  series  of  investigations  in  which  a  bioassay  test  for  tumor 
growth  inhibitors  was  employed. 

BIOASSAY  TEST 

It  might  be  worth  while  to  dwell  for  a  few  minutes  on  the  practical  importance 
of  such  a  test  for  the  progress  of  a  therapeutic  cancer  research  problem.  It  is 
conceded  by  most  workers  in  this  field  that  the  supreme  experimental  test  for 
any  new  therapeutic  agent  is  its  action  on  spontaneous  tumors.  How-ever,  it  is 
impossible  to  test  a  large  number  of  different  fractions  on  spontaneous  tumors  for 
the  following  reasons:  1)  the  number  of  spontaneous  tumors  is  Umited,  2)  a 
minimum  of  about  30  animals  is  necessary  to  allow  a  definite  conclusion  as  to  the 
activity  of  a  fraction  and  3)  daily  intravenous  injections  of  these  30  animals  ex- 

tending over  six  weeks  are  required  before  a  definite  answer  as  to  the  value  of  one 
new  fraction  can  be  given.  Thus  it  is  plain  that  it  would  be  utterly  impossible 
to  test  10  or  20  fractions  simultaneously.  In  fact,  such  tests  would  extend  over 
the  better  part  of  a  year. 

We  shall  describe  briefly  the  technique  of  this  test  as  it  was  finally  developed 
after  a  great  deal  of  preUminary  Avork  and  studies. 

The  growth  rate  of  Sarcoma  180  is  used  as  an  indicator  and  the  inhibition  of 
tumor  growth  is  judged  by  comparing  tumor  sizes  and  tumor  weights  in  treated 
groups  with  those  in  untreated  ones.  At  the  start  of  the  experiment  7  to  10 
days  after  transplantation,  groups  with  the  same  number  of  mice  are  matched  as 
to  their  tumor  sizes  (1.0  plus  minus  0.2  cm.  in  diameter).  When  such  matched 
groups  are  injected  intravenously  with  saline  solution  twice  daily  for  two  con- 

secutive days,  the  tumor  sizes  and  w'eights  in  these  mice  will  usually  agree  after 
a  period  of  48  hours.  But  in  similar  groups  treated  instead  with  extract  contain- 

ing tumor  growth  inhibitors,  the  tumors  will  fail  to  grow  or  will  grow  more  slowly 
and  their  terminal  sizes  and  weights  will  differ  considerably  from  those  of  tumors 
in  the  controls  groups  injected  with  saline  solution  (fig.  27). 

After  48  hours,  the  tumors  are  measured  again  and  the  outlines  drawn.  The 
animals  are  killed,  the  tumors  are  removed  and  their  weight  determined  on  a 
balance  with  a  sensitivity  of  1  mg. 

It  seems  of  importance  to  give  two  injections  daily  at  an  interval  of  about  12 
hours.  As  this  technique  is  very  inconvenient  (one  injection  has  to  be  given 
either  in  the  early  morning  hours  or  late  in  the  evening)  we  attempted  to  deter- 

mine whether  one  daily  injection  corresponding  to  the  same  daily  total  would  be 
adequate.  However,  our  experiments  showed  that  one  daily  injection  is  not 
sufficient  to  get  the  desired  effect. 

This  sketch  gives  the  essentials  of  the  bioassay  test  in  brief  outline.    It  would 
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Ifemale  'Rockland'  mice  tponsplonted  with  Sarcoma  160  on  Appil  10, 1942.  passage  MP  15 Four  intravenous  injections  (2  on  April  18,1942  and  2  on  April  19,1942) 
-with 

Standard  preparation 
(Sjl  0.1 00  =  5.1  mg. Sroup  67 

vith 
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Fig.  27.  Bioassay  test.    Effect  of  a  "Standard  Preparation"  on  Tumor  Growth. 

a  b  I — \ — \ — I — I — I 
Cm.O  12  3  4  6 

Fig.  28  (a)  R.  2585.  Daily  intravenous  injections  of  5  micrograms.  L.  casei  factor. 
Treatment  started  September  6,  1944.  Tumor  healed  October  12,  1944,  December  26th; 
animal  living  and  well.  No  recurrence,  (b)  2586  matched  control.  Animal  died  Oct. 
31st,  1944.    Size  of  tumor  at  death. 
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be  impossible  to  discuss  here  finer  details  of  the  test  which  were  published  by 
Laszlo  and  Leuchtenberger  in  their  original  paper  on  this  subject. 

We  have  used  this  test  extensively  in  our  laboratory.  Up  to  now,  we  have  per- 
formed 1000  individual  sets  of  experiments  using  about  10,000  animals.  Nat- 

urally it  would  be  impossible  to  give  you  here  more  than  some  general  conclusions 
which  resulted  from  these  experiments. 

As  for  the  relation  between  inhibition  of  tumor  growth  and  therapeutic  action 
no  conclusions  should  be  drawn  concerning  the  ultimate  fate  of  Sarcoma  180  in 
treated  animals,  for  the  test  is  used  to  detect  inhibitors  over  a  period  of  48  hours 
only.    We  cannot  draw  any  definite  conclusions  from  a  positive  test  as  to  the 

Cm.O  1   2  3  4  5 
Fig.  29.  R.  2615.  Control.  Biopsy  (September  15,  1944).  No  treatment.  Size  of 

original  tumor  and  new  tumor  on  December  26,  1944. 

action  of  an  extract  on  spontaneous  tumors.  Some  of  the  extracts  and  fractions 
that  gave  figures  in  the  test  practically  identical  with  those  for  standard  prepara- 

tions, showed  either  a  complete  absence  of  total  regressions  or  an  incidence  much 
lower  than  30  per  cent  Avhen  extracts  and  fractions  were  tested  on  spontaneous 
malignant  tumors.  It  seems  important  to  mention  that  none  of  the  various 
extracts  and  fractions  that  showed  a  negative  test  ever  effected  a  complete  re- 

gression of  spontaneous  tumors. 

ANTICANCEROUS  FACTORS  IN  GRAINS 

In  my  discussion  of  the  action  of  diets  on  malignant  tumors,  I  raised  the  ques- 



490 RICHARD  LEWISOHN 

tion  whether  a  lack  of  promoting  substances  or  the  presence  of  tumor  active  fac- 
tors in  the  poHshed  rice  was  responsible  for  the  improvement  of  our  therapeutic 

results.  We  attacked  this  problem  in  a  series  of  investigations  with  cur  bioassay 
test.  Fortunately,  the  effect  of  the  polished  rice  diet  upon  tumor  growth  could 
be  sho^vn  in  the  48  hour  period  of  this  test.  Inhibition  of  growth  was  observed 
Avith  one  third  of  the  dose  of  the  standard  (yeast)  extract  when  injected  intra- 

venously, if  the  animals  were  kept  on  polished  rice  diet  instead  of  on  a  normal 
diet  (mouse  pellet).  I  omit  to  mention  details  of  the  experiments  and  only  sum- 

marize that  the  presence  of  some  specific  tumor  growth  inhibitor}^  factors  in  cer- 
tain grains  and  not  the  lack  of  promotors  was  found  to  cause  this  improvement. 

We  were  able  to  show  that  the  factor  in  polished  rice  was  destroyed  by  heating. 
We  also  could  demonstrate,  that  the  feeding  factor  alone  is  unable  to  replace  the 
injections  of  active  preparations.  This  observation  was  in  agreement  with  our 
failure  to  "heal"  spontaneous  breast  tumors  in  mice  with  diets  alone. 

The  presence  of  anticancerous  factors  in  grains  was  directly  proven  by  our 
success  in  extracting  such  factors  from  rice.  These  factors,  in  the  bioassay  test, 
acted  like  yeast  extract,  even  when  injected  into  animals,  ̂ ^•hich  were  fed  a  full diet. 

A  number  of  grains  were  tested  for  the  presence  of  the  feeding  factor  and  for 
the  extractable  factor.  Barley,  a  rich  source  of  both  of  these  factors,  was  chosen 
for  further  trial.  A  set  of  mice  bearing  spontaneous  malignant  breast  tumors  in 
mice  was  injected  intravenously  daily  with  extracts  of  barley.  The  animals  were 
fed  pearled  barley  and  carrots.  This  diet  was  given  only  during  the  period  of 
treatment,  in  which  the  animals  lost  an  average  of  five  grams.  After  the  treat- 

ment was  stopped,  the  animals  were  put  back  on  a  full  diet. 
Our  results  obtained  with  injections  of  barley  extract  combined  with  feeding 

barley,  were  similar  to  those  observed  after  injection  of  yeast  extract.  For  in- 
stance in  a  series  of  46  animals,  19  animals  were  "healed."  Among  50  animals, 

which  received  no  injections  but  the  diet  alone,  none  were  healed. 

INOSITOL 

Whenever  a  potent  source  material  was  found,  our  laboratory  investigated 
simultaneously  a  number  of  procedures.  First  we  attempted  to  improve  the 
yield  of  extract  ability  of  suchasource.  Furthermore,  we  tried  to  concentrate  the 
active  material  from  the  crude  extracts  with  the  ultimate  goal  to  isolate  and 
characterize  chemically  the  active  substance  or  substances  from  the  crude  ex- 

tracts. While  such  experiments  with  the  grains  were  carried  out  systematically 
and  quite  successfully,  we  started  a  third  set  of  investigations.  We  asked  the 
question,  which  of  the  kno^^■n  pure  chemicals  would  fit  best  into  the  properties  of 
the  substance  occurring  in  our  various  extracts. 
We  had  evidence  suggesting  that  inositol  or  a  substance  related  to  it  might 

have  anticancerous  properties.  Inositol  is  a  vitamin  of  the  B  complex  and  occurs 
in  considerable  quantities  in  our  various  source-materials.  We  tested  inositol 
in  the  bioassay.  The  inhibition  of  tumor  growth  by  inositol  is  well  presented  in 
table  1 .  It  is  evident  from  this  table  that  the  degree  of  inhibition  depends  on  the 
dose  of  inositol  injected.    We  therefore  were  able  to  use  inositol  in  our  bioassay 
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experiments  as  a  standard  of  reference  replacing  crude  (yeast  or  grain)  extracts. 
We  observed  that  feeding  or  subcutaneous  injections  of  considerable  amounts  of 
inositol  were  ineffective.  We  also  noticed  that  none  of  the  8  other  crystalline  B 
vitamins,  available  at  the  time  of  our  investigations,  inhibited  tumor  growth. 

However,  our  next  experiments  indicated  that  inositol  could  at  least  not  be 
solely  responsible  for  the  anticancerous  action  of  our  various  extracts,  first) 
though  we  observed  definite  tumor  activitj^  and  complete  disappearance  of  spon- 

taneous tumors  treated  with  inositol,  the  percentage  of  our  successes  appeared 
to  be  less  than  that  obtained  with  yeast  or  barley  extracts.  Second)  the  amounts 
of  inositol  (as  measured  with  bacterial  assay  methods)  which  were  present  in  our 
potent  extracts,  were  insufficient  to  explain  the  activity  of  the  extracts  on  the 
basis  of  inositol  alone.  Finally,  some  of  the  chemical  properties  of  our  extracts 
differed  from  the  chemical  properties  of  inositol. 

TABLE  1 
Effect  on  tumor  growth  of  four  intravenous  injections  of  Inositol  in  varying  doses  given  over  a 

period  of  ̂ 8  hours* (Science,  1943) 
GKOUP  NO. NO.  OF  ANIMALS IN  EACH  GROUP DOSE  OF  INOSITOL MEAN  TERMINAL TUMOR  WEIGHT STANDARD  ERROR 

T 
mg. 

mg. 
453 11 0  (control rsaline) 470 25.6 
452 18 38 436 22.8 451 14 50 350 33.6 450 10 75 270 34.1 449 100 246 41.1 
448 5 150 

215 26.4 
447 5 250 222 9.8 
446 5 1000 142 

12.8 

*  Female  Rockland  mice  transplanted  with  Sarcoma  180;  start  of  the  experiment  8  days 
after  transplantation;  mice  kept  on  polished  rice  diet  for  the  experimental  period  of  48  hours. 

FOLIC  ACID 

While  our  results  with  different  extracts  had  been  encouraging,  we  had  been 
perfectly  conscious  of  their  limitations.  Our  ultimate  goal  for  which  we  were 
striving  for  a  number  of  years  was  the  finding  of  a  pure  substance  which  would 
selectively  damage  the  cancerous  tissue  without  impairing  the  health  of  the 
animal. 

Our  studies  on  tumor  growth  inhibitors  suggested  the  investigation  of  certain 
vitamins  of  the  B  complex  and  the  possible  importance  of  "folic  acid"  for  malig- 

nant growth.  We  have  presented  conclusive  evidence  that  inositol,  a  member  of 
the  vitamin  B  complex,  inhibited  tumor  growth  bioassay  test,  whereas  8  other 
crystalline  B  vitamins  were  ineffective. 

The  first  step  in  our  experimental  work  with  "folic  acid"  was  a  careful  investi- 
gation of  its  activity  on  Sarcoma  180  with  the  aid  of  the  bioassay  test.  We  tested 

a  foHc  acid  concentrate  and  the  L.  casei  factor  (folic  acid).    We  received  a  folic 
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acid  concentrate  through  the  courtesy  of  Dr.  John  C.  Keresztesy  of  the  Research 
Institute  of  Merck  &  Co.,  Inc.  and  the  L.casei  factor  from  the  Lederle  Labora- 

tories (courtesy  of  Dr.  B.  L.  Hutchings  and  Dr.  E.  L.  R.  Stokstad). 
In  table  2  one  experiment  is  presented  in  Avhich  varying  doses  of  the  "fohc 

acid"  concentrate  were  given,  whereas  table  3  shows  results  of  one  experiment 
TABLE  2 

Effect  on  tumor  growth  of  4  intravenous  injections  of  "folic  acid  concentrate^  Unvarying  doses 
given  over  a  period  of  48  hours*    Seven  animals  were  used  in  each  group 

(Proc.  Soc.  Exper.  Biol.  &  Med.,  1944) 
GROUP  NO. DOSE  OF  "folic  ACID"t MEAN  TERMINAL  TUMOR  WT. STANDARD  ERROR 

mg. 
mg. 805 0 951 
88 

803 0.16 616 16 
802 0.32 566 

57 801 0.63 509 47 
800 1.25 470 45 
799 2.50 386 42 
798 5.00 333 67 

*  Female  Rockland  mice  transplanted  with  Sarcoma  180;  start  of  the  experiment  8  days 
after  transplantation;  mice  kept  on  normal  diet. 

t  Micrograms  of  material  of  "potency"  40000  (Williams  standard,  as  measured  hyL. casei  assay.) 

TABLE  3 
Effect  on  tumor  growth  of  4  intravenous  injections  of  L.  casei  factor  in  varying  doses  given  over 

a  period  of  48  hours*   Seven  animals  were  used  in  each  group 
(Proc.  Soc.  Exper.  Biol.  &  Med.,  1944) 

GROUP  NO. DOSE  OF  L.  CASEI  FACTOR MEAN  TERMINAL  TUMOR  WT. STANDARD  ERROR 
7 mg. mg. 

828 0 893 

78 

827 0.0063 704 37 
826 0.0125 650 60 
825 0.0250 540 23 
824 0.0500 517 36 
823 0.1000 469 48 
822 0.2000 

394 
21 

821 0.4000 333 18 

*  Female  Rockland  mice  transplanted  with  Sarcoma  180;  start  of  the  experiment  8  days 
after  transplantation;  mice  kept  on  normal  diet. 

mth  L.  casei  factor.  These  results  which  were  repeated  in  a  number  of  tests 
show  that  these  substances  are  strong  inhibitors  of  tumor  growth.  The  "folic 
acid"  concentrate  contains  about  99  per  cent  impurities.  The  L.  casei  factor 
(Lederle)  is  between  70  and  80  per  cent  pure.  It  is  certainly  most  striking  that 
significant  action  on  tumor  cells  was  observed  after  intravenous  injections  of 
0.16  gamma  folic  acid  concentrate  and  0.025  gamma  L.  casei  factor. 
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At  present  "folic  acid"  is  produced  in  minute  quantities  only.  Thus  work  with 
these  substances  is  limited  to  small  experimental  animals.  So  far  we  have  used 
the  intravenous  route.  Recently  we  have  used  intraperitoneal  application.  On 
account  of  the  scarcity  of  material,  we  have  not  treated  the  animals  with  sub- 

cutaneous injections.  We  hope  to  have  larger  quantities  of  "folic  acid"  available in  the  near  future. 
Pollack,  Taylor  and  Williams  (50)  reported  that  the  vitamin  present  at  the 

highest  relative  level  in  both  human  and  rat  cancer  (the  same  seems  to  be  true  for 
the  mouse)  is  "folic  acid."  They  show  that  the  inositol  level  is  next  to  that  of 
fohc  acid,  while  pyridoxine  and  biotin  are  present  at  relatively  low  levels.  An 
interesting  problem  for  further  study  would  be  to  investigate  the  possible  rela- 

tionship between  the  tumor-inhibitory  action  of  inositol  and  folic  acid  and  their 
relatively  high  content  in  malignant  tumors. 

After  Ave  had  tested  "folic  acid"  in  a  number  of  experiments  by  means  of  the 
bioassay  test  and  found  its  inhibiting  action  on  malignant  growth,  we  used  these 

TABLE  4 
Effect  of  L.  casei  factor  'folic  acid"  on  spontaneous  breast  cancers  in  mice 

(Science,  1945) 
NO.  OF  MICE DOSE  INJECTED NO.  or  HEALED  TUMORS 

60 5  micrograms 
26 

60 0 0 
29 5  micrograms 12 

substances  in  spontaneous  tumors.    We  used  the  L.  casei  factor  ("folic  acid") 
I  produced  by  the  Lederle  Laboratories.    A  preliminary  report  about  our  results 
in  spontaneous  tumors  appeared  recently  in  Science  (17). 

149  mice  from  three  different  strains — (Jackson  Memorial  Laboratory,  Rock- 
land strain  and  Bagg  strain)  bearing  single  spontaneous  breast  cancers  were 

selected  for  the  experiments.  A  definite  diagnosis  of  maUgnancy  was  established 
by  biopsy.  The  animals  were  kept  on  a  normal  diet  (Rockland  mouse  pellets). 
120  animals  Avere  divided  into  two  groups  (60  mice  each)  in  such  a  way  that  they 
were  matched  as  to  strains  and  as  closely  as  possible,  as  to  location  and  size  of  the 
tumors. 

One  of  these  groups  of  60  mice  received  daily  intravenous  injections  of  5  micro- 
grams L.  casei  factor  over  a  period  of  4-6  weeks ;  the  control  group  of  60  mice  did 

not  receive  any  injections.  Another  set  of  29  mice  Avere  also  treated  with  5  micro- 
grams of  L.  casei  factor,  but  Avere  Avithout  "matched"  controls.  No  toxic  effect 

AA^as  observed  in  treated  animals  (figure  28a  and  b).  Our  therapeutic  results 
(Dec.  26,  1944)  are  presented  in  table  4. 

XANTHOPTERIN 

In  A'ieAv  of  the  scarcity  of  the  L.  casei  factor  and  in  vieAv  of  the  possible  chemical 
relationship  of  folic  acid  to  xanthopterin  (the  pigment  of  butterfly  AA'ings)  (51-54) 
we  tested  the  action  of  synthetic  xanthopterin  on  tumor  groAvth.    In  table  5  an 
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experiment  is  presented  in  which  varying  doses  of  xanthopterin  were  studied. 
It  is  evident  from  this  table  that  in  the  bioassay  test  xanthopterin  is  a  strong  in- 

hibitor of  tumor  growth.  Similar  results  were  obtained  in  30  experiments  in 
which  214  animals  were  used.  In  the  course  of  investigations  concerned  with 
the  substances  antagonistic  to  tumor  growth  inhibitors,  leukopterin  was  tested 

TABLE  5 
Effect  on  tumor  growth  of  4  i ul lavenous  injections  of  xanthopterin  in  varying  doses  givenover 

a  period  of  48  hours  al  12  hours  interval*    Seven  animals  were  used  in  each  group 
(Proc.  Soc.  Exper.  Biol.  &  Med.,  1944) 

GROUP  NO . DOSE  OF XAKTHOPTERIN MEAN  TERMINAL TUMOR  WT. STANDARD  ERROR SIGNIFICANCE  RATIO 

7 mg. 

mg. 

980 0 866 47 
979 0.031 674 

33 
3.4 

978 0.125 606 
27 

4.8 
977 0.500 513 

38 
5.9 

976 2.000 389 23 
9.1 

*  Female  Rockland  mice  transplanted  with  Sarcoma  180;  start  of  the  experiment  8  days 
after  transplantation;  mice  kept  on  normal  diet. 

TABLE  6 
Effect  on  tumor  growth  of  4  intravenous  injections  of  xanthopterin  and  of  a  mixture  of 

xanthopterin  and  leukopterin  given  over  a  period  of  48  hours  at  12  hours  interval* Seven  animals  were  used  in  each  group 
(Proc.  Soc.  Exp.  Biol.  &  Med.,  1944) 

GROUP  NO. MATERIAL  INJECTED DOSE 
MEAN 

TERMINAL TUMOR  WT. 
STANDARD 
ERROR SIGNIFICANCE  RATIO 

T 
mg. mg. 

959 Saline 577 42 
956 Xanthopterin 0.5 341 

21 
to  959:  5.0 
to  957:  5.3 

957 Xanthopterin  +  Leukopterin 0.5 
1.0 620 48 

*  Female  Rockland  mice  transplanted  with  Sarcoma  180;  start  of  the  experiment  10 
days  after  transplantation;  mice  kept  on  normal  diet. 

as  suggested  by  Dr.  Keresztesy  (table  6).  It  maj'  be  seen  from  this  table  that 
Leukopterin  while  it  is  no  tumor  growth  inhibitor,  neutralizes  the  action  of 
xanthopterin. 
When  we  tested  the  action  of  xanthopterin  on  spontaneous  tumors,  thougli 

results  seemed  encouraging  in  our  earlier  experiments,  our  final  results  were  dis- 
appointing. Daily  doses  of  10  gamma  of  xanthopterin  were  given  intravenousl}'. 

These  experiments  must  be  repeated  on  a  larger  scale  before  final  conclusions 
can  be  drawn.    However,  we  can  state  here  briefly  that  in  this  set  1)  healing 
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effect  was  minimal ;  2)  many  tumors  after  temporary  regressions  grew  tremen- 
dously in  spite  of  continuous  treatment;  and  3)  many  new  tumors  were 

observed  among  the  treated  animals.  It  is  possible  that  changes  in  the  indi- 
■vidual  dose  maj^  render  better  results. 

I  have  presented  to  you  a  brief  sketch  of  our  work  in  the  therapy  of  spontane- 
ous breast  cancers  in  mice.  Naturally,  it  Avas  utterly  impossible  to  report  in 

detail  our  successes  and  on  the  other  hand  manj^  failures.  A  pemsal  of  the 
papers  which  we  have  published  will  clear  up  many  interesting  points  for  those 
who  are  interested  in  this  special  field.  Only  time  will  tell  whether  our  work  has 
brought  the  cancer  problem  a  step  nearer  to  the  ultimate  goal  of  all  medical 
research  namely  a  successful  clinical  application. 
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TIBIAL  RE-LMPLAXTATION  FOR  OSTEOMYELITIS 
(A  Modified  Orell  Procedure) 

ROBERT  K.  LIPPMAXX,  M.D. 

Although  sulfa  drugs  and  penicillin  have  profoundly  influenced  the  course  of 
acute  staphylococcus  aureus  osteomyelitis,  chronic  diffuse  diaphysitis  is  still 
encountered  as  a  residuum  with  surprising  frequency.  Inadequate  dosage, 
resistant  organisms  and  inaccessibility  of  the  drug  to  the  involved  bone  are 
probably  causative  factors.  Otologists  have  called  attention  to  the  "masking" 
effect  of  sulfone  therapy  in  otitis  (2)  and  it  seems  likely  that  the  diffuse  indolent 
spreads  of  infection  under  consideration  represent  the  result  of  an  equivalent 
process.  In  any  event,  these  cases  possess  all  the  inconvenience  and  hazard  that 
characterizes  chronic  osteomyelitis  and  accordingly  merit  radical  therapy. 

Only  surgery  that  removes  all  infected  bone  tissue  can  hope  to  accomplish 
cure  in  wide-spread  osteomyelitis  and  total  diaphysectomy  has  been  often  em- 

ployed with  this  objective.  This  operation  is  now  discredited,  however,  because 
of  the  frequency  of  failure  of  regeneration,  particularly  in  adults,  an  eventuality 
which  calls  for  amputation.  Moreover,  when  regeneration  does  occur,  the 
resulting  bone  is  frequently  so  shortened  that  a  disabling  discrepancy  in  length 
occurs  (1,  3,  6). 

Various  grafting  procedures  have  been  proposed  to  stimulate  osteogenesis 
after  diaphysectomy  with  the  object  of  diminishing  the  incidence  of  these  un- 

fortunate results.  Of  these  procedures,  the  ingenious  plan  of  Orell  (5)  appears 
most  capable  of  successful  development.  After  diaphysectomy,  Orell  recom- 

mended boiling  the  removed  bone  until  sterile  and  replacing  it  in  its  original  bed. 
A  dead  but  autogenous  and  perfectly  fitting  graft  is  so  utilized  to  retain  the 
normal  bone  length,  to  provide  a  non-irritating  framework  upon  which  new 
living  bone  may  be  deposited  and  to  provide  a  local  deposition  of  bone  salts  to 
be  utilized  for  the  calcification  of  the  new  osteoid  tissue.  Orell's  method  has 
yielded  promising  results  in  uninfected  cases  such  as  neoplasms.  In  osteo- 

myelitis, however,  the  replacement  of  a  sterilized  graft  into  its  chronically  in- 
fected bed  results  too  often  in  its  prompt  re-infection  and  ultimate  sequestration 

— a  result  identical  with  that  after  simple  diaphysectomy. 
In  the  hope  of  overcoming  this  eventuality  a  surgical  plan  was  developed  along 

the  following  line  of  thought.  The  original  spread  of  infection  in  these  cases 
occurs  during  the  administration  of  sulfone  therap}^  In  part,  at  least,  this 
original  failure  of  the  drug  would  seem  attributable  to  its  inaccessibility  to  the 
diseased  bone  because  of  obliterated  vascular  channels.  After  grafting,  sulfone 
drugs  administered  by  mouth  would  appear  to  be  still  more  inaccessible  to  the 
graft  because  of  its  greater  isolation  from  the  general  circulation  by  the  operative 
procedure.  On  the  other  hand,  a  concentrated  local  reservoir  of  sulfathiazole 
deposited  in  the  graft  proper  after  its  sterilization,  •should  dissolve  slowly  in  the 

'From  the  Orthopedic  Service  of  The  Mount  Sinai  Hospital. 
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Fig.  1.  X-ray  survej'  of  progress  of  bone  replacement. 
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local  tissue  fluids,  continually  bathing  the  graft  and  its  immediate  surrounding 
structures  with  the  drug.  Moreover,  it  appeared  reasonable  that  a  deposit  so 
isolated  from  the  circulation  should  persist  for  a  considerable  length  of  time. 

The  case  here\\ith  presented  was  operated  upon  according  to  these  con- 
siderations. 

History:  G.  S.  (Adm.  22474),  male,  aged  6  years,  entered  The  Mount  Sinai  Hospital  Sep- 
tember 2, 1941,  with  the  history  of  having  developed  an  infection  in  an  abrasion  on  the  right 

Fig.  2.  Six  weeks  post-operatively.  Firm  callus  can  be  already  visualized  extending 
from  tlie  upper  viable  fragment  to  about  the  upper  end  of  the  graft. 

leg  three  weeks  previously.  Severe  pain  developed  in  the  shaft  of  the  right  tibia  originating 
at  the  upper  angle  but  gradually  involving  the  entire  bone.  Treatment  by  his  family 
physician  was  said  to  have  included  the  use  of  sulfone  medication  which  appeared  to  reduce 
temperature  and  pain.  Two  weeks  before  admission,  however,  the  temperature  rose  to 
102°F.  and  was  followed  by  the  spontaneous  discharge  of  a  large  quantity  of  thick  yellow 
pus.  Temperature  and  pain  dropped  promptly  but  soon  rose  again  so  that  for  the  week 
preceding  admission  the  temperature  maintained  a  level  of  approximately  101  °F. 
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Examination:  On  admission  the  child  complained  of  severe  pain  in  his  right  leg  below 
the  knee.  His  temperature  was  103°F.  He  was  moderately  emaciated  but  did  not  appear acutely  ill.  There  was  marked  tenderness  and  swelling  of  the  right  leg  below  the  knee. 
Two  central  fistulae  discharged  thick  pus  when  pressure  was  applied  to  the  surrounding 
soft  tissues.  Wound  cultures  consistently  revealed  staphylococcus  aureus  in  pure  culture. 
There  was  no  clinical  evidence  of  sepsis  and  several  blood  culture  studies  yielded  no  organ- 

isms. Tenderness  was  marked  and  corresponded  to  the  entire  shaft  of  the  tibia.  X-rays 
disclosed  an  extensive  osteomyelitis  involving  the  entire  shaft  of  the  bone  (fig.  lA). 

Fig.  3.  X-ray  showing  restitution  two  years  and  three  months  after  operation. 

Course:  In  the  weeks  following  admission,  the  temperature  rose  to  the  level  of  102°F. 
every  day  despite  the  institution  of  intensive  chemotherapy  with  various  sulfone  deriva- 

tives, plaster  immobilization  as  well  as  general  supportive  therapy. 
Operation:  Five  weeks  after  admission  on  October  8,  1941,  under  gas-oxygen-ether 

anesthesia,  radical  operation  was  performed.  Under  tourniquet  hemostasis  a  longitudinal 
incision  was  made — epiphysis  to  epiphysis  adjoining  the  tibial  crest  over  the  dorsifiexor 
muscle  group.  The  upper  and  lower  epiphyseal  lines  were  identified  and  the  intervening 
shaft  of  the  tibia  separated  by  subperiosteal  dissection.    One-quarter  inch  central  to  both 
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epiphj-ses,  the  bone  was  transversely  sectioned  with  an  osteotome  so  freeing  the  entire 
shaft  which  was  then  removed  and  boiled  for  twenty  minutes.  While  the  shaft  was  boiling, 
its  periosteal  bed  was  packed  solidly  with  sulfathiazole  powder,  a  considerable  amount  of 
which  was  permitted  to  remain  when  the  graft  was  replaced  into  its  bed.  Although  seques- 

trum and  involucrum  could  have  been  easily  identified  and  separated,  the  entire  structure 
was  used  in  toto.  Closure  was  by  catgut  periosteal  suture,  silk  skin  suture  and  a  circular 
plaster  of  Paris  mid-thigh  to  toes.  A  transfusion  was  given  on  the  day  of  operation  and  on 
the  following  day. 

Fig.  4.  Present  appearance  of  involved  extremity. 

Post-operative:  The  day  after  operation,  the  patient's  temperature  rose  to  102°F.  for several  hours.  After  this,  and  for  the  entire  period  of  convalescence,  the  temperature 
failed  to  rise  above  100°F.  The  post-operative  course  was  entirely  uneventful.  Treat- 

ment during  this  phase  consisted  of  changes  of  plaster  at  approximately  six  weekly  inter- 
vals. Small  fistulae  were  generally  encountered  during  these  changes  of  plaster  which 

discharged  small  sequestrae  and  then  healed.  Occasionally,  superficial  sequestrae  were 
sought  after  with  a  forceps  and  extracted  and  on  one  occasion  a  small  incision  was  made 
for  the  same  purpose  (April  1,  1942). 

Progress  in  recalcification  was  remarkably  steady  (fig.  1).    At  six  weeks  after  operation, 
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circumferential  callus  was  alreadj'  visible  about  the  graft  ends  (fig.  2).  Four  months  after 
operation  a  walking  plaster  and  iron  were  applied  and  weight  bearing  instituted.  Two 
months  later  this  was  changed  for  a  brace  which  was  worn  for  several  months.  Occasional 
small  sequestrae  continued  to  extrude  at  steadily  growing  intervals,  the  last  in  May,  1943. 
The  last  x-ray  taken  in  January,  1944,  revealed  excellent  reconstitution  of  the  tibial  shaft 
with  a  well  formed  marrow  cavity  and  no  residual  evidence  of  osteomyelitis  (fig.  3). 

At  the  time  of  his  last  examination,  June,  1944,  complete  restitution  had  been  attained — 
no  symptoms,  normal  gait,  no  bowing,  leg  lengths  equal.  Knee  and  ankle  joints  permitted 
normal  motion  (fig.  4). 

DISCUSSION 

In  evaluating  the  above  procedure,  it  is  important  to  remember  that,  at  the 
age  of  six,  bone  regeneration  often  follows  simple  diaphysectomy.  It  is  there- 

fore necessary  to  inquire  whether  in  this  case  anything  has  been  contributed  by 
the  dead  graft  since  it  cannot  carry  living  osteoblasts. 

While  surgeons  prefer  viable  to  dead  grafts,  they  have  been  repeatedly  sur- 
prised at  the  extent  to  which  the  results  of  dead  grafting  approximate  those 

following  the  use  of  live  bone.  Since  dead  bone  cannot  possess  osteoblastic 
activity,  its  value  must  be  attributable  to  the  other  factors  that  have  been 
enumerated.    In  this  instance,  has  the  graft  fulfilled  these  functions? 

1.  The  prevention  of  longitudinal  collapse  by  serving  as  a  strut  between  the 
bone  ends. 
Equal  leg  length  in  this  patient  after  regeneration  indicates  that  this  objec- 

tive has  been  fulfilled. 
2.  The  preservation  of  space  of  ample  cross  section  between  the  bone  ends 

within  which  callus  may  grow. 
This  factor  may  well  be  the  most  important  element  contributed  by  the 
dead  graft  and  may  be  likened  to  the  hematoma  following  fresh  fractures 
which  provides  a  culture  medium  into  which  fibroblasts  may  grow.  If 
collapse  of  the  periosteal  wall  is  permitted  to  occur  and  the  space  originally 
occupied  by  the  bone  so  obliterated,  it  may  be  replaced  by  a  thin  avascular 
fibrous  cord,  an  unsuitable  nidus  for  the  development  of  a  new  bony  shaft. 
The  X-rays  show  that  in  this  case,  the  replaced  bone  has  preserved  ample 
space  from  fibrotic  organization. 

3.  The  provision  of  a  non-irritating  local  source  of  bone  salts  and  a  framework 
upon  which  new  bone  may  grow. 
That  these  are  not  entirely  theoretical  considerations  is  evidenced  by  the 
rapidity  with  which  the  replaced  graft  became  firmly  anchored  hy  callus 
extending  from  the  viable  bone  above  and  below  and  by  the  speed  -mth 
which  the  new  shaft  developed — a  speed  considerably  greater  than  that 
following  successful  cases  of  simple  diaphysectomy. 

4.  That  the  graft  was  non-irritating  and  did  not  act  as  a  foreign  bodj'  is  evi- 
denced by  the  absence  of  post-operative  reaction,  by  its  failure  to  be  ex- 

truded en  masse  as  a  foreign  body  and  by  the  X-ray  evidence  of  rapid  caUus 
growth  about  its  limits. 

By  these  criteria  it  is  reasonable  to  conclude  that  in  this  case  the  graft  was 
useful  if  not  essential  for  the  development  of  the  new  bone  shaft.    The  ultimate 
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utility  of  this  operative  procedure  in  osteomyelitis  remains  to  be  determined  by 
further  experience.  It  is  particularly  important  to  determine  whether  non- 

viable autogenous  grafting  can  be  trusted  to  insure  the  formation  of  a  new  shaft 
in  older  patients,  since  in  adults,  diaphysectomy  generally  is  followed  by  failure 
of  regeneration. 

SUMMARY 
Attention  is  called  to  the  continued  occurrence  of  indolent  spreads  of  bone 

infection  in  spite  of  the  use  of  chemotherapy — possibly  because  of  inadequate 
dosage.  In  the  case  herewith  reported  a  modified  Orell  operation  augmented  by 
local  sulfone  deposition  was  successfully  employed  in  a  child  of  six  for  the  treat- 

ment of  extensive  tibial  metaphysitis.  Until  a  larger  experience  has  accumu- 
lated, it  is  necessary  to  be  extremely  guarded  in  evaluating  the  applicability  of 

this  method  to  older  patients  in  whom  spontaneous  regeneration  is  more  faulty. 
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PULMONARY  EMPHYSEMA 

EDGAR  IMAYER,  M.D.,  and  ISRAEL  RAPPAPORT,  M.D. 
In  this  communication  we  wish  to  submit  certain  considerations  for  a  new 

interpretation  of  pulmonaiy  emphysema,  in  all  its  aspects.  Our  concept  about 
the  nature,  pathogenesis  and  etiology  of  pulmonary  emphysema  offers  a  logical 
way  out  of  the  confusion  which  prevails  as  regards  the  beliefs  now  held  about 
this  disease  and  particularly  about  its  diagnosis. 

We  are  in  the  embarrassing  situation  that  the  diagnosis  of  pulmonary  emphy- 
sema is  now  shrouded  in  a  cloud  of  skepticism.  This  at  a  time  when  the  need 

for  its  early  recognition  is  becoming  more  important  than  ever. 
Pulmonary  emphysema  has  become  one  of  the  most  common  clinical  condi- 

tions. Our  studies  of  the  past  five  years  have  convinced  us  that  there  has  oc- 
curred recently  a  marked  increase  in  the  incidence  of  this  disease.  For  reasons 

which  will  be  discussed  below,  it  is  generally  overlooked  and  undiagnosed  until 
late  in  the  disease. 

The  timeliness  for  a  rediscussion  now  of  pulmonary  emphysema  should  be 
obvious.  The  place  for  this  discussion,  we  feel,  is  particularly  proper  in  this 
volume  dedicated  to  Dr.  Eli  Moschcowitz  who  has  made  distinguished  contri- 

butions to  our  knowledge  of  this  subject  in  his  pioneer  work  on  pulmonary 
hypertension. 

Recent  Rise  in  the  incidence.  It  is  a  matter  of  clinical  experience  that  the 
incidence  of  pulmonary  emphysema  is  increasing.  From  our  experience  and 
study  of  this  disease  for  the  past  five  years  we  have  reached  the  following  con- 

clusions. Two  new  factors  have  probably  been  added  recently  to  those  long 
associated  with  the  origin  of  emphysema : 

1.  The  rising  incidence  of  heart  disease  in  the  middle  aged  population. 
2.  Chronic  mild  lung  injury  due  to  occupational  exposures  in  modern  industry. 

Ad  1)  Of  the  greater  number  of  people  now  reaching  middle  age,  many 
suffer  from  emphysema.  This  is  not  however  the  symptomless 
emphysema  of  the  senile  lung  but  rather  that  complicating  chronic 
cardiac  disease.  It  is  a  well  established  fact  that  the  incidence 
of  chronic  cardiac  disease  has  vastly  increased  recently  because  of 
the  increased  number  of  middle  aged  people  now  hving.  Our  ob- 

servations indicate  that  pulmonary  emphysema  is  often  the  first 
clinical  indication  of  slowly  progressive  heart  failure.  This  is  often 
overlooked  in  these  middle  aged  cardiacs. 

Ad  2)  Modern  industry  has  brought  about  occupational  exposure  to  dusts, 
vapors  and  fumes.  More  Avorkers  are  now  so  exposed  and  the 
chronic  lung  injury  manifests  itself  later  chiefly  in  the  early  and 
insidious  development  of  emphysema.  This  in  turn  creates  marked 
predisposition  towards  chronic  bronchopulmonary  infections  com- 

plicating the  emphysema  which  is  mostly  overlooked. 
The  present  skepticism  regarding  diagnosis.    Pathologists  have  long  ago  noted 505 
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the  great  discrepancy  between  the  clinical  signs  of  pulmonary  emphysema  and 
its  postmortem  evidence.  Cabot  (1)  showed  the  extent  of  this  discrepancy 
by  the  truly  disillusioning  figures  obtained  at  the  Massachusetts  General  Hospi- 

tal. Of  12  cases  diagnosed  as  pulmonary  emphysema,  onlj^  three  showed  post- 
mortem evidence  of  it,  while  of  153  cases  recognized  postmortem  as  pulmonary 

emphysema,  only  seven  had  been  so  diagnosed  clinically.  In  the  face  of  these 
facts  Cabot  gave  up  as  hopeless  the  clinical  diagnosis  of  pulmonary  emphysema. 

More  recently,  in  his  Goulstanian  lectures,  Christie  (2)  comments  bluntly 
on  the  same  note  of  hopeless  skepticism.  Reporting  an  analysis  of  72  cases 
studied  postmortem  he  states:  "The  only  conclusion  that  can  be  drawn  from 
these  series  of  cases  is  that  the  signs  of  emphysema  are  unreliable ;  they  may  be 
absent  in  patients  suffering  from  the  disease,  and  are  not  uncommonly  present 
in  patients  without  emphysema." 

He  believes  that  "It  is  those  with  little  clmical  experience  who  think  they 
have  a  clear  conception  of  the  diagnosis  of  emphysema." 

The  reasons  for  skepticism:  Two  basic  misunderstandings  cause  the  present 
confusion  about  emphysema: 

1.  It  is  usually  taken  for  granted  that  "structural  emphysema"  and  "clinical 
emphysema"  are  identical  and  coterminous.  In  fact  these  are  two  distinct 
though  related  conditions. 

2.  Pulmonary  emphysema  is  generally  looked  upon  as  a  distinct  clinico- 
pathologic  entity.  In  fact  however,  emphysema  of  the  lungs  never  exists  by 
itself;  it  is  always  but  a  secondary  manifestation  resulting  from  some  other 
primary  condition  of  the  lungs,  heart  or  chest. 

Ad  1)  The  signs  and  symptoms  of  clinical  emphysema  are  those  of  the  func- 
tional involvement  of  the  lungs  as  a  whole.    The  postmortem  evidence 

of  "structural  emphysema"  is  a  topical  change  of  the  organ  such  as 
bullous  distention  of  air-spaces  and  associated  fibrosis. 

Ad  2)  The  primary  pulmonary  or  cardiac  condition  of  which  emphysema  is 
but  a  complication  or  sequalum,  often  dominates  the  clinical  picture, 
particularly  in  the  preterminal  phase.    Not  only  is  clinical  emphysema 
often  overlooked,  but  also  structural  emphysema  of  lesser  extent  is 
frequently  unseen  even  at  postmortem. 

These  facts  will  explain  the  great  discrepancy  between  postmortem  findings 
and  the  clinical  signs  and  symptoms  of  pulmonary  emphysema  provided  the 
concepts  "functional  emphj^sema"  and  "structural  emphysema"  and  their 
interrelation  in  the  features  of  clinical  emphysema  are  properly  understood. 

The  following  should  serve  to  elucidate  this  point : 

The  biology  of  emphysema 
In  its  present  usage  the  term  emphysema  implies  broadly  the  increased 

volume  of  the  lungs.  The  term  indicates  a  condition  of  the  lungs  in  which 
two  distinct  components  are  to  be  considered: 

1.  Increased  lung  volume  due  to  increased  number  of  airspaces  normally 
expanded. 
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2.  Increased  lung  volume  due  to  abnormal  overdistention  of  airspaces. 
The  latter  is  a  permanent  structural  change  while  the  former  is  a  func- 

tional condition  which  may  or  may  not  be  reversible. 
These  are  often  spoken  of  as  two  distinct  forms,  namely,  the  so-called  compen- 

satory and  "structural"  emphysema.  Theoretically  speaking,  this  is  perhaps 
correct,  but  in  reference  to  "clinical  emphysema"  this  distinction  is  incorrect. 
The  two  conditions  are  clinically  indistinguishable  component  parts  of  emphysema: 
also  they  are  pathogenetically  inseparable.  "Clinical  emphysema"  is  neither 
exclusively  compensatory  nor  exclusively  structural  emphysema.  It  rather 
consists  of  a  combination  of  the  two  in  proportions  of  very  wide  range  depending 
on  the  primary  clinicopathologic  process  in  the  lungs  and  the  rate  of  its  progress. 
Emphysema  develops  and  progresses  as  involved  areas  of  the  lungs  stop  func- 

tioning, and  the  unaffected  remaining  parts  assume  the  burden  of  compensation. 
It  is  conceivable  that  all  lobes  of  the  lungs  have  large  reserves  of  available  lung 
units  which  are  not  constantly  utilized  for  function  while  at  rest  (Miller  and 
Rappaport(4).  An  increasing  loss  of  lung  tissue  results  in  utilization  of  the 
reserve  lung  tissue  for  expansion  and  increased  function.  This  is  compensation. 
Prerequisite  to  such  efficient  compensation  is  an  ample  reserve  of  intact  lung 
units.  Here  enhanced  intrinsic  function  increases  the  partitioning  within  the 
airspaces,  and  affords  added  breathing  surface,  without  encroaching  on  the  space 
in  the  chest.  In  the  pathologically  involved  lung  units  where  intrinsic  function 
is  affected,  compensatory  increased  chest  traction  will  only  effect  progressive 
disappearance  of  the  partitions  and  coalescence  of  airspaces  into  bullae  of 
variable  size.  This  results  not  only  in  further  decrease  of  breathing  surface 
but  increases  the  need  for  compensatory  function  and  expansion  of  all  available 
airspace.  Thus  the  need  for  ever  more  space  in  the  chest  rises  while  at  the  same 
time  the  power  to  retract  is  being  lost  in  an  increasingly  greater  number  of 
spaces  transformed  into  bullae. 

In  this  manner  of  development  and  progress  clinical  emphysema  embraces 
all  stages  of  lung  function  from  compensation  to  decompensation  in  a  logical 
sequence  of  pathogenetic  events. 

1.  Reversible  functional  emphysema  is  present  in  the  quasi  subnormal  "effort 
lung,"  in  excessive  sport  exertions,  mountain  climbing,  etc.  It  is  not  generally 
appreciated  that  this  apparently  normal  condition  is  commonly  present  during 
hard  labor  particularly  when  carried  in  excess  of  individual  fitness.  The  latter 
may  perhaps  be  even  regarded  as  a  transition  between  the  normal  and  the 
clinical  manifestation  of  emphysema.  A  similar  degree  of  emphysema  occurs 
in  all  forms  of  acute  and  widespread  alveolitis.  Such  as  encountered  in  acute 
broncho-pneumonia,  miliary  lesions  of  influenza,  tuberculosis,  and  during  the 
asthmatic  paroxysm. 

In  these  conditions  the  volume  of  the  lungs  as  a  whole  is  increased  for  the 
duration  of  the  acute  process,  subsiding  before  permanent  structural  changes 
have  been  produced. 

2.  Irreversible  functional  emphysema  implies  that  the  need  for  compensatory 
hyperfunction  is  constant  throughout  life  because  the  lo.st  lung  units  can  no 
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longer  be  recovered.  The  volume  of  the  lungs  as  a  whole  is  permanently  en- 
larged, because  of  the  need  for  keeping  an  increased  number  of  units  perma- 
nently expanded  to  augment  the  function  of  the  lung.  The  need  exists  of 

course  only  in  vivo  and  ̂ 'anishes  as  life  and  power  to  maintain  overexpanded 
chest  capacity  ebbs  away.  It  lies  in  the  nature  of  the  aforesaid  pathogenetic 
process  that  irreversible  emphysema  will  invariably  be  associated  with  and 
enhances  the  production  of  more  or  less  extensive  structural  changes.  Not 
only  do  the  two  coexist,  but  the  transition  from  functional  to  structural  emphy- 

sema in  the  same  lungs  is  imperceptibly  fluent. 
3.  Structural  emphysema  is  the  final  phase  in  the  pathogenetic  process  whereby 

the  airspaces  are  coalesced  into  bullous  structures  of  variable  size.  The  loss 
of  breathing  surface  is  in  direct  proportion  with  this  process  and  this  loss  must 
be  compensated  for  promptly  by  functional  emphysema,  i.e.,  expansion  of  all 
available  reserve  units.  Eventually  of  course,  progressively  increasing  struc- 

tural changes,  i.e.,  bullous  distention  of  affected  units  will  reduce  the  available 
reserve  of  lung  units  as  well  as  encroach  upon  the  limited  space  available  in 
the  chest.  Thus  a  limit  will  be  set  for  the  extent  of  functional  emphysema 
feasible. 

Pathogenesis  of  "clinical  emphysema."  Irreversible  functional  emphysema 
and  structural  emphysema  combined  in  variable  proportions  constitute  the 
condition  we  recognize  clinically  as  emphysema  of  the  lungs.  Often  the  func- 

tional component  is  markedly  out  of  proportion  to  the  small  extent  of  structural 
change  and  vice  versa.  Marked  degrees  of  structural  emphysema  are  often 
present  with  but  slight  functional  disturbance.  Similarly  the  lung  volume 
increase  is  most  variable.  The  range  fluctuates,  with  extreme  pvilmonary 
distention  in  some  cases,  while  in  others  the  volume  of  the  lung  is  hardly  abo\-e 
normal.  Particularly  structural  changes  of  marked  degree  (giant  bullae)  may 
exist  in  the  lung  without  increasing  the  volume  of  the  lung  as  a  whole  (so  called 
senile  emphysema,  pneumatocele,  cystic  lung). 

Functional  emphysema  is  more  likely  to  increase  the  volume  of  the  lungs,  although 
this  increase  is  often  cancelled  out  by  the  reduction  in  airspace  resulting  from 
the  primary  affection.  When  "clinical  emph3\sema"  is  associated  with  great 
increase  in  lung  volume  we  are  mostly  dealing  with  a  predominance  of  the 
functional  component  in  which  dysfunction  of  the  bronchi  plays  an  important 
role.  So  called  spasm  of  the  finer  bronchi  and  the  obstructive  element  which 
this  introduces  into  the  picture  of  emphysema  has  been  recognized  for  over  a 
century  and  has  always  loomed  large  in  the  minds  of  observers  trying  to  explain 
emphysema. 

The  other  mechanical  factor  often  considered  in  the  pathogenesis  of  emphy- 
sema is  distention  by  increased  negative  intrathoracic  pressure. 

Most  recently  Gordon  (3)  argued  rather  impressively  for  the  simultaneous 
action  of  mechanical  obstruction  and  distention  in  the  pathogenesis  of  emphy- 
sema. 

As  explained  above,  we  believe  compensatory-  expansion  of  airspaces  in 
emphysema  is  not  produced  by  extraneous  mechanical  forces  but  rather  by 
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intrinsic  physiologic  reflexes.  Functional  emphysema  is  the  result  of  a  reflex 
^vhich  may  be  elicited  from  anywhere  in  the  entire  thoracopulmonary  apparatus 
including  the  bronchi. 

There  is  evidence  that  in  the  emphysematous  lung  the  bronchi  and  bronchioles 
have  a  tendency  to  be  dilated.  We  know  little  about  the  condition  of  the  finest 
intercalating  airpassages.  As  these  lack  cartilaginous  enforcement,  they  are 
likely  to  be  stretched  and  perhaps  narrowed  in  the  over-expanded  lung.  In- 

creased reflex  tonicity  of  the  myoelastic  elements  of  these  airpassages  acts  not 
so  much  as  a  lumen  obstruction  but  rather  as  an  obstruction  to  mobility  which 
is  normally  greatest  just  at  this  point  of  the  airways.  Here  is  the  bottleneck 
in  the  ventilatory  mechanism  which  as  is  well  known  is  disturbed  in  emphysema 
because  of  immobilization  of  the  organ.  All  of  this  is  however  clearly  the  effect 
and  not  the  cause  of  emphysema. 

Even  Christie,  who  most  recently  (Goulstanian  lectures  1944)  and  with 
great  skill  once  more  resumed  the  argument  in  favor  of  the  obstmctive  theory, 
had  to  concede  that  clinical  observations  are  hard  to  reconcile  with  it.  As  he 
puts  it  "some  patients  with  chronic  bronchitis  or  asthma  develop  emphysema 
comparatively  rapidly  while  others  never  become  emphysematous." It  has  been  our  observation  that  in  cases  where  chronic  asthma  or  chronic 
bronchitis  and  their  combinations  have  resulted  in  clinical  emphysema,  lack 
of  pulmonary  reserve  preexisted  or  developed  by  progressive  fibrosis  and  destruc- 

tion of  lung  tissue  because  of  complicating  recurrent  pneumonitic  processes 
in  childhood  or  early  adult  life. 

Our  observations  taught  us  that  in  most  cases  of  chronic  bronchitis  secondary 
to  persistent  suppuration  in  the  upper  respiratory  tract,  emphysema  remains 
functional  and  in  the  reversible  stage  for  a  great  number  of  years,  until  sup- 

purative pneumonitis  supervenes  leaving  extensive  areas  of  pulmonary  fibrosis 
in  which  bronchiectatic  changes  have  developed.  Even  then  the  patient  with 
almost  incessant  cough  and  expectoration  will  have  only  functional  emphysema 
which  is  now  however  permanent  (in-eversible).  Only  Avhen  these  patients 
reach  advanced  age  will  there  be  found  some  structural  emphysema  which 
is  not  produced  by  these  symptoms.  It  is  likely  to  be  exaggerated  into  bullae 
in  the  presence  of  severe  bronchitic  complications. 

On  the  other  hand  development  of  emphysema  is  commonly  observed  to 
progress  fairly  rapidly  from  the  functional  reversible  to  the  irreversible  and  the 
marked  structural  emphysema  stage  with  little  if  any  bronchitic  complications. 

Thus  clinical  pathological  observations  bear  out  the  mferences  to  be  drawn 
from  necropsy  findings  that  emphysema  complicating  chronic  bronchitis  is 
more  apt  to  be  functional  while  true  structural  emphysema  is  less  likely  to  be 
complicated  by  severe  bronchitic  changes. 

The  discrepancy  between  clinical  and  necropsy  findings.  In  the  light  of  the 
foregoing  we  can  readily  explain  the  much  discussed  discrepancy  between  the 
clinical  and  necropsy  findings. 

Clinicians  are  apt  to  overlook  cases  of  predominant  structural  emphysema 
at  least  until  this  becomes  complicated  by  bronchitis,  where  the  added  func- 
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tional  emphysema  draws  attention  to  the  condition.  That  marked  structural 
emphysema  often  exists  for  many  years  without  compUcating  bronchitis  and 
functional  emphysema,  is  evinced  by  the  fact,  complained  of  hy  pathologists, 
that  emphysema  Is  often  overlooked  by  clinicians  and  first  revealed  at  necropsy. 

Pathologists,  in  turn,  are  apt  to  overlook  predominant  "functional  emphy- 
sema" which  is  often  the  chief  cause  of  death  in  patients  with  little  structural 

emphysema  when  complicated  l)y  severe  bronchitic  changes.  Most  of  the 
evidence  of  even  fatal  emphysema  irreversible  in  life  will  escape  the  pathologist 
who  so  often  fails  to  find  emphj^sema  diagnosed  by  the  clinician.  Also  clinically 
marked  degrees  of  emphysema  aggravated  by  severe  bronchitic  changes  may 
persist  for  many  years  without  producing  structural  emphysema  of  more  than 
mild  extent. 

THE  ETIOLOGY  OF  PULMONARY  EMPHYSEMA 

As  pointed  out  before,  pulmonary  emphysema  is  not  a  primary  disease  but 
a  sequela  to  a  great  variety  of  conditions  affecting  the  lungs,  the  chest  or  the 
heart.  The  origins  of  emphysema  must  therefore  be  retraced  into  the  past 
history  of  the  individual  in  every  instance. 

The  natural  history  of  this  disease  calls  for  the  broadest  type  of  etiologic 
study.  In  making  such  an  investigation  in  all  our  cases  observed  during  the 
past  5  years,  we  have  been  led  to  the  following  concepts  of  the  etiology. 

Every  case  represents  the  end  of  a  disease  cycle.  The  first  stage  in  this 
cycle  is  a  substandard  pulmonary  or  thoracic  apparatus,  which  is  either  brought 
along  with  birth  (congenital),  acquired  in  early  life  (damaged  postnatal  growth) 
or  acquired  in  later  life.  Upon  the  basis  of  the  organ  predisposition  thus  created, 
the  emphysematous  process  in  the  lungs  is  set  off  by  one  of  the  common  pulmo- 

nary affections.  The  cycle  is  finally  closed  by  disturbances  in  pulmonary  circula- 
tion brought  about  in  later  life  with  weakening  of  the  cardiocirculatory  functions. 

In  clinical  terms  we  may  thus  distinguish  3  groups  of  factors  in  the  etiology 
of  pulmonary  emphysema.    They  are  as  follows: 

1 .  Predisposing  factors : 
a.  Maldevelopment  of  the  lungs 
b.  Chest  deformities 

2.  Chronic  pulmonary  diseases  resulting  in  loss  of  parenchyma  by  fibrosis 
or  destruction 

3.  Disturbances  in  pulmonary  circulation. 
1.  Predispomig  factors  include  congenital  and  acquired  inadequacy  of  the 

lungs,  as  implied  particularly  in  hypoplasia,  i.e.,  damaged  postnatal  gro^Hh 
of  the  lungs  by  childhood  involvement  of  the  organ.  Chest  deformities  include 
not  only  congenital  and  acquired  kyphoscoUosis  but  also  those  acquired  in  late 
life  by  obesity,  senility,  faulty  posture  or  arthritic  changes. 

2.  Chronic  pulmonary  affections,  are  primarily  caused  by  recurrent  pneu- 
monic and  bronchitic  infections.  These  are  often  the  complications  of  re- 

spiratorj'  tract  allergy,  but  even  more  often  these  represent  bronchopul- 
monary suppurative  disease  of  a  primary  nature.    Pulmonary  fibrosis  resulting 

I' 
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from  chronic  granulomas,  mycoses,  pneumoconiosis  or  other  chemical  and 
physical  lung  irritants,  form  a  large  part  of  the  great  bulk  of  conditions  in  the 
second  group. 

3.  Disturbances  in  pulmonary  circulation  include  three  types : 
a.  Passive  congestion.  This  may  be  acute  as  in  cardiac  asthma  or  chronic 

as  in  rheumatic  and  arteriosclerotic  heart  disease. 
b.  Active  hyperemic  congestion  as  produced  by  hard  labor  or  sport  in  excess 

of  fitness  or  by  alcoholism. 
c.  Pulmonary  vascular  disease.  Includes  thromboembolism  with  infarction, 

primary  pulmonary  arteriosclerosis,  congenital  cardiac  disease. 
Our  etiologic  studies  indicate  that  development  of  early  (presenile)  emphysema 

is  precipitated  by  loss  of  breathing  surface  due  to  primary  pulmonary  diseases 
or  to  occupational  exposure  to  the  inhalation  of  harmful  substances.  More 
often  pulmonary  emphysema  develops  only  during  or  past  middle  age  and  is 
then  brought  on  by  insidiously  progressive  weakening  of  cardiovascular  function. 

Thus  the  illness  which  terminates  in  cardiopulmonary  decompensation  re- 
sulting from  emphysema  starts  in  early  life  with  relative  pulmonary  insuf- 

ficiency, it  progresses  with  complicating  infections  during  late  years  and  is  often 
brought  to  completion  by  the  weakening  heart  in  middle  life. 

Chronic  hypertensive  and  arteriosclerotic  heart  disease  is  particularly  very 
common  in  the  middle  aged  working  population.  We  were  surprised  to  find 
that  in  spite  of  the  large  proportion  of  industrial  cases  in  our  material  the  etio- 

logic significance  of  the  cardiocirculatory  factor  appeared  to  play  a  role  equally 
important  with  that  played  by  lung  damage  from  industrial  exposures. 

This  will  explain  the  order  of  incidence  of  factor -combinations  as  listed  on  the 
table  based  on  material  made  up  of  clinical  and  industrial  cases  in  about  equal 
proportions.  It  should  also  be  noted  that  in  the  type  of  patient  we  were  dealing 
with,  hard  labor  in  excess  of  the  capacity  restricted  by  early  pulmonary  and 
subsequent  cardiocirculatory  limitations  loomed  so  large  that  it  contributed 
apparently  to  almost  every  group  of  factor  combinations. 

ETIOLOGIC  FACTOR-COMBINATIONS  IN  ORDER  OF  INCIDENCE 

1.  Malformation  of  lungs  or  deformity  of  chest  combined  with  recurrent 
infections 

Alone  or  with 

Hard  labor  or  alcoholism — early  emphysema.  Arteriosclerotic  changes — 
late  emphysema 

2.  Respiratory  tract  allergy  combined  with  recurrent  infection  (pneumonitis) 

Alone  or  with 

Hard  labor  or  alcoholism — early  emphysema.  Arteriosclerotic  changes — 
late  emphysema 

3.  Chronic  passive  congestion  (rheumatic  or  luetic  heart  disease) 
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With 
Recurrent  infections  or  hard  labor  or  alcoholism — early  emphysema 

4.  Occupational  lung  damage  (pneumoconiosis  etc.,  pulmonary  fibrosis) 
Alone  or  with 

Complicating  infections  or  hard  labor  or  alcoholism — early  emphysema* 
Arteriosclerotic  changes — late  emphysema 

5.  Old  Tuberculous  fibrosis  plus  recurrent  infections 
Alone  or  with 

Hard  labor  or  alcoholism — early  emphysema.  Arteriosclerotic  changes — 
late  emphysema 

6.  Postural  chest  deformity  (obesity,  senile  skeletal  changes) 
Combined  with  recurrent  infections  and  arteriosclerotic  changes — late 
emphysema 

DIAGNOSTIC  FEATURES  OF  CLINICAL  EMPHYSEMA 

As  mentioned  before  there  prevails  general  skepticism  as  regards  reliability 
of  our  diagnostic  crtieria  of  emphysema.  From  our  experience  we  are  con- 

vinced that  the  classical  crtieria  as  handed  down  to  us  from  Laennec  to  Osier 
are  still  adequate  for  the  diagnosis  of  this  condition  particularly  when  amplified 
by  recently  recognized  clinical  and  x-ray  features. 

Great  variability  in  the  clinical  features  of  emphysema  is  just  what  we  should 
expect  in  the  light  of  the  foregoing. 

Functional  emphysema  will  manifest  itself  chiefly  by  physical  signs  while 
structural  emphysema  will  be  demonstrable  chiefly  by  x-ray  features.  Since 
the  bulk  of  clinical  emphysema  represents  a  combination  of  functional  and 
structural  emphysema,  our  diagnosis  must  rest  on  the  combination  of  physical 
signs  plus  x-ray  evidence. 

Symptoms  of  cough,  insidious  progressive  dyspnea  and  cyanosis  are  commonly 
seen  as  emphysema  progresses. 

The  most  significant  feature  is  overdistention  of  the  lungs  indicative  of 
"increased  need  for  space"  in  the  organ.  The  direction  of  this  overdistention 
differs  according  to  constitutional  chest  type  and  localization  of  preceding 
pathology.    Our  experience  leads  us  to  distinguish  four  main  types  as  follows: 

1.  Forward  distending — soldierly  bearing  type 
2.  Downward   "  long  flat  chest  " 
3.  Upward       "  round  shoulder  " 
4.  Roundly      "  barrel  chest  " 
Transitions  between  or  cross  types  are  quite  frequent  but  predominance  of 

one  over  the  other  type  is  sufficiently  distinct  for  classification.  Individuals 
of  asthenic  constitutional  type  with  long  narrow  chest  when  developing  emphy- 

sema are  more  likely  to  distend  their  chests  in  the  forward  or  downward  direc- 
tion, i.e.,  taking  forms  1  or  2.    Individuals  of  the  sthenic  or  hyperstenich 
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constitutional  type  are  more  apt  to  distend  their  chest  in  emphj^sema  in  upward 
or  all  round  direction  taking  forms  3  or  4.    The  extent  of  deepening  as  well  as 
lengthening  the  chest  ca\'ity  must  be  evaluated  in  reference  to  body  build. 

The  physical  signs  in  order  of  their  significance : 
1.  Chest  fixation:  It  begins  with  restricted  motion  in  the  main  direction  of 

overdistention  ending  up  eventually  in  restricted  en  masse  movement  of  the 
chest  (as  a  whole)  with  every  breath. 

2.  Prolongation  of  breath  soimds  with  progressive  diminution  in  intensity 
over  the  distended  fixed  parts  particularly. 

3.  Wheezing,  sibilation,  (rhonchi)  dry  and  moist. 
4.  Increased  percussion  resonance  of  chest  over  the  distended  areas. 
5.  Variability  of  physical  sig7is.  Upon  forced  breathing  or  coughing  dullness 

changes  to  hyperresonance  and  breathsounds  become  muffled  over  areas  where 
they  were  well  audible  previously. 

6.  Differences  in  timing  of  breathsounds  and  rales  are  noted  over  different 
lung  areas.  Breathsounds  are  not  synchronous  over  the  chest;  expiration  may 
be  heard  over  one  part  of  chest  while  inspiration  is  heard  at  another. 

The  x-ray  features  in  the  order  of  their  significance  are: 
1.  Differences  between  inspiration  and  expiration  progressively  diminished. 
2.  Contrast  increased  between  light  and  shado^\■s 
3.  Hyperillumination  over  distended  areas 
4.  Sharpness  of  structures  not  uniform;  movement  indicated  in  some  areas 

while  others  are  still. 
5.  Diaphragm  more  sloped  and  costophrenic  sinus  widened  in  upward  and 

forward  distending  types. 
Diaphragm  flat  and  depressed,  costophrenic  sinuses  obliterated  in  transverse 
and  do^\•nward  distending  types 

6.  Rib  spacing  increased  in  distended  parts 
Rib  spacing  decreased  in  other  parts 

7.  Bronchogram  showing  winter-tree  picture. 
Fluoroscopic  signs  of  restriction  in  mobility  of  chest  or  diaphragm  or  both 

significantly  aid  the  diagnosis.  Increasing  immobilization  of  chest  is  observed 
in  all  four  forms  above  described.  The  diaphragm  will  long  retain  its  mobility 
in  the  upward  and  forward  distendmg  forms  (1  and  3)  but  eventually  this  too 
will  become  fixed.  During  the  period  of  progressive  mobilization  of  the  dia- 

phragm, its  steplike  movement,  namely,  reduced  excursions  at  different  levels 
varying  as  the  patients  try  to  breathe  more  deeply  than  usual,  is  very  char- 
acteristic. 

THE  CLINICAL  MANIFESTATIONS 

The  phasic  evolution  of  the  clinical  course  of  pulmonarj^  emphysema  must  be 
well  appreciated  if  one  is  to  understand  this  condition. 

The  three  phases  readily  distinguished  in  the  course  of  this  long  protracted 
disease  are  as  follows: 

1.  Early  compensated  stage 
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2.  Stage  of  inadequate  compensation 
3.  Terminal  decompensation  stage. 
1.  The  longest  phase  is  that  of  well  compensated  emphysema  which  may  be 

carried  for  many  years,  even  decades,  unrecognized  by  patient  or  even  by 
physicians. 

2.  The  second  phase  of  inadequate  compensation  has  also  a  considerably 
protracted  course  of  some  years  (2  to  6).  It  manifests  itself  in  two  forms: 
a.  Preponderant  ventilatory  insufficiency;  b.  Preponderant  respirocirculatory 
insufficiency.  In  the  former  bronchospasm  and  bronchial  infection  play  a  con- 

spicuous role.  In  the  latter  circulatory  symptoms,  namely  venous  engorgement 
and  pulmonary  congestion  are  added  to  the  symptoms  of  emphysema. 

3.  The  terminal  decompensation  phase  is  the  shortest  but  its  duration  may 
also  be  variable,  taking  from  a  few  weeks  to  many  months  or  even  a  year.  The 
duration  depends  largely  upon  whether  decompensation  takes  the  form  of: 
a.  predominant  right  heart  failure  or;  b.  combined  left  and  right  heart  failure. 
In  the  former  longer  periods  of  recompensation  may  precede  ultimate  failure 
while  in  the  latter  the  tendency  is  towards  early  syncopic  end. 

Other  pertinent  findings  to  be  added  from  our  observations  are  as  follows: 
Preponderant  ventilatory  insufficiency  develops  more  frequently  following 

primary  pulmonary  conditions  while  preponderant  respirocirculatorj'  insuf- 
ficiency develops  more  frequently  in  emphysema  complicating  primary  cardiac 

or  cardiovascular  conditions.  However,  we  have  observed  the  development 
of  preponderant  ventilatory  insufficiency  following  primary  cardiac  conditions 
(arteriosclerotic  heart  disease)  as  well  as  the  development  of  preponderant 
respirocirculatory  insufficiency  following  primary  pulmonary  conditions  (pulmo- 

nary fibrosis  with  Ayerza  syndrome) 
Predominant  right  heart  failure  is  frequently  the  decompensation  phase  of 

pulmonary  fibrosis  and  emphysema  resulting  from  primary  cardiovascular 
disease  (mitral  stenosis  or  hypertensive  heart).  It  may  be  the  terminal  phase 
of  primary  pulmonary  disease  ending  in  heart  failure. 

Conversely,  combined  left  and  right  heart  failure  is  no  more  frequent  as  the 
end  phase  of  primary  cardiovascular  conditions  as  it  is  of  primary  pulmonary 
conditions.  Either  of  these  conditions  (cardiac  or  pulmonary)  when  present 
in  chronic  form  may  lead  to  chronic  pulmonary  fibrosis  and  emphysema. 

The  obvious  conclusion  from  these  observations  is  that  the  cardiopulmonary 
apparatus  represents  a  single  functional  system.  In  this  system  it  makes  little 
difference  whence  the  increased  burden  has  arisen,  it  is  shared  by  both  equally 
and  the  effects  will  be  identical  for  both.  The  ability  of  either  the  heart  or  the 
lungs  to  begin  Avith,  in  carrying  an  increased  functional  burden  (compensation) 
is  the  ultimate  factor  which  determines  the  character  of  the  insufficiency  or 
failure  sjTidrome.  At  times  it  is  the  heart  which  fails  earlier  in  what  began 
as  a  pulmonary  condition,  at  other  times  it  is  the  lungs  which  fail  earlier  in 
what  began  as  a  cardiac  condition.  Our  observations  have  led  us  to  the  belief 
that  in  so-called  left  heart  failure  the  ability  of  the  lungs  to  adapt  themselves 
rapidly  to  the  suddenly  increasing  circulatory  burden  determines  whether 

1 
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the  picture  will  be  one  of  acute  pulmonary  edema  or  subacute  cardiac  asthma, 
or  chronic  cardiac  emphysema. 

The  great  difficulty  in  practice  of  differentiating  between  pulmonary  and 
cardiac  decompensation,  in  the  vast  majority  of  cases  is  a  well  recognized  fact. 
It  is  often  advocated  that  increase  in  the  circulation  time  and  venous  pressure 
be  accepted  as  the  criteria  for  this  distinction.  The  ingenious  method  of  elicit- 

ing this  increase  (infusion  test)  in  circulation  time  and  venous  pressure  (arti- 
ficially) showed  that  these  criteria  of  functional  failure  may  be  produced  also 

by  purely  pulmonary  conditions. 
The  correlation  between  pulmonary  and  cardiac  function  is  so  close  that  the 

symptoms  of  decompensation  and  failure  always  represent  the  result  of  the 
disturbed  function  of  both.  Pathologically  and  clinically  these  are  inseparable. 
The  argument  as  to  whether  we  are  dealing  with  pulmonary  or  cardiac  failure 
seems  futile.  We  believe  separate  pulmonary  or  cardiac  failure  do  not  exist, 
there  is  only  cardiopulmonary  decompensation  and  failure. 

TREATMENT 
Our  concluding  remarks  refer  to  a  few  points  on  treatment.  Progression  of 

emphysema  may  be  slowed  for  a  long  time  by  controlling  bronchopulmonary 
infections  bj'  chemotherapeutic  treatment. 

The  treatment  of  ventilatory  insufficiency  consists  of  breathing  exercises, 
inhalation  of  bronchodilator  drugs  and  control  of  bronchopulmonary  infections. 
Even  primary  cardiac  conditions  do  not  contraindicate  the  use  of  ephedrine 
if  ventilatory  insufficiency  is  present. 

The  treatment  of  respirocirculatory  insufficiency  consists  of  rest,  vasodilator 
drugs  (Aminophyllin  or  nitroglycerine)  and  O2  inhalation. 

The  treatment  of  right  heart  failure  consists  of  digitalization  combined  with 
dehydrat  ion  (mercupurin) . 

The  treatment  of  total  heart  failure  consists  of  reduction  of  negative  intra- 
pulmonary  pressure  by  positive  pressure  O2  inhalation,  rapid  decrease  of  venous 
return  (phlebotomy)  and  control  of  excessive  air  hunger  (producing  excessive 
negative  pressure  m  lungs)  hy  moderate  doses  of  morphine. 
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CEREBRAL  ANEURYSM  AS  A  CAUSE  OF  HEMIPLEGIA  AND 
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Spontaneous  subarachnoid  hemorrhage  is  probably  the  best  known  and  most 
typical  manifestation  of  "congenital"  or  berry  aneurysm  of  the  Circle  of  Willis 
and  its  branches.  The  problem  of  diagnosis  is  beset  with  many  confusing 
elements  in  cases  of  aneurysm  which  simulate  the  picture  of  expanding  brain 
tumor  (1),  encephalitis  (2),  meningo-radiculitis  (2),  and  chronic  internal  hy- 

drocephalus (3).  The  casual  student  of  the  problem,  like  the  writer,  is  un- 
prepared for  the  statistical  evidence  of  the  high  incidence  of  massive  "apoplectic" 

brain  hemorrhage  in  cases  of  aneurysm.  In  a  series  out  of  27  cases  reported  in 
1941  by  Richardson  and  Hyland  (1)  19  presented  this  complication.  A  year 
later  Globus  (4)  reported  10  instances  in  a  series  of  20  verified  cases.  The 
former  authors  further  computed  an  incidence  of  22  per  cent  of  massive  intra- 

cerebral hemorrhages  encountered  in  routine  autopsies  as  being  due  to  ruptured 
aneurysm  of  the  Circle  of  Willis  (1). 

In  a  meticulous  stutly  of  his  cases  Globus  (4)  demonstrated  quite  clearly  that 
intracerebral  rupture  of  such  aneurysms  occurred  only  under  certain  conditions, 
viz.,  when  the  contiguous  brain  substance  had  undergone  previous  softening  by 
pressure  necrosis  so  as  to  offer  comparatively  as  little  resistance  to  hemorrhagic 
infiltration  as  the  subarachnoid  space  itself. 

The  background  of  this  contribution  by  Globus  is  to  be  found  in  his  earlier 
studies  (5,  G)  on  the  pathogenesis  of  massive  apoplectic  intracerebral  hemorrhage 
and  constitutes  an  extension  and  confirmation  of  the  general  thesis,  first  enun- 

ciated by  Rouchoux  (7)  that  apoplectic  hemorrhage  occurs  in  areas  of  previous 
brain  softening.  According  to  this  theory,  of  which  Globus  is  perhaps  the  most 
prominent  modern  exponent,  hemorrhage  results  when  the  flow  of  arterial  blood 
is  maintained  through  exposed  vessels  in  such  areas  of  encephalomalacia,  leading 
to  rupture  of  the  softened  arterioles  within  tissue  of  greatly  reduced  "tensile 
strength."  This  presupposes  an  antecedent  episode  of  interruption  of  arterial 
blood  flow,  either  by  thrombotic,  atheromatous,  or  embolic  occlusion,  by  buckling 
and  kinking  of  dilated  senile  arteries  ("serpentine  aneurysm")  within  the  internal 
carotid  canal  (Saphir  (8))  or  by  direct  mechanical  compression.  In  case*  of 
berry  aneurysm  pre-hemorrhagic  softening  of  the  brain  may  result  from  direct 
pressure  by  a  large  aneurysm  upon  the  adjacent  frontal  or  temporal  lobe  or  from 
thrombotic  occlusion  of  the  parent  arterial  lumen  by  retrograde  propagation  of 
thrombus  from  the  sac  of  the  aneurysm.  A  third  mechanism  of  brain  softening 
which,  to  my  knowledge,  has  not  been  previously  reported  existed  in  the  case 
to  be  described  below — mechanical  compression  of  a  cerebral  artery  by  a  small 
but  very  firm  aneurysm. 

1  From  the  Percy  Jones  General  and  Convalescent  Hospital,  Battle  Creek,  Michigan. 
516 
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CASE  REPORT 
History:  A  private,  aged  26  years,  was  admitted  to  Percy  Jones  General  and  Convalescent 

Hospital  on  January  8,  1944.  While  away  on  a  pass  before  the'New  Year  the  patient  drank a  considerable  quantity  of  liquor.  On  the  following  day  he  appeared  at  a  nearby  station 
hospital  in  a  confused  state,  complaining  of  severe  headache.  Multiple  bruises  were  seen 
over  his  forehead,  cheekbones  and  upper  lip.  His  pupils  were  equal,  dilated  and  active. 
The  deep  reflexes  were  hyijeractive.  The  admission  diagnosis  was  acute  alcoholism  but 
blood  analysis  for  alcohol  was  negative.  His  blood  pressure  was  110  systolic  and  60  diastolic. 
The  physical  examination  was  otherwise  negative. 

Course:  For  five  days  the  patient  had  constant  headache  and  vomited  frequently.  On 
the  sixth  day  he  exhibited  weakness  of  the  entire  right  half  of  the  body  and  impairment  of 
speech.  On  transfer  to  the  PJG&CHospital  January  8,  1944  he  displayed  motor  aphasia 
and  complete  right  hemiplegia.  His  neck  was  rigid  and  retracted.  His  pupils  were  equal, 
regular  and  reacted  to  light.  The  fundi  showed  no  papilledema.  The  Babinski  sign  was 
present  on  the  right  side  and  there  was  a  right  ankle  clonus.  A  lumbar  puncture  revealed 
xanthochromic  fluid  under  markedly  increased  pressure  (400  mm.  water  plus).  It  was  felt 
that  the  patient  had  had  a  spontaneous  vascular  accident  with  subarachnoid  hemorrhage. 
Inasmuch  as  trauma  could  not  be  entirely  excluded,  he  was  explored  for  possible  subdural 
hematoma. 

Operation  and  Postoperative  Course:  Left  subtemporal  decompression  revealed  an  ex- 
tremely tense  brain  which  was  nonpulsating.  Following  the  opening  of  the  dura  the  brain 

began  to  pulsate  and  appeared  soft.  Needle  exploration  of  the  ventricles  revealed  slightly 
turbid  fluid  without  evidence  of  hemorrhage. 

On  January  11,  1944  a  ventriculography  was  attempted  but  the  ventricle  could  not  be 
entered.  Two  days  later  another  lumbar  puncture  showed  a  drop  in  pressure  to  120  mm. 
of  water;  the  fluid  was  slightly  yellow. 

On  January  25  the  patient  was  able  to  move  his  right  leg  and  in  general  appeared  im- 
proved. 

On  February  6  he  was  able  to  walk  around  with  help  but  still  had  considerable  aphasia. 
Physiotherapy  and  reeducation  were  continued  and  preparations  were  made  for  his  transfer 
to  a  veteran's  hospital. 

On  the  morning  of  February  26,  approximately  two  months  after  the  onset,  the  patient 
was  found  in  a  dazed  condition  sitting  on  the  floor  of  his  room.  Repeated  generalized  con- 

vulsions occurred  and  these  were  poorly  controlled  with  sodium  pentothal.  Acute  pul- 
monary edema  developed,  succeeded  by  respiratory  failure.  The  patient  was  kept  breath- 

ing in  a  respirator  and  his  left  lateral  ventricle  was  aspirated  yielding  grossly  hemorrhagic 
fluid  and  blood  clots.    He  died  the  following  morning. 

Post  mortem  findings:  The  subject  was  a  moderately  undernourished  white  male  of  26 
years,  weighing  about  150  pounds.  There  was  moderate  dependent  lividity  and  moderate 
edema  of  the  lower  right  forearm  and  hand.  There' were  marked  hyperemia  and  cyanosis 
of  the  forehead  and  scalp  resulting  from  treatment  in  the  resuscitator. 

Brain:  A  well  healed  surgical  scar  was  noted  on  the  left  side  of  the  scalp  above  the  ear 
overlying  a  large  triangular  subtemporal  decompression  defect  in  the  skull,  together  with 
considerable  edema  and  some  hemorrhage  of  the  deep  scalp  tissues  about  the  defect.  A 
corresponding  defect  was  noted  in  the  underlying  dura  exposing  the  surface  of  the  brain 
which  appeared  softened  and  swollen,  and  which  was  partly  extruded  into  the  opening. 
Burr  openings  were  present  in  the  posterior  portion  of  the  skull  on  both  sides  with  needle 
tracts  through  the  underlying  brain  tissue.  The  cerebrospinal  fluid  had  a  purplish  red  tinge 
The  dura  about  the  subtemporal  opening  exhibited  brownish  mottling  from  old  hemorrhage. 

A  quantity  of  reddish  black  blood  clot,  more  than  an  ounce  in  volume,  welled  out  through 
the  defect  in  the  dura,  apparently  coming  from  a  large  irregular  defect  within  the  brain 
substance  itself.  The  defect  was  then  seen  to  represent  a  "blow-out"  of  softened  hemor- 

rhagic brain  tissue  exposing  the  cavity  of  the  lateral  ventricle  beneath,  from  which  consid- 
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erable  fluid  and  clotted  blood  continued  to  drain  through  the  opening.  The  brain  sub- 
stance about  the  defect  showed  a  wide  margin  of  softening  which  had  a  greyish  brown 

discoloration.  After  remov.al  of  the  calvaria  diffuse  recent  subarachnoid  hemorrhage  was 
noted  upon  the  entire  surface  of  the  brain.  Small  clots  were  present  about  the  brain  stem 
and  upper  cord  and  within  the  fourth  ventricle.  The  left  lateral  ventricle  was  distended 
with  blood  clot  and  its  lining  tissue  was  discolored  with  old  blood  and  yellowish  necrosis, 
markedly  pulpified,  and  compressed  in  several  areas  to  less  than  1  cm.  in  thickness.  A  small 
amount  of  blood  clot  and  fluid  blood  was  present  also  in  the  right  lateral  ventricle. 

Fig.  1.  Base  of  brain  showing  aneurysm  of  left  internal  carotid  artery  at  the  origin  of the  anterior  and  middle  cerebral  branches. 

The  Circle  of  Willis  at  the  base  of  the  brain  appeared  to  be  of  normal  arrangement.  The 
basilar  and  both  posterior  communicating  arteries  were  well  formed  and  patent.  A  pea- 
sized  smooth  round  aneurysm  bulged  out  prominently  from  the  angle  at  the  bifurcation  of 
the  left  internal  carotid  artery  into  the  anterior  and  mitldle  cerebral  arteries.  The  aneu- 

rysm was  unusually  tirni  on  [jalpation  and  did  not  exhibit  any  gross  leaks.  Injection  of 
fluid  into  the  ba.silar  artery  tilled  the  entire  Circle  of  Willis  includingboth  anterior  cerebral 
and  autei-ioi-  communicating  arteries.  The  left  middle  cerebral  artery  beyond  the  aneurysm 
did  not  fill.  When  the  pia  was  stripped  this  artery  was  found  completely  collapsed  and 
empty  of  blood.    This  change  was  found  to  begin  at  the  site  of  the  aneurysm  which  over- 
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lapped  the  inferior  surface  of  the  artery  at  its  origin  and  exerted  firm  pressure  upon  it  at 
this  point.  When  opened,  the  left  middle  cerebral  artery  exhibited  throughout  a  brownish 
yellow  discoloration  of  its  intima.  Xo  thrombi  were  found  in  any  portion  of  its  course. 
Section  of  the  aneurysm  revealed  dark  red  organized  thrombus  filling  its  lumen  but  not 
extending  into  the  lumen  of  its  parent  vessel. 

Lungs:  The  posterior  dependent  portions  of  both  lungs  revealed  congestion  and  some 
induration  with  loss  of  crepitation;  on  section  these  portions  were  dark  purplish  red  in  color 
and  had  a  smooth  flesh}-  cut  surface.  A  moderate  amount  of  mucopurulent  exudate  welled 
up  into  the  bronchi  from  all  lobes,  especially  the  lower  lobes. 

Heart:  It  was  firmly  contracted  and  without  significant  abnormalities.  The  coronary 
vessels  appeared  normal. 

Liver:  On  section  the  lobules  appeared  indistinct  and  the  central  areas  appeared  rela- 
tively bloodless  and  somewhat  greyish  in  color. 

A  B 
Fig.  2.  Photomicrograph  showing  sac  of  aneurysm  (A)  in  contact  with  middle  cerebral 

artery,  (B)  showing  compression  with  narrowing  of  lumen. 

Spleen:  It  displayed  slight  enlargement;  it  weighed  180  grams,  and  was  rather  fleshy, 
exhibiting  a  smooth  glassy  cut  surface,  slightly  translucent,  of  light  brownish  red  color 
with  greyish  overcast. 

Kidneys:  Both  kidnej's  were  moderately  congested.  No  cysts  were  observed.  The 
urinary  bladder  was  markedly  distended  with  light  colored  urine. 

Gastro-inlestinal  Tract:  The  stomach  was  moderately  contracted  but  free  of  erosions  and 
hemorrhage.  The  duodenum  and  small  intestine  were  contracted.  The  large  intestine 
was  markedly  contracted  and  contained  a  small  amount  of  formed  feces  and  some  whitish 
mucus.    Petechial  hemorrhages  were  noted  in  the  mucosa  of  the  terminal  ileum  and  rectum. 

Microscopic  observations: 
Aneurtjstn:  The  wall  of  the  aneurysm  was  composed  of  hyalinized  connective  tissue 

continuous  externally  with  the  adventitia  of  the  nearby  artery.  Scattered  leukocytes  and 
macrophages  containing  blood  pigment  were  seen  in  the  adventitial  tissues.  At  one  point 
the  sac  wall  exhibited  beginning  eosinophilic  necrosis  with  considerable  hemorrhagic  in- 

filtration within  its  layers  but  no  actual  disruption  in  the  sections  studied. 
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The  lumen  of  the  aneurysm  was  almost  entirely  filled  with  laminated  thrombus  heavily 
impregnated  with  blood  cells,  and  showing  considerable  organization  by  plump  stellate 
fibroblasts  and  mild  infiltration  of  leukocytes,  chiefly  eosinophiles  and  lymphocytes.  A 
small  residual  lumen  was  present  near  its  center  lined  with  a  layer  of  compact  fibrin  with 
superimposed  deposit  of  thrombus.  Vestiges  of  arterial  media  and  elastica  interna  could 
be  traced  from  the  parent  artery  into  the  neck  of  the  aneurysmal  sac  for  a  short  distance 
and  were  then  lost  in  the  fibrous  tissue  forming  the  sac  wall. 

The  collapsed  middle  cerebral  artery  exhibited  a  segment  of  moderate  thickening  by  loose 
fibrous  intimal  hyperplasia  of  reactive  type.  The  intimal  thickening  was  exaggerated  by 
the  contraction  of  the  artery,  both  factors  resulting  in  considerable  reduction  in  size  of  its 
lumen  which  was  empty.  The  wall  of  the  artery  was  markedly  indented  and  its  lumen 
narrowed  by  the  directly  contiguous  sac  of  the  adjacent  aneurysm  reducing  its  lumen  at 
one  point  to  an  irregular  branching  cleft. 

Brain:  Sections  through  softened  areas  of  the  cortex  revealed  massive  disorganization 
of  grey  and  white  matter  with  extensive  rarefaction  and  marked  loss  of  cells.  The  line  of 
separation  between  grey  and  white  matter  was  difficult  or  impossible  to  define.  Many 
compound  granular  corpuscles  containing  granular  material  were  present  in  the  remnants 
of  grey  matter  which  also  exhibited  marked  spongy  rarefaction  of  the  glial  matrix  and  a 
few  gemistocytic  astrocytes.  Nerve  cells  appeared  to  be  totally  destroyed.  Within  the 
remnants  of  white  matter  the  fibre  tracts  appeared  markedly  shredded  and  disorganized 
and  appeared  to  have  lost  all  continuity.  Numerous  large  eosinophilic  myelophages  were 
present.  In  one  section  an  area  of  recent  hemorrhage  was  seen.  There  was  considerable 
edema  and  degeneration  of  ganglion  cells  in  the  marginal  tissue  about  the  necrotic  areas. 
Many  blood  cells  were  present  in  the  overlying  subarachnoid  space. 

Sections  through  the  brain  stem  in  the  region  of  pons  and  medulla  revealed  a  few  fairly 
large  foci  of  hemorrhage  with  surrounding  tissue  necrosis.  The  hemorrhages  were  streak 
shaped  and  apparently  perivascular.  Patchy  spongy  rarefaction  was  seen  in  the  descending 
myelinated  fibres  in  the  pons  corresponding  to  the  left  pyramidal  tract. 

Lung:  The  pulmonary  tissue  had  the  appearance  of  prolonged  atelectasis;  bronchioles 
and  alveoli  exhibited  epithelial  proliferation  and  their  lumens  were  markedly  compressed 
and  partly  filled  with  large  numbers  of  alveolar  phagocytes  containing  brownish  granular 
pigment.  There  was  moderate  capillary  congestion  and  mild  edema.  Leukocytic  exudate 
was  present  within  some  of  the  bronchioles  and  their  tributary  alveoli. 

Spleen:  Mild  uniform  reticulum  cell  hyperplasia  and  thickening  of  reticulum  framework 
were  noted.    The  sinusoids  were  contracted  and  relatively  bloodless. 

Liver:  The  sinusoids  were  narrow  and  contained  little  blood. 
Prostate:  Many  corpora  amylacea  were  present.  There  was  moderate  submucous  infil- 

tration of  lymphocytes  within  the  prostatic  urethra. 
Pituitary:  There  was  slight  reduction  in  glandular  elements  of  the  pars  anterior  and  some 

fibrous  thickening  of  the  stroma. 

COMMENT 

The  clinical  and  anatomical  data  in  this  case  lend  themselves  readily  to  clinico- 
pathologic  correlation.  Three  principal  episodes  were  defined,  1.  the  initial 
subarachnoid  hemorrhage,  2.  the  phase  of  hemiplegia,  and  3.  the  terminal 
massive  intracerebral  hemorrhage.  These  can  all  be  related  to  pathologic  events 
occurring  within  and  about  the  aneurysm.  The  primary  incident  must  be  pre- 

sumed to  have  been  the  development  of  a  mild  leak  in  the  sac  of  the  aneurysm, 
possibly  the  result  of  overstretching  provoked  by  hydremic  plethora  from  the 
excessive  intake  of  alcoholic  beverages  in  celebration  of  the  New  Year.  Healing 
of  the  leak  was  apparently  accomplished  by  thrombosis  of  the  aneurysm  with 

I 
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subsequent  organization  and  no  leak  was  evident  when  the  subject  came  to 
autopsy.  The  occurrence  of  hemiplegia  and  aphasia  on  the  sixth  day  appears 
to  have  been  the  direct  result  of  the  fonnation  of  this  thrombus,  which,  as  dem- 

onstrated post  mortem,  had  caused  hardening  of  the  aneurysm  of  such  degree 
that  the  mechanical  compression  it  exerted  upon  the  adjacent  middle  cerebral 
artery  was  sufficient  to  occlude  it  nearly  completely  and  produce  encephalo- 
malacia.  Within  the  ensuing  seven  weeks  a  considerable  measure  of  clinical 
improvement  was  seen  in  the  patient,  both  in  the  paralysis  and  in  the  aphasia. 
It  is  not  improbable  that  the  occlusion  was  of  partially  remittent  type  so  that 
an  intermittent  slight  flow  of  blood  occurred,  aiding  in  the  recovery  of  function. 
Nevertheless  an  extensive  area  of  necrosis  was  still  evident  at  autopsy  and  showed 
histological  evidences  of  long  duration  compatible  with  that  of  the  hemiplegia 
itself  (seven  weeks).  The  terminating  event  was  massive  intracerebral  hemor- 

rhage within  the  area  of  softening  and  of  such  extent  that  rupture  occurred  into 
the  ventricles  and  subarachnoid  space  and  death  followed  in  less  than  24  hours. 

From  the  point  of  view  of  the  Rouchoux-Globus  postulate  of  "pre-hemorrhagic 
brain  softening"  in  apoplectic  hemorrhage  this  case  constitutes  a  particularly 
appropriate  example  and  earns  thereby  its  chief  warranty  for  publication. 
In  his  recent  series  of  10  cases  of  cerebral  aneurysm  with  massive  intracerebral 
hemorrhage  Globus  and  Globus  demonstrated  softening  of  brain  tis.sue  in  the 
neighborhood  of  the  aneurysm  resulting  primarily  from  the  direct  pressure  of 
the  latter.  The  existence  of  softening  antecedent  to  massive  hemorrhage  was 
amply  established  by  the  gross  and  microscopic  changes  in  the  tissue;  however 
clinical  signs  or  symptoms  of  pre-hemorrhagic  softening  were  lacking  in  these 
cases  because  of  the  localization  of  the  majority  of  these  aneurysms  in  the 
rostral  portion  of  the  Circle  of  Willis  contiguous  to  "silent  areas"  of  the  brain. 
The  present  case  may  be  considered  unique,  therefore,  in  providing  data  on  both 
clinical  localization  and  duration  of  the  pre-hemorrhagic  softening.  Its  further 
interest  lies  in  the  peculiar  accident  of  relation  between  the  aneurysm  and  the 
middle  cerebral  artery  in  which  obstruction  was  encompassed  in  the  latter  by 
direct  mechanical  compression  by  the  aneurysm  following  its  thrombosis. 

Brief  mention  may  be  made  at  this  time  of  an  incidental  finding  in  the  spleen 
of  this  case  which  the  writer  has  seen  also  in  other  cases  of  intense  cerebral  ir- 

ritation caused  by  spontaneous  or  post-traumatic  subarachnoid  bleeding. 
Grossly  the  spleen  appeared  shrunken  and  blanched;  microscopically  the  sinusoids 
were  markedly  narrowed  and  almost  completely  bloodless.  This  change,  which 
parallels  the  effect  of  epinephrine  upon  the  spleen,  is  believed  to  reflect  a  state 
of  intense  sympathicotonia  existing  ante  mortem,  probably  associated  with 
hyperepinephrinemia.  It  may  be  further  correlated  with  hyperglycemia, 
hypertension,  pulmonary  edema,  and  albuminuria  which  are  commonly  noted 
clinically  in  subarachnoid  hemorrhage  and  ascribable  to  the  same  mechanisms. 

SUMMARY 
A  case  of  berry  aneurysm  of  the  Circle  of  Willis  arising  from  the  left  internal 

carotid  artery  at  the  origin  of  the  middle  cerebral  artery  is  reported.  Death 
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was  caused  by  massive  apoplectic  hemorrhage  with  rupture  into  the  ver.tricles. 
At  necropsy  the  aneurysm  was  found  to  have  occkided  the  left  middle  cerebral 
artery  by  direct  mechanical  compression  resulting  in  encephalomalacia  which 
was  signalized  clinically  by  left  hemiplegia  and  aphasia  occurring  seven  weeks 
previously.  The  data  in  this  case  provide  further  confirmation  of  the  correct- 

ness of  the  Rouchoux-Globus  theory  of  pre-hemorrhagic  brain  softening  as  an 
antecedent  factor  in  massive  apoplectic  intracerebral  hemorrhage. 
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PLASMA  VITAMIN  A  AND  CAROTENE  IN  DIABETES  MELLITUS^ 
HERMAN  O.  MOSEXTHAL,  M.D.,  and  WINIFRED  C.  LOUGHLIX,  M.D. 

[New  York,  N.  Y.] 

Plasma  vitamin  A  and  carotene  determinations  in  1 1  normal  persons  and  1 14 
diabetics  were  recently  published  (1) .  During  last  winter  24  additional  normals 
and  32  diabetics  were  examined.  With  more  data  available,  especially  for  the 
normal  group,  it  was  thought  worth  while  to  check  the  previous  conclusions 
which  were  not  entirely  in  accord  with  the  accepted  findings  for  plasma  vitamin 
A  and  carotene  in  diabetes  mellitus. 

CLINICAL  MATERIAL 

One  hundred  and  twelve  juvenile  diabetic  subjects  from  6  to  18  years  of  age 
were  observed  at  Camp  Nyda,  a  children's  summer  camp  conducted  by  the  New 
York  Diabetes  Association,  Inc.  Most  of  them  came  from  the  diabetes  clinics 
in  Greater  New  York,  though  a  few  were  private  patients  referred  by  their 
physicians.  In  addition  34  adult  diabetics  of  varying  ages,  living  in  New  York 
City,  were  studied.  This  makes  a  total  of  146  cases  of  diabetes  included  in  the 
present  report.  The  control  group  of  35  normals  consisted  of  adults,  {physi- 

cians, laboratory  workers,  and  their  friends  and  relatives. 
METHODS 

The  determinations  were  all  made  while  the  subjects  were  fasting,  that  is 
before  breakfast.    The  methods  employed  were  those  previously  described  (1). 

NORMAL  VALUES 

The  plasma  carotene  content  ranged  from  34  to  272  micrograms  per  100  cc. 
There  were  a  sufficient  nimiber  of  instances  below  100  (8  individuals)  and  above 
200  (7  individuals)  (see  Chart  1)  to  make  it  certain  that  these  wide  variations 
in  normal  values  were  correct. 

The  plasma  vitamin  A  level  in  the  normal  series  varied  from  27  to  81  micro- 
grams per  100  cc. 

DETERMINATION  IN  DIABETICS 

The  complete  results  obtained  in  normals  and  diabetics  are  given  in  Chart  1 
and  summarized  in  Table  1.  In  recording  the  values  in  Chart  1  and  Table  1, 
each  figure  represents  a  separate  individual.  When  more  than  one  observation 
was  made  on  the  same  person,  only  the  mean  of  such  determinations  was  put 
down. 

Caro/f  /ie.- About  fifteen  years  ago  Boeck  and  Yater  (2),  as  well  as  Raliinowitch 
(3)  demonstrated  an  excess  of  carotene  in  the  blood  in  more  than  85  per  cent  of 
diabetics.    Subsequent  publications  verified  these  findings  until  Gordon  and 

1  From  the  Research  Division  of  the  New  York  Diabetes  Association,  Inc.  Aided  in 
part  by  a  grant  from  Mr.  Felix  Morgenstern. 
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Sevringhaus  (4)  failed  to  duplicate  them.  In  the  present  series  76  per  cent  of 
the  diabetics  yielded  plasma  carotene  values  within  the  normal  range  and  24  per 

PLASMA  CAROTENE  AND  VITAMIN  A  VALUES 
IN  35  NORMALS  AND  146  DIABETICS 
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CHART  1 
Most  diabetics  are  within  normal  range  (Vitamin  A  87  per  cent,  carotene  76  per  cent) 

though  there  is  a  tendency  in  the  diabetics  for  the  Vitamin  A  to  be  subnormal  (11.6  per 
cent)  and  the  Carotene  to  be  above  normal  (24  per  cent).  Studies  of  diabetics  15  years 
ago  revealed  an  excess  of  Plasma  Carotene  in  85  per  cent  (Boeck  and  Yater,  Rabinowitch). 

TABLE  1 
Summary  of  results,  plasma  carotene  and  vitamin  A  determinations  in  35  normal  persons 

and  146  cases  of  diabetes. 
PLASMA  CAROTENE  MICROGRAMS  PER  100  CC. 

Normal   range,  34  to  272 
Diabetic   range,  35  to  744 
Diabetics   35  cases,  24.0  per  cent  above  normal 
Diabetics   0  cases,  0.0  per  cent  below  normal 
Diabetics   Ill  cases,  76.0  per  cent  in  normal  range. 

PLASMA  VITAMIN  A  MICROGRAMS  PER  100  CC, 
Normal   range,  27  to  81 
Diabetic   range,  19  to  102 
Diabetics   2  cases,   1.4  per  cent  above  normal 
Diabetics   17  cases,  11.6  per  cent  below  normal 
Diabetics   127  cases,  87.0  per  cent  in  normal  range. 

cent  above  the  normal.  It  is  evident  that  the  hypercarotenemia  prevalent  in 
diabetics  more  than  a  decade  ago  has  largely  disappeared  under  present  day 
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treatment,  so  that  in  most  cases  the  plasma  carotene  is  within  normal  limits  and 
above  normal  in  only  a  few. 

Vitamin  A:  Finding  87  per  cent  of  the  diabetics  within  normal  limits  and  2 
cases  showing  higher  th^n  normal  values  reverses  the  accepted  opinions  and  also 

TABLE  2 
Plasma  carotene  and  vitamin  A  in  diabetes  when  two  or  more  determinations  were  made  in  the 

same  subject.  The  constant  values  in  each  case  indicate  a  persistent  pattern  characteristic 
of  the  individual's  metabolism,  in  which  the  diabetes  may  play  a  role,  but  evidently  is  not the  controlling  factor. 

(In  recording  the  values  in  chart  1  and  table  1  only  the  mean  of  the  determinations  in 
individual  is  used.) 

DATE CAROTENE VITAMIN  A DIAGNOSIS  AND  REMARKS 

Micrograms Micrograms 
per  100  cc. per  100  cc. 

Jan.  24  624 Male,  age  49,  mild  diabetes,  good  control. 
Feb.  21  750 46 hyperlipemia  (carotene  persistently  high.) 
March  6 763 

65 March  20 839 

Dec.  20  91 
59 Male,  age  42,  diabetes  exceedingly  poor  con- Jan. 17  162 trol,  hyperlipemia. Feb  14 166 

Dec.  20  129 96 Male,  age  39,  diabetes  good  control,  advanced 
Jzn.  17  130 102 degree  of  nephritis.    (Vitamin  A  persistently 
Feb.  14  152 107 high.) 

Feb. 10  98 27 
Male,  age  22,  diabetes. Feb.  17  151 42 

Jan.  22  125 66 Male,  age  54,  diabetes. 
Feb.  12  124 62 

Feb.  14  106 45 
Male,  age  54,  diabetes. 

Feb.  24  115 35 

Jan.  3  51 Male,  age  45,  diabetes  under  good  control,  hy- Jan. 31  
45 

39 perlipemia  regarded  as  idiopathic  hyperli- Feb. 28  53 38 pemia,  independent  of  the  diabetes. 
March  13  56 38 

Dec.  29  38 56 
Male,  age  54,  diabetes  under  good  control, 

Jan.  26  39 49 Gaucher 's  disease. 
March  6  33 45 

our  previous  conclusions  regarding  the  prevalence  of  low  levels  of  plasma  vitamin 
A  in  diabetes.  However,  it  is  both  logical  and  plausible  that  when  carotene 
which  is  considered  to  be  a  precursor  of  vitamin  A  conforms  to  the  usual  pattern, 
vitamin  A  should  do  the  same. 



526 HERMAN  O.  MOSENTHAL  AND  WINIFRED  C.  LOUGHLIN 

DISCUSSION 
The  hypercarotenemia  and  the  depression  of  plasma  vitamin  A  which  were 

the  rule  in  diabetes  more  than  a  decade  ago,  are  now  the  exception.  The  reason 
for  this,  apparently,  lies  in  the  more  effectual  management  of  the  disease.  Ex- 

actly what  factors  have  l)cen  involved  is  not  clear.  It  has  been  suggested  that 
impairment  of  liver  function  (5)  may  have  been  responsible,  for  the  liver  is 
concerned  with  the  change  of  carotene  to  vitamin  A  and  the  storage  of  vitamin  A. 
It  may  have  been  clue  to  a  derangement  of  the  fat  metabolism  (6),  since  the 
absorption,  transport  and  possibly  storage  of  the  fat  soluble  carotene  and  vita- 

min A  depend  upon  fat.  Perhaps  both  were  contributing  factors.  Xo  final  con- 
clusion on  this  subject  has  been  formulated. 

One  point  is  noteworthy:  The  plasma  carotene  and  vitamin  A  levels  follow 
distinct  patterns  in  each  diabetic  (Table  2).  Thus  it  would  appear  that  every 
case  of  diabetes  has  metabolic  processes  influencing  carotene  and  A'itamin  A,  in 
which  the  diabetes  may  play  a  role,  but  it  is  not  necessarily  the  controlling  factor. 

CONCLUSIONS 

The  majority  of  diabetics  to-day,  in  contrast  to  a  decade  or  more  ago,  have 
plasma  carotene  and  vitamin  A  levels  that  are  within  normal  limits.  There  is 
a  tendency  for  the  carotene  to  be  elevated  (24  per  cent  of  the  cases)  and  the 
vitamin  A  to  be  depressed  (1 1  .(i  per  cent  of  the  cases).  Factors,  as  yet  undeter- 

mined other  than  the  dialx  tc  s  itself,  are  the  dominating  influences  which  regulate 
the  plasma  carotene  and  \itainin  A,  so  that  each  case  of  diabetes  maintains 
the  characteristic  values  of  carotene  and  \  itamin  A  in  the  blood  that  may  dis- 

tinguish it  from  other  diabetics. 
REFERENCES 

1.  MosENTHAL,  H.  0.,  AND  LouGHLiN,  W.  C. :  Vitamins  A,  B  and  C  in  diabetic  children. 
Arch.  Int.  Med.,  73:  391,  1944. 

2.  BoECK,  W.  C,  AND  Yater,  W.  M.  :  Xanthemia  and  xanthosis  (carotinemia) :  Clinical 
study.    J.  Lab.  &  Clin.  Med.,  14:  1129,  1929. 

3.  Rabinowitch,  I.  M. :  Carotinemia  and  diabetes :  Relationship  between  sugar,  cholesterol 
and  carotene  contents  of  blood  plasma.    Arch.  Int.  Med.,  45:  586,  1930. 

4.  Gordon,  E.  S.,  and  Sevringhavs,  E.  L.  :  Vitamin  Therapy  and  General  Practice,  ed.  2, 
Chicago,  Year  Book  Publishers,  Inc.,  1942. 

5.  Ralli,  E.  p.,  Pariente,  A.  C,  Brandaleone,  H.,  and  DA^^DSON,  S. :  Effect  of  carotene 
and  vitamin  A  on  patients  with  diabetes  mellitus:  Effect  of  daily  administra- tion of  carotene  on  blood  carotene  of  normal  and  diabetic  individuals.  J.  A. 
M.  A.,  106,  1975,  1936. 

6.  MvRRiLL,  W.  A.,  HoRTON,  P.  B.,  Leiberman,  E.,  and  Newburgh,  L.  H.:  Vitamin  A 
and  carotene:  Vitamin  A  and  carotene  metabolism  in  diabetics  and  normals. 
J.  Clin.  Investigation,  20:  395,  1941. 

I 



MASSIVE  PULMONARY  EMBOLISM  VP 

Based  in  Part  on  a  Study  of  Eighty-eight  Fatal  Cases^ 
HAROLD  NEUHOF,  M.D.,  and  SAMUEL  H.  KLEIX,  MAJOR,  MC,  A.U.S.' 

[New  York  City] 
IV.  THE  PROBLEM  OF  DIAGNOSIS  OF  PULMONARY  EMBOLISM 

Due  to  the  fact  that  pulmonary  embolism  and  coronary  artery  thrombosis  may 
produce  similar  and,  at  times,  identical  clinical  manifestations,  the  differential 
diagnosis  between  these  two  conditions  is  often  difficult  and  may  even  be  impos- 

sible [Hamman  (81),  Pilcher  (78),  Hazard  &  Salmon  (82),  Gorham  (83),  Barnes 
(1),  McGinn  &  White  (79),  Averbuck  (84),  Hamburger  and  Saphir  (85),  Xy- 
gaard  (86),  Petterson  (127)]. 

Horn,  Dack  and  Friedberg  (80)  suggest  that  the  striking  similarity  of  the 
clinical  picture  in  pulmonary  embolism  and  acute  coronary  thrombosis  may 
actually  result  from  a  diminution  of  the  coronary  circulation  and  associated 
ischemia  of  the  myocardium.  These  workers  studied  a  group  of  42  cases  of 
pulmonary  embolism,  in  8  of  which  recent  structural  changes  in  the  myocardium 
ordinarily  resulting  from  acute  myocardial  ischemia  were  revealed.  They  state 
that  the  factors  necessary  for  the  production  of  the  myocardial  ischemia  in  these 
cases  are  shock,  asphyxia  and  exaggerated  vagal  reflexes  resulting  from  the 
embolic  obstruction  of  the  pulmonary  arteries.  These  factors,  alone  or  in  asso- 

ciation, lead  to  insufficiency  of  the  coronary  circulation.  Thus  the  resemblance 
of  electrocardiographic  changes  in  cases  of  embolism  of  the  pulmonary  artery 
to  those  in  cases  of  myocardial  infarction  of  the  posterior  wall  can  be  explained 
by  the  diminished  flow  through  the  right  coronary  artery  resulting  from  in- 

creased tension  in  the  right  ventricle.  The  authors  also  state  that  morphologic 
evidence  of  coronary  insufficiency  in  cases  of  embolism  of  the  pulmonary  artery 
is  more  likely  to  exist  if  there  are  recurrent  embolizations,  narrowing  of  the  cor- 

onary arteries,  cardiac  hypertrophy,  and  sufficient  duration  of  life  after  embolism. 
On  the  other  hand,  Love,  Brugler  and  Winslow  (87)  state  that  shock  may  in- 

duce electrocardiographic  curves  similar  to  those  of  coronar}^  artery  occlusion  if 
the  coronary  arteries  are  already  narrowed,  but  that  these  curves  are  not  similar 
to  those  obtained  in  pulmonarj-  embolism. 

Acute  pulmonary  embolism  and  acute  coronary  thrombosis  may  have  the  fol- 
lowing in  common  (Barnes  1,  88):  Sudden  onset;  pallor  and  sweating;  pre- 

'  This  is  the  sixth  installment  of  a  series  of  articles  dealing  with  the  problem  of  Massive 
Pulmonary  Embolism.  Upon  completion  of  their  publication  they  will  be  collected  and 
reprinted  in  a  single  volume,  constituting  one  of  the  Series  of  ])rojected  Monographs  of 
The  Mount  Sinai  Hospital  Press.— Ed. 

-  From  the  Surgical  and  Medical  Services  and  the  Laboratories  of  The  Mount  Sinai 
Hospital,  Xew  \  ork. 

'Major  Klein,  adjunct  surgeon  to  The  Mount  Sinai  Hospital  and  now  serving  overseas 
with  the  IMount  Sinai  Hospital  Unit,  has  contributed  the  studj'  of  the  fatal  cases  and  the 
analysis  on  which  the  work  is  based. 
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cordial  pain;  weakness;  vomiting;  collapse;  marked  fall  in  blood  pressure  and 
acceleration  of  the  pulse;  leukocytosis;  elevation  in  temperature.  He  states, 
however,  that  cyanosis  and  extreme  dyspnea  are  encountered  much  more  fre- 

quently in  acute  pulmonary  embolism  than  in  acute  coronary  thrombosis.  Pain, 
on  the  other  hand,  is  more  severe  and  prolonged  with  acute  coronary  occlusion 
and  is  usually  referred  to  the  sternal  region,  while  the  pain  of  pulmonary  embol- 

ism is  usually  referred  to  the  lateral  regions  of  the  thorax  and  may  be  made  worse 
by  inspiration.  According  to  Barnes,  physical  examination  in  the  early  stages 
is  not  particularly  helpful  in  the  differential  diagnosis.  A  previous  history  of 
angina  pectoris  should  incline  one  to  favor  the  diagnosis  of  coronary  occlusion. 

McGinn  and  White  (79)  noted  that  the  majority  of  the  clinical  symptoms  of 
pulmonary  embolism  as  observed  in  their  nine  cases  of  massive  pulmonary  em- 

bolism with  acute  cor  pulmonale  are  also  commonly  found  in  coronary  throm- 
bosis. They  include  chest  pain  or  substernal  oppression;  elevation  in  the  tem- 

perature, in  the  pulse  and  respiratory  rates,  and  the  white  cell  count;  collapse; 
sweating  and  pallor;  and  a  fall  in  blood  pressure. 

Most  difficult  of  diagnosis  are  those  cases  of  pulmonary  embolism  in  which 
there  is  concomitant  coronary  artery  disease  [Hamburger  and  Saphir  (85)]. 
Averbuck  (84)  reported  six  cases  in  which  fatal  attacks  of  coronary  artery  throm- 

bosis were  diagnosed  but  in  which  necropsy  revealed  pulmonary  embolization 
to  have  been  the  cause  of  death.  In  two  instances  the  diagnosis  was  made 
particularly  difficult  by  the  fact  that  coronary  artery  disease  had  previously  been 
present  and  its  existence  was  confirmed  by  the  history,  physical  and  laboratory 
findings.  Nevertheless,  the  fatal  episode  was  caused  by  pulmonary  emboliza- 

tion. Averbuck  emphasizes  the  necessity  for  great  caution  in  the  diagnosis  of 
coronary  artery  thrombosis  in  patients  presenting  the  syndrome  under  consider- 

ation in  the  absence  of  a  previous  history  suggestive  of  coronary  artery  disease. 
Levine  and  Brown  (89)  were  able  to  obtain  such  information  in  the  majority  of 
cases  which  they  studied  and  lay  great  stress  on  its  diagnostic  value.  Averbuck 
makes  another  point  namely,  that  pulmonary  embolization  is  frequent  after 
operation  and  that  coronary  artery  thrombosis  is  comparatively  rare  because 
patients  with  coronary  disease  are  rarely  subjected  to  any  but  emergency 
surgical  procedures. 

Analysis  of  cases  observed  at  The  Mount  Sinai  Hospital  over  a  six-year  period 
reveals  the  same  incidence  of  postoperative  coronary  thrombosis  and  fatal 
pulmonary  embolism.  In  a  series  of  625  attacks  of  coronary  artery  occlusion, 
verified  by  electrocardiogram  or  autopsy,  which  were  treated  in  The  Mount  Sinai 
Hospital  during  the  years  1931  to  1937,  Master,  Dack  and  Jaffee  (126)  noted 
that  35  occurred  following  operation.  Forty-six  of  our  88  cases  of  fatal  pul- 

monary embolism,  verified  by  necropsy,  occurred  in  this  hospital  during  the  same 
period.  Eleven  of  these  were  in  medical  cases.  Thirty-five  occurred  in  surgical 
patients  during  the  postoperative  period.  Master,  Jaffee  and  Dack  (90)  indi- 

cate a  diagnostic  point  which  they  believe  to  be  important  in  the  differentiation 
between  coronary  thrombosis  and  pulmonary  embolism,  namely,  that  the  dyspnea 
of  coronary  thrombosis  is  relieved  by  oxygen  therapy  while  the  dyspnea  of 
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pulmonary  embolism  is  uncontrollable  and  unrelieved  by  treatment  with 
oxygen. 

It  is  claimed  by  various  authors  that  pulmonary  embolism  produces  char- 
acteristic alterations  in  the  electrocardiogram  which  may  be  of  aid  in  the  diag- 

nosis. Based  on  a  study  of  their  cases  of  acute  cor  pulmonale  cause'd  by  massive 
embolic  obstruction  of  the  pulmonary  arterial  circulation,  White  (62)  and  Mc- 

Ginn and  White  (79)  have  described  the  following  electrocardiographic  findings : 
An  upright  T-wave  with  relatively  normal  P  and  QRS  waves,  with  return  to 
normally  inverted  T-waves  when  the  acute  cor  pulmonale  subsided.  This 
picture  differs  from  lead  IV  of  coronary  thrombosis  of  either  the  Tl  or  T3  types. 

Barnes  (1,  88)  corroborates  the  electrocardiographic  findings  of  White  (62), 
and  McGinn  and  White  (79)  in  acute  pulmonary  embolism,  and  observes  that  the 
electrocardiographic  tracing  obtained  in  acute  myocardial  infarction  involving 
the  posterior  basal  portion  of  the  left  ventricle  resembles  very  closely  that  fol- 

lowing acute  pulmonary  embolism.  There  are,  however,  certain  distinguishing 
differences  in  the  electrocardiograms  of  the  two  conditions,  which  are  outlined 
as  follows : 

T}  Type  of  Electrocardiogram,  Characteristic 
Type  of  Electrocardiogram  Characteristic  of  of  Acute  Infarction  of  the  Posterior 

Acute  Pulmonary  Embolism  Portion  of  the  Left  Ventricle 
Si   constantly   present   and   usualh'    Si  absent  or,  if  present,  not  exaggerated 
prominent  R-T2   usually   elevated;   rarely  iso- 

S-T? — Take  off  usually  below  zero  le-\-el        electric  and  ne^•er  depressed 
T2  diphasic,  monophasic,  or  upright;    To  usually  inverted 

rarely  in^'erted  R-T3  much  elevated  as  a  rule 
R-T3  occasionally  slightly  elevated  T3  usually  inverted 
Ta  inverted ;  may  be  cove  plane  Q3  f requenth'  markedly  prominent ;  Q3 
Q3  frequently  fairly  prominent;  Q3       pattern  commonlj-  present 

pattern  not  present  Q4  usually  within  normal  limits 
Q4  usually  within  norml  limits  T4  usually  inverted 
T4  usually  upright;  may  be  fiat  or  di- 

phasic 
Electrocardiograms  following  pulmonary  embolism  or  infarction,  as  observed 

by  Love  and  his  co-workers  (87)  have  also  shown  depression  of  the  ST  segments 
in  one  or  more  leads,  most  frequently  in  lead  II,  and  often  the  reversal  of  the  di- 

rection of  the  T-waves  in  lead  III  and  the  precordial  lead. 
In  an  extensive  study  of  the  subject,  Katz  (91)  states  that  the  classical  electro- 

cardiographic change  in  pulmonary  embolism  tends  to  resemble  the  posterior 
wall  type  in  the  limb  leads  and  the  anterior  in  the  chest  leads.  However,  the 
S-T  deviation  is  confined  to  leads,  I,  II  and  CF4,  consisting  of  a  depression  with 
"staircase"  ascent,  that  is,  an  upward  slope  to  the  S-T  segment.  There  is  a 
tendency  for  an  S  type  of  QRS  to  appear  in  lead  I  along  with  a  Q  type  in  lead  III. 
The  QRS  contour  in  the  chest  leads,  however,  remains  unchanged.  Character- 

istically, the  T-wave  is  inverted  in  leads  III  and  CF2  but  not  usually  in  leads  II 
and  CF4.    When  seen,  this  pattern  is  almost  pathognomonic,  but  the  entire 
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picture  occurs  in  only  about  10  per  cent,  of  the  cases.  One  or  more  of  the  in- 
di^-idual  changes  described  abo\'e  are  seen  more  frequently  than  the  entire 
combination.  The  temporary  appearance  of  a  right  axis  shift,  sometimes  re- 

sembling right  preponderance,  shovdd  be  considered  a  suggesti\'e  finding.  Katz 
states  that 'in  a  large  percentage  of  cases  of  pulmonary  embolism,  however,  non- specific changes  of  no  diagnostic  significance  occur.  The  diagnosis  of  pulmonary 
embolism  must  rest  on  an  awareness  of  its  jjossibility,  and  the  suspicion  of  its 
presence  when  atypical  electi-ocardiograi^liic  features  which  superficially  resemble 
coronary  contour  are  noted  following  an  acute  episode.  The  evolution  in  these 
cases  aids  in  their  differentiation  from  myocardial  infarctions.  The  magnitudes 
of  the  S-T  de\'iation  and  the  T-wa-\'e  size  seen  in  myocardial  infarctions  arc 
alxsent,  and  the  time  course  is  more  rapid  in  pulmonary  embolism. 

In  the  experience  of  Master  and  his  associates  (90),  however,  the  characteristic 
progressive  changes  in  the  electrocardiogram,  that  is  R-T  segment  and  T-wa^-e 
changes,  are  found  only  in  coronary  thrombosis.  They  state  that  in  coronary 
thrombosis,  characteristic  progressive  daily  changes  occur,  consisting  of  elevation 
of  the  R-T  segment  to  inversion  of  the  T-wave.  It  is  their  opinion  that  the 
electrocardiographic  criteria  for  pulmonary  embolism  of  McGinn  and  White  have 
been  only  suggestive  and  the  simiUation  of  the  electrocardiogram  of  coronary 
thrombosis  is  close  enough  to  make  the  diagnosis  uncertain. 

Other  conditions  with  which  pulmonary  embolism  may  be  confused  are  shock 
and  hemorrhage,  peritonitis,  pulmonary  edema,  coma,  and  cerebral  vascular 
accidents  [Nygaard  (86)].  Ware  and  Bullock  (92)  include  spontaneous  pneu- 

mothorax, dissecting  aortic  aneurysm,  pneumonia,  pulmonary  atelectasis,  acute 
upper  abdominal  accidents  and  perforating  peptic  ulcer.  Petterson  (127)  con- 

siders acute  heart  failure  to  be  the  most  difficult  condition  to  differentiate  from 
lung  embolism. 

In  a  study  of  43  fatal  cases  in  which  necropsy  showed  pulmonary  embolism 
to  have  been  the  immediate  cause  of  death,  Johnson  (94)  found  that  only  three 
cases  answered  the  description  of  pulmonary  embolism.  In  nine  cases  the  clini- 

cal picture  was  so  atypical  that  the  diagnosis  of  pulmonary  embolism  was  un- 
warranted, even  in  retrospect.  Furthermore,  there  were  a  significant  number  of 

patients  who  presented  a  sufficient  number  of  clinical  criteria  to  warrant  a 
diagnosis  of  pulmonary  embolism  but  in  whom  the  pathologist  found  sepsis, 
without  evidence  of  embolism,  as  the  cause  of  death.  According  to  this  author, 
there  appears  to  be  no  single  feature  short  of  necropsy  hy  which  the  diagnosis 
of  pulmonary  embolism  can  be  infallibly  established  or  excluded. 

On  the  basis  of  his  experience  and  the  experience  of  others,  both  in  living 
patients  and  at  autojjsw  Wiight  (97)  states  that  in  all  probability  more  than 
half  of  all  pulmonary-  enilioli  are  missed  entirely  or  are  wrongly  diagnosed. 

In  our  series  of  88  cases,  the  correct  diagnosis  of  pulmonary  embolism  was 
made  unequivocally  in  only  IG  (Table  8).*  In  13  other  instances,  pulmonary 
embolism  was  considered,  but  alternative  diagnoses  were  also  made  (Tables  8 

"  Table  8  appeared  in  the  article,  "Massive  Pulmonary  Embolism,  III,"  published  in this  Journal,  vol.  11,  p.  241,  1944. 
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and  10).  These  included  coronary  thrombosis,  paroxysmal  tachycardia,  cardiac 
failure,  insulin  shock,  perforated  gastric  carcinoma  and  cerebral  lesions.  Thus, 
pulmonary  embolism  was  diagnosed  either  definitely  or  equivocally  in  a  total  of 
29  patients.  The  diagnosis  was  incorrect  in  22  cases  (Tables  8  and  11). 
Finally,  there  were  37  cases  in  which  there  were  no  notes  on  the  charts  to  indi- 

cate the  clinical  impression  of  the  cause  of  death.  After  carefully  reviewing  the 
clinical  features,  we  believe  that  the  diagnosis  of  pulmonary  embolism  could  or 
should  have  been  made  in  24  of  these  37  cases.    We  have  no  means  of  ascertain- 

TABLE  10 
Alternatire  Diagnoses  Entertained  with  that  of  Pulmonary  Embolism 

Pulmonary  embolism  or  coronary  thrombosis   5  cases 
Multiple  pulmonary  emboli  or  coronary  thrombosis  
Pulmonary  embolism  or  coronary  thrombosis  or  paroxysmal  tachycardia  
Pulmonary  embolism  or  cardiac  failure  
Pulmonar\'  embolism  or  insulin  shock  
Pulmonary  embolism  or  cerebral  embolism  
Pulmonary  embolism  or  cerebral  accident  
Pulmonary  embolism  or  perforation  of  gastric  carcinoma  
Pulmonary  infarct  or  coronary  thrombosis  or  heart  failure  

Total   13  cases 

TABLE  11 
Incorrect  Diagnoses  of  Fatal  Pulmonary  Embolism 

Coronary  thrombosis  
Coronary  thrombosis  or  subarachnoid  bleeding  
Coronary  thrombosis  or  hemorrhage  into  brain  tumor  
Cardiac  or  cerebral  death  
Cardiac  collapse  or  cerebral  hemorrhage  
Cardiac  failure  
Functional  myocardial  involvement  
Circulatory  collapse  
Cerebral  thrombosis  
Cardiac  failure  or  peritonitis  
Peritonitis  or  pneumonia  
Bronchopneumonia   2 
Carcinomatous  cachexia   1 

Total   22  cases 

ing  in  what  proportion  of  these  cases  the  diagnosis  was  entertained.  It  can  be 
stated  definitely,  however,  that  in  13  cases,  the  clinical  picture  did  not  warrant 
the  diagnosis  of  pulmonary  embolism  (Table  8). 
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TOXEMIAS  OF  PREGNANCY 

JOSEPH  NOVAK 
[New  York  City,  N.  Y.] 

The  term,  toxemia  of  pregnancy,  comprises  a  group  of  pathologic  conditions, 
some  occurring  only  in  pregnancy,  e.g.,  hyperemesis  gravidarum,  eclampsia  and 
impetigo  herpetiformis;  others  occurring  with  or  without  pregnancy,  e.g.,  acute 
yellow  atrophy  of  the  liver,  polyneuritis,  some  dermatoses  and  psychoses.  In 
the  former  group  pregnancy  is  the  exclusive  cause  of  the  disorder;  in  the  latter, 
pregnancy  represents  only  a  predisposing  though  important  etiologic  factor. 
Hormonal  imbalance,  vitamin  deficiency  and  dietary  errors  which  are  tolerated 
in  the  nonpregnant  state,  may  not  be  tolerated  because  of  the  increased  require- 

ments of  pregnancy. 
Man.y  authors  restrict  the  term  "toxemia  of  pregnancy"  to  a  special  group  of 

disorders  which  usually  occur  in  late  pregnancy,  are  often  combined,  merging 
from  one  form  into  another,  and  which  are  ol^viously  provoked  by  the  same 
cause.  These  diseases,  albuminuria,  dropsy,  preclampsia,  and  eclampsia  of 
pregnancy,  are  the  subject  of  the  following  discussion. 

Eclampsia  and  the  related  toxemias  have  always  been  a  puzzling  and  most 
difficult  problem  in  obstetrical  pathology.  The  striking  similarity  of  uremic 
and  eclamptic  convulsions,  the  occurrence  of  albuminuria  and  edemas,  and 
finally  the  predisposition  of  nephritic  patients  to  eclampsia  suggested  the  idea 
that  eclampsia  is  only  a  special  kind  of  nephritis  or  uremia.  But  even  if  this 
supposition  had  not  been  proved  wrong,  the  cause  of  the  nephritis  would  remain 
unrevealed. 

The  origin  of  the  supposed  renal  insufficiency  seemed  to  be  discovered  when 
autopsies  of  patients  with  eclampsia  revealed  dilated  and  tortuous  ureters, 
changes  attributed  to  pressure  from  the  enlarged  and  heavy  uterus.  Further 
experiences  and  study  proved  that  this  assumption  was  entirely  erroneous. 
Numerous  investigations  gave  evidence  that  dilatation,  elongation  and  hypotony 
of  the  ureters  are  normal  hormonal  reactions  more  or  less  pronounced  in  every 
pregnant  woman.  We  know  that  this  peculiar  state  of  growth,  succulence  and 
hypotonia  is  not  restricted  to  the  uterus,  but  is  a  hormonally  determined  condi- 

tion of  all  pelvic  organs.  Compression  of  the  dilated  ureters,  mostly  of  the  right 
one,  is  not  rare.  It  constitutes  a  predisposition  for  pyelitis  but  never  for  eclamp- 

sia. The  urinary  findings  and  the  whole  clinical  pictiu-e  of  urinary  stasis  caused 
by  compression  of  the  ureters  are  entirely  different  from  those  in  eclampsia. 

Changes  found  in  the  kidneys  of  pregnant  women  suffering  from  toxemia 
ha-\-e  been  interpreted  in  entirely  different  ways  in  the  passage  of  time.  The 
vaiiety  of  terms  used  to  cliararterize  the  condition  (kidney  of  pregnancy,  nephro- 
pathia  gravidarum,  low  reserve  kidney,  nephrosis  of  pregnancjO  reflect  the 
misinterpretations  of  the  real  condition.  We  find  degenerative  and  vascular 
lesions  in  the  kidneys  without  any  sign  of  inflammation  with  comparatively  good 
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kidney  function.  The  renal  concentration  ability  is  not  impaired  and  the  non- 
protein nitrogen  content  of  the  blood  remains  within  normal  limits.  There  is  no 

need  for  complicated  explanations  of  the  renal  alterations  in  eclampsia.  The 

anatomical  findings  and  the  clinical  picture,  particularly  the  sudden  rise  in  blood* pressure,  the  rapid  development  of  excessive  albuminuria,  oliguria  and  even  of 
complete  anuria,  the  rapid  regression  of  these  alarming  symptoms  in  cases  show- 

ing improvement,  and  finally  the  usually  complete  return  to  the  norm  are  un- 
mistakable indications  that  sudden  and  violent  spasms  of  the  renal  arteries 

constitute  an  etiologic  factor  in  the  toxemic  condition. 
It  is  no  wonder  that  in  an  epoch  of  fascinating  discoveries  in  bacteriology  the 

cause  of  the  toxemias  of  pregnancy  has  been  sought  in  various  specific  infections. 
But  all  such  investigations  have  re.sulted  in  failure. 

The  mystery  of  these  toxemias  seemed  to  be  solved  when  Veit  discovered 
that  particles  of  fetal  villi  frequently  break  off,  enter  the  maternal  circulation 
and  are  deposited  in  various  organs.  He  presumed  that  these  tissue  particles 
are  dissolved  by  specific  syncytiolysins  and  neutralized  by  antisyncytiotoxins. 
This  theory  that  toxemia  of  pregnancy  is  caused  by  a  lack  of  sufficient  anti- 

syncytiotoxins gained  much  credence  among  obstetricians.  The  sensational 
pregnancy  test  of  Abderhalden  which  stemmed  from  Veit's  syncytiotoxin  theory 
seemed  to  be  an  infallible  proof  of  the  correctness  of  this  theory.  Today  both 
^'eit's  theory  and  Abderhalden's  test  are  of  historical  interest  only. 

Other  hypotheses  based  upon  various  discoveries  in  serology  were  also  proved 
wrong.  For  example,  the  hypothesis  that  toxemias  are  caused  by  spermiotoxins, 
or  that  eclampsia  is  some  kind  of  allergic  reaction  and  anaphylactic  shock. 

Comparative  chemical,  physicochemical,  clinical  and  anatomical  studies  of 
pregnant  women  with  and  without  toxemia  resulted  in  the  first  valuable  con- 

tributions to  a  potential  solution  of  the  problem.  In  this  connection,  the  follow- 
ing findings  may  be  mentioned : 

(1)  Zweifel's  discovery  of  an  increase  in  lactic  acid  in  blood  and  urine  of 
eclamptic  patients.  Further  experience  proved  that  this  increase  in  lactic  acid 
is  a  consequence  of  the  eclamptic  convulsions  rather  than  a  causative  factor  of 
the  condition. 

(2)  Hasselbalch's  and  Gammeltoft's  findings  of  an  increased  acidosis  in 
eclampsia.  Leimdoerfer,  Novak  and  Forges  had  first  shown  a  state  of  physio- 

logic acidosis  to  exist  in  pregnancy.  Characteristic  of  the  c  ondition  is  that  the 
carbon  dioxide  combining  power  is  decreased.  In  1924  and  1933  Klaften  re- 

ported interesting  respiratory  changes  in  patients  with  eclampsia.  Some  of  these 
women  had  very  deep  but  not  frequent  respirations  (bathypnoic  type),  others 
frequent,  but  shallow  respirations  (tachypnoic  type).  Recently  Plass  observed 
that  patients  with  toxemia  do  not  get  convulsions  if  the  resjMratoiy  rate  is  lower 
than  14-10  per  minute.  It  is  obvious  that  increased  acidosis  is  the  cause  of  this 
increase  in  respiration  and  that  the  presence  of  acid  metabolites  plays  a  con- 

siderable role  in  the  clinical  picture  of  eclampsia.  However,  the  real  nature  of 
these  acid  metabolites  is  imknown  and  it  cannot  be  decided  whether  they  cause 
eclampsia  or  are  to  be  classified  only  as  concomitants  of  the  disease. 
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(3)  Zangemeister's  observation  regarding  the  salt  and  water  retention  in 
pregnant  women  later  confirmed  by  numerous  investigators  is  of  utmost  im- 

portance. The  tendency  to  salt  and  water  retention  becomes  apparent  after 
'the  fourth  month  of  pregnancy  and  gradually  increases  toward  the  term.  An attempt  to  explain  this  phenomenon  will  be  made  later. 

A  consequence  of  the  water  retention  is  a  marked  increase  of  the  whole  blood 
volume.  But  the  increase  does  not  involve  all  the  constituents  of  the  blood  in 
the  same  degree.  For  instance,  the  increase  in  blood  plasma  amounts  to  25  per 
cent,  in  the  volume  of  the  blood  cells  to  20  per  cent,  in  hemoglobin  only  to  13 
per  cent.  The  water  content  is  increased  most.  Thus  we  can  speak  of  a  hy- 

dremia, an  edema  of  the  blood  in  pregnancy.  The  blood  cells  are  increased  in 
number  and  volume,  but  their  hemoglobin  content  is  relatively  low. 

Due  to  this  hydremia  the  specific  gravity  of  the  blood  is  diminished  and  the 
percentage  of  proteins  in  the  blood  is  lessened.  However,  there  exists  not  only 
a  hypoproteinemia  but  also  a  change  in  the  various  blood  proteins.  The  al- 

bumin-globulin ratio  is  greatly  diminished  (it  is  2.6  in  nonpregnant  women,  0.81 
in  pregnant  women  at  term,  and  0.21  in  patients  exhibiting  eclampsia).  The 
fibrinogen  content  is  increased.  Thus,  there  exists  a  marked  shift  from  the 
finely  to  the  coarsely  dispersed  proteins. 

(4)  Neumann's  and  Hermann's  findings  in  1912  concerning  an  intense  lipemia, 
lipoidemia  and  particularly  cholesterinemia,  since  confirmed  by  many  others. 
As  a  consequence  of  these  changes  in  proteins  and  lipids,  the  surface  tension,  the 
osmotic  pressure  and  the  colloidal  stability  of  the  blood  are  diminished  and  the 
sedimentation  rate  of  the  erythrocytes  increased.  On  the  other  hand,  the  blood 
calcium  is  diminished. 

(5)  Hofbauer's  observation  that  the  acetylcholine  content  of  the  placenta 
which  is  high  under  normal  conditions  is  markedly  lower  in  toxemia.  Since 
acetylcholine  is  a  powerful  vasodilating  compound,  its  decrease  in  preeclampsia 
is  significant.  Hofbauer's  findings  are  in  accord  with  the  previous  discovery 
made  by  Spaeth  and  Eufinger  of  a  lower  cholin  content  of  the  blood  in  women 
with  eclampsia. 

(6)  Kapeller's  detection  of  the  regular  occurrence  of  histidine  in  the  urine  of 
normal  pregnant  women  and  its  absence  in  patients  ̂ vith  toxemia.  Instead  of 
histidine  she  found  histamine  in  the  latter  cases.  These  findings  are  very  re- 

markable but  corroboration  by  other  investigators  is  still  lacking. 
(7)  Chunilal  Mukherjee's  assumption  of  an  increased  concentration  of  pos- 

terior lobe  pituitary  hormone  in  the  blood  of  patients  with  toxemia.  Con- 
firmation of  these  also  previously  postulated  but  never  exactly  proved  facts 

would  be  very  helpful  in  satisfactorily  accounting  for  such  symptoms  as  the 
retention  of  water,  hypertension  and  convulsions.  It  is  a  well  known  fact  that 
an  injection  of  pituitrin  can  easily  provoke  eclamptic  attacks  in  a  preeclamptic 
patient. 

(8)  Aschheim's  and  Zondek's  findings  of  excessive  levels  of  gonadotropic 
and  estrogenic  hormones  in  the  organism.  This  is  in  pregnancy  an  assured  fact, 
while  the  question  of  an  increase  in  pituitrin  is  still  controversial.    The  water 
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retentive  power  of  estrogen  and  progesterone  is  certainly  an  important  etiologic 
factor  in  toxemia  of  pregnancy. 

Important  clinical  findings  are : 
(1)  The  already  stressed  tendency  of  pregnant  women  and  particularly  of 

those  w^th  toxemia  to  intra-  and  extracellular  water  retention. 
(2)  The  tendency  to  vascular  spasms  demonstrated  by  Hinselmann  and  others 

on  the  blood  vessels  of  the  nails  and  the  retina. 
(3)  The  tendency  to  hypertension  with  sudden  exacerbations  inducing  eclamp- 
tic conviilsions. 

(4)  The  occurrence  of  albuminuria  which  is  one  of  the  most  constant  sj^mptoms 
of  toxemia  and  apparently  due  to  spasms  of  the  renal  vessels. 

(5)  Marked  changes  in  cerebral  activity,  as  revealed  by  encephalographic 
studies  of  Gibbs  and  Reid,  Maltbj^  and  Rosenbaum,  predisposing  the  patient  to 
convulsions. 

Valuable  contributions  to  the  whole  problem  can  be  traced  to  anatomical 
research  work.  Postmortem  examinations  revealed  glycogen  disappearance  and 
fatty  infiltration,  necroses  and  hemorrhages  in  the  liver,  degenerative  lesions 
in  the  kidneys,  particularly  in  the  renal  tubules,  edema  and  hemorrhages  in  the 
brain,  thromboses  and  placental  tissue  emboli  in  the  vessels  of  the  lungs,  liver, 
kidneys,  brain  and  skin.  Some  of  these  changes  are  probably  produced  by 
intensive  and  long  lasting  vascular  spasms,  others  by  metabolic  disorders  de- 

veloping under  the  influence  of  a  disbalanced  endocrine  system. 
Under  the  influence  of  the  corpus  luteum  and  later  on  of  the  placenta,  marked 

changes  take  place  in  all  the  endocrine  glands,  particularly  in  the  hypophysis, 
the  thyroid  and  the  adrenal  cortex.  There  is  no  doubt  that  these  changes  are  the 
main  sources  of  the  physiological  as  well  as  of  the  pathological  processes  in  the 
pregnant  organism. 

At  present,  there  are  many  authors  who,  like  Strauss,  regard  the  hypopro- 
teinemia  as  the  only  factor  responsible  for  all  toxemic  phenomena.  The  hypo- 
proteinemia  alone  or  in  combination  with  a  higher  sodium  intake  causes  water 
retention  in  the  tissues  and  in  the  blood,  rise  in  blood  pressure,  and,  if  intensive 
enough,  edema  of  the  brain  and  convulsions.  According  to  Strauss  it  is  entirely 
superfluous  to  search  for  a  toxic  substance  or  hormone  which  should  be  responsi- 

ble for  the  toxemia.  Many  authors  assume  that  the  hypoproteinemia  in  preg- 
nancy and  especially  in  eclampsia  is  identical  to  the  hypoproteinemia  due  to 

malnutrition.  Consequently  they  recommend  a  high  protein  diet  for  the  pro- 
phylaxis and  plasma  infusions  for  the  treatment  of  toxemic  disorders. 

Though  we  do  not  deny  the  gratifying  effect  of  plasma  infusions  on  toxemic 
conditions,  we  cannot  subscribe  to  the  idea  that  the  hypoproteinemia  in  preg- 

nancy is  due  to  an  insufficient  protein  intake.  We  have  to  consider  that  the 
hypoproteinemia  is  a  normal  condition  in  pregnancy,  at  least  to  a  certain  degree. 
It  is  very  probable  that  such  a  constant  pregnancy  reaction  may  have  a  physio- 

logical significance.  It  would  not  appear  difficult  to  find  out  the  meaning  of  this 
reaction. 

The  fetal  villi  of  the  human  hemochorial  placenta  dip  into  the  maternal  blood 
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without  any  protecti\'e  diaphragm  and  their  nutritive  epithelial  lining  would  be 
impaired  if  the  conditions  of  the  maternal  blood  were  far  different  from  theirs. 
The  integrity  of  the  villi  will  be  preserved  best  and  they  can  accomplish  their 
function,  i.e.,  the  absorption,  transformation  and  assimilation  of  nutritive  sub- 

stances from  the  maternal  blood,  more  easily  if  the  physical  condition  of  the  villi 
and  on  the  other  hand  that  of  the  maternal  blood  and  tissues  are  similar.  As  the 
fetal  tissues  are  characterized  by  their  abundance  of  water,  the  maternal  tissues 
must  also  retain  more  water  to  obtain  a  degree  of  turgescence  similar  to  that  of  the 
fetal  tissues.  The  retention  of  watev  is  inseparable  from  the  retention  of  cor- 

responding amounts  of  salts.  Therefore,  the  physiological  hydremia,  and  thus 
hypoproteinemia  means  an  adaption  of  the  maternal  organism  to  that  of  the 
fetus,  whose  tissues  have  a  higher  water  content  than  those  of  the  adult  organism. 
The  hypoproteinemia,  the  decrease  of  the  finely  dispersed  proteins  in  favor  of  the 
coar.sely  dispersed  proteins,  and  the  lowering  of  the  surface  tension  facilitate  the 
flow  of  water  and  of  nutritional  material  to  the  fetal  blood,  the  colloidal  stability 
of  which  is  markedly  higher. 

However,  the  greater  water  content,  the  swelling  and  "rejuvenation"  of  the maternal  tissues  are  not  only  needed  for  the  undisturbed  nutrition  of  the  fetus 
but  also  for  the  softening,  growth  and  expansibility  of  the  maternal  passages. 
These  changes  are  indispensable  for  the  maintenance  of  pregnancy  as  well  as  for 
delivery. 

Consequently,  the  hypoproteinemia  in  to.xemias  is  only  an  accentuation  of  a 
condition  otherwise  physiological  in  pregnancy.  It  is  by  no  means  identical 
with  hypoproteineinias  from  other  causes  due  either  to  an  excessive  loss  in  pro- 

teins or  to  an  insufficient  intake  of  proteins.  It  is  an  acknowledged  clinical  fact 
that  toxemias  are  not  diseases  of  undernourished  but  rather  of  well  or  even  over- 
nourished  women.  During  the  first  world  war  eclampsia  became  very  rare 
among  the  undernourished  population  of  Central  Europe  and  reappeared 
promptly  in  the  usual  percentage  with  the  return  to  normal  food  conditions. 
It  is  well  known  that  eclampsia  is  more  frequent  in  young,  well  nourished,  obese 
priiiii^ra\  idae  with  reactive  endocrine  systems  than  in  old  flabby  multigravidae 
with  an  cxiiausted  organism. 

As  far  as  we  can  judge  from  our  present  knowledge,  the  toxemias  of  pregnancy 
are  the  consequences  of  excessive  activity  of  some  endocrine  glands,  i.e.,  they 
are  caused  by  an  exaggeration  of  otherwise  normal  and  useful  pregnancy  reac- 

tions. A  hyperfunction  of  the  adrenal  cortex,  which  regularly  hypertrophies  in 
pregnancy,  of  the  placenta  and  of  tlie  posterior  lobe  of  the  hypophysis  are  prob- 

ably the  factors  responsible  for  the  marked  water  and  salt  retention.  The 
antagonistic  function  of  the  thja-oid  gland  which  promotes  the  excretion  of  water 
is  api)ai(  ntly  insufficient  to  balance  the  excessive  activity  of  the  adrenal  cortex 
and  its  synergists. 

The  attempt  to  (>xplain  the  vascular  spasms  which  are  not  less  characteristic 
for  the  toxemic  condition  than  the  hypoproteinemia  is  more  difficult.  The 
theory  of  J.  Hofbauer,  of  Anselmino  and  Hoffmann  and  others  who  trace  the 
spasm  to  an  excessive  production  of  pituitrin  seems  more  plausible  than  the 
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assumption  of  hyperguanidinemia  or  hypocalcemia  given  by  other  investigators 
as  causative  factors. 

The  present  usual  i^rophylaxis  and  treatment  of  the  toxemias  is  directed 
against  their  troublesome  symptoms  since  it  is  not  possible  to  treat  the  hyper- 

activity of  the  endocrines  causing  the  condition.  Avoidance  of  overfeeding 
during  pregnancy,  bedrest,  salt  free  diet,  sedatives  and  narcotics,  hypertonic 
glucose  and  plasma  infusions  are  our  best  suggestions  and  agents  against  these 
dangerous  conditions. 

SUMMARY 
(1 )  The  clinical  features  of  the  eclampsia  and  related  toxemias  can  be  explained 

by  a  combination  of  t^vo  factors:  (a)  An  excessive  retention  of  water  and  salt; 
(b)  Vascular  spasms. 

(2)  The  water  and  salt  retention  is  probably  due  to  an  excessive  production 
of  adrenal  cortex  hormone,  estrogen  and  pituitrin.  The  vascular  spasms  are 
possibly  the  consequence  of  an  excessive  pituitrin  action. 

(3)  Within  limits  the  retention  of  water  and  salt  is  necessary  for  the  integrity 
of  the  placental  villi  and  the  adaptation  of  the  birth  canal  to  the  requirements  of 
pregnancy  and  deli^•cry. 

(4)  The  usvuil  prophylaxis  and  treatment  of  the  toxemias  are  not  causal  but 
sATiiptomatic.  An  effort  is  made  to  reduce  the  pregnancy  reactions  to  their 
normal  level  and  to  correct  their  noxious  con.sequences. 
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ARREST  BY  PENICILLIN  OF  TWO  CASES  OF  SUBACUTE  BACTERIAL 
ENDOCARDITIS;  DUE  RESPECTIVELY  TO  AN  ANAEROBIC 

STAPHYLOCOCCUS,  AND  TO  STREPTOCOCCUS  VIRIDANS 

B.  S.  OPPENHEIMER,  M.D.  and  A.  LEONARD  LUHBY,  M.D. 
[New  York,  N.Y.] 

The  objects  of  reporting  these  two  cases  of  subacute  bacterial  endocarditis 
arrested  by  modem  chemotherapeutic  methods  are  manifold.  It  seemed  im- 

portant to  give  practitioners  exact  details  of  the  methods  and  technique  employed 
in  making  the  diagnosis  of  subacute  bacterial  endocarditis,  in  recovering  the 
organism  from  the  blood,  in  culturing  it,  and  in  treating  the  patient  with  peni- 

cillin alone,  or,  as  in  the  second  case  herewith  reported,  with  penicillin 
plus  heparin.  The  first  case  reported  is  also  interesting  because  of  the  isolation 
from  the  blood  of  the  patient  of  a  Gram  positive  anaerobic  staphylococcus  never 
previously  reported  as  associated  with  subacute  bacterial  endocarditis.  This 
emphasizes  the  importance  of  employing  anaerobic  cultural  methods  in  addition 
to  the  usual  blood  culture  technique,  especially  in  those  instances  in  which  previ- 

ous attempts  to  recover  an  organism  in  clinically  active  subacute  bacterial  endo- 
carditis have  failed.  The  bacteriologic  methods  are  given  in  some  detail,  and  a 

description  of  the  staphylococcus  anaerobius  is  incorporated.  It  should  be  added 
that  it  is  not  enough  merely  to  have  a  sufficient  supply  of  penicillin,  with  or  with- 

out heparin;  one  must  learn  how  to  use  these  new  compounds  if  one  wants  to  have 
the  highest  percentage  of  successful  results.  The  report  therefore  includes 
an  account  of  the  difficulties  in  diagnosis  and  in  therapy  which  were  encountered 
in  both  patients,  and  how  they  were  overcome,  with  the  final  satisfactory  arrest 
of  a  disease  which  in  the  past  has  given  such  discouraging  results. 

Until  recently  subacute  bacterial  endocarditis  has  been  an  almost  uniformly 
fatal  disease.  One  of  us  has  seen  clinical  cases  since  his  medical  student  days 
(over  forty  years  ago)  when  Professor  Delafield  (1)  demonstrated  such  cases  in 
his  clinic.  Several  hundred  cases  have  come  under  observation  in  hospital 
practice,  in  the  army  medical  service  during  World  War  I,  and  in  civilian  practice, 
and  although  active  treatment  of  various  kinds  was  instituted  in  most  cases, 
only  a  very  few  were  arrested.  There  seemed  to  be  some  improvement  in  the 
percentage  of  recoveries  after  the  sulphonamides  were  introduced  into  the 
therapy,  but  the  really  encouraging  results  appeared  only  after  penicillin  ad- 

ministered in  very  large  doses  was  instituted  as  a  specific  remedy  in  the  treat- 
ment of  subacute  bacterial  endocarditis  with  bacteremia.  Dr.  E.  Libman  (2), 

who  has  probably  had  the  largest  clinical  experience  in  this  disorder,  gave  the 
percentage  of  spontaneous  recoveries  as  not  over  4  per  cent  for  the  era  preceding 
the  sulphonamides  and  penicillin.  Recently  Dr.  Leo  Loewe  (3)  has  observed 
and  treated  a  consecutive  series  of  53  unselected  cases  and  has  reported  only  26 
per  cent  failures,  and  74  per  cent  successes  in  arresting  the  disease.  As  the 
authors  have  had  the  exceptional  opportunity  of  seeing  several  of  these  cases 
with  Dr.  Loewe,  some  even  before  treatment,  they  have  become  convinced  that 
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for  the  f^rst  time  the  medical  profession  has  a  specific  remedj^  which  will  arrest 
a  considerable  proportion  of  patients  suffering  from  a  disease  which  previous 
to  the  penicillin  era  was  almost  uniformly  fatal,  even  in  the  hands  of  the  most 
experienced  internists.  It  is  hoped  that  by  employing  other  measures,  e.g., 
bacteriophage,  para-amino  hippuric  acid,  etc.,  that  the  percentage  of  arrested 
cases  and  of  recovered  cases  may  become  e\'en  better. 

Case  1.  (Adm.  517313.)  Valvular  (leforiini ij ,  niitrdl  stvno.'iis  luid^subaciile  bacterial  endo- 
carditis due  to  staphylococcus  anaerobi us.  tn-alcd  willi  2  courses  of  penicillin  alone,  totalling 

5,200,000  units.  A  44-year  old  housewife  and  school  teacher  was  admitted  to  the  semi- 
private  pavilion  of  The  Mount  Sinai  Hospital,  March  2,  1944,  with  a  15-month  history  of 
malaise,  weakness,  non-productive  coush,  episodes  of  painful  finger  tips  and  calf  tenderness, 
and  a  persistent  low-grade  fever  with  sjjikcs  to  lOf'l'. 

The  patient  was  apparently  well  until  1  jccciulici-  1!I42  when  she  developed  a  sore  throat, 
cough,  fever  to  1()4°F.,  associated  with  malaise  ami  weakness.  She  recovered  from  these 
acute  .symptoms  in  twn  weeks'  lime.  From  Decemhor  1942  to  March  1943  she  complained 
of  continued  malaise  and  weakness  with  occasional  temperature  rises  to  103°F.  One  morn- ing in  March  1943  while  at  home,  she  had  a  sudden  attack  in  which  her  mouth  became 
twisted,  she  could  not  speak,  her  right  arm  became  weak  and  she  dragged  her  right  foot. 
This  episode,  confirmed  by  hei'  husband,  occurred  while  she  was  going  to  the  bathroom  and 
lasted  about  5-10  minutes.  .Vfti-r  this  hemiplegic  attack,  she  began  to  complain  of  paraes- 
thesias  of  the  right  half  of  the  body  which  have  persisted  until  the  present  date. 

From  March  to  June  1943  she  ran  an  irregular  fever  of  1()2°F.  to  104°F.,  lost  15  to  20  lbs. in  weight,  had  a  persistent  coiij^li  and  developed  bouts  of  aimrexia  and  vomiting.  In  June 
1943  she  was  studietl  at  The  Mount  Sinai  Hospital  Consultation  Service  and  a  diagnosis  of 
chronic  cardio-vascular  disease  with  mitral  stenosis  and  insufficiency  was  made.  Subacute 
bacterial  endocarditis  was  suspected  but  this  diagnosis  was  not  made  at  that  time. 

Because  she  tlitl  not  improve,  she  was  subsequently  hospitalized  in  September  1943  at 
the  Graduate  Hospital  in  I'hihidelpliia,  \\  here  a  diagnosis  (jf  subacute  bacterial  endocarditis 
was  made,  although  repeated  bhiod  cultures  were  negative.  She  was  discharged  unim- 

proved. When  she  presented  herself  on  admission  to  The  Mount  Sinai  Hospital  in  March 
1944,  in  addition  to  the  above  complaints  she  gave  a  2  to  3  months'  history  of  tender,  painful 
spots  in  her  finger  tips,  and  calf  muscle  tenderness  that  lasted  from  several  days  to  2  to  3 
weeks  and  then  cleared  up  spDiit  aiieously.  At  no  time  had  she  had  signs  of  left  heart  failure. 
In  her  past  history,  the  patient  had  had  no  severe  illness;  she  had  no  knowledge  of  an  attack 
of  rheumatic  fever  or  chorea. 

Examination:  The  patient  was  a  fairly  well-developed,  moderately  well -nourished 
middle-aged,  somewhat  apprehensive  white  woman,  slightly  dyspneic  but  not  orthopneic. 
The  teiiipeiatnre  was  1(12  l'\,  i)ulse,  120,  respirations,  38.  The  head,  eyes,  ears,  nose  and 
throat  showed  no  abnormalities.  No  petechiae  were  seen.  The  heart  presented  a  normal 
sinus  rhythm.  The  hen  I  was  slightly  enlarged  to  the  right  and  left  with  a  systolic  and  a 
presystolic  murmui  at  I  lie  apex.  The  blood  pressure  was  110  systolic  and  50  diastolic. 
Fluoroscopic  exanunat  ion  of  the  chest  revealed  a  heart  as  seen  in  advanced  mitral  stenosis. 
The  left  auricle  was  markedly  enlarged.  The  lungs  were  normal  to  percussion  and  auscul- 

tation. The  neck  veins  were  slightly  distended  but  no  hepato-jugular  reflex  could  be  dem- 
onstrated. There  was  no  ankle  edema.  Abdomen:  The  liver  and  spleen  were  palpable  1-2 

fingers'  breadths  bidow  the  costal  margin  in  the  mid-clavicular  line,  the  liver  edge  being 
smooth  and  slightly  tender.  The  skin  was  negative.  The  extremities  showed  no  abnor- 
malitj'.  She  complained  constantly  of  numbness  and  sensation  of  tingling  on  the  entire 
right  side  of  the  body  from  scalp  to  toes.  Xeurological  examination  revealed  slight  ptosis 
of  the  right  eyelid  and  right  facial  asymmetrj',  hyperactive  deep  reflexes  on  the  right  side 
with  a  right  ankle  clonus  and  suggestion  of  a  right  Babinski,  an  inconstant  irregular  tremor 
of  the  right  upper  extremity  with  some  reduction  in  power  of  this  limb.  Xo  objective  sen- 

sory changes  were  found.    She  was  depressed  and  apprehensive. 
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Laboratory  Data:  (March,  1944)  Blood:  Wassermann  negative,  urea  nitrogen,  12  mg.  per 
cent.  Urine:  Reaction  acid,  specific  gravity  1012,  albumin  faint  trace,  sugar  absent,  many- red  blood  cells,  few  clumps  of  white  blood  cells,  occasional  hyaline  and  granular  casts. 
Sedimentation  time  18  millimeters  in  17  minutes.  Blood  culture  taken  on  admission  was 
reported  negative  2  weeks  later.  Hemoglobin  50  per  cent;  red  blood  cells,  2,700,000;  white 
blood  cells,  7,250;  segmented  polymorphonuclear  leucocytes,  76  per  cent;  non-segmented 
polymorphonuclear  leucocytes,  8  per  cent;  lymphocytes,  16  per  cent. 

Admission  diagnosis  was  subacute  bacterial  endocarditis,  rheumatic  heart  disease  (inac- 
tive) with  mitral  stenosis  and  insufficiency  and  mild  chronic  right  heart  failure,  severe 

secondry  anemia,  hysterical  phenomena,  possibly  a  cerebral  embolus. 
Course:  The  patient's  admission  symptoms  and  febrile  course  continued  with  daily 

temperature  spikes  to  101°F.  or  higher.  A  second  blood  culture  taken  on  the  6th  hospital 
day  was  also  reported  as  "no  growth"  after  observation  for  2  weeks. 

As  it  was  strongly  felt  from  the  patient's  clinical  manifestations  that  subacute  bacterial endocarditis  was  present,  it  was  decided  to  see  whether  a  positive  blood  culture  could  be 
obtained  by  the  administration  of  1  cc.  of  adrenalin  1:1000  solution,  administered  sub- 
cutaneously,  combined  with  splenic  massage.  This  was  done  partly  at  the  suggestion  of 
Dr.  Myron  Prinzmetal  (4),  who  in  addition  suggested  that  we  precede  the  adrenalin  injec- 

tion by  the  oral  administration  of  1.5  grains  of  nembutal  to  prevent  sul)ie('t  i\  f'  complaints. 
On  March  13,  1944,  the  12th  hospital  day,  this  procedure  was  carriod  (uii .  The  patient's 

previous  temperature  cour.se  was  studied  and  the  adrenalin  was  given  at  3:4.5  p.m.,  the  time 
when  her  daily  temperatures  reached  their  highest  levels.  It  was  decided  to  take  blood 
cultures  i  and  1  hour  after  the  administration  of  the  adrenalin  at  which  times  it  was  ex- 

pected that  the  drug  would  have  its  ma.ximum  effect.  Cultures  were  consequently  taken 
by  the  routine  blood  culture  technique  (See  "Discussion"  below)  at  4:15  p.m.  and  at  4:45 
p.m.  at  which  times  the  patient's  temperature  was  101. 2°F.  and  102. 4°F.,  respectively.  Two weeks  later  these  two  cultures  also  showed  no  growth.  At  6:00  p.m.  that  evening  the 
patient  experienced  a  shaking  chill.  Her  temperature  at  the  time  was  103°F.  One  hour 
after  the  chill,  the  patient's  temperature  rose  to  104. 2°F.  No  blood  culture  was  taken  at this  point  liccau.so  neither  of  us  was  notified  of  this  reaction  in  time. 

On  Marcli  14,  an  electrocardiogram  showed  regular  sinus  rhythm  and  wide  and  notched 
P  waves, — an  abnormality  often  observed  in  enlargement  of  the  left  auricle  secondarj'  to mitral  valve  involvement. 

On  March  16,  a  typical  Osier  Node  was  noted  in  finger  pad  of  right  ring  finger.  Urine 
showed  many  red  blood  cells,  occasional  white  blood  cells,  many  hyaline  and  granular  casts. 
On  March  20,  a  flat  plate  of  the  abdomen  showed  evidence  of  enlargement  of  the  spleen. 
The  left  kidney  was  ptosed  but  normal  in  size  and  shape. 

On  March  21st,  the  20th  hospital  day,  the  patient  was  still  running  a  febrile  course  with 
almost  daily  temperature  spikes  to  above  102. 4°F.,  and  evidence  of  embolization  as  shown by  the  Osier  node  in  the  right  ring  finger  pad  and  many  red  blood  cells  in  the  urine. 

It  was  decided  to  make  another  attempt  to  obtain  a  positive  blood  culture.  In  view  of 
the  preceding  four  negative  blood  cultures  it  was  felt  that  if  there  was  a  bacteremia  present 
it  was  not  showing  up  in  the  cultures  taken  previously  because  there  were  too  few  organisms 
in  the  blood  stream  to  be  detected. 

The  blood  culture  technique  was  therefore  modified  to  detect  a  sparse  bacteremia,  i.e., 
more  blood  was  drawn  for  culture  and  all  the  blood  drawn  was  used  for  inoculation  of  liquid 
media.  The  seeded  media  were  incubated  under  anaerobic  and  microaerophilic  conditions. 
It  was  felt  that  anaerobic  conditions  would  be  amply  satisfied  at  the  depths  of  the  culture 
flasks  as  125  cc.  Erlenmeyer  flasks  were  used  and  were  filled  with  100  cc.  of  culture  broth. 
This  gives  a  large  volume  of  liquid  with  a  relatively  small  surface  exposed  to  the  air,  as  the 
exposed  liquid  surface  is  situated  in  the  neck  of  the  flask  which  has  a  narrow  diameter.  As 
in  added  precaution  for  the  anaerobiasis  the  surface  of  two  of  the  five  flasks  used  was  sealed 
with  a  vaseline  plug,  after  inoculations,  to  exclude  surface  contact  with  the  atmosphere 
(See  "Discussion"  below). 

The  adrenalin  technique  was  again  employed.    In  view  of  the  previous  febrile  rise  fol- 
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lowing  the  administration  of  the  drug  the  temperature  was  now  taken  at  half  hourly  intei 
vals  and  the  patient  carefully  followed.  One  cc.  of  adrenalin  (1 : 1000)  was  given  subcutane  . 
ously  at  4:00  p.m.  The  spleen  was  massaged  gently  for  a  few  seconds.  At  6:00  p.m.  th 
temperature  had  risen  to  102. 8°F.  and  the  first  blood  culture  (using  the  new  five  flas) 
method)  was  taken.  By  7:30  p.m.  the  temperature  rose  to  103.4°F.  and  another  blood  cul- 

ture was  taken.  At  8:30  p.m.  the  temperature  reached  103.6°r.  The  patient  did  not  as yet  have  a  shaking  chill.  It  was  decided  to  wait  to  see  if  this  would  occur  and  a  culture 
could  then  be  taken  during  the  chill.  However,  by  9:30  p.m.  the  temperature  began  to  fall 
and  at  11 :00  p.m.  it  was  103°F.,  no  chill  having  occurred.  A  blood  culture  was  taken  at  this time  to  compare  the  bacterial  state  of  the  blood  during  the  descent  of  the  temperature  with 
that  of  the  ascent  of  the  fever. 

Seven  days  afterwards,  growth  first  appeared  in  the  vaseline-sealed  flasks  in  the  first  of 
the  3  blood  cultures.  Within  the  next  few  days,  growth  was  present  in  all  five  of  the  flasks 
of  the  first  two  cultures  and  in  four  of  the  five  flasks  of  the  last  culture  taken  during  the 
temperature  descent.  The  organism  found  in  pure  culture  was  a  gram  positive  anaerobic 
microorganism  later  identified  as  Staphylococcus  anaerobius  (Jungano  13,  15). 

From  March  28th  until  April  6th,  her  temperature  continued  to  rise  daily  to  101°F.  or above.  During  this  period  in  addition  to  the  previous  enlargement  of  the  liver  and  spleen, 
the  kidneys  were  now  palpable.  The  urine  showed  many  red  blood  cells,  albumin  and 
occasional  casts.  Tender  spots  developed  in  the  finger  pads  of  the  4th  and  5th  fingers  of  the 
left  hand  which  remained  for  seven  days.  Her  hemoglobin  during  this  time  was  51  per  cent, 
her  white  blood  count  was  9,650. 

On  April  7th,  the  34th  hospital  day,  the  first  of  the  two  courses  of  penicillin  was  started. 
Her  temperature  peak  that  day  was  102°F.  After  a  500  cc.  whole  blood  transfusion,  the penicillin  was  begun.  It  was  administered  by  continuous  intravenous  drip  in  the  dosage  of 
200,000  units  daily  dissolved  in  1000  cc.  of  normal  saline  solution.  The  penicillin  was  con- 

tinued by  the  intravenous  route  for  5  days  but  this  had  to  be  changed  to  the  intramuscular 
route  of  administration  because  the  patient  developed  marked  signs  of  retention  of  fluid 
despite  digitalis  and  ammonium  chloride.  From  the  7th  to  the  13th  penicillin  day,  in- 

clusive, the  drug  was  given  every  2  hours  intramuscularly  with  a  total  daily  dosage  of  200,- 
000  units.  The  calcium  salt  of  penicillin  used  throughout  was  supplied  by  Messrs.  Chas. 
Pfizer  and  Company,  Brooklyn,  N.  Y.  with  the  authorization  of  Dr.  Chester  S.  Keefer  of  the 
National  Research  Council.  The  patient  received  a  total  of  2,600,000  units  of  penicillin 
during  this  first  course  of  treatment. 

Although  the  patient's  temperature  came  down,  she  still  had  occasional  daily  fever  rises 
to  101  °F.  or  above.  On  the  second  day  after  starting  penicillin,  the  patient  developed  left 
upper  quadrant  pain  strongly  suggestive  of  a  splenic  infarct.  On  the  fourth  day  a  small 
petechia  was  noted  in  the  left  lower  conjunctiva.  Ankle  and  sacral  edema  became  very 
marked  and  so  the  patient's  fluid  intake  was  limited  to  500  cc.  daily.  On  the  7th  penicillin 
day  therapy  was  changed  to  the  intramuscular  route  and  a  blood  culture  was  taken  because 
of  the  continuance  of  embolic  phenomena.  This  culture,  taken  with  clarase,  said  to  be  a 
penicillin  inhibitor,  showed  no  growth  after  observation  for  two  weeks.  Nevertheless, 
the  patient  continued  to  show  embolic  phenomena  as  evidenced  by  the  development  of  a 
red,  painful,  tender  Osier  node  on  the  right  hypothenar  eminence,  and  the  passage  of  grossly 
bloody  urine.  On  April  20th,  the  48th  hospital  day,  the  first  course  of  penicillin  was  com- 

pleted. On  this  day  the  patient  developed  fluid  in  both  chests  and  the  left  chest  had  to  be 
aspirated  on  two  occasions.  A  blood  culture  taken  at  this  time,  also  with  clarase,  later 
proved  to  be  negative. 

On  April  24th,  temperature  was  100°F.  The  patient  developed  a  macular  rash  on  the 
forehead  and  a  maculo-papular  rash  on  the  left  thigh  which  disappeared  within  48  hours. 
This  may  have  been  a  toxic  effect  due  to  the  penicillin.  There  were  no  other  toxic  symp- 

toms which  could  be  ascribed  to  the  penicillin. 
On  May  17, 1944,  three  blood  cultures  taken  again  with  the  modified  technique  and  using 

the  same  adrenalin  procedure  were  negative.    Although  blood  culture  was  negative,  the 
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n'atient  was  still  running  a  temperature  between  101  °F.  and  102°F.  every  day,  so  that  on 
^une  2, 1944  a  second  course  of  penicillin  therapy  was  begun.  The  dose  was  200,000  units  a 
>ay  administered  intramuscularly.  This  was  continued  in  doses  of  25,000  units  every  3 
Vours  for  13  days.  At  the  end  of  this  time  the  patient's  temperature  was  within  the  normal 
range,  and  she  was  discharged  June  21,  1944. 

Since  her  discharge  she  has  had  no  sign  or  symptom  of  subacute  bacterial  endocarditis, 
i.e.,  no  chills,  fever,  sweating,  or  embolic  phenomena.  Unfortunately,  during  November 
of  1944  without  known  cause,  she  developed  a  marked  depression  for  which  she  was  hos- 

pitalized on  the  Neurological  Service  of  The  Mount  Sinai  Hospital  December  9,  1944.  A 
blood  culture,  taken  December  10,  1944,  using  the  adrenalin  procedure  and  the  modified 
blood  culture  technique,  showed  no  growth.  No  evidence  of  active  subacute  bacterial 
endocarditis  could  be  found  at  this  time. 

TABLE  1 
Reports  of  Blood  Cultures  in  Case  1 

DATE TECHNIQUE* REPORT 

3/2/44 R No  growth 
3/7 R 
3/13 R 
3/13 R 
3/21 M Staphylococcus  anaerobius 
3/21 iM Staphylococcus  anaerobius 
3/21 M Staphylococcus  anaerobius 
4/13 R No  growth 
4/20 R 
4/27 R 
5/4 R 
5/11 R 
5/17 

IM 
No  growth  in  3  cultures 

5/31 R No  growth 
9/23 R 

12/10 M 

*  R  =  Routine  blood  culture  technique. 
M  =  Modified  blood  culture  technique. 

The  subacute  bacterial  endocarditis  has  now  been  arrested  for  over  6  months.  The 
accompanying  figure  1  illustrates  the  temperature  curve,  the  dosage  and  duration  of  the 
treatment  with  penicillin,  blood  counts,  blood  cultures,  transfusion,  non-specific  medica- 

tion, and  other  pertinent  clinical  data. 
DISCUSSION 

The  organism  i.solated  from  the  blood  stream  in  this  case  has  not  been  previ- 
ously described  as  associated  with  a  subacute  bacterial  endocarditis  and  has 

therefore  been  considered  worthy  of  presentation.  In  a  review  of  the  bacteri- 
ology of  endocarditis  up  to  1939,  Shilling  (6)  cited  26  organisms  as  the  causative 

agents.  Since  then,  several  other  organisms  have  been  added  to  the  list,  but  as 
far  as  we  could  determine,  all  staphylococci  previously  isolated  grew  well  under 
ordinary  atmospheric  conditions. 

Blood  culture  technique:  The  routine  blood  culture  technique  at  The  Mount  Sinai  Hospital 
consists  of  drawing  23  cc.  of  blood  from  an  antecubital  vein  of  the  patient  and  inoculating  it 
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while  at  the  bedside  into  seven  culture  media.  Seventeen  cubic  centimeters  of  blood  are 
inoculated  into  liquid  culture  media,  that  is,  5  cc.  into  each  of  three  125  cc.  Erlenmeyer 
flasks  each  containing  100  cc.  of  broth,  the  first  plain  veal  infusion  broth,  pH  7.4,  the  second 
2  per  cent  de.\trose-veal  infusion  broth,  pH  7.4,  and  the  third  10  per  cent  tomato  e.xtract- 
veal  infusion  broth,  pH  7.6,  and  2  cc.  into  a  tube  containing  10  cc.  of  Smith-Noguchi's cooked  liver  broth,  pH  7.4,  which  is  sealed  with  2  cc.  of  sterile  petrolatum.  The  other  si.\ 
cubic  centimeters  of  blood  is  used  to  make  three  pour  plates  by  mi.xing  2  cc.  of  blood  with 
each  of  two  tubes  containing  12  cc.  of  2  per  cent  dextrose  veal  infusion  agar,  pH  7.4  and  one 
tube  containing  12  cc.  of  plain  veal  infusion  agar,  pH  7.4  (7,  8).  Each  day  Gram  stains  are 
made  of  samples  from  the  flasks  and  each  flask  is  subcultured  aerobically  and  anaerobically 
by  transplanting  2  to  3  cc.  into  a  tube  containing  10  cc.  of  1  per  cent  dextrose-infusion  broth 
and  2  to  3  cc.  into  a  tube  of  cooked  liver  broth  sealed  with  sterile  petrolatum.  For  the  pur- 

poses of  initial  isolation,  blood  cultures  from  suspected  cases  of  subacute  bacterial  endo- 
carditis are  incubated  in  an  atmosphere  of  increased  carbon  dioxide  tension  obtained  bj' 

placing  the  culture  in  a  glass  jar  into  which  a  lighted  candle  is  placed  and  then  fitted  with 
petrolatum  sealed  glass  cover  (9).  This  gives  an  atmosphere  of  approximately  3.5  per  cent 
carbon  dioxide.  Some  organisms,  e.g..  Hemophilus  influenzae.  Brucella,  Streptococcus 
viridans,  and  gonococci  grow  better  and  faster  under  these  conditions. 

The  efficiency  of  this  blood  culture  technique  has  been  repeatedly  demon- 
strated by  the  high  percentage  of  positive  cultures  obtained  in  diseases  kno^^•n  to 

be  associated  Avith  bacteremias,  e.g.,  95.5  per  cent  positive  findings  in  cases  of 
subacute  bacterial  endocarditis  which  came  to  autopsy  (10)  and  9G.7  per  cent 
positives  in  cases  of  lateral  sinus  thrombosis  (11). 

In  our  Case  1,  however,  the  blood  cultures  were  repeatedly  negative  despite 
the  clinical  picture  of  activity.  We  attributed  this  to  the  possibility  that  either 
the  organisms  in  the  circulating  blood  were  too  small  in  number  to  be  detected 
by  the  means  employed  and/or  that  they  were  too  fastidious  to  grow  under  the 
conditions  offered.  An  attempt  to  eliminate  the.se  difficulties  as  much  as  possi- 

ble was  made  according  to  the  following  principles:  First,  adrenalin  was  given 
before  the  blood  culture  was  taken  and  the  spleen  cautiously  massaged  with  the 
idea  of  increasing  the  number  of  organisms  in  the  circulating  blood  (4).  Then 
more  blood  was  dra\ATi  for  culturing.  All  the  blood  that  was  draA\Ti  was  used  for 
inoculation  of  liquid  culture  media.  Fluid  media  may  be  considered  more 
"sensitive"  in  detecting  a  small  number  of  organisms  in  a  given  inoculum  than 
solid  media.  Secondly,  we  improved  the  environmental  conditions  by  using  more 
of  the  enriched  culture  media,  by  placing  the  flasks  in  an  atmosphere  of  increased 
carbon  dioxide  tension  and  by  coA  ering  the  surface  of  two  of  the  culture  flasks 
with  petrolatum.  The  latter,  by  completely  excluding  contact  with  the  atmos- 

phere, increases  the  degree  of  anaerobiosis  in  the  medium  and  thus  would  favor 
the  growth  of  a  possible  anaerobe  in  the  blood. 

The  modified  blood  culture  technique:  Thirty  cubic  centimeters  instead  of  the  usual  23  cc. 
of  blood  was  drawn.  Five  flasks  of  media  were  used  for  the  culture.  Six  cubic  centimeters 
was  dispensed  into  each  of  two  flasks  of  10  per  cent  tomato  extract-veal  infusion  broth,  two 
flasks  of  2  per  cent  dextrose-veal  infusion  broth  and  one  flask  of  plain  veal  infusion  broth. 
After  inoculation,  one  tomato-extract  and  one  dextrose  broth  flask  was  layered  with  5  cc. 
of  melted  sterile  petrolatum  which  had  been  allowed  to  cool  to  near  the  solidifying  point 
before  adding.  All  the  flasks  were  incubated  in  a  petrolatum  sealed  candle  jar  which 
produces  a  3.5  per  cent  carbon  dioxide  atmosphere.    No  pour  plates  were  included  in  this 
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blood  culture.  Later  we  drew  4  cc.  of  blood  additional  and  added  therewith  two  pour  plates 
to  the  culture. 

A  small  number  of  organisms  inoculated  into  liquid  culture  media  have  a  better 
chance  of  surviving  and  growing  in  most  instances  than  the  same  number  cultured 
in  solid  media.  Due  to  the  sudden  change  of  environment,  the  mortality  of 
bacterial  cells  inoculated  into  solid  media  is  higher.  It  seems  from  experimental 
estimates,  according  to  Shwartzman  (12),  that  one  must  have  at  least  5  bacterial 
cells  in  the  2  to  3  cc.  of  blood  used  in  a  pour  plate  in  order  to  obtain  at  least  one 
colony  in  a  solid  medium  blood  culture.  This  is  not  the  case  Avith  fluid  culture 
media.  Here  the  environmental  change  is  less  drastic.  Therefore,  when  one 
obtains  growth  in  a  flask  of  fluid  medium,  it  may  be  assumed  that  there  may  have 
been  present  initially  not  more  than  one.  bacterial  cell  in  the  5  to  6  cc.  of  blood 
used  to  inoculate  the  medium. 

BACTERIOLOGY 

Isolation:  The  organism  was  isolated  from  the  blood  of  the  patient  on  three  separate 
occasions  on  March  21st,  1944.  Growth  was  first  observed  on  the  7th  day  in  one  of  the 
vaseline  sealed  tomato  broth  flasks  of  the  first  blood  culture  taken.  Within  the  next  four 
days,  growth  was  found  in  all  the  media  inoculated  of  the  first  and  second  blood  cultures 
^taken  while  the  temperature  was  rising  and  in  four  of  the  five  flasks  of  the  third  blood  cul- ture taken  when  the  fever  curve  was  on  the  decline. 

Gram  positive  coccus:  When  this  organism  was  first  isolated  it  had  the  characteristics  of  a 
"rough"  phase  organism.  The  growth  on  a  blood  agar  plate  after  48  hours  incubation  at 
37°C.  in  a  nitrogen  gas  anaerobic  jar  consisted  of  minute,  grayish,  dry  granular  colonies measuring  less  than  1  mm.  in  diameter.  Under  the  microscope  the  surface  of  the  colony 
appeared  dull,  the  edge  irregular.  The  colonies  were  firm  in  consistency  and  were  removed 
from  the  medium  with  great  difficulty.  The  colonies  produced  neither  green  pigment  nor 
hemolysis  on  blood  agar.  The  organisms  from  these  colonies  did  not  enter  into  suspension 
in  saline  but  precipitated  spontaneously.  Growth  at  first,  best  in  serum-brain-beef-heart 
infusion  broth,  was  granular  and  sedimented  to  the  bottom  of  the  culture  tube  producing  a 
minimal  diffuse  clouding. 

For  many  weeks  subsequent  to  initial  isolation  these  organisms  were  fastidious  in  their 
growth  requirements.  They  were  strictly  anaerobic  in  all  subcultures.  Serum  or  blood 
and  moisture  were  required  for  growth.  The  cultures  were  kept  by  transferring  to  freshly 
prepared  blood  agar  plates  every  48  to  72  hours.  Later,  the  strain  could  be  maintained  by 
subculturing  every  7  to  10  days. 

After  8  weeks  of  subculturing,  the  blood  agar  plate  cultures  began  to  show  occasional 
greyish-white  colonies  which  measured  up  to  1.5  to  2.0  mm.  in  diameter.  Under  the  micro- 

scope, the  surface  appeared  even  and  the  edge  entire,  without  projections.  The  colonies 
were  moist  in  appearance  and  soft  and  moderately  butyraceous  in  consistency.  In  dex- 

trose-serum broth  and  in  brain-beef-heart  infusion  broth,  these  organisms  produced  a  dif- 
fuse clouding  which  only  after  several  days  settled  to  the  bottom  of  the  culture  tube  leaving 

a  fine  precipitate  along  the  dependent  sides  of  the  tube.  These  colonies  still  did  not  pro- 
duce any  greening  or  hemolysis  on  the  blood  agar  plates.  The  organisms  were  more  easily 

suspensible  in  saline,  but  a  heavy  saline  suspension  was  not  characteristic. 
Morphology  and  staining  characteristics:  The  micro-organism  was  very  small  occurring 

as  spheres,  varying  in  size  from  0.5  to  0.6  microns,  grouped  singly,  in  pairs  or  short  chains, 
but  chiefly  as  irregular  masses.  They  were  non-motile,  non-spore  forming  and  non-encap- 

sulated. They  stained  consistently  strongly  Gram  positive  on  initial  isolation,  but  after 
several  months  of  subculturing  it  was  noted  that  they  became  more  easily  decolorized  by 
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Gram's  method.  They  stained  readily  with  methylene  blue  and  showed  no  metachromatic 
granules.    Using  the  Ziehl-Neelsen  technique  they  were  not  acid-fast. 

Physical  growth  requirements:  Optimum  growth  occurred  at  37°C.  under  strictly  anaero- bic conditions.  After  initial  isohition  cultures  were  kept  in  a  pressure  jar  from  which  the 
air  had  been  evacuated  and  replaced  by  nitrogen  under  7  to  8  lbs.  of  pressure.  Growth  did 
not  occur  under  normal  atmospheric  conditions  or  at  a  10  per  cent  carbon  dioxide  tension. 
The  organisms  did  not  withstand  exposure  to  60  C.  for  30  minutes.  No  growth  occurred 
below  22°C. 

Cultural  requirements:  For  several  weeks  to  months  after  initial  isolation,  the  organisms 
required  serum  or  blood  containing  medium.  Later,  however,  growth  was  accomplished  in 
dextrose  veal  infusion  broth  or  on  2  per  cent  glucose  agar,  but  growth  here  was  always 
scanty.  The  growth  in  dextrose-veal  infusion  broth  at  first  produced  a  fine  turbidity — 
which  later  becomes  more  granular  with  the  settling  of  a  fine  sediment  to  the  bottom  of  the 
tube.    Good  growth  occurred  on  brain-beef  heart  infusion  agar  (Difco). 

Cultural  reactions:  No  greening  or  hemolj'sis  of  blood  was  ever  noted,  blood  agar  plates 
remaining  unchanged  after  2  weeks'  growth.  No  acid  or  gas  was  produced  in  dextrose-veal infusion  broth.  There  was  no  liquefaction  of  gelatin.  Milk  remained  uncoagulated,  and 
unacidified.  Nitrites  were  not  produced  from  nitrates  and  no  indole  or  gas  was  produced 
in  peptone  water.  No  change  was  produced  in  neutral  red  broth.  Saccharose  was  strongly 
fermented,  glucose  slightly,  lactose,  mannite  and  sorbitol  were  not  attacked.  All  fermen- 

tation reactions  were  observed  for  a  period  of  14  days. 
Pathogenicity:  This  was  tested  for  mice  and  guinea  pigs.  One  cubic  centimeter  of  a 

heavy  suspension  of  the  organisms  was  injected  intra-peritoneally  into  mice  and  guinea 
pigs,  but  all  the  animals  remained  alive  and  well  after  being  followed  for  8  weeks.  Small 
abscesses  which  healed  spontaneously  in  a  few  daj'S  were  produced  by  intradermal  and  sub- 

cutaneous inoculation;  and  from  which  the  organism  was  subsequently  recovered  in  pure 
culture. 

Habitat:  The  organism  was  first  isolated  and  described  by  Jungano  (13)  in  Paris  in  1907. 
He  obtained  it  from  a  case  of  cystitis.  Prevot  (14)  found  the  organism  in  the  pus  from 
suppurative  tonsilitis.  Bergey  (15)  and  Weinberg  (16)  list  the  natural  habitat  of  the 
organism  as  the  buccal  cavity,  conjunctiva,  urinary  tract,  urethra,  intestine,  and  female 
genital  tract. 

Immunology:  The  organisms  were  self -agglutinating  and  therefore  agglutination  studies 
with  the  patient's  serum  and  with  other  known  anti-sera  were  unsatisfactory. Penicillin  sensitivity:  There  was  complete  inhibition  of  growth  with  3  Oxford  units  of 
penicillin,  i.e.,  the  organism  was  3  times  as  resistant  as  the  standard  test  organism.  Staphy- 

lococcus, strain  H. 

Case  1  is  interesting  from  a  bacteriologic  and  therapeutic  standpoint.  Bac- 
teriologically,  of  special  interest  is  the  isolation  from  the  blood  stream  of  a 
pyogenic,  strictly  anaerobic  staphylococcus,  which  has  been  described  in  relation 
to  suppuration  in  the  nasopharynx,  but  never  previously  reported  as  associated 
with  subacute  bacterial  endocarditis.  Although  the  organism  was  isolated 
from  the  blood  during  only  one  evening,  we  feel  that  this  organism  can  safely  be 
ascribed  to  be  the  causitive  agent,  in  view  of  the  clear  cut  clinical  picture  of  sub- 

acute bacterial  endocarditis,  because;  a)  it  was  isolated  on  three  separate  occa- 
sions several  hours  apart,  b)  it  was  fovmd  in  all  the  media,  in  pure  culture,  on 

two  occasions  in  5  flasks  and  in  4  of  5  flasks  on  the  third  occasion,  and  c)  because 
of  the  rarity  of  the  organism.  In  view  of  this  it  is  imlikely  that  this  organism  is  a 
contaminant. 

Therapeutically  this  case  is  interesting  because  it  represents  an  instance  of 
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subacute  bacterial  endocarditis,  due  to  an  anaerobic  staphylococcus — arrested 
now  for  over  6  months  by  the  use  of  penicillin  alone. 

Case  2.  (Adm.  #516453)  Chronic  rheurnalic  cardiovascular  disease  with  mitral  stenosis  and 
insufficiency,  and  aortic  regurgitation;  subacute  bacterial  endocarditis  due  to  streptococcus 
viridans  a  arrested  with  1^,200,000  units  of  penicillin  combined  with  heparin. 

History:  A  36-year  old  female  was  admitted  to  the  semi-private  pavilion  of  the  Hospital 
on  February  9,  1944  after  4  weeks  of  illness  characterized  by  fever  and  malaise.  She  was 
referred  by  Dr.  Mack  Kohlenberg. 

She  was  known  to  have  had  rheumatic  heart  disease  since  the  age  of  22  when  she  first 
came  under  the  care  of  a  staff  physician  (Dr.  Irving  Roth)  of  this  Hospital.  She  had  appar- 

ently been  in  good  health  until  the  preceding  year,  when  she  had  a  prolonged  illness,  called 
"pleurisy  and  pneumonia,"  at  which  time  her  heart  was  said  to  have  been  previously affected.  She  had  had  no  rheumatic  fever,  chorea,  growing  or  joint  pains,  scarlet  fever  or 
diphtheria,  and  she  had  led  an  active  life. 

In  1929  the  patient  was  found  to  have  a  well-defined  mitral  stenosis,  and  the  diagnosis 
of  rheumatic  heart  disease  was  made.  The  patient  was  two  months'  pregnant  and  thera- 

peutic abortion  was  advised.  She  underwent  the  procedure  without  medical  complica- 
tions, but  following  it  she  developed  conspicuous  emotional  instability  which  has  continued 

throughout  the  subsequent  years. 
During  the  following  years  the  patient  had  frequent  colds  and  sore  throats,  and  bouts  of 

fever  as  high  as  103°F.,  lasting  several  days.  Her  first  episode  of  congestive  heart  failure occurred  in  1931  following  a  short  period  of  fever.  Since  then  the  patient  had  bouts  of 
fever,  congestive  failure,  pulmonary  infarction  and  broncho-pneumonia,  so  that  she  was 
bedridden  almost  half  of  every  year  except  during  the  past  2  years.  She  had  been  digi- 
talized  on  various  occasions,  but  had  not  had  any  of  the  drug  for  over  a  year  before  ad- 

mission, although  exertional  dyspnea  and  orthopnea  were  more  or  less  persistent.  An 
aortic  diastolic  murmur  had  been  noted  on  one  occasion,  but  was  not  heard  at  a  later  date. 

The  present  illness  began  4  weeks  before  admission,  when  she  complained  of  generalized 
aches  and  pains,  pain  and  tightness  of  her  skin,  and  fever.  This  fever  persisted  longer 
than  her  usual  attacks,  and  she  became  progressively  worse,  developing  a  non-productive 
cough,  increase  in  dj'spnea  and  orthopnea,  nausea  and  vomiting.  She  had  several  teeth 
drilled  but  no  extractions.    Two  blood  cultures  taken  on  the  outside  showed  no  growth. 

Examination:  On  admission  she  appeared  very  ill.  Her  temperature  was  100. 6°F.  She breathed  easily  only  in  the  sitting  position  but  was  not  cyanotic.  There  were  no  petechiae 
on  the  skin,  conjunctivae,  fundi  or  buccal  mucosa.  The  tonsils  were  present,  not  acutely 
inflamed,  and  there  was  no  adenopathy.  There  were  signs  of  congestion  at  both  lung  bases. 
The  heart  was  markedly  enlarged,  and  hyperactive.  The  point  of  maximum  impulse  was 
found  to  be  in  the  5th  intercostal  space  in  the  anterior  axillary  line.  The  rhythm  was  reg- 

ular, rate,  120.  There  were  systolic  and  diastolic  murmurs  at  the  apex.  No  murmurs  were 
heard  at  the  base.  The  blood  pressure  was  110  systolic  and  70  diastolic.  The  liver  and 
spleen  were  not  palpable.  There  was  no  peripheral  edema,  and  no  clubbing  of  the  fingers 
or  toes. 

Laboratory  data:  Blood  studies:  hemoglobin,  64  per  cent;  red  blood  cells,  3,650,000;  white 
blood  cells,  12,900.  Polymorphonuclear  leucocytes,  non-segmented,  10  per  cent;  polymor- 

phonuclear leucocytes,  segmented,  80  per  cent;  lymphocytes,  6  per  cent;  and  monocytes, 
4  per  cent.    Examination  of  the  urine  showed  no  significant  abnormal  finding. 

The  diagnosis  of  rheumatic  heart  disease  with  mitral  insufhcienc.y  and  stenosis  was  made. 
The  presence  of  subacute  l^acterial  endocarditis  was  suspected. 

Course:  Two  days  after  admission  petechiae  appeared  on  the  soft  palate  and  several  crops 
appeared  on  the  buccal  mucosa  and  conjunctivae  during  the  succeeding  days.  Several 
days  later  the  spleen  was  felt  two  fingers  below  the  costal  margin.  Two  blood  cultures 
taken  the  first  and  third  days  were  then  reported  as  showing  streptococcus  viridans  (19 
colonies  per  cc).    Thus  the  diagnosis  of  subacute  bacterial  endocarditis  was  confirmed. 
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The  specific  therapy  was  the  continued  use  of  penicillin  and  heparin  as  described  by  Dr. 

Loewe  and  carried  out  under  his  supervision.  The  penicillin  is  given  in  high  dosage  over  a 
prolonged  period.  Dr.  Loewe  (3)  believes  that  the  heparin  is  an  essential  part  of  the  treat- 

ment, although  there  is  as  yet  no  parallel  control  series  of  equally  intensive  penicillin  ther- 
apy alone.  The  role  that  heparin  plays  is  not  definitely  known:  it  is  suggested  that  the 

heparin  may  facilitate  the  breakdown  ai  vegetations,  that  by  merely  preventing  further 
deposition  of  fibrin  it  maj-  render  the  vegetation  more  permeable  to  the  penicillin,  and  that 
heparin  may  be  a  coadjuvant  to  penicillin  rather  than  merely  an  anticoagulant.    The  hep- 
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Fig.  2.  (Case2.)  Chart  showing  temperature  curve,  blood  culture  reports,  blood  counts, 
coagulation  time,  penicillin  administration,  hepain  administration,  and  other  treatment 
during  the  patient's  hospital  stay. 
arin  is  given  in  doses  sufficient  to  raise  the  coagulation  time,  but  not  to  more  than  30  min- 

utes. This  is  a  far  lower  level  than  that  first  advocated  by  Kelson  and  White  (5)  and  sub- 
sequently rejected  by  us  and  by  others  using  this  drug  in  subacute  bacterial  endocarditis, 

because  of  the  high  incidence  of  fatal  hemorrhages. 
Before  the  specific  therapy  was  instituted  (i.e.  until  the  penicillin  was  administered)  the 

patient's  course  was  rapidly  downhill.  Her  temperature  rose  to  103°F.  The  hemoglobin fell  rapidly  from  64  per  cent  to  47  per  cent;  it  responded  somewhat  to  blood  transfusion. 
Heart  failure  became  more  severe;  the  liver  enlarged  to  4  fingers  below  the  free  costal  mar- 
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gin,  and  sacral  edema  appeared.  She  failed  to  respond  to  digitalization;  the  nausea,  vomit- 
ing and  anorexia  persisted. 

On  the  fourteenth  hospital  day  a  3  weeks'  course  of  treatment  was  started.  (This  ran 
from  Feb.  22  to  March  14,  1944.)  Penicillin  was  given  intramuscularly  because  the  con- 

gestive heart  failure  contraindicated  the  intravenous  route.  The  dosage  was  25,000  units 
every  3  hours  in  3  cc.  saline,  amounting  to  200,000  units  per  day,  and  a  total  of  4,200,000 
units  were  administered  during  3  weeks.  The  heparin  was  given  subcutaneously.  The 
heparin  was  supplied  by  Dr.  Loewe.  The  subcutaneous  deposit  of  heparin  allows  gradual 
release  of  the  active  substance  to  the  body,  and  can  be  controlled  if  necessary  by  local  appli- 

cation of  ice,  which  prevents  its  too  rapid  absorption. 
During  the  first  week  of  thcrapj'  the  patient  had  two  very  severe  shaking  chills,  pre- 

cipitating attacks  of  dyspnea  and  followed  by  temperature  rise  to  104°F.  The  exact etiology  of  these  chills  was  not  known.  The  possibilities  included  the  liberation  of  large 
numbers  of  bacteria  by  the  breaking  up  of  vegetations  due  to  therapy,  spontaneous  embolic 
phenomena,  or  drug  leacfions — either  by  the  active  ingredients  themselves  or  due  to  some 
impurities  such  as  pyrogenes  in  the  preparations.  In  an  attempt  to  evaluate  the  latter, 
ami  because  the  long  period  of  repeated  intramuscular  injections  was  hard  on  the  patient's 
morale,  an  attempt  w  as  made  to  give  the  medication  intravenously  using  penicillin  supplied 
by  a  different  firm,  and  adding  the  intravenous  heparin  preparation  "Liquaemin"  (Heparin of  La  Roche).  This  was  given  in  a  total  of  1000  cc.  normal  saline  over  24  hours.  On  this 
regime,  however,  the  patient  had  another  chill,  and  despite  limitation  of  oral  fluid  to  500 
cc.  per  day,  jieripheral  edema  developed.  Intramuscular  therapy  was  resumed,  and 
mercupurin  was  administered. 

During  the  third  week  of  therapy,  the  patient  began  to  show  some  slight  improvement. 
There  were  no  further  chills,  the  temperature  remained  at  a  slightly  lower  level.  She 
began,  however,  to  lia\c  Idi  upper  quadrnul  i)aiii,  and  pain  in  the  left  shoulder  on  deep 
inspiration,  jiresumaMx'  (hir  i"  splnin'  i  iifa  it  i  ion  ,  Alsn  an  aurtic  diashjlic  murmur  became 
audil)le,  which  persistc(i  until  discliaiKi'.  Tlicrr  was  an  a.ssnciatcil  increase  in  pulse  pres- 

sure. Aortic  iiisulHcicncy  .seemed  to  have  Ijecome  established — whether  entirely  on  a 
rheumatir  basis  or  wiict  her  secondary  to  the  bacterial  endocarditis  it  was  difficult  to  say. 

During  the  first  fi\('  days  aitw  completion  of  the  treatment,  the  temperature  remained 
elevated,  .signs  of  heait  failure  jiersisted,  the  patient  showed  psychotic  manifestations. 
She  was  occasionally  irrational  and  had  recurrent  "night  terrors."  Many  of  us  were  very 
pessimistic  at  this  time.  Dr.  Loewe  suggested  that  an  e.xacerbation  of  rheumatic  activity 
might  be  responsil)l(^  for  tlie  symptoms, — this  rather  than  bacterial  endocarditis.  This 
was  supported  by  the  fact  that  blood  culture  Was  sterile,  and  that  the  electrocardiograms 
showed  prolonged  P-R  interval  (0.26),  very  low  voltage  of  the  QRS,  elevation  of  the  R-T 
interval  in  leads  1  and  2  and  semi-inverted  T  wave  in  leads  2,  3  and  4  indicative  of  either 
pericardial  involvement  or  of  myocardial  damage.  . 

Sodium  salicylate  was  given  (20  grs.  every  4  hours)  whereupon  the  temperature  promptly 
dropped  to  between  99.2°F.  to  99.8°F.  The  salicylate  dosage  was  decreased  after  four  days, 
and  discontinued  after  ten  days.  l~)uring  this  time  the  patient  showed  marked  improve- ment. The  temperature  remained  Ihit .  Tlie  sedimentation  time  approached  1  hour,  the 
hemoglobin  began  to  rise,  the  signs  of  cardiac  failure  disappeared,  the  appetite  improved, 
and  the  patient  had  a  general  sense  of  well-being. 

These  signs  of  improvement  all  persisted  until  the  patient's  discharge  from  the  hospital, which  was  over  six  weeks  after  the  completion  of  the  penicillin  therapy. 
During  the  remainder  of  her  stay  in  the  hospital  the  weekly  blood  cultures  remained 

sterile,  the  hemoglobin  was  maintained  between  70-75  per  cent.  The  white  blood  cells 
ranged  below  10,000  with  a  normal  differential  count.  The  sedimentation  time  w^as  55  and 
56  minutes  during  those  weeks. 

The  electrocardiogram  showed  the  P-R  interval  0.2  seconds;  the  QRS  complex  was 
higher;  the  R-T  intervals  in  leads  1  and  2  were  less  elevated. 

A  search  for  foci  of  infection  revealed  three  abscessed  teeth  and  chronically  diseased 
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lonsils.  The  teeth  were  extracted  on  April  21, 1944  while  the  patient  received  prophylactic 
penicillin,  12,500  units  every  3  hours  for  36  hours  (150,000  units).  A  culture  of  the  tooth 
revealed  streptococcus  viridans  a.    A  blood  culture  taken  2  days  later  showed  no  growth. 

The  blood  cultures  in  this  case  were  taken  hy  the  "routine  method"  described  previously. The  initial  culture  in  each  case  was  incubated  under  increased  carbon  dioxide  tension. 
They  became  positive  within  24-36  hours.  The  organism  was  the  familiar  streptococcus 
which  produces  a  green  pigment  on  blood  agar  plates.  The  blood  cultures  taken  during 
penicillin  therapy  had  "clarase"  in  all  media.  (Clarase  is  said  to  be  an  enzyme  which  in- 

hibits the  anti-bacterial  action  of  penicillin.)  All  blood  cultures  were  observed  for  two 
weeks. 

Inasmuch  as  9  months  have  elapsed  since  the  specific  treatment  has  been  discontinued, 
we  are  inclined  to  believe  that  the  condition  has  been  arrested  and  she  may  remain  perman- 

ently bacteria  free. 
SUMMARY 

In  this  paper  two  cases  of  subacute  bacterial  endocarditis  which  were  success- 
fully arrested  are  reported  in  detail;  the  first  by  the  use  of  penicillin  alone  in 

large  doses,  the  second  by  the  combined  use  of  penicillin  and  heparin  following 
the  method  used  by  Dr.  Loewe.  In  the  first  case,  the  Staphylococcus  anaerobius, 
— a  strictlj^  anaerobic  micro-organism — was  isolated  from  the  blood  stream 
by  one  of  us  with  the  assistance  of  the  members  of  the  Department  of  Bacteriol- 

ogy of  The  ]\Iount  Sinai  Hospital.  This  organism  has  heretofore  not  been  found 
in  subacute  bacterial  endocarditis, — possibly  because  strictly  anaerobic  cultures 
are  usually  not  employed  in  subacute  bacterial  endocarditis.  The  second 
case  presented  the  familiar  picture  of  chronic  rheumatic  cardiovascular  disease 
with  the  typical  phenomena  of  subacute  bacterial  endocarditis  due  to  the  strepto- 

coccus viridans  a.  Neither  patient  has  shown  any  evidence  of  a  relapse  of  the 
bacterial  endocarditis  for  6  months  and  9  months  respectively  since  discharge 
from  the  hospital.  Whether  penicillin  alone  or  penicillin  plus  heparin  will 
ultimately  prove  to  give  the  best  therapeutic  results  in  subacute  bacterial  endo- 

carditis cannot  be  answered  at  the  present  time,  as  adequate  comparable  series 
of  cases  treated  by  the  two  methods  have  not  been  reported.  In  any  case  the 
value  of  penicillin  in  subacute  bacterial  endocarditis  is  confirmed. 

We  gratefully  acknowledge  our  great  indebtedness  to  Dr.  Leo  Loewe,  to  Dr. 
Gregory  Schwartzman  and  INIiss  Cecele  Hirschberger  of  the  Department  of 
Bacteriology,  to  Dr.  William  Frank  and  Dr.  Xaomi  Kaplan,  resident  physicians, 
for  their  assistance,  and  to  Dr.  Chester  S.  Keefer  of  the  Committee  on  Chemo- 
therapeutics  and  Other  Agents  of  the  National  Research  Council,  for  providing 
the  necessary  penicillin. 
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IMMUNITY  TO  TETAXUS  INDUCED  BY  A  THIRD  DOSE  OF  TOXOID 
THREE  MONTHS  TO  FOUR  YEARS  AFTER  BASIC"  IMMUNIZA- 

TION, BASED  ON  A  STUDY  OF  159  ALLERGIC  CHILDREN* 
M.  MURRAY  PESHKIX,  M.D. 

[New  York,  .V.  Y.  ] 

To  the  pediatrician  the  problem  of  prophylaxis  against  tetanus  is  of  particular 
importance.  Tetanus  may  develop  after  receipt  of  a  superficial  scratch  and  even 
in  persons  lacking  objective  evidence  of  an  injury  for  which  no  medical  attention 
was  sought.  The  routine  injection  of  antitoxin  in  all  cases  of  injury,  a  procedure 
carried  out  in  the  accident  rooms  of  many  hospitals  and  elsewhere,  is  obviously  a 
dangerous  practice  when  applied  to  allergic  persons,  especially  those  hyper- 

sensitive to  animal  serum.  The  frequency  of  allergic  (hyperergic)  shock  among 
hypersensitive  persons  following  the  injection  of  serum  is  much  higher  than  the 
reported  incidence  of  I  instance  per  50,000  injections  of  serum  in  unselected 
cases.  X^umerous  examples  illustrating  the  inadequacy  of  passive  immunization 
against  tetanus  have  been  encountered  in  civil  and  industrial  practice.  It  is  also 
of  interest  that  there  are  no  persons  who  have  a  natural  immunitj'  to  tetanus 
analogous  to  the  natural  immunity  to  diphtheria  possessed  by  some.  The  need 
for  active  immunization  of  all  children  especially  allergic  children  against  tetanus 
is  obvious. 

In  my  first  report  (I),  on  the  appearance  of  tetanus  antitoxin  in  the  blood 
serum  following  2  injections  of  0.5  cc.  each  of  combined  alum-precipitated 
diphtheria  and  tetanus  toxoids,  it  was  shown  that  94.6  per  cent  of  a  group  of 
186  allergic  children  attained  a  protective  level  of  tetanus  antitoxin  when  a 
critical  level  was  considered  as  0.01  American  unit  of  antitoxin  per  cubic  centi- 

meter of  blood.  In  a  second  study  (2)  a  third,  or  "booster,"  injection  of  the 
combined  toxoids  was  given  to  65  of  the  same  186  children.  Nine  of  these 
65  children  had  failed  to  attain  adequate  immunity  after  the  first  two  doses  of 
the  combined  toxoids.  The  "booster"  dose  was  administered  three  to  fifteen 
months  after  the  completion  of  basic  immunization.  In  three  subsequent  com- 

munications (3-5)  I  reported  the  effect  of  the  "booster"  injection  of  0.5  cc.  of 
combined  alum-precipitated  diphtheria  and  tetanus  toxoids  or  alum-precipitated 
tetanus  toxoid  alone  given  respectively  to  31,  38  and  25  others  of  the  186  children 
described  in  the  first  report,  2,  3  and  -1  j^ears  after  the  completion  of  basis  im- 

munization. The  third,  or  "booster,"  dose  of  toxoid  stimulated  the  production, 
in  all  instances,  of  an  adequate  titer  for  tetanus  antitoxin.  However,  the 
"booster"  dose  of  toxoid  given  3  years  after  the  completion  of  basic  immunization 

*  From  the  Children's  Allergy  Clinic,  The  Mount  Sinai  Hospital,  Dr.  Murray  H.  Bass, Director  of  the  Dei)artment  of  Pediatrics. 
F.  G.  Jones,  of  the  Lilly  Ki  seaich  Lalioratories,  gave  technical  assistance  in  this  study. 
The  preparations  of  luinbiued  alum-precipitated  diphtheria  and  tetanus  toxoids  and 

alum-precipitated  tetanus  toxoid  used  in  this  study  were  furnished  by  Eli  Lilly  &  Co. 
555 
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was  always  followed  by  a  tetanus  antitoxin  titer  which  was  higher  and  lasted 
much  longer  than  that  which  developed  after  basic  immunization  or  after  the 
"booster"  dose  of  toxoid  injected  3  to  15  months,  2  and  4  years  after  basic  im- 

munization. The  maximum  antitoxin  response  following  a  "booster"  dose  of 
toxoid  given  2  and  4  years  after  basic  immunization  was  approximately  parallel. 
The  lowest  antitoxin  values  obtained  followed  a  "booster"  dose  of  toxoid  given 3  to  15  months  after  basic  immunization.  The  results  obtained  in  these  studies 
reveal  the  observation  that  the  intervals  between  the  two  basic  doses  of  the 
combined  toxoids  and  between  these  and  the  third  dose  have  a  direct  influence 
on  the  antitoxin  response.  The  longer  the  interval  (up  to  three  years)  between 
the  injections  of  toxoid  the  higher  the  antitoxin  response. 

In  this  communication,  I  am  reporting-  the  combined  results  of  the  published 
and  unpublished  data  of  a  comparable  study  on  the  degree  and  duration  of  im- 

munity after  a  third  injection  of  0.5  cc.  of  combined  alum-precipitated  diphtheria 
and  tetanus  toxoids  or  alum-precipitated  tetanus  toxoid  alone,  given  3  months 
to  4  years  after  basic  immunization  to  159  of  the  186  children  used  in  the  study 
described  in  the  first  report.  One  hundred  and  fifty  of  the  159  children  had 
attained  adequate  immunity  after  the  two  initial  doses  of  the  combined  toxoids. 
These  150  children  were  divided  into  two  groups.  The  98  children  in  the  first 
group  were  given  a  "booster"  dose  of  0.5  cc.  of  combined  alum-precipitated 
diphtheria  and  tetanus  toxoids,  and  the  61  in  the  second  group  were  given  a 
"booster"  dose  of  0.5  cc.  of  alum-precipitated  tetanus  toxoid  alone.  The 
creation  of  these  two  groups  served  a  definite  purpose  which  will  be  explained 
later.  Since  there  was  no  appreciable  difference  in  the  immunities  to  tetanus 
induced  by  the  combined  toxoids  and  by  the  tetanus  toxoid  alone,  the  150 
children  were  treated  as  a  single  group  for  purposes  of  recording  the  antitoxin 
titers. 

Materials  and  methods.  The  total  number  of  samples  of  blood  titrated  for 
tetanus  antitoxin  from  the  159  allergic  children  after  the  "booster"  injection 
was  800.  The  dose  consisted  of  a  0.5  cc.  of  the  combined  alum-precipitated 
diphtheria  and  tetanus  toxoids  or  alum-precipitated  tetanus  toxoid  alone  and  it 
was  injected  subcutaneously  3  months  to  4  years  after  completion  of  the  basic 
immunization  with  2  doses  of  the  combined  toxoids.  Seven  hundred  and  forty- 
seven  samples  of  blood  had  been  titrated  after  the  first  two  injections. 

The  tetanus  toxin  employed  in  the  preparation  of  the  combined  alum-pre- 
cipitated diphtheria  and  tetanus  toxoids  had  a  tetanus  toxicity  of  30,000  minimum 

lethal  doses  per  cubic  centimeter. 
In  this  communication  the  tetanus  antitoxin  titers  are  expressed  in  Ameri- 

can units. 
Levels  of  antitoxin  which  indicate  immunity  to  tetanus.  It  was  assumed  that, 

(6)  to  be  of  value,  active  immunization  against  tetanus  must  produce  an  anti- 
toxin titer  at  least  equal  to  that  present  in  the  blood  after  passive  immunization 

with  a  prophylactic  dose  of  1,500  units  of  tetanus  antitoxin.  The  minimal  or 
critical  protective  value  was  arbitrarily  placed  at  0.1  unit  of  antitoxin  per  cubic 
centimeter  of  serum.    After  the  prophylactic  injection  of  tetanus  antitoxin  the 
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maximum  antitoxin  titer  (0.1  to  0.25  unit)  is  reached  on  about  the  third  day 
and  most  of  the  antitoxin  has  been  lost  by  11  days  after  the  injection.  The 
incubation  period  of  tetanus  is  between  7  and  14  days  or  longer.  The  reason 
for  occurrence  of  tetanus  despite  prophylaxis  is  obvious.  However,  the  im- 

portant fact  that  passive  immunity  is  not  comparable  to  active  immunity  must 
not  be  overlooked.  Moreover,  there  is  no  scientific  evidence  to  show  that  0.1 
unit  of  tetanus  antitoxin  is  necessary  to  protect  an  actively  immunized  human 
subject  against  tetanus.  Judging  from  the  many  reports  in  the  literature  (7), 
one  may,  with  reasonable  as.surance,  accept  0.01  unit  of  antitoxin  per  cubic 
centimeter  of  seiiim  obtained  through  active  immunization  as  the  critical  or 
protective  level  against  tetanus  in  man  and  that  level  was  so  regarded  in  this 
study.  Any  value  less  than  0.01  unit  per  cubic  centimeter  was  designated  as 
inadequate  or  nonprotective. 

Tetanus  antitoxin  titer  after  the  second  and  after  the  third  dose  of  alum-pre- 
cipitated toxoid.  Examination  of  the  data  revealed  that  for  150  patients  titers 

determined  after  the  second  dose  of  combined  toxoids  were  available  for  study 
with  the  409  obtained  at  intervals  of  from  7  days  to  2  years  after  the  third  dose. 
The  values  for  antitoxin  after  the  third  dose  of  toxoid  were  higher  in  378  of  the 
409  instances,  lower  in  7  and  the  same  in  24.  After  the  third  dose  the  average 
increase  in  the  antitoxin  value  was  15  times  more  and  the  average  decrease 
3  times  less  than  the  corresponding  titers  after  the  second  dose. 

From  the  data  on  107  children  it  was  found  that  when  initial  tests  made 
within  2  months  after  the  "booster"  dose  showed  the  antitoxin  value  to  be  higher, and  in  a  few  instances  the  same  or  even  lower  after  the  third  dose  than  after  the 
second,  then  tests  performed  1  year  later  revealed  not  only  that  the  drop  of 
the  titer  was  retarded  after  the  third  dose  but  that  the  antitoxin  values  were 
distinctly  higher  (a  ratio  of  10.7  to  1  or  an  average  antitoxin  titer  of  0.355  unit 
as  compared  with  0.033  unit).  The  few  instances  mentioned  above  where  the 
initial  antitoxin  values  were  the  same  or  even  lower  after  the  third  dose  than 
after  the  second,  occurred  only  in  a  few  children  injected  with  the  "booster" dose  from  3  to  15  months  after  basic  immunization. 

Antitoxin  titer  within  one  month  after  the  "booster"  dose  of  toxoid.  Data  from 
Avhich  to  determine  the  effect  of  the  "booster"  dose  of  toxoid  on  the  antitoxin 
response,  with  reference  to  the  antitoxin  titers  obtained  after  the  second  and 
immediately  preceding  the  third  dose  of  toxoid  were  available  for  152  patients. 
These  patients  were  divided  into  three  groups.  Group  1  consisted  of  9  children 
who  failed  to  attain  adequate  immunity  (an  antitoxin  level  of  0.01  unit  per 
cubic  centimeter  of  serum)  after  the  second  dose  of  toxoid.  Following  the  third 
dose  of  toxoid  the  titers  ranged  from  0.017  to  1  unit  of  antitoxin,  or  an  average 
of  0.296  unit  per  patient.  The  increase  in  titer  was  from  6  to  33  times,  or  an 
average  of  99  times,  more  than  the  control  titer  of  0.003  unit  (inadequate 
immunity). 

Group  2  consisted  of  56  patients  who  had  an  adequate  antitoxin  level  soon 
after  the  second  dose  of  toxoid  but  whose  titers  some  months  later  dropped  to 
the  level  of  0.003  unit  per  cubic  centimeter  of  serum.    After  the  third  dose  of 
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toxoid  the  titers  of  these  patients  ranged  from  0.1  unit  to  5  units,  with  an  average' 
titer  of  1.082  units.  The  increase  in  titer  was  from  33  to  1667  times,  or  an 
average  of  350  times  more  than  the  control  titer  of  0.003  unit. 

Group  3  consisted  of  87  patients  who  also  had  an  adequate  antitoxin  response 
soon  after  the  second  dose  of  toxoid  but  whose  subsequent  titers,  obtained  from 
3  months  to  4  years  later  though  lowered,  remained  above  the  critical  level  of 
protection  against  tetanus.  After  the  third  dose  of  toxoid  the  titers  for  84  of 
these  patients  ranged  from  0.2  unit  to  10  units  of  antitoxm  with  an  average 
titer  of  2.59  units  as  compared  with  an  average  titer  of  0.036  unit  immediately 
preceding  the  dose.  The  increase  in  titer  ranged  from  5  to  588  times,  with  an 
average  of  82  times.  (The  data  for  the  3  remaining  patients  of  this  group  were 
omitted  in  computmg  the  averages  because  2  of  the  patients  had  unusually  high 
respective  antitoxin  titers  of  30  and  40  units  obtained  within  1  month  after  the 
injection  of  the  third  dose  of  toxoid  and  for  the  third  patient  the  control  titer 
and  the  titer  following  the  third  dose  of  toxoid  remained  the  same — 0.05  unit  of 
antitoxin). 

For  5  of  the  children  in  the  three  groups  antitoxin  levels  were  also  determined 
within  one  month  of  a  fourth  dose  of  0.5  cc.  of  combined  toxoids.  The  average 
antitoxin  level  of  these  5  children  after  the  second,  third  and  fourth  doses  was 
0.01,  0.134  and  0.23  unit,  respectivelj'.  A  fifth  dose  administered  to  1  of  these 
children  resulted  in  an  antitoxin  titer  of  only  0.5  unit  of  antitoxin. 

An  analysis  of  the  foregoing  figures  and  of  the  other  data,  indicated  that  the 
antitoxin  values  obtained  within  one  month  after  the  administration  of  three  or 
more  doses  of  the  combined  alum-precipitated  diphtheria  and  tetanus  toxoids  or 
alum-precipitated  tetanus  toxoid  alone  varied  according  to  the  antitoxin  level 
present  immediately  preceding  the  "booster"  injection  and  the  nature  of  the 
immunity  mechanism.  When  the  titer  was  always  maintained  at  the  inadequate 
level  (0.003  unit  of  antitoxin)  after  two  doses  of  toxoid  then  the  lowest  average 
titer  (0.296  unit)  followed  a  third  dose.  When  the  titer  dropped  to  the  inade- 

quate level  subsequent  to  being  adequate  (0.01  unit  or  more  of  antitoxin)  after 
two  doses  of  toxoid  then  the  average  titer  following  a  third  dose  rose  to  1.082 
units  of  antitoxin.  When  the  titer  was  always  maintained  at  the  adequate  level 
after  two  doses  of  toxoid  then  the  titer  following  a  third  dose  reached  the  highest 
antitoxin  value,  the  average  bemg  2.59  units  of  antitoxin.  Moreover,  for  3  of 
5  children  to  whom  it  was  desirable  to  admuiister  a  fourth  or  fifth  dose  of  the 
combined  toxoids,  the  antitoxin  levels  tended  to  become  higher,  but  only  within 
certain  limits  (0.5  unit  of  antitoxin  or  less). 

Tvne  of  occurrence  of  the  maximum  antitoxin  response.  To  determine  the 
maximum  antitoxin  response  following  the  third  dose  of  toxoid,  two  or  more 
tests  were  done  on  153  patients  within  three  months  after  the  injection. 

One  hundred  and  forty-one  patients  were  tested  seven  days  after  the  third 
dose;  12  were  tested  within  one  month  of  the  third  injection.  Of  the  141  pa- 

tients only  1  had  0.003  unit  of  antitoxin  per  cubic  centimeter  of  serum  seven 
daj-s  after  the  third  injection.  Thirty  days  later  this  patient's  titer  had  increased to  0.05  unit  of  antitoxin.    This  patient  received  the  third  dose  6  months  after 
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basic  immunization.  Comparative  tests  done  on  another  patient  who  showed 
0.5  unit  of  antitoxin  on  the  seventh  day  and  0.003  unit  on  the  fourth  day,  while 
a  third  patient  showed  0.2  unit  of  antitoxin  on  the  seventh  day  and  0.017  unit 
on  the  fourth  day.  The  remainmg  138  patients  showed  the  following  antitoxin 
levels:  0.01  unit,  1  child;  0.017  unit,  2  children;  0.05  unit,  3  children;  0.1  unit, 
5  children;  0.2  unit,  20  children;  0.5  unit,  26  children;  1  unit,  27  children;  2  units, 
40  children;  5  units,  11  children;  10  units,  2  children  and  20  units,  1  child. 
These  results  indicated  that  adequate  tetanus  antitoxin  levels  were  obtained 
seven  days  after  the  injection  of  a  third  dose  of  either  0.5  cc.  of  the  combined 
alum-precipitated  diphtheria  and  tetanus  toxoids  or  the  alum-precipitated 
tentanus  toxoid  alone,  in  99.3  per  cent  of  the  children  who  were  treated  from 
3  months  to  4  years  after  the  completion  of  basic  immunization.  For  88  of  the 
patients  the  antitoxin  titer  was  at  its  maximum  7  days  after  administration  of 
the  toxoid,  while  for  the  remaining  53  patients  the  titer  was  at  its  maximum 
within  1  month.  For  the  former  group  of  88  children  the  maximum  levels  were 
as  follows:  0.05  unit,  1  child;  0.1  unit,  2  children;  0.5  unit,  7  children;  1  unit, 
17  children;  from  2  to  5  units,  46  children  and  10  units,  1  child.  For  the  latter 
group  of  53  children  the  maximum  antitoxin  levels  were  as  follows:  0.05  unit, 
1  child;  0.1  unit,  1  child;  0.5  unit,  7  children,  1  unit,  12  children;  from  2  to 
5  units,  29  children;  10  units,  1  child;  30  units,  1  child  and  40  units,  1  child. 

The  12  patients  first  tested  within  one  month  of  receiving  the  third  dose  of 
toxoid  showed  an  antitoxin  level  between  0.1  unit  and  4  units  per  cubic  centi- 

meter of  serum.    The  titer  was  at  its  maximum  level  on  the  initial  test. 
The  foregoing  observations  vividly  reveal  the  influence  of  a  third  or  "booster" 

injection  of  0.5  cc.  of  toxoid  on  the  tetanus  antitoxin  level. 
In  the  previous  studies  on  comparable  groups  of  patients  who  respectively 

received  the  third  dose  of  toxoid  from  3  to  15  months  and  from  2  to  4  years 
after  the  second  dose  showed  that  higher  maximum  antitoxin  values  Avere  ob- 

tained after  the  third  dose  of  toxoid  for  the  majoritj^  of  the  children  receiving 
the  third  do.se  from  2  to  4  years  after  basic  immunization.  In  the  group  of 
children  receiving  the  third  dose  within  3  to  15  months  after  basic 
immunization  titers  which  were  adequate  for  protection  were  attained  by  all  of 
the  children  within  1  month  after  the  "booster"  dose  of  toxoid.  However,  the 
children  given  the  third  dose  of  toxoid  from  2  to  4  years  after  the  second  dose 
attained  adequate  titers  within  7  days.  For  the  majority  of  the  children  who 
received  the  third  dose  of  toxoid  from  3  months  to  3  years  after  basic  immuni- 

zation the  antitoxin  titers  were  at  maximum  level  on  the  seventh  day  after  the 
"booster"  dose  of  toxoid  was  administered,  while  for  the  majority  of  children 
receiving  the  "booster"  dose  4  years  after  basic  immunization  the  antitoxin  titers 
were  at  maximum  levels  1  month  later.  For  every  patient  the  maximum  was 
reached  within  2  months  or  less. 

Rate  of  decline  of  the  antitoxin  titer  from  an  adequate  to  an  inadequate  level.  All 
of  the  children  who  received  a  third,  or  "booster,"  dose  of  toxoid  from  3  months 
to  4  years  after  the  second  injection  acquired  adequate  tetanus  antitoxin  levels 
at  least  within  1  month  of  the  third  dose.    In  the  previous  studies  the  relation 
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between  the  percentage  of  children  who  showed  a  drop  of  antitoxin  titer  from  an 
initial  adequate  to  an  inadequate  level  and  the  time  required  for  this  change  was 
shown  in  the  charts.    For  piu-poses  of  contrast,  there  is  also  shown  in  the  charts 

TABLE  1 
Maximum  Tetanus  Titer  of  Allergic  Children  and  Titers  Obtained  Less  Than  One  Year,  When 

the  Titer  Dropped  to  0.003  Unit  of  Antitoxin  Per  Cubic  Centimeter  of  Blood  Serum, 
and  One  Year  After  The  Second  and  Third  Injections  of  Combined  Alum- 

Precipitated  Diphtheria  and  Tetanus  Toxoids* 
ANTITOXIN  TITER,  UNITS  PER  CC.  OF  SERUM,  AFTER  INJECTIONS  OF  TOXOID 

MAXIMCni  ANTITOXIN PATIENTS Less 
than  one 

year 

0.003t 
ONE YEAH 

0.003 
O.Olt 

0.05 0.1 
0.2 0.5 

1  or more 0.01  or 
more No.  I  % No.  1  % No. No.  % 

No.  1  % 
No.  % 

No.  1  % No.  1  % No.|  % No.  1  % 

After  second  dose 
o.ou 11 8 8 

73 
3 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.05 19 14 10 53 4 21 4 21 1 5 0 0 0 0 0 0 0 0 5 

26 

0.1 21 15 7 33 4 19 6 
29 

4 19 0 0 0 0 0 0 0 0 10 48 
0.2 45 

32 5 11 5 11 
27 

60 6 14 1 2 1 2 0 0 0 0 35 

78 

0.5 23 16 1 4 1 4 9 39 8 35 2 9 2 9 0 0 0 0 21 91 
1 .0  or  more 21 15 0 0 2 9 5 23 5 23 2 9 7 34 0 0 0 0 19 

90 Total  140 100 31 22 19 14 51 36 24 
17 

5 4 10 7 0 0 0 0 90 

64 After  third  dose  given  three  months  to  four  years  after  basic  immunization 
O.OU 1 1 1 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.1 3 2 1 33 0 0 2 67 0 0 0 0 0 0 0 0 0 0 2 

67 
0.2 10 7 0 0 2 20 6 60 1 

10 
1 

10 
0 0 0 0 0 0 8 80 

0.5 26 19 0 0 0 0 9 35 7 27 
10 

38 0 0 0 0 0 0 26 
100 

1 .0  or  more 99 79 0 0 1 1 7 7 
13 13 

16 
16 

34 35 20 
20 

8 8 98 99 

Total  139 100 2 1 3 2 24 17 21 15 27 20 34 25 
20 

14 8 6 134 96 

*  Data  are  included  only  for  those  children  whose  titrations  were  performed  within  two 
months  after  the  injection  of  toxoid.  Data  for  the  139  children  given  a  third  dose  of  toxoid 
between  three  months  and  four  years  after  basic  immunization  and  for  the  140  children 
given  two  doses  were  obtained  in  previous  studies  (footnotes  1,  2,  3,  4  and  5)  and  in  the 
original  protocols.  Fifty-two  of  the  139  children  who  received  a  third  dose  three  months 
to  four  years  after  basic  immunization  were  given  tetanus  alum-precipitated  toxoid  alone. 
All  percentages  are  approximate. 

t  Data  for  patients  with  an  antitoxin  titer  of  0.003  unit  less  than  one  year  after  the  third 
dose  are  included  because  such  titers  persist  at  this  level  for  at  least  four  years. 

X  Patients  with  antitoxin  levels  0.017  and  0.025  unit  are  grouped  with  those  having  a 
titer  of  0.01  unit. 

an  antitoxin  curve  constructed  from  data  for  a  comparable  group  of  children 
who  received  only  two  doses  of  combined  toxoids. 

It  was  fovuid  that  for  a  number  of  children  once  the  antitoxin  level  dropped 
from  an  initial  adequate  to  an  inadequate  one  (0.003  unit)  after  the  completion 
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of  active  immunization  the  inadequate  level  remained  the  same  on  subsequent 
tests  and  there  was  evidence  to  show  that  this  level  was  maintained  for  a  long 
period.  For  this  reason  the  antitoxin  titer  for  all  these  children  was  recorded 
as  being  inadequate  up  to  four  years  after  the  injection  of  the  alum-precipitated 
toxoids. 

Examination  of  the  charts  shows  that  when  the  third,  or  "booster,"  dose  of 
toxoid  was  given  3  and  4  years  after  basic  immunization  100  per  cent  of  the 
children  maintained  adequate  immunity  for  a  year.  In  contrast,  of  two  other 
groups  of  children  given  the  "booster"  dose,  2  years  and  3  to  15  months  after 
basic  immunization,  maintained  adequate  immunity  at  the  end  of  1  year  in 
97  and  93  per  cent  of  the  children,  respectively.  The  percentage  of  another 
group  of  children  who  maintained  adequate  immunity  for  a  corresponding  period 
after  the  second  dose  of  toxoid  was  65.  It  is  obvious  from  these  findings  that  a 
definitely  greater  percentage  of  children  who  received  a  third  dose  of  toxoid 
had  adequate  immunity  to  tetanus  1  year  later  than  of  those  given  2  doses  of 
toxoid.  Moreover,  100  per  cent  of  two  groups  of  children  given  the  third,  or 
"booster,"  dose  3  and  4  years  after  basic  immunization,  respectively,  maintained 
adequate  immunity  for  a  year.  This  is  of  importance  when  one  considers  that 
there  is  no  cutaneous  test  available  for  the  determination  of  immunity  to  tetanus 
and  that  the  titration  of  blood  serum  for  tetanus  antitoxin  is  not  a  practical 
laboratory  procedure. 

Initial  maximum  antitoxin  level  compared  with  the  levels  one  year  and  less  than 
one  year  after  the  third  dose  of  toxoid.  One  hundred  and  thirty -nine  children  were 
available  for  re  testing  1  year  after  receiving  a  third  dose  of  toxoid.  In  table  1 
the  maximum  antitoxin  titer  obtained  within  the  first  2  months  and  the  titers 
obtained  1  year  after  the  administration  of  toxoid  (or  less  than  1  year  in  those 
cases  in  which  the  titer  dropped  to  the  inadequate  level  earlier  than  this)  are 
compared.  The  table  also  gives  comparable  data  for  a  group  of  140  children 
who  received  only  2  doses  of  toxoid. 

The  table  shows  that  22  per  cent  of  the  140  children  who  received  2  doses  of 
toxoid  and  1  per  cent  of  the  139  who  received  3  doses  showed  a  drop  in  titer 
from  a  maximum  initial  adequate  to  an  inadequate  level  less  than  one  year  after 
receiving  the  last  dose  of  toxoid.  Only  the  children  given  2  doses  who  showed  a 
maximum  initial  level  of  1  unit  of  antitoxin'  or  more  and  those  given  3  doses who  showed  a  maximum  initial  level  of  0.2  unit  or  more  did  not  show  a  drop  in 
titer  to  the  inadequate  level  less  than  1  year  after  the  last  dose  of  toxoid. 

At  the  end  of  1  year  14  per  cent  of  the  140  children  who  received  2  doses  of 
the  toxoid,  as  compared  with  2  per  cent  of  the  139  who  received  3  doses,  showed 
a  drop  in  titer  to  the  inadequate  level.  Moreover,  66  per  cent  of  the  children 
given  3  doses  as  compared  with  only  17  per  cent  of  the  children  given  2  doses 
had  0.1  unit  of  antitoxin  or  more  per  cubic  centimeter  of  serum  at  the  end  of 
1  year.  This  ratio  of  3.9:1  is  largely  due  to  the  fact  that  90  per  cent  of  the 
former  group  as  compared  with  31  per  cent  of  the  latter  had  maximum  initial 
titers  of  from  0.5  to  1  unit  or  more  of  antitoxin. 

Thus,  it  can  be  observed  that  the  antitoxin  titer  of  36  per  cent  of  the  140  al- 
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lergic  children  dropped  from  an  adequate  to  an  inadequate  level  one  year  or  less 
than  one  year  after  the  administration  of  2  doses  of  toxoid  and  that  only  4  per 
cent  of  the  139  allergic  children  given  3  doses  had  an  inadequate  titer. 

Of  special  practical  importance  is  the  duration  of  adequate  immunity  induced 
by  a  third,  or  "booster,"  dose  of  tetanus  toxoid  in  relation  to  the  interval  between 
the  first  and  second  doses  of  basic  immunization  and  between  basic  immunization 
and  the  administration  of  the  third  dose.  From  other  data  and  that  recorded 
in  the  preceding  studies  it  was  observed  that  the  antitoxin  titer  had  dropped 
from  an  initial  adequate  to  an  inadequate  level  in  1  year  or  less  in  7  per  cent 
of  a  group  of  56  children  who  were  given  the  third  dose  of  toxoid  3  to  15  months 
after  basic  immunization,  in  3  per  cent  of  a  group  of  30  children  who  were  given 
the  third  injection  2  years  after  basic  immunization  and  in  none  of  the  respective 
groups  of  3()  and  17  children  who  were  given  the  third  injection  3  and  4  years 
after  basic  immunization.  Of  the  140  children  given  2  doses  of  toxoid,  108  were 
given  2  doses  at  intervals  between  1  and  4  months  and  32  at  intervals  between 
5  and  10  months.  The  antitoxin  titer  dropped  from  an  initial  adequate  to  an 
inadequate  level  in  1  year  or  less  in  36  per  cent  of  the  group  of  108  children  and 
in  22  per  cent  of  the  group  of  32  children.  Moreover,  a  significantly  greater 
percentage  of  the  latter  group  had  responded  to  the  highest  antitoxin  values  not 
only  within  3  months  of  receiving  the  2  doses  of  toxoid  but  1  year  after  the 
immunization. 

Thus,  the  intervals  between  the  third,  or  "booster,"  dose  of  toxoid  and  the 
completion  of  basic  immunization  and  between  the  2  doses  comprising  basic 
immunization  had  a  direct  influence  on  the  antitoxin  response. 

Antitoxin  response  to  a  "natural  stimulus."  It  was  previously  stated  that  after 
more  than  2  months  of  the  injection  of  a  second  or  third  dose  of  toxoid  the  anti- 

toxin titers  in  all  instances  showed  an  appreciable  decline.  Also,  the  antitoxin 
titer  which  dropped  to  the  inadequate  level  (0.003  unit  per  cubic  centimeter  of 
serum)  after  a  dose  of  toxoid  was  maintained  at  this  residual  level  for  at  least 
4  years.  Nevertheless,  retests  on  a  number  of  these  children  were  carried  out 
in  order  to  detect  any  sharp  rise  of  antitoxin  titer  which  might  possibly  follow  a 
"natural  stimulus."  In  this  connection  it  was  revealed  from  a  study  of  the 
records  of  the  1549  tests  done  after  the  second  and  third  injections  that  titers 
of  all  except  2  children  fell  progressiveh''  from  the  initial  maximum  levels.  For 
1  child  the  maximum  initial  titer  was  0.2  unit  of  antitoxin  7  days  after  the  third 
dose  was  given.  Eight  months  later  the  titer  dropped  to  0.017  unit  of  antitoxin; 
one  year  later  it  rose  to  0.1  unit  (and  the  same  value  was  obtained  on  rechecking 
the  serum)  and  2  years  later  the  titer  dropped  to  and  was  maintained  at  0.017 
unit  for  another  one  and  one-half  years.  For  the  other  child  the  maximum 
initial  titer  was  0.05  unit  of  antitoxin  1  month  after  the  second  dose  of  combined 
toxoids  was  given  and  6  months  later  the  titer  was  the  same.  Ten  months  later 
the  titer  rose  to  0.1  unit  of  antitoxin  and  1  year  later  it  was  0.2  unit.  From 
two  to  three  and  one-half  years  after  the  second  dose  the  titer  was  maintained 
at  the  antitoxin  level  of  0.05  unit  which  dropped  4  years  later  to  0.017  unit.  It 
is  extremely  difficult  to  explain  these  results  satisfactorily  on  the  basis  of  possible 
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technical  error,  a  plausible  argument  when  applied  to  minor  changes  in  titer  (as 
observed  in  14  children  with  residual  titers  of  0.01  unit  of  antitoxin)  but  not  to 
respective  increases  in  titer  of  6  and  4  times  greater  than  the  control.  The  idea 
that  these  increases  m  titer  maj'-  have  followed  a  natural  stimulus  cannot  be 
discarded.  However,  if  this  increase  in  titer  should  be  so  regarded  then  retests 
repeated  over  a  period  of  five  years  on  actively  immunized  children  kno\\Ti  to 
maintain  residual  titers  of  from  0.003  to  0.017  unit  of  antitoxin  or  higher,  indi- 

cates that  a  rise  in  tetanus  antitoxin  values  following  a  natural  stimulus  in 
actively  immunized  children  is  an  uncommon  occurrence.  In  view  of  the  above 
findings  the  idea  that  a  tetanus  antitoxm  response  may  follow  a  natural  exposure 
in  an  actively  immunized  person  cannot  at  the  moment  be  seriously  entertained. 
[Moreover,  a  natural  immunitj'  in  a  nonimmunized  person  following  exposure  to 
tetanus  spores  has  yet  to  be  proved. 

Reactions  and  sensitivity.  A  concentration  of  antigens  or  other  substances  con- 
tained in  a  given  volume  of  a  preparation  intended  for  subcutaneous  injection 

probably  bears  a  closer  causal  relation  to  a  local  reaction  in  a  person  insensitive 
to  a  specific  .substance  than  any  other  factor.  It  may  be  expected  that  in  a 
majority  of  instances  injection  of  0.5  cc.  of  toxoid  will  be  followed  by  few  and 
milder  reactions  than  injections  of  1  cc.  of  a  corresponding  preparation.  More- 

over, the  tetanus  antitoxm  values  following  injection  of  0.5  cc.  of  combined  alum- 
precipitated  diphtheria  and  tetanus  toxoids  or  alum-precipitated  tetanus  toxoid 
alone,  compares  favorably  with  the  titers  obtained  after  a  1  cc.  dose  of  the  corre- 

sponding toxoid.  In  children  the  need  for  using  the  smaller  volume  of  the  toxoid 
preparations  such  as  was  employed  in  this  study,  is  obvious. 

For  the  first  98  of  the  159  children  in  this  study  the  third,  or  "booster,"  dose 
consisted  of  combined  alum-precipitated  diphtheria  and  tetanus  toxoids.  Thirty- 
six  of  these  98  children  had  local  reactions.  Eleven  of  these  36  children,  of 
whom  7  had  severe  local  reactions  and  1  a  moderate  and  3  a  mild  reaction,  some 
hours  after  the  injection  of  the  combined  toxoids  experienced  elevations  of  tem- 

perature ranging  up  to  10-t°F.,  which  lasted  from  1  to  2  days.  The  incidence 
of  febrile  reactions  in  this  group  of  98  children,  11  per  cent,  contrasts  with  1  per 
cent  in  the  group  of  186  children  given  only  2  doses  of  combined  toxoids.  When 
the  11  per  cent  of  febrile  reactions  is  analyzed  in  relation  to  the  interval  between 
basic  immunization  and  the  administration  of  the  "booster"  dose  it  is  found  that 
the  longer  the  interval  between  the  second  and  third  doses  of  combined  toxoids 
the  incidence  of  febrile  reaction  became  progressively  higher.  The  incidence  of 
febrile  reactions  in  the  group  of  children  given  combined  toxoids  3  to  15  months 
after  basic  unmunization,  3  per  cent,  contrasts  with  22  per  cent  in  the  group  of 
children  given  combined  toxoids  2  years  after  basic  immunization  and  with  33  per 
cent  in  the  group  of  children  given  combined  toxoids  three  years  after  basic 
immunization. 

The  remaining  61  of  the  159  allergic  children  comprising  this  study  were  given 
a  "booster"  dose  of  only  alum-precipitated  tetanus  toxoid.  Xot  1  of  these 
children  showed  a  febrile  or  general  allergic  reaction  after  the  injection  of  toxoid. 
However,  5  children  experienced  a  moderate  and  0  a  severe  local  reaction.  There 
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were  two  general  allergic  reactions  (urticaria  and  allergic  rhinitis)  encountered 
in  the  active  immunization  of  186  allergic  children  Avho  have  had  two  to  five 
doses  of  combined  toxoids,  including  61  children  who  have  had  a  third  dose  of 
alum-precipitated  tetanus  toxoid  alone,  that  is,  in  a  total  of  534  injections  (an 
incidence  of  0.37  per  cent). 

The  scratch  tests,  performed  with  undiluted  combined  alum-precipitated 
diphtheria  and  tetanus  toxoids  and  with  tetanus  alum-precipitated  toxoid  alone, 
did  not  produce  positive  reactions,  immediate  or  delayed,  in  any  of  the  children 
observed  in  this  study.  In  view  of  these  negative  reactions  to  cutaneous  tests 
with  toxoid  preparations,  the  systemic  reactions  (elevation  of  temperature, 
allergic  rhinitis  and  urticaria)  after  the  administration  of  the  combined  alum- 
precipitated  diphtheria  and  tetanus  toxoids  can  be  attributed  to  the  increased 
sensitivity  to  the  protein  of  the  diphtheria  bacillus  rather  than  to  the  proteose 
or  other  substance  in  the  toxoid  preparation.  The  probability  of  induced  sensi- 

tivity to  tetanus  bacillus  protein  is  remote. 
In  view  of  the  above  findings  and  in  order  to  avoid  the  accident  of  a  febrile 

or  systemic  allergic  reaction  following  a  "booster"  dose  of  combined  alum- 
precipitated  diphtheria  and  tetanus  toxoids  it  is  advisable  to  employ  alum-pre- 

cipitated tetanus  toxoid  only,  especially  when  the  "booster"  dose  is  given  to 
older  children  2  or  more  years  after  the  completion  of  basic  immunization  with 
2  doses  of  the  combined  toxoids. 

Local  and  general  reactions  following  the  subcutaneous  injection  of  the  com- 
bined toxoids  were  fully  discussed  in  a  previous  communication  (1). 

COMMENT 
Bacteria  are  the  most  complex  antigens  in  common  use,  and  their  antigenic 

structure  is  closely  related  to  virulence  and  to  all  bacterial  substances.  Toxin 
is  one  of  the  products  of  bacteria  to  which  an  antigenic  response  may  be  pro- 

voked. The  best  and  most  durable  immunity  is  that  actively  acquired  in  which 
the  body  cells  are  stimulated  and  trained,  as  it  were,  to  build  up  an  effective 
defense  against  the  offensive  forces  of  an  invading  pathogenic  substance.  Thus, 
one  of  the  most  fundamental  concepts  of  the  role  of  allergy  in  bacterial  im- 

munization is  the  fact  that  once  the  cells  of  the  body  have  come  in  contact  with 
an  antigenic  substance  they  never  again  fear  their  original  relation  to  that  sub- 

stance. Long  after  antibody  production  has  ceased  the  cells  remain  in  such  a 
condition  that  contact  with  the  antigen  will  stimulate  them  to  produce  antibodies 
more  quickly  and  more  abundantly  than  usual.  Within  certain  limits,  repeated 
injections  are,  on  this  account,  more  effective  in  raising  the  antibody  titer  to  a 
higher  level  than  a  single  injection  even  of  a  large  dose. 

A  natural  immunity  to  certain  diseases  is  acquired  through  invasion  by  the 
pathogenic  organism  specific  for  the  disease,  and  the  advantages  persist  after 
recovery  from  the  disease.  Since  a  natural  immunity  or  a  "natural  stimulus" 
in  a  person  actively  immunized  against  tetanus  has  not  been  demonstrated,  the 
importance  of  the  role  of  the  two  basic  injections  of  toxoid  and  the  third,  or 
"booster,"  dose  in  the  establishment  of  an  effectual  immunity  against  tetanus. 
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cannot  be  overemphasized.  The  capacity  to  respond  to  more  effective  and 
higher  antitoxin  vahies  to  a  third  dose  of  toxoid  as  compared  to  the  two  basic 
injections,  and  so  insuring  protection  of  the  patient  from  tetanus,  is  evidenced 
by  the  results  obtained  with  the  159  allergic  children  comprising  this  study. 

In  the  absence  of  any  practical  test  to  determine  immunity  to  tetanus,  treat- 
ment with  alum-precipitated  tetanus  toxoid  must  be  depended  on  to  induce 

adequate  immunity  in  almost  all,  if  not  all,  persons  treated.  Two  doses  effected 
immunity  in  176,  or  94. G  per  cent,  of  18G  children,  while  the  remainder  acquired 
adequate  protection  after  a  third  dose.  Hence,  from  a  clinical  viewpoint  it  ap- 

pears that  to  produce  adequate  immunity  to  tetanus  in  children  of  all  ages  three 
doses  of  0.5  cc.  each  of  alum-precipitated  toxoid  (of  a  capacity  of  30,000  minimum 
lethal  doses  per  cubic  centimeter)  should  be  administered  at  intervals  of  1  month 
or  more.  However,  the  results  reported  in  the  four  preceding  studies  reveal  that 
the  intervals  (up  to  4  years)  between  the  two  basic  doses  of  the  toxoid  and  be- 

tween these  and  the  third  dose  have  a  direct  influence  on  the  antitoxin  response. 
The  longer  the  intervals  (up  to  three  years)  between  the  injections  of  the  toxoid 
the  higher  the  antitoxin  response.  The  group  of  children  given  the  third  and 
second  doses  of  toxoid  at  intervals  of  3  to  15  months  responded  with  the  lowest 
antitoxin  values. 

SUMMARY  AND  CONCLUSIONS 

Three  months  to  4  years  after  the  completion  of  basic  immunization  with  two 
0.5  cc.  doses  of  combined  alum-precipitated  diphtheria  and  tetanus  toxoids, 
159  allergic  children  were  given  a  third,  or  "booster,"  dose  of  0.5  cc.  (98  children 
received  combined  alum-precipitated  toxoids  and  61  children  alum-precipitated 
tetanus  toxoid  alone) .  The  level  of  antitoxin  was  determined  at  various  intervals 
after  the  second  and  after  the  third  doses  of  the  toxoids,  and  the  respective  totals 
of  747  and  800  specimens  of  blood  serum  were  titrated  for  tetanus  antitoxin. 

An  elevation  of  temperature  which  lasted  from  1  to  2  days  followed  the  admin- 
istration of  the  third  do.se  of  combined  toxoids  in  11  per  cent  of  the  children. 

This  incidence  of  febrile  reactions  contrasts  with  1  per  cent  in  the  group  of  chil- 
dren given  only  the  two  basic  doses  of  combined  toxoids.  It  was  found  that  the 

longer  the  interval  between  the  second  and  third  doses  of  combined  toxoids  the 
incidence  of  febrile  reaction  becomes  progressively  higher  (from  3  to  33  per  cent 
in  the  respective  groups  of  children  given  combined  toxoids  at  intervals  of  3  to 
15  months  and  3  years  after  basic  immunization). 
Two  systemic  allergic  reactions  (urticaria  and  allergic  rhinitis)  were  encoun- 

tered in  the  active  immunization  of  186  allergic  children  who  have  had  2  or  more 
doses  of  combined  toxoids  or  tetanus  toxoid  alone,  that  is,  in  a  total  of  534  in- 

jections (an  incidence  of  0.37  per  cent). 
No  allergic  or  febrile  reactions  were  encountered  in  the  children  given  alum- 

precipitated  tetanus  toxoid  alone. 
Scratch  tests  with  the  undiluted  toxoid  preparations  were  negative. 
The  intervals  between  the  two  basic  doses  of  the  combined  toxoids  and  between 

these  and  the  third,  or  "booster,"  dose  have  a  direct  influence  on  the  antitoxin 
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response.  The  longer  the  mter^'als  {up  to  3  years)  between  the  injections  of 
toxoid  the  higher  the  antitoxm  response. 

A  third  dose  of  combined  toxoids  or  tetanus  toxoid  alone,  given  to  allergic 
children  between  3  months  and  4  j^ears  after  the  completion  of  basic  immunization 
with  2  doses  of  combined  toxoids  was  followed  within  1  month  in  all  instances 
by  an  adequate  tetanus  antitoxin  titer  which  was  always  higher  and  lasted  for  a 
much  longer  period  than  that  which  followed  basic  immunization.  (After  basic 
immunization  adequate  immunity  was  attained  by  only  94.6  per  cent  of  the 
children).  The  antitoxin  titer  obtained  on  the  seventh  day  after  the  third  in- 

jection was  adequate  in  99.6  per  cent  of  the  children  and  was  at  its  maximum 
in  the  majority  of  instances.  The  1  case  (0.4  per  cent)  with  inadequate  anti- 

toxin titer  after  the  third  dose  of  toxoid  attained  an  adequate  and  maximum 
antitoxin  titer  on  the  seventh  day  after  the  fourth  dose. 

Finally,  when  a  child  has  had  basic  immunization  with  2  doses  of  combined 
alum-precipitated  diphtheria  and  tetanus  toxoids  and  a  third,  or  "booster," 
injection  of  toxoid  is  admmistered  two  to  four  years  later,  then  alum-precipitated 
tetanus  toxoid  alone  should  be  used  in  order  to  keep  local  and  systemic  allergic 
reactions  at  the  minimum  level. 
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DERMOID  CYST  OF  OVARY  CONTAINING  A  STRUCTURE  SIMILAR 
TO  A  HUMAN  BODY  (HOMUNCULUS) 

ALFRED  PLAUT 
[From  the  Department  of  Pathology,  Beth  Israel  Hospital,  New  York,  N.  Y.] 

Description  of  malformations  and  monstrosities  has  been  a  primitive  form  of 
jiathology,  just  as  the  chronicHng  of  unusual  happenings  antedated  the  science 
of  the  historian.  Up  to  this  day  we  have  peculiar  feelings,  difficult  to  analyze, 
when  we  look  at  a  monstrosity  even  if  we  do  not  beheve  any  more  that  the 
mother  must  have  had  intercourse  with  the  devil.  The  deeply  rooted  conscious- 

ness of  our  ego  as  a  unit,  psychic  and  physical,  is  shocked  by  the  aspect  of  some- 
thing that  mimics  the  individual  without  attaining  the  cherished  accustomed 

"gestalt"  of  the  human  body.  The  amount  of  interest  pathologists  have  taken 
in  malformations  has  fluctuated,  the  changes  being  in  part  explained  by  the 
prevailing  trends  in  oncology  and  embryology.  The  time  seems  ripe  for  renewed 
interest  in  malformations,  with  new  lines  of  approach  available.  This  thought, 
and  the  lack  of  a  similar  report  in  modern  American  literature  have  caused  the 
writing  of  this  paper. 

History:  (by  Dr.  Harry  Cohen).  The  patient  was  a  22  year  old  healthy  woman,  married 
for  three  and  a  half  years.  She  had  one  child,  14  months  old.  She  had  been  sick  with 
puerperal  fever  for  two  months.  No  other  illnesses  were  reported.  There  were  no  ab- 

dominal symptoms,  but  a  large  hard  mass  could  be  palpated  vaginally,  filling  the  cul-de- 
sac  and  pressing  upon  the  right  fornix.  The  preoperative  diagnosis  was  dermoid  cyst  of 
right  ovary.  At  operation  a  mass,  the  size  of  a  cantaloupe,  was  found  firmly  adherent  to 
pelvic  structures  and  to  intestine.  It  was  freed  by  blunt  dissection  and  removed  intact. 
The  patient  was  discharged  six  days  after  operation.    Her  further  course  was  uneventful. 

GROSS  OBSERVATIONS 
The  specimen  looks  like  a  dermoid  cyst  (11  x  8  x  6  cm.)  with  a  7  cm.  long  line  of  attach- 

ment. The  lumen  is  filled  with  nn  unattached  round  solid  mass  whose  outer  layers  consist 
of  tallow  and  intertwined  h.iirs  w  liich  can  be  removed  easily.  The  remaining  firm  central 
mass  is  irregularly  ovoid  ((i.5  \  o..5  x  4.5  cm.).  Its  surface  is  very  pale,  skin-like,  with 
only  a  few  scattered,  firmly  attached  hairs.  Viewed  from  one  side  (fig.  2),  the  specimen 
looks  like  disproportionally  large  round  buttocks  with  two  rudimentary  lower  extremities 
and  a  tail  on  top  in  midline.  A  central  depression  would  correspond  to  a  coccygeal  groove; 
it  contains  a  small,  ovoid,  soft  protrusion.  Hard  masses  can  be  moved  against  each  other 
in  the  lower  extremities.  No  toes  or  nails  are  noted.  On  turning  the  specimen  around 
(fig.  1 )  one  sees  a  fin-liko  right  upper  extremity  with  a  bunch  of  hairs  under  it.  No  left 
upi)er  (  xti(Miiit\-  can  lie  iccogiiized,  an  indistinct  swelling  occupies  its  place.  A  round 
filamentous  .structure,  1.2  cm.  long,  hangs  down  in  midline,  slight!}'  below  the  level  of  the 
upper  extremity.  Its  end  tapers  and  looks  torn.  There  arc  no  external  genital  organs 
and  no  anal  opening.  On  the  pole  opposite  the  lower  extremities  the  specimen  is  hard,  with 
little  soft  tissue  between  the  skin  and  a  large,  round,  very  hard,  skull-like  central  mass. 
The  surface  here  is  broken  by  grooves  and  wrinkles.  Two  pigmented  dots  arc  located  where 
one  would  expect  the  eyes,  and  a  small  deep  funnel  from  which  a  mustard  seed  sized  nodule 
protrudes  is  situatctl  in  the  place  of  nose  or  mouth  (fig.  3).  On  Roentgen  ray  examination 
(Dr.  A.  J.  Bendick!  a  rudimentary  skeletal  system  is  seen  in  which  a  head,  thorax,  pelvis 
and  extremities  van  be  outlined.    The  structure  is  that  of  adult  bone. 
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Fig.  1  Fig.  2 
Fig.  1.  Homunculus  (little  man)  from  inside  of  ovarian  dermoid  cyst.  Two  stunted 

lower  extremities,  fin-like  right  upper  extremity  with  a  bunch  of  hair  under  it.  Torn  um- bilical cord.    Naked  skin  with  single  hairs.    (Drawing,  natural  size.) 
Fig.  2.  Rear-view.  Fat  "buttocks,"  coccygeal  groove  with  ovoid  protrusion,  tail. (Drawing,  natural  size.) 

Fig.  3.  (Upper  left)  Two  pigmented  dot.s  in  phice  ol  eyes.  JiKlefinitr  stnii'tures  iii  the region  of  nose  or  mouth.    (From  kodachroine.) 
Fig.  5.  (Upper  right)    Foreshortened  side-view.    Vertebrae,  outline  of  large  foot. Fig.  6.  (Lower  left)    Contours  of  foot.    (Enlarged  from  fig.  5.) 
Fig.  7.  (Lower  right)    Vertebra,  rib. 
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The  specimen,  after  thorough  fixation,  is  cut  into  six  slices,  the  lowermost  one  contain- 
ing the  legs.  The  skull  bone  is  ivory -like,  exceedingly  hard.  It  contains  a  cavity,  7  mm. 

diameter,  which  is  filled  with  pale  pinkish-brown,  soft,  homogeneous  matter.  A  thin  mem- 
brane lines  the  cavity.  A  thin  bony  shell,  also  7  mm.  diameter,  adjoins  the  skull -like 

portion.  The  skin  of  the  "face"  overlies  the  bone  almost  directly.  Otherwise  a  thick 
layer  of  fat  is  interposed  between  skin  and  skeleton.  There  is  no  trace  of  inner  organs  or 
of  muscle. 

In  the  roughly  antero-posterior  x-ray  picture  (fig.  4)  the  center  is  occupied  by  a  pelvis- 
like  structure,  which  seems  to  be  of  one  piece.  Hip  joints  cannot  be  recognized.  It  would 
be  hazardous  to  interpret  the  subdivisions  of  the  lower  extremities,  except  for  the  distinct 
delicate  outlines  of  a  foot  (fig.  6).    Spinal  column  is  represented  by  three  or  four  vertebrae. 

Fig.  4.  Antero-posterior  Roentgen  picture.  Large  dense  bone  in  place  of  head.  Struc- tures suggesting  shoulder  girdle  and  upper  extremities,  pelvis,  lower  extremities. 

Three  intervertebral  foramina  can  be  recognized  (fig.  5) .  In  one  of  the  slices  (fig.  7)  a  verte- 
bra with  body,  transverse  processes  and  posterior  arch  is  in  focus.  The  spinous  process  is 

missing.  On  the  rib,  in  the  same  picture,  the  torsion  is  characteristic.  Thorax  and  shoul- 
der girdle  cannot  be  made  out  in  the  snarled  shadows  above  the  pelvis.  It  is  doubtful 

how  far  the  laterally  protruding  shadows  Vjclong  to  upper  extremities.  The  heavy  shadow 
of  the  "skull"  reveals  no  detail.  In  another  picture  (not  reproduced  here)  the  central cavity  was  recognizable. 

NOMENCLATURE 

It  is  not  easy  to  find  a  name  for  such  a  structure.  Names  that  prejudice 
anything  concerning  the  unknown  nature  and  origin  should  be  avoided.  To 
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call  the  specimen  "fetiform,"  for  instance,  is  not  advisable ;  it  is  part  of  a  dermoid 
cj^st,  and  consists  of  mature  adult  tissue.  i\Iany  authors  have  apologized  for 
using  the  word  "fetiform. A  small  human  within  another  human  will  nat- 

urally suggest  the  idea  of  a  fetus.  The  terms  "mannikin"  and  "Zwergmensch" 
(dwarf  man)  are  good,  but  are  not  internationally  understood.  The  latin 
word  "homunculus"  seems  preferable.  Literally  meaning  "a  small  human," 
it  was  used  by  Paracelsus  and  Goethe  to  designate  a  human  being  not  produced 
bj"  procreation.  I  do  not  know  who  introduced  it  into  modern  medical  nomen- 

clature. John  Miller  (1937)  uses  it  in  connection  with  a  case  of  J.  K.  Thornton 
(1882). 

MICROSCOPIC  OBSERVATIONS 
Plfteen  different  portions  of  the  cyst  wall  arc  examined.  In  all  of  them  three  layers  can 

be  seen  more  or  less  distinctly.  The  inner  layer  consists  of  loose  tissue  with  many  lympho- 
cytes and  plasmacells.  There  are  very  numerous,  irregularly  distributed,  small  empty 

spaces,  surrounded  by  foreign  body  giant  cells.  Many  of  them  contain  a  hair  shaft.  No 
cellular  elements  of  hairs  are  found.  There  is  no  lining  epithelium  or  endothelium  in  any 
of  the  sections.  The  intermediate  layer  is  formed  essentially  by  connective  tissue  with  few 
nuclei  while  in  the  outer  layer  spindle-shaped  nuclei  are  abundant.  In  some  of  the  sec- 

tions the  middle  and  outer  layers  contain  primordial  follicles,  follicular  cysts  and  an  occa- 
sional corpus  atreticum.  No  true  corpora  fibrosa  are  found.  In  all  the  sections  the  tissues 

of  the  cyst  wall  are  well-preserved,  with  perfect  nuclear  staining. 
In  contrast,  all  sections  taken  from  the  homunculus  appear  practically  necrotic,  except 

for  bone  and  cartilage.  As  seen  in  the  gross  specimen,  fat  tissue  occupies  most  of  the  space. 
It  is  of  adult  type,  as  all  the  other  tissues  are.  The  squamous  epithelium  of  the  skin  can 
be  recognized  in  places;  there  are  sebaceous  glands,  sweat  glands,  hairs.  In  the  region  of 
the  mouth,  muscle  and  glandular  structures  can  be  recognized.  Corresponding  to  the  black 
dots,  in  the  place  of  the  eyes,  characteristic  melanophores  are  seen  but  there  are  no  typical 
eye  structures.  The  pigment  gives  the  microchemical  reactions  of  melanin.  Thick  elastic 
lamellae,  in  the  wall  of  blood  vessels,  for  instance,  take  the  Weigert  stain  while  the  delicate 
fibers  in  the  corpus  papillare  of  the  skin  cannot  be  demonstrated.  The  section  marked 
brain  contains  a  characteristic  ganglion  with  large  ganglion  cells  and  thick  bundles  of 
nerves.  The  staining  in  this  section  also  is  very  indistinct.  In  a  cross  section  from  the  tail 
slight  calcification  is  noted.  No  further  details  can  be  recognized.  There  is  no  trace  of 
other  inner  organs. 

The  best  preserved  tissue,  the  bone,  also  is  of  mature  type  throughout.  Dr.  Henry  L. 
Jaffe,  who  was  kind  enough  to  study  the  slides,  felt  that  some  of  the  structures  might 
well  represent  joints,  others  cartilaginous  ends  of  ribs. 

The  inflammation  in  the  cyst  wall  is  the  only  microscopic  finding  that  calls  for  a  clini- 
cal interpretation.  It  may  have  been  caused  by  the  hairs,  or  it  may  be  a  remnant  oi  the 

puerperal  infection. 

COMMENT 
Modern  American  medical  literature  contains  little  about  such  cases.  They 

are  very  rare.  These  specimens  are  so  striking,  almost  exciting,  that  probably 
most  observations  have  been  published. 

1  The  term  "fetal  inclusion"  is  commonly  used  to  designate  man-like  structures  found 
inside  the  body,  mostly  in  the  abdomen  but  not  in  the  ovary.  In  this  context  the  word 
"fetal"  can  be  accepted  as  indicating  the  time  of  origin,  namely  fetal  life,  but  not  as  indi- 

cating any  similarity  with  a  fetus.  The  name  "inclusion"  seems  fitting  even  if  the  theoreti- cal considerations  that  led  to  its  introduction  do  not  hold  any  more  today. 
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In  the  November  meeting  (1902)  of  the  New  York  Obstetrical  Society,  Hiram 
N.  Vineberg  demonstrated  a  dermoid  cyst  from  a  30  year  old  Para  III.  A  solid 
body,  the  size  of  a  turkey's  egg,  was  attached  to  the  inside  of  the  cyst.  It 
bore  the  shape  of  the  trunk  of  a  human  fetus.  On  either  side  at  its  inferior  part 
was  a  rudimentary  leg  with  five  rudimentary  toes.  In  the  center  was  a  penis- 

like projection. 
Shortly  afterwards,  in  the  February  meeting,  1904,  J.  Riddle  Goffe  gave  the 

following  description  of  what  he  had  found  in  an  ovarian  dermoid  of  a  young 
girl.  .  .  six  inches  long  .  .  .  general  appearance  and  contour  of  a  human 
monstrosity  .  .  .  something  like  a  hydrocephalic  head  attached  at  the  shoulders 
.  .  .  two  buds  in  place  of  the  upper  extremities;  the  trunk  resembled  in  contour 
closely  that  of  a  child,  but  at  the  seat  of  the  coccyx  a  tail  projected.  The 
object  terminated  in  .  .  .  two  fused  legs  with  one  big  toe  and  a  nail."  Un- 

fortunately, there  are  no  pictures  and  no  records  of  more  detailed  examination 
of  both  specimens. 

A  comprehensive  study  of  the  subject  was  made  by  Robert  Meyer  in  1924. 
He  described  two  cases  of  his  own,  he  re-examined  three  specimens  previously 
reported  by  others  (Kohler,  Albrecht,  Staffel-Burgkhardt),  and  discussed  the 
cases  of  Key,  Repin,  Shattock,  Wertheim,  Rosenstein,  Askanazy,  Ingier,  Heijl 
and  Kaboth.  Interested  readers  are  referred  to  this  important,  detailed,  well- 
illustrated  paper.  The  title  of  Robert  Meyer's  paper  "Teratomata  (Dermoid- 
Cystomata)  of  ovary  with  free  pelvic  end  and  with  extremities,"  stresses  the 
most  important  feature  all  these  cases  have  in  common.  In  the  thickening  on 
the  inside  of  ordinary  dermoid  cysts,  the  socalled  dermoid  plug,  components  of 
the  upper  portion  of  the  body  are  represented  as  teeth,  brain,  respiratory  tract, 
thyroid.  Organs  of  the  lower  part  of  the  body  are  seldom  f oimd.  The  homuncuU 
to  the  contrary,  are  conspicuous  by  lower  extremities,  pelvis,  external  genitals. 
Aschoff  very  aptlj'  talks  about  "Kaudalhocker"  (caudal  hump)  in  contrast  to 
the  usual  "Kopfhocker"  (cephalic  hump)  of  the  ordinary  dermoid  cyst.  Needless 
to  say,  there  are  no  sharp  distinctions,  and  intermediate  forms  are  abundant. 
A  dermoid  cyst  may  contain  a  single  finger  (or  toe),  a  more  or  less  distinct  skull, 
a  structure  looking  like  external  genitals  or  a  breast,  etc.  Even  if  we  restrict 
our  considerations  to  the  definite  homunculi  there  remains  much  variety,  and 
not  one  of  the  cases  reported  in  the  literature  is  entirely  like  the  one  reported 
here.  Its  unique  feature  is  the  free  position  in  the  dermoid  cavity,  or,  what  is 
more  significant,  its  previous  attachment  by  the  umbilical  cord  only.  An 
umbilical  cord,  or  its  remnants,  has  been  found  in  several  instances,  but  in- 

variably there  was  another  broad  attachment  of  the  homunculus  to  the  cyst 
wall.  Robert  INIeyer  (page  749)  in  1924,  wrote  "so  far  a  case  is  lacking  in  which 
the  imitation  of  a  human  body  reaches  such  a  degree  that  the  whole  body, 
attached  by  means  of  the  cord,  hangs  free  in  the  cyst  cavity."  My  case  fills 
this  gap. 

The  specimen,  in  my  opinion,  admits  of  no  other  explanation  than  that  of  a 
previous  attachment  by  means  of  the  cord  alone,  with  later  severing  of  the  cord, 
probably  by  twisting.    The  unbroken  round  contours  of  the  homunculus  which 
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give  him  the  aspect  of  a  crudely  made  doll,  preclude  the  idea  of  another  previous 
continuity  with  the  cyst  wall,  while  the  umbilical  cord  by  its  very  nature  must 
ha\  e  been  attached.  And  the  compact  round  homunculus,  hanging  by  a  thin 
cord  into  a  fluid  of  low  density,  could  easily  rotate  3G0°or  more,  shut  off  the  blood 
stream  in  the  cord,  and  finally  twist  the  cord  off.  The  necrosis  of  the  tis.sues 
indicates  that  this  has  taken  place  some  time  ago.  Cases  have  been  described 
(Gentili,  Haffter,  Kromer,  Neck  and  Xauwerck)  in  which  an  ordinary  dermoid 
plug  did  not  have  a  broad  l^ase,  as  usually,  but  was  attached  b}^  means  of  a  thin 
short  stalk;  in  one  instance  (Kromer)  the  stalk  was  somewhat  twisted.  I  do 
not  know  of  any  large  or  small  corpus,  liberum  in  a  dermoid  cyst  which  might 
be  a  twisted  off  homunculus  or  dermoid  plug.  If  our  patient  had  carried  the 
dermoid  with  the  twisted  off  homunculus  into  old  age  a  large  free  "stone"  inside 
a  cyst  might  have  resulted. 

While,  as  mentioned,  no  homimculus  in  a  dermoid  cyst  has  been  reported 
with  attachment  by  the  cord  only,  there  is  on  record  a  closely  related  structure, 
namel)^  a  peritoneal  fetal  inclusion,  which  was  attached  by  the  cord  only.  (fig.  15). 
The  specimen  was  removed  from  the  abdominal  cavity  of  a  newborn  after  death, 
and  given  to  E.  Klebs.  The  cyst  was  situated  behind  the  mesocolon  trans- 
versum.  The  "umbilical  artery"  came  from  the  aorta  of  the  host.  Klebs 
considered  this  specimen  unique  in  1876,  and  it  may  still  be  so. 

Reproduction  of  a  few  pictures  from  the  literature  will  help  us  in  emphasizing 
some  of  the  outstanding  features.  The  skeleton  shown  in  Figure  8  (R6pin) 
demonstrates  the  predominance  of  lower  extremities  over  the  upper  ones  and 
of  distal  portions  over  proximal  ones.  The  skull  bones  are  very  thick,  there  is 
no  neck.  The  three  protrusions  on  top  of  the  head  are  teeth.  The  whole  struc- 

ture, of  which  only  the  dissected  out  skeleton  is  shown,  was  attached  with  its 
back  to  the  cyst  wall,  the  head  portion  touching  the  ovary.  The  .skin  was 
thick  and  hairy;  it  was  continuous  with  the  lining  of  the  c.yst.  A  3mm.  long  pro- 

trusion in  the  pubic  region  had  an  opening  at  its  tip  and  was  .surrounded  by  hairs. 
It  was  grossly  interpreted  as  penis  but  turned  out  to  be  breast  gland,  microscopi- 

cally. There  were  two  microscopically  normal  sciatic  nerves.  This  dermoid  cyst 
was  first  noted  by  the  patient  at  the  age  of  31  years,  before  marriage. 

In  Figure  9  (case  Albrecht,  from  Robert  Meyer)  there  is  no  head  and  only  one 
very  small  upper  extremity.  Again,  the  disproportionally  large  feet  are  con- 

spicuous and  a  round  swelling  in  the  knee  region.  This  homunculus  had  much 
pubic  hair.  The  ovarian  cyst  had  been  removed  from  an  18  year  old  normal 

girl. 
Fig.  10  is  reproduced  from  a  water  color  in  Askanazy's  paper  (1905).  The 

dermoid  cyst  came  from  a  35  year  old  married  nuUigravida.  The  patient  had 
peritoneal  carcinosis,  primarj'  seat  unknown;  no  autopsJ^  There  is  a  large 
vesicular  "head"  with  a  large  pigmented  eye  spot,  and  long  tufts  of  hair.  The 
small  protrusions  on  the  head  contain  cartilage.  The  trunk  is  without  detail. 
Between  the  sprawling  legs  a  hairy  pubic  region  with  labia  and  an  opening  is 
conspicuous.  The  opening  could  be  probed  for  a  distance  of  7  mm.  Micro- 

scopically, characteristic  corpora  cavernosa  were  found.    In  the  x-ray  picture 



Fig  8  Fig.  9 
Fig.  8.  Skeleton  from  dermoid  cyst.  (Charles  R(5pin,  These  de  Paris,  1892.)  Natural size. 
Fig.  9.  Two  lower  extremities,  one  upper  extremity  (fig.  7,  case  Albrecht ;  Robert  Meyer: Arch.  f.  Gyn.,  vol.  123,  1925). 

Fig.  10  (Upper  left)  Large  soft  head  with  long  blonde  hair  and  pigmented  eye  dot Vulva  with  opening  and  labia  surrounded  by  coarse  dark  hair.  Trunk,  lower  extremities (fig.  2,  Askanazy,  Bibliothcoa  Modica,  C,  19,  1905). 
Fig.  11  (Lower  left)  Two  lowrr  extremities,  in  sprawling  position,  indistinct  pelvic oV,„^^„.        o   A„,  HililiothccaMedica,  C,  19,  1905) 

 11.  (Low^  , 
shadow  (fig.  3,  Askanazy,  ,  ̂   .,^^^,^c,,  ̂ ,  xu,  xukj^,. 
_  Fig.  12.  (Upper  right  )    Projection  into  dermoid  cyst,  6  cm.  long.    Skeletal  parts  side- 

view.    (S.  G.  Shattock,  Transact.  Path.  Soc.  London,  58:  267, 1907,  fig.  3.) Fig.  13.  (Lower  right)    Same;  antero-posterior  view  of  skeleton. 
573 
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of  the  foregoing  (fig.  11)  the  two  misshapen,  widely  abducted  legs  are  shown, 
again  with  a  giant  foot. 

In  Figures  12  and  13  (Shattock  1907)  pubic  bones  and  major  trochanters 
approach  the  normal  shape,  the  bony  structures  above  and  below  are  quite 
irregular.  There  were  thick  layers  of  fat  tissue.  There  was  a  vulva  with  long 
hairs,  the  skin  otherwise  was  hairless.  From  a  foramen  a  well-defined  sjjinal 
cord  was  pulled  out;  its  nerve  fibres  were  meduUated. 

The  freak  skeleton  of  Figure  14  (Kaboth  1924)  repeats  the  characteristic 
features:  large  distal  portions  of  lower  extremities,  marked  pelvic  sturctures, 
obviously  an  os  sacrum  with  promontory,  and  very  heavy  skull  bones.  The 

Fig.  14  Fig.  15 
Fig.  14.  Skull,  vertebrae,  sacrum,  lower  extremities  (distal  parts  retouched).  (Georg 

Kaboth.  Arch.  f.  Gyn.  122,  1924.) 
Fig.  15.  From  abdominal  cavity  of  newborn.  Note  the  umbilical  cord,  with  an  artery 

(a")  coming  from  the  aorta  of  the  host  (a')-  Natural  size.  (E.Klebs:  Handbuch  d. Pathol.  Anat.,  1:  2,  1013,  1876.) 

segmentation  of  the  spine  is  well  seen.  The  whole,  10  cm.  long,  structure  was 
attached  to  the  cyst  wall  by  the  neck.  An  umbilical  cord,  5  cm.  long,  connected 
it  with  an  enterocystoma.  The  vulva  was  well-developed,  its  opening  led 
into  a  canal.  Except  for  the  pelvis,  the  trunk  consisted  only  of  skin,  fat,  con- 

nective tissue  and  bone,  as  in  my  specimen. 
Unfortunately,  a  number  of  pertaining  cases  ha\'e  been  reported  very  briefly 

and  without  pictures.  One  beautiful  specimen  is  entirely  lost.  In  1833  Cruveil- 
liier  said  in  the  Societe  Anatomique  that,  a  few  years  previously,  the  society  had 
received  an  ovarian  cyst  containing  a  complete  skeleton,  the  size  of  a  bee. 
(Quoted  from  Repin).    In  his  atlas  Cruveilhier  gives  a  picture  of  a  skeletal  mass 
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in  another  dermoid  cyst,  together  with  an  ahnost  overcautious  description. 
Hence  his  expression  "'a  complete  skeleton"  has  to  be  taken  seriously. 

Even  this  cursory  sur\-ey  indicates  that  the  madness  of  these  malformations 
is  not  entirely  ̂ ^^thout  method.  The  repeated  occurrence  of  certain  features 
is  beyond  the  limit  of  probability:  the  thick  skull  bones,  the  accent  on  pelvis  and 
external  genitals,  the  differentiation  of  distal  portions,  the  smallness  or  absence 
of  upper  extremities,  the  paucity  of  inner  organs  in  comparison  with  skin,  fat 
tissue  and  skeleton,  the  absence  of  skeletal  muscle  in  the  presence  of  the  corres- 
sponding  bones,  and  nerves.  In  an  attempt  to  explain  such  observations  we 
turn  to  the  theories  concerning  the  genesis  of  teratomatous  structures  in  general 
and  especially  of  ovarian  dermoids.  There  is  the  \ndely  accepted  blastomere 
theory  (Marchand-Bonnet)  which  assumes  that  early  in  embryonic  life  one 
cell  was  displaced,  and  developed,  so  to  say,  on  its  own  account.  There  is  the 
older  theory  of  parthenogenesis  which  has  received  new  vigor  through  the  finding 
of  early  developmental  phases  in  the  ovary  of  virginal  guinea  pigs,  (L.  Loeb, 
Courrier  and  Oberling).  There  still  is,  finally,  the  theory  of  the  fertilized  polar 
body.  I  shall  not  revive  the  discussion  of  the  merits  and  shortcomings  of  the 
divergent  views  which,  as  Ewing  wrote  in  1940,  "are  almost  as  divergent  as 
ever."  For  the  blastomere  theory  it  is  difficult  to  explain  the  seat  in 
the  ovary;  the  theory  of  parthenogenesis  has  difficulties  in  explaining  other 
locaUzations  (see  Ewing  1940,  p.  682,  ff.).  The  peculiar  predominance  of 
certain  body  parts  and  organs  in  the  ordinary  dermoid  and  of  others  in  the 
homunculus  clamors  for  an  explanation  that  transcends  mere  anatomical  and 
spatial  disturbances.  Such  explanations  may  be  made  possible  by  applying 
Spemann's  organizer  theory  of  embrj^onic  development  to  teratology.  An 
organizer  is  a  tissue  structure — or  a  substance  elaborated  by  tissue — which 
induces  surrounding  tissues  to  develop  in  a  certain  way.  The  process  is  called 
induction.  The  ultimate  fate  of  an  embryonic  tissue  is  not  predetermined.  A 
tissue  which,  in  the  course  of  normal  de\-elopment,  would  form  one  organ  can 
be  exchanged  by  grafting  against  tissue  which  would  form  another  organ,  without 
disturbing  the  development  of  the  embryo.  That  means  the  existence  of  de- 

termining influences  which  are  stronger  than  the  inherent  character  of  the  cells. 
The  seats  of  these  influences  are  called  induction  centers.  The  strongest  in- 

duction center  is  the  dorsal  lip  of  the  blastopore.  A  fragment  of  this  tissue, 
when  transplanted  to  another  part  of  the  embryo,  will  induce  the  de^•elopment 
of  an  almost  complete  second  embryo.  This  experimental  result  will  auto- 

matically call  to  mind  the  "fetal  inclusion,"  and  not  much  imagination  is  re- 
quired to  draw  parallels  between  kno^\-n  teratomatous  structures  and  variable 

spatial  and  temporal  irregularities  of  organizer  action.  The  time  factor  should 
be  borne  in  mind.-    Organizer  action  of  normal  character  and  localization  might 

*  In  one  common  malformation  the  time  factor  is  evident.  The  suprarenal  glands  of 
most  anencephali  are  very  small  and  their  structure,  in  some  respects,  corresponds  to  that 
of  a  2  year  old  infant.  As  Marchand  (1.  c.  p.  727)  said  long  ago,  there  are  abnormalities  of 
development  in  time  which  are  not  necessarily  associated  with  morphological  malformation. 
He  gives  precocious  puberty  as  an  example  (see  Xovak). 
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result  in  malformation  if  it  is  delayed  or  premature.  One  set  of  organizers  might 
lead  to  the  ordinary  dermoid  plug  Anth  cephalic  predominance,  a  little  change 
in  organizer  set-up  might  favor  thyroid  growth  and  result  in  an  ovarian  sturma, 
and  still  another,  rarely  occurring,  arrangement  of  induction  agents  will  yield 
a  homunculus. 

In  most  of  the  American,  British,  French  and  German  pathology  textbooks 
and  monographs  consulted,  Spemann's  organizer  theory  is  not  mentioned. 
Theoretical  science,  sometimes,  progresses  rapidly  but  it  spreads  slowly.  Ewing 
(1940)  in  the  chapter  on  teratoma  refers  to  organizers  and  induction.  He 
stresses  the  growing  recognition  that  the  germ  layers  are  not  specific  and  that 
originally  simple  embryonal  tissues  may  be  a  source  of  complex  teratomata. 
In  the  chapter  on  ovarian  tumors  Ewing  does  not  mention  organizers.  The 
topic  is  discussed  in  some  detail  by  Gruber  in  the  chapter  on  malformations  in 
Aschoff's  textbook  (1936).  In  the  chapter  on  ovarian  dermoids,  written  by 
Aschoff  himself,  organizers  are  not  mentioned. 

In  the  special  literature  on  malformations,  fetal  inclusions,  teratomata  and 
dermoids,  Budde  (1926)  was  the  first  to  draw  on  organizers  and  induction  for 
explanation.  He  quotes  prophetic  utterances  made  by  Meckel  and  Oskar 
Hertwig.    Budde's  article  has  received  little  attention. 

G.  W.  Nicholson,  who  has  devoted  numerous  papers  to  a  highly  critical 
analysis  of  teratomata,  feels  that  whoever  is  acquainted  with  Spemann's  ex- 

periments will  not  maintain  for  one  moment  that  adult  teratoma  arises  in  dis- 
locatetl  blastomeres  (1934).  Thus  Nicholson  wants  to  replace  the  static  ana- 

tomical theories  entirely  by  a  dynamic  functional  concept.  As  Joseph  Needham 
said,  in  his  lecture  on  chemistry  and  biology  of  organized  growth,  more  people 
must  have  realized  that  organizer  phenomena  provide  the  basis  for  a  modern 
theory  of  the  origin  of  teratomata.  Krafka  in  1936  has  drawn  a  diagrammatic 
chart  to  show  the  parallelism  between  diffusion  of  organizers  in  the  embryo  and 
the  distribution  of  teratomata. 

S.  E.  Moolten  (1942)  has  applied  Spemann's  ideas  to  problems  of  special 
pathology.  Moolten  considers  the  possibility  that  many  malformations  are 
caused  by  some  interruption  in  organizer  function. 

In  my  opinion,  one  should  not  discard  the  older  theories  entirely  in  favor  of 
the  organizer  idea.  An  ovarian  dermoid  might  very  well  have  originated  in 
a  sex  cell,  but  its  final  shape,  its  composition  of  organs,  body  parts  and  tissues 
might  have  been  determined  by  organizers.  With  more  advanced  knowledge 
of  the  chemical  nature  of  organizers  parts  of  the  problem  might  be  accessible 
to  experiment.  Organizers  of  known  action  might  be  studied  in  their  influence 
upon  the  artificial  production  of  teratoma,  by  Michalowsky's  technique,  for 
instance.  Michalowsky  has  produced  teratoma  in  the  testicles  of  roosters  by 
injecting  strong  inorganic  irritants.  Will  it  be  possible  to  influence  the  com- 

position of  such  a  teratoma  by  applying  known  organizer  substances  to  the 
testicle  in  different  phases  of  the  experiment? 

The  absence  of  gonadal  structures  and  sex  cells  has  been  a  pivotal  point 
in  the  discussion  about  the  nature  of  ovarian  dermoids,  of  teratomata  and  fetal 
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inclusions.  I  am  not  entirely  sure  of  the  prime  importance  of  this  point.  Fetal 
inclusions  and  even  some  holoacardii  amorphi  resemble  the  homunculi  to  a 
high  degree.  Shall  Ave  consider  them  entirely  different  because  they  may  con- 

tain a  sex  gland?  Other  organs  also,  liver  for  instance,  have  hardly  ever  been 
found  with  certainty  in  ovarian  dermoids.  Many  more  homunculi  and  similar 
structures  should  be  examined,  with  serial  sectioning  of  the  regions  concerned, 
before  we  can  be  fully  convinced  that  they  never  contain  gonadal  structures. 
This  point  is  important  because  presence  or  absence  of  a  sex  gland  is  a  much  used 
criterion  for  considering  a  formation  as  an  individual  by  itself  or  not.  The 
validity  of  these  distinctions  has  to  be  proven. 

Looking  at  the  x-ray  pictures  of  Kaboth's  case  and  of  the  one  described 
here,  one  wonders  about  the  critical  attitude  of  some  authors  who  refuse  to 
accept  such  structures  as  something  comparable  to  a  human  organism.  Nich- 

olson (vol.  84,  p.  417),  who  gives  a  detailed  description  of  Kaboth's  case,  rejects 
the  homology  of  a  bony  structure  in  a  teratoma  with  a  somatic  bone  by  saying : 
"A  bone  is  that  bone  and  no  other  because  of  its  life  history,  location  and  func- 

tion in  the  body,  much  more  than  because  of  its  shape."  When  I  find  a  bone, 
as  pictured  in  Figvu'e  7,  lying  somewhere  in  the  sand,  I  call  it  a  vertebra. 
Should  it  be  denied  this  interpretation  when  found  in  connection  with  similar 
bones  in  the  body  axis  of  a  teratomatous  structure?  And,  to  go  from  the  detail 
to  the  whole,  I  still  feel  that  we  have  a  right  to  compare  the  homunculus  to  an 
incomplete  human  being.  Its  development — which  nobody  has  observed — 
must  necessarily  have  been  a  caricature  of  embryonic  processes.  Even  if,  as 
Nicholson  states,  a  "germ"  much  simpler  than  a  parthenogenetic  ovum  or  an 
early  blastomere  was  the  source  of  the  teratomatous  structure,  its  development, 
perhaps  influenced  by  abnormal  induction,  was  abnormal  embryogenesis.  The 
experimental  embryologists  themselves  talk  about  "a  second  embryo"  induced 
by  the  grafting  of  bla.stopore-hp  tissue. 

Needham,  in  a  similar  vein,  writes  that  no  teratoma  has  ever  been  found 
to  show  signs  of  axiation  or  metameric  segmentation.  I  refer  the  reader  again 
to  Figures  5  and  14. 

At  the  beginning  of  this  paper  it  has  been  said  that  teratology  is  influenced 
by  embryology  and  oncology.  As  long  as  Cohnheim's  theory  was  dominating, 
tumors  and  malformations  were  closely  allied  subjects.  With  the  progress  of 
experimental  cancer  research  the  irritation  theory  got  the  upper  hand,  develop- 

mental defects  were  considered  less  important  in  the  genesis  of  tumors,  and  a 
gap  opened  between  oncology  and  teratology.  The  similarities  in  the  action 
of  organizers,  hormones  and  carcinogens  are  apt  to  bridge  this  gap,  promising 
a  coming  unified  aspect  of  previously  heterogenous  appearing  phenomena. 

SUMMARY 
1.  A  dermoid  cyst  is  described  containing,  free  in  the  lumen,  a  miniature 

human-like  structure  (homunculus)  with  remnants  of  an  umbilical  cord. 
2.  Pertaining  literature  and  theories  are  discussed  with  emphasis  on  the 

organizer  theory. 
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THE  HEART  IN  EXPERIMENTAL  SHOCKS 
MYRON  PRINZMETAL,  M.D.,  and  H.  C.  BERGMAN,  Ph.D. 

It  is  a  well  known  fact  that  the  heart  may  be  adversely  affected  in  shock. 
This  is  especially  true  if  there  is  antecedent  heart  disease.  Thus,  so-called 
infectious  shock,  resulting  from  some  such  condition  as  pneumonia,  seldom 
causes  heart  failure  in  a  patient  with  a  normal  heart  (1).  But  the  same  disease 
may  cause  or  accentuate  heart  failure  in  patients  in  profound  shock  (2).  Blum- 
gart  et  al.  (3)  have  recently  described  cases  which  developed  cardiac  infarction 
without  coronary  thrombosis  following  a  prolonged  shock  state. 

The  altered  hemodynamics  in  burn  shock  have  recently  been  studied  in  this 
laboratory  (4,  5).  It  has  been  found  in  burn  shock  that  the  reduced  circulatory 
blood  volume  is  due  to  two  separate  factors,  capillary  atony  and  local  fluid  loss. 
By  transfusion  experiments,  it  was  shown  that  there  is  a  toxic  factor  in  the  blood 
of  burned  animals  which  produces  capillary  atony.  The  capillary  atony  was 
characterized  by  an  increase  in  number  and  diameter  of  open  cajiillniics.  For 
example,  over  three  times  the  number  of  open  and  dilated  capillaries  were  (■(  mnted 
in  the  kidneys  of  burned  rats  as  compared  to  non-burned  animals.  Tliis  cai)illary 
atony,  which  causes  intense  congestion  of  the  viscera,  is  not  due  to  heart  faihire 
or  to  anoxia  for  it  was  shown  that  the  capillary  congestion  begins  immediately 
after  severe  trauma.  Measurement  of  the  hemoglobin  content  of  the  ̂ ■is^era  of 
shocked  animals  showed  an  increase  in  blood  content.  The  relati\-e  impoi  tance of  local  fluid  loss  and  the  toxic  factor  varied  with  the  character  of  the  burn  and 
the  time  after  trauma.  In  certain  types  of  burns  the  factor  of  local  fluid  loss  was 
unimportant,  and  the  capillary  toxic  factor  accounted  for  all  or  most  of  the 
deleterious  cardiovascular  disturbances.  Under  other  conditions,  the  factor  of 
local  fluid  loss  was  operative  in  the  first  few  hours  after  the  burn,  but  the  toxic 
factor  became  progressively  marked  and  later  dominated  the  clinical  picture. 
LikeAvise,  in  shock  produced  by  a  crushing  injury  in  dogs  (6),  in  which  the  factor 
of  infection  is  of  primary  importance,  it  was  demonstrated  that  there  are  two 
factors  causing  the  shock  state:  the  capillary  toxic  factor  which  was  the  most 
important,  and  varying  degrees  of  local  fluid  loss  (7).  Preliminary  observations 
on  tourniquet  shock  indicate  that  these  two  factors  are  involved  in  the  resulting 
shock  state  (8). 

It  was  the  purpose  of  this  study  to  determine  if  the  same  vasculai-  disturbances 
occur  in  the  heart  and  to  determine  if  they  account  for  some  of  the  cardiac 
disturbances  described  in  shock. 

The  methods  of  burning  and  of  obtaining  the  bleeding  volumes  have  been 
previously  described  (4).  Twelve  rats  (160  to  200  grams)  were  completely 
anesthetized  with  ether ;  the  skin  over  the  occipital  region  of  each  rat  was  grasped 
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with  a  hemostat,  and  the  animal  was  submerged  up  to  the  head  in  water  at  100°C. 
for  30  seconds.  This  procedure  produces  very  profound  shock.  These  were 
compared  with  12  non-burned  controls.  The  hearts  were  removed  under  ether 
anesthesia  and  blotted  free  from  obvious  blood.  In  both  shocked  and  control 
rats,  following  removal  of  the  heart  from  the  body,  the  length  of  time  for  the 
heart  to  stop  beating  was  measured  by  observing  the  ventricular  beat.  Eight 
of  the  burned  and  eight  control  hearts  were  cut  into  20  per  cent  urea  solution, 
allowed  to  stand  Avith  occasional  shaking  for  24  hours,  and  the  filtered  fluid  was 
examined  colorimetrically  for  hemoglobin.  The  remaining  hearts  were  prepared 
for  histological  study.  Bleeding  volume  was  measured  by  mopping  up  and 
weighing  the  blood  which  accumulated  in  the  thorax  when  the  heart  was  re- 

moved. Capillary  and  muscle  fiber  counts  were  made  on  cross  sections  of 
ventricular  muscle  stained  as  previously  described  to  show  red  cells  (4). 

TABLE  I 
Comparison  of  cardiac  changes  in  shocked  and  normal  rats 

EXPERIMENT SHOCK CONTROL 

Heart  weight  (as  per  cent  of 
body  weight)  0.327 ±0.030 

*  ±0.010t 
0.328 ±0.015  ±0.005 

Heart  beat  (seconds  from  time 
of  removal  from  body  to  stop- 

ping of  ventricle)   213 ±15 
±4 

640 ±92  ±26 
Bleeding  volume  (as  per  cent  of 
body  weight)  2.0 ±0.16 ±0.06 4.5 

±0.05  ±0.02 
Heart  hemoglobin  content  (con- 

trol =  100%)  112 
100 

Ratio  of  ventricular  muscle  fi- 
bers to  capillary  counts  1. 3  ±0.4 ±0.1 

6.- 

±4.2  ±0.9 

*  Standard  deviation  of  a  single  observation, 
t  Standard  error  of  the  mean. 

The  results  obtained  are  summarized  in  Table  1.  Heart  weights  were  the 
same  in  shocked  and  normal  rats.  The  hearts  of  shocked  rats  stopped  beating 
about  three  times  sooner  than  normal  rat  hearts  following  removal.  Bleeding 
volumes  showed  that  the  burned  rats  were  in  severe  shock.  The  myocardium 
of  shocked  animals  contained  about  12  per  cent  more  blood  than  untreated 
animals.  The  ratio  of  ventricular  muscle  fibers  to  capillary  counts  was  about 
5  times  larger  in  control  than  in  shocked  rats.  Figure  1  shows  the  comparative 
appearance  of  cross  sections  of  myocardium  from  normal  and  shocked  rats  and 
illustrates  the  distribution  and  number  of  capillaries  observed. 

DISCUSSION 

In  shock  there  is  a  profound  decrease  in  circulating  blood  volume  and  cardiac 
output.  Terminally,  there  is  a  fall  in  arterial  blood  pressure.  These  factors, 
all  of  which  are  well  known,  cause  a  decrease  in  coronary  circulation.  But, 
because  the  work  of  the  heart  is  also  decreased  in  shock  due  to  decreased  cardiac 
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output,  the  decreased  coronary  flow  does  not  appear  to  cause  serious  damage, 
since  the  energy  requirements  of  the  heart  are  reduced.  However,  it  is  apparent 
that  the  coronary  circulation  is  often  reduced  more  than  the  metaboHc  needs  of 
the  tissues.    This  would  account  for  some  of  the  altered  cardiac  function. 

In  the  pre-sent  study,  the  hearts  of  burned  rats  stopped  beating  about  three 
times  sooner  than  control  hearts  following  removal  from  the  body.  This  demon- 

strates that  the  musculature  of  the  shocked  rats  is  altered  and  less  work  is  accom- 
plished as  a  result  of  being  deprived  of  coronary  flow.  It  is  possible  that  the 

altered  cardiac  function  Avas  produced  either  by  ischemia  or  burn  toxins  before 
the  heart  was  removed  from  the  body.  It  is,  however,  unlikely  that  ischemia 
is  ver}^  great  during  the  short  period  of  shock  since  analogous  experiments  (9) 

Fig.  1:  Relative  number  of  open  capillaries  and  ventricular  mu.scle  fibers  in  the  hearts 
of  A — control  rats,  and  B — shocked  rats.  Camera  lucida  drawing,  magnification  about 
800  X .  In  these  sections  there  are  13  open  capillaries  in  the  heart  of  a  shocked  rat  as  com- 

pared to  3  open  capillaries  in  that  of  a  control  rat. 

have  shown  that  there  is  no  fall  in  blood  pressure  during  the  first  few  minutes  of 
shock;  in  fact,  there  is  often  a  rise  in  blood  pressure. 

The  extremely  reduced  bleeding  volume  of  the  burned  rats  demonstrates  the 
severity  of  the  shock  induced. 

It  was  shown  that  the  heart  of  a  burned  animal  contains  appreciably  more 
blood  than  that  of  a  control  animal.  Many  capillaries,  normally  dormant,  are 
now  wide  open  and  contain  increased  quantities  of  blood.  The  evidence,  how- 

ever, indicates  that  this  blood  does  not  participate  in  the  active  circulation.  In 
an  acutely  exsanguinated,  shocked  rat,  the  capillaries  fail  to  contract  and  the 
blood  is  retained  in  these  vessels.  The  retained  blood  soon  loses  its  catabolic 
function  and  is  of  little  or  no  value  to  cardiac  function.  In  fact,  this  blood  soon 
acquires  cataboUtes  in  high  concentration  which  are  not  removed  from  the  heart. 
Thus,  as  a  result,  of  this  capillary  atony,  harmful  catabolites  may  be  retained  in 
the  tissues.    Evidence  in  favor  of  this  view  is  found  in  the  disturbances  in 
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metabolism  occurring  in  all  tissues  of  the  body  (10).  Thus,  the  large  number  of 
open  capillaries,  while  they  may  initially  serve  the  requirements  of  the  heart, 
soon  may  actually  become  detrimental. 

It  was  previously  shown  that  in  early  shock,  the  viscera  weigh  more  than  those 
of  non-shocked  animals  due  to  the  retention  of  blood  (4).  But  later,  despite  the 
congestion  and  increased  blood  content,  the  organ  weights  equal  those  of  non- 
shocked  animals.  The  most  likely  explanation  for  this  is  that  the  tissues  become 
dehydrated.  It  would  seem  plausible  that  dehydrated  tissues  cannot  function 
as  well  as  normal  tissues.  It  is  possible  that  a  dehydrated  heart  cannot  function 
as  ctficicntly  as  a  normal  heart.  In  the  present  experiment,  the  animals  were 
sacrificed  in  five  minutes.    This  is  too  early  for  significant  dehydration  to  occur. 

Wearn  (11)  and  Roberts,  Wearn  and  Badal  (12)  have  demonstrated  by  per- 
fusion of  surviving  hearts  with  dye  solutions  that  there  is  approximately  one 

capillary  per  muscle  fiber.  They  found  the  maximum  number  of  capillaries  to 
be  in  the  ratio  of  1 .3  to  1 .4  muscle  fibers  per  capillary  in  ventricular  muscle.  In 
the  present  study,  we  have  found  an  equivalent  ratio  in  shock  animals.  Thus, 
it  would  appear  that  in  severe  shock,  all  cardiac  capillaries  are  open.  There  are 
approximately  five  times  as  many  open  capillaries  in  the  hearts  of  shocked  rats 
as  in  control  hearts.  This  method  of  studying  shocked  animals  and  the  counting 
of  capillaries  might  be  a  simple  method  of  estimating  the  maximal  number  of 
capillaries  in  other  organs. 

The  deleterious  factors  in  clinical  .shock  which  can  alter  cardiac  function  are, 
thus,  ischemia  due  to  decreased  coronary  flow,  capillary  atony  with  retention 
of  metabolites,  and  dehydration  of  the  myocardium.  These  deleterious  factors 
can  well  account  for  clinical  disturbances  of  the  heart  in  shock. 

CONCLUSIONS 

1.  Se\  ere  shock  was  produced  by  scalding  etherized  rats.  The  anesthetized 
rats  were  suhmcrficd  up  to  the  head  in  water  at  100°C.  for  30  seconds. 2.  It  was  sliuw  II  that  the  function  of  the  heart  of  shocked  animals  was  reduced. 

3.  There  were  approximately  five  times  as  many  open  capillaries  in  the  hearts 
of  shocked  animals  as  compared  to  control  hearts. 

4.  By  direct  mea.surement,  more  blood  was  found  in  the  myocardium  of 
shocked  rats  as  compared  to  that  of  normal  rats. 

5.  The  factoi-  of  caijillary  atony  in  shock  is  confirmed. 
6.  The  possil)le  clinical  application  of  these  findings  is  discussed. 
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A  DESCRIPTION  OF  AN  EPIDEMIC  CAUSED  BY  SALMONELLA 
TYPHIMURIUM  AND  THE  BACTERIOLOGY  OF 

THIS  ORGANISM! 
DAVID  H.  ROSS,  M.D.,  M.P.H. 

The  following  communication  not  only  describes,  in  detail,  the  epidemiological 
investigation  of  an  outbreak  of  food  poisoning  in  a  small  upstate  community 
but  also  exhibits  the  accepted  way  in  which  a  study  of  an  epidemic  gastro- 

intestinal disease  is  approached.  There  follows  an  outline  of  this  report  in  the 
form  of  a  table  of  contents,  which  in  a  way  displays  the  method  in  which  the 
results  of  an  investigation  of  an  epidemic  are  presented: 

I.  Introduction 
II.  Report  of  epidemiological  investigation 

A.  Epidemiological  Description  of  County  Involved 
B.  Procedure  of  Investigation 

1.  Establishment  of  existence  of  epidemic 
2.  Finding  common  cause 
3.  Finding  cause  of  infection 
4.  Searching  for  additional  cases 
5.  Laboratory  findings 

C.  Report  of  an  Associated  Outbreak  in  Another  Part  of  State 
D.  Discussion 
E.  Control  of  Spread 

III.  Bacteriology 
A.  Classification  and  Nomenclature 
B.  Salmonella  Typhimurium 
C.  Salmonella  Group  Identification 

IV.  Summary 
V.  Bibliography 

It  is,  at  this  place,  noteworthy  of  pointing  out  the  similarity  between  the- 
methods  of  management  of  a  case  by  a  clinician  and  an  epidemiologist.  They 
both  make  a  diagnosis  after  evaluation  of  carefully  obtained  facts  in  the  form  of 
a  history,  physical  and  laboratory  findings,  and  they  then  treat  the  patient 
symptomatically  and  with  specific  ciu-es  if  available.  The  only  difference  be- 

tween the  two  mentioned  scientists  is  that  the  clinician's  patient  is  a  single 
individual  while  that  of  the  epidemiologist  is  a  community. 

I.  introduction 

During  the  summer  of  1940  there  occurred  in  New  York  City  an  explosive 
outbreak  among  forty-seven  persons,  of  an  acute  gastro-intestinal  disease  of  un- 

known cause.    All  of  the  persons  affected  lived  in  the  same  part  of  the  city. 

'  Reported  for  the  New  York  State  Department  of  Health,  and  read  before  The  Harvard 
University  School  of  Public  Health  May,  1941. 

584 
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The  signs  and  symptoms  were  nausea,  vomiting,  diarrhea,  abdominal  pain, 
fever,  and,  in  some,  occasional  bloody  stools. 

After  a  preliminary  investigation,  members  of  the  New  York  City  Health 
Department  deteiTnined  that  there  was  an  unusual  food  item  common  to  the 
diet  of  each  person  ill.  Every  patient  had  a  history  of  having  eaten  a  particular 
kind  of  smoked  fish  within  a  twenty-four  hour  period  prior  to  the  onset  of  symp- 

toms. Some  samples  of  this  fish  were  found  to  be  infected  with  Salmonella 
typhimurium. 

Upon  further  investigation  the  department  food  inspectors  traced  this  common 
food  item  to  a  single  source.  The  individual  purchases  were  found  to  be  made 
in  many  retail  shops,  and  each  of  these  stores,  in  turn,  had  received  its  smoked 
fish  products  from  a  single  wholesale  distributing  company  in  Brooklyn.  This 
distributing  company,  the  investigators  learned,  was  connected  with  a  similar 
company  in  Sullivan  County,  New  York.  At  times,  during  periods  of  shortage 
of  supply  for  distribution,  the  New  York  City  establishment  would  receive  ship- 

ments of  smoked  fish  products  from  the  one  in  upstate  New  York. 
The  New  York  City  Health  Department  promptly  informed  the  Middletown 

District  State  Health  Office,  in  whose  district  Sullivan  County  lies,  of  the 
epidemic  and  its  origin.  As  a  result,  the  upstate  Health  Oflftcer  decided  upon 
an  immediate  investigation  of  the  locality  throughout  which  the  smoked  fish 
company,  (henceforth  in  this  article  to  be  indicated  as  the  ABC  Fish  Company) 
was  distributing  its  products,  to  ascertain  the  possible  existence  of  an  unreported 
outbreak  of  gastro-intestinal  disease.  The  writer  was  assigned  to  this  task 
and  succeeded  in  uncovering  an  epidemic  of  food  poisoning,  with  Salmonella 
typhimurium,  the  causative  organism.  The  data  secured  in  this  investigation, 
together  with  an  account  of  the  bacteriological  characteritstics  of  Salmonella 
typhimurium  are  the  material  presented  in  this  paper. 

II.  REPORT  OF  EPIDEMIOLOGICAL  INVESTIG.\TION 
-.4.  Epidemiological  Description  of  Sullivan  County 

To  establish  the  existence  of  a  specific  epidemic  in  Sullivan  County  has  more 
than  its  share  of  diflficulties  from  the  onset  because  of  the  nature  of  the  county 
from  an  epidemiological  point  of  view.  The  true  population  totals  36,176, 
the  largest  town  or  village  in  the  entire  county  having  less  than  10,000  inhabitants 
(1).  Because  its  landscape  is  very  attractive  and  because  of  its  proximity  to 
New  York  City  over  one  million  people  from  this  city  vacation  in  this  county 
during  July,  August  and  the  first  half  of  September.  Almost  every  road,  re- 

gardless of  its  type  or  size,  whether  it  be  concrete  and  wide  or  dirt  and  narrow, 
passes  in  front  of  summer  homes,  boarding  houses,  camps  and  hotels  which 
temporarily  house  the  vacationists. 

Private  water  supplies  which  are  not  ordinarily  used  during  the  years,  are 
turned  on  to  meet  the  demands  of  the  increased  number  of  people.  Both  the 
engineering  staff  and  the  medical  personnel  in  the  district  state  health  office 
have  found  a  large  number  of  these  supplies  to  be  potentially  infectious  on 
routine  examinations. 
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The  milk  supply  also  presents  a  public  health  problem.  Ordinarily,  farmers 
who  have  an  appreciable  surplus  of  milk  sell  this  dairy  product  to  some  large 
cooperative  agency  which  disposes  of  it  in  a  legally  prescribed  manner.  During 
these  boom  population  months,  however,  farmers  have  been  found  to  sell  their 
potentially  infectious  raAv  milk  supply  to  hotels  and  camps  in  violation  of  the 
state  sanitarj'  code. 

And  finally  there  is  the  refrigeration  factor.  In  a  large  number  of  boarding 
houses  and  sinnmer  camps,  food  preservation  is  attempted  in  poorly  insulated 
ice  boxes.  Inspection  of  these  boxes  often  reveals  the  absence  of  ice  because 
delivery  is  not  on  schedule,  or  if  a  piece  is  in  the  box  it  is  not  large  enough  to 
cause  sufficient  cooling.  Thus  an  opportunity  is  given  organisms  to  multiply 
in  any  contaminated  food. 

All  of  the  above-mentioned  factors  plaj'  an  important  part  in  the  existence 
of  numerous  outbreaks  of  acute  gastroenteritis  in  Sullivan  County.  During 
the  months  of  July,  August  and  the  first  half  of  September  in  1939  and  1940 
investigated  outbreaks  occurred  almost  daily  in  different  parts  of  the  county. 
An  epidemiologist  may  go  out  and  discover  persons  with  recent  or  active  acute 
gastroenteritis  at  almost  any  time. 

With  the  situation  such  as  described,  an  investigator  may,  therefore,  expect 
difficulties  from  the  onset  in  attempting  to  establish  the  existence  of  an  epidmic 
due  to  the  ingestion  of  a  particular  food. 

There  was  one  helpful  guide,  liowever.  The  type  of  gastroenteritis  that  occur- 
red as  a  mle  in  Sulli\  an  ( 'duiil  y  was  a  mild  one.  The  signs  and  symptoms  were 

usually  a  low  grade  f(>\  ('r  ol  U)0°-101°F.,  nausea,  vomiting  and  abdominal  pain 
and  they  tended  to  disappear  in  about  two  days.  The  evidences  for  the  diag- 

nosis of  the  cases  in  New  York  City  were  more  numerous  and  more  severe. 
This  point  -was  kept  iu  mind  in  the  attempt  to  discover  the  presence  of  an  out- 

break of  an  acute  <>;ast rocntcritis  of  a  grave  nature. 

B.  Procedure  of  Investigation 

1.  Search  to  cslahh'.s]!  crisirnce  of  iJir  cpidcmie.  On  the  afternoon  of  July  18th) 
the  day  of  the  roceii)t  of  tlic  i-eport  ot  the  outbreak  in  New  York  City,  the 
writer  visited  the  licnltli  ofHcor  of  Monticello,  the  county  seat  of  Sullivan  County. 
This  man  knew  of  uo  ou(>  suffering  from  severe  acute  gastroenteritis.  Con- 

versations with  the  nine  i)racticing  physicians  in  town,  however,  and  a  visit  to 
a  nearby  hospital  in  the  vicinity  rcA  caled  the  presence  of  nineteen  cases  which 
seemed  clinically  to  resenilile  those  described  in  New  York  City. 

Seventeen  out  of  the  niueleeu  patients  had  eaten  smoked  fish  six  to  twenty- 
four  hours  before  the  onset  of  lh(>  illness.  Fourteen  had  smoked  butterfish, 
two  had  smoked  carp  and  one  had  smoked  whitefish  (Table  I).  The  remaining 
two  had  not  taken  any  of  this  food  product.  These  two  cases  have  been  omitted 
from  the  tables.    They  will  he  discussed  later. 

All  of  these  seventeen  i)atients  were  severely  ill.  Each  one  had  diarrhea  and 
\'omiting,  sixteen  had  nausea,  fifteen  had  abdominal  pain.  In  several  the  ab- 

dominal pain  was  of  an  intensity  sufficient  to  warrant  the  use  of  opiates  for 
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relief.  Fourteen  suffered  with  a  fever  from  101°F.  to  105°F.,  four  with  bloody 
stools  and  three  with  headache.  Four  persons  were  hospitalized  and  the  re- 

mainder was  treated  at  home. 
Table  I  shows  that  the  ages  of  those  ill  ranged  from  eight  to  sixty-seven  years. 

There  were  no  significant  variations  in  attack  rates  according  to  age.  Five 
were  males  and  twelve  were  females. 

Stool  specimens  were  obtained  from  each  patient  and  were  immediately 
mailed,  in  special  containers  with  30  per  cent  glycerol,  to  the  Division  of  Lab- 

oratories of  the  State  Health  Department  in  Albany.  The  reports  will  be 
discussed  later. 

2.  Steps  taken  to  find  common  cause.  Once  the  existence  of  an  epidemic 
similar  to  the  one  in  New  York  City  was  established,  it  was  then  necessary  to 
trace  the  suspected  food  product  to  a  common  source.  Each  patient,  or  the 
family  of  the  patient,  was  carefully  questioned  concerning  the  place  of  purchase 
of  the  smoked  fish.  A  total  of  six  retailers  were  named.  Each  store  was  visited 
and  the  proprietor  personally  seen.  All  made  their  purchases  from  a  single 
wholesale  company  located  in  the  same  county,  and  this  was  the  very  same 
company  to  whose  branch  office  in  New  York  City  the  outbreak  there  was 
traced.  Five  of  the  six  retailers  purchased  their  smoked  fish  products  exclu- 

sively from  this  ABC  Fish  Company.  One  retailer  purchased  not  only  from 
this  wholesale  house,  but  also  from  three  additional  companies  located  in  New 
York  City  (Table  I). 

3.  Steps  taken  to  find  cause  of  infection.  Since  all  evidence  for  the  common 
cause  of  the  epidemic  pointed  to  a  single  type  of  food  which  was  distributed 
by  one  firm  in  the  locality,  the  writer  visited  this  wholesale  house.  The  plant 
structure  was  an  old  metal  and  wood  one-story  building  with  its  floor  on  the 
ground  level.  It  had  the  appearance  of  an  ancient  barn.  The  walls  sagged 
in  places.  The  front  entrance  had  no  door.  The  rear  entrance  had  an  im- 

properly fitted  framework  which  opened  out  toward  a  field  in  which  were  piles 
of  old  fish  crates. 

Inside  the  building  was  a  fish  cleaning  room,  a  combination  sales  and  packing 
room,  a  small  chamber  for  refrigeration,  and  three  completely  enclosed  cubicles 
in  which  the  fish  were  smoked.  Cement  was  the  flooring  material  of  the  first- 
mentioned  room.  The  floor  of  the  sales  and  packing  room  was  of  wood,  w^as 
warped  in  some  places,  had  pieces  missing  in  others,  and  was  covered  with  saw 
dust. 

The  general  impression  was  that  of  untidiness.  The  shelves  and  table  tops 
were  dirty.  Articles  of  food  and  jars  were  scattered  about.  There  seemed  to 
be  no  order  in  the  place. 

The  owner  was  overwrought  because  the  smoked  fish  products  in  his  New  York 
city  branch  had  been  embargoed  by  the  health  officials  there,  and  in  the  tirade 
that  followed  stated,  "I  don't  know  why  people  are  making  such  a  fuss  about  a 
little  bellyache.  I  was  so  sick  last  week  I  thought  I  was  going  to  die."  Further 
questioning  relating  to  this  statement  revealed  that  the  proprietor  had  severe 
abdominal  cramp-like  pains  for  several  days  commencing  on  July  14th  and  he 
had  been  eating  smoked  fish.    A  stool  specimen  was  obtained  from  this  man 
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that  same  afternoon  as  well  as  from  the  six  employees  in  the  plant  on  the  fol- 
lowing day. 

The  processes  involved  in  the  preparation  of  the  final  smoked  fish  product 
were  observed  in  some  of  their  parts  and  informed  of  in  others.  Chubs,  which 
were  sold  as  small  whitefish  were  a  fresh  water  fish.  They  were  delivered  from 
six  different  distributing  companies  in  New  York  City  to  the  plant  in  a  fresh 
state,  packed  down  in  ice  chips  in  crates.  These  fish  were  then  soaked  in  a 
large  barrel  into  which  poured  a  constant  stream  of  water  from  a  hose.  The 
overflow  spilled  over  the  barrel  top  onto  the  floor  and  out  through  a  drain.  The 
water  distribution  source  was  the  village  reservoir. 

After  the  soaking  process,  the  viscera  were  removed  by  hand,  and  the  fish 
were  then  placed  in  a  forty  per  cent  saline  solution  for  six  hours.  Following  this 
procedure  each  fish  was  suspended  by  the  head  on  a  small  hook  on  a  large 
rack  in  one  of  the  three  smoking  rooms.  Here  the  fish  were  dried  over  gas 
fire  coming  from  many  fire  jets  in  several  pipes  running  along  the  floor.  After 
the  drying  process,  several  charcoal  burners  were  placed  in  the  room,  and  the 
fish  were  encircled  by  the  smoke.  And  finally,  they  were  layered  between  screened 
wood  shavings  which  burned  or  glowed  for  about  an  hour.  The  end  product 
was  placed  in  boxes  which  were  stored  in  a  refrigerated  room  maintained  at  a 
temperature  of  48°F.     (This  was  the  reading  at  the  time  of  the  investigation.) 

The  large  whitefish,  a  fresh  water  fi.sh,  was  delivered  to  the  plant  in  a  frozen 
state  from  two  distributing  companies  in  New  York  City.  Butterfish,  a  salt 
water  fish,  was  delivered  also  in  a  frozen  state  from  another  distributing  company 
in  Brooklyn.  These  fish  were  stored  as  long  as  one  year  in  the  frozen  state. 
Before  a  batch  was  to  be  smoked  in  the  same  manner  as  described  previously, 
they  were  thawed  out  by  being  placed  in  a  barrel  into  which  a  continuous  stream 
of  cool  water  flowed. 

Carp,  a  fresh  water  fish,  was  purchased  by  the  ABC-  Fish  Company  from  the 
same  distributing  houses  from  which  the  above-mentioned  chubs  were  obtained. 
The  carp  were  frozen  by  the  company  after  delivery  in  Monticello  and  the 
stock  was  drawn  upon  during  a  one-year  period  as  it  was  needed  for  smoking. 
When  used,  the  fish  were  thawed  out  and  smoked  as  described  previously,  but 
in  addition,  paprika,  garlic  and  pepper  were  added  before  the  smoking  process. 

The  vats  used  for  the  salting  of  the  fish  drained  into  a  sewer  line  which  was 
connected  in  common  with  a  toilet  drain.  This  sewer  line,  in  turn,  drained  into 
a  ditch  near  to  the  plant.  A  representative  from  the  New  York  City  Health  De- 

partment had  a  sample  of  the  ditch  water  examined,  and  it  revealed  Salmonella 
typhimurium  on  bacteriological  examination  (2).  This  finding  will  be  discussed 
later. 

Representatives  from  the  Department  of  Agriculture  and  Markets  of  New 
York  State  visited  the  ABC  Fish  Company.  They  obtained  specimens  for 
laboratory  analysis  at  this  point.  The  food  inspectors  then  traced  and  checked 
the  crates  of  fish  to  the  distributing  companies  in  New  York  City.  Specimens 
of  fish  were  also  taken  at  this  point.  It  might  be  stated  now  that  laboratory 
analyses  of  the  different  samples  revealed  nothing  of  interest. 

It  was  learned  that  the  original  source  of  the  different  kinds  of  fish  were  two 
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companies  in  Canada.  The  minister  of  Health  there  was  made  acquainted  with 
the  situation  and  an  investigation  for  similar  outbreaks  traced  to  these  companies 

Fig.  1 

was  made.  This  search  in  Canada  revealed  that  no  other  epidemic  involving 
fish  from  these  companies  had  been  known. 
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Ji.  Steps  taken  to  find  additional  cases.  Further  conversation  with  the  pro- 
prietor-manager of  the  smoked  fish  plant  revealed  that  sales  of  his  products  were 

constantly  made  not  only  to  the  investigated  retail  stores  in  Alonticello,  but 
also  to  retail  stores  and  hotels  in  the  entire  county  and  part  of  an  adjoining 
county.  In  addition,  at  the  end  of  each  week  a  large  portion  of  the  unsold 
smoked  fish  was  taken  in  an  unrefrigerated  truck  along  the  hot,  dusty  state 
Route  17  down  to  the  branch  company  in  Brooklyn. 

An  attempt  was  made  to  discover  cases  of  the  disease  in  the  areas  of  distribu- 
tion. The  health  officer  in  each  region  was  reached  by  telephone  and  the  physi- 

cians in  the  nearby  large  village  of  Liberty  were  pei-sonally  visited.  No  new 
cases  were  found.  Apparently  the  ovitbreak  was  confined  entirely  to  Monti- 
cello  and  its  environs,  and  Brooklyn,  N.  Y. 

Figure  1  is  a  map  picturing  the  distribution  area  of  the  fish  products  and  the 
regions  in  which  cases  were  found. 

5.  Laboratory  Findings.  The  stool  specimens  taken  from  the  proprietor- 
manager  of  the  smoked  fish  company  in  Sullivan  County  and  from  one  of  his 
employees  as  well  as  from  each  of  the  seventeen  persons  ill,  were  all  reported 
positive  for  the  presence  of  organisms  belonging  to  the  Salmonella  group.  These 
bacteriological  examinations  were  done  by  bacteriologists  in  the  Division  of 
Laboratories  and  Research  of  the  New  York  State  Department  of  Health  in 
Albany,  New  York. 

Four  of  the  above  group  positive  specimens  were  randomly  taken  at  the  lab- 
oi-atory  and  followed  through  for  the  specific  member  of  the  group.  Each  of 
the  four  revealed  the  presence  of  Salmonella  typhimurium.  One  of  these 
four  specimens  came  from  the  proprietor-manager  of  the  smoked  fish  company. 

All  of  the  positive  specimens  were  not  analyzed  bacteriologically  for  the 
specific  organisms  of  the  Salmonella  group  because  of  the  intricacies  of  the 
procedure  and  scarcity  of  the  amount  of  the  sera  necessary  for  the  identification 
of  individual  species.    The  Ijactcriology  of  this  group  will  be  described  later. 

The  stool  specimens  are  forwarded  to  the  laboratory  in  the  special  containers 
supplied  by  the  Di\'ision  of  Laboratories  and  Research.  The  specimens  are 
obtained  from  persons  in  several  difi^erent  ways.  Occasionally,  if  the  situation 
demands,  a  specimen  is  obtained  by  the  health  investigator  in  the  field  perhaps 
after  patient  waiting.  Frequently  the  family  physician  undertakes  the  job  or 
the  staff  in  a  hospital,  if  the  patient  is  hospitalized.  Every  now  and  then  the 
person  himself  or  some  responsible  member  of  the  household  is  asked  to  send 
in  the  specimen.  Under  such  ciicnmstances  the  responsil)le  person  is  instructed 
to  place  a  pea  sized  amount  of  the  slool  intd  a  given  container  containing  glycerol 
solution,  repack  the  container  and  drop  it  into  the  nearest  mailing  box.  It  is 
advisable  for  the  field  man  to  fill  out  the  enclosed  laboratory  blank  and  place 
the  necessary  postage  on  the  carton.  This  procedure  insures  better  cooperation. 
If,  for  some  reason,  it  is  necessary  to  be  assured  of  the  authenticitj^  of  a  specimen, 
a  colored  lycopodium  capsule  may  be  given  by  mouth  in  the  presence  of  the  field 
investigator  for  the  purpose  of  identifying  the  stool.  Lycopodium  is  a  powder 
prepared  from  the  spores  of  the  moss,  Lycopodium  clavatum  and  other  species 
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of  Lycopodium.  It  is  an  innocuous  substance  which  shows  up,  unchanged,  in 
the  stools. 

C.  Summary  of  Report  of  Outbreak  in  Brooklyn,  N.  Y. 
The  following  are  extracts  from  the  report  (2)  of  the  outbreak  in  New  York 

City,  investigated  by  the  Department  of  Health  in  that  city. 
"On  July  IG,  1940,  several  cases  of  acute  gastroenteritis  in  Brooklyn  were  re- 

ported to  the  Department  of  Health.  Within  the  next  few  days  the  reported 
cases  rose  to  47,  in  18  separate  families.  Symptoms  in  all  patients  consisted  of 
abdominal  pain,  diarrhea,  and  high  temperature.  In  some  cases,  marked  pros- 

tration occiu'red,  and  6  persons  were  so  seriously  ill  that  they  were  removed  to 
hospitals." 

"The  others  remained  at  home  under  medical  care.  Two  of  the  patients  died, 
one  a  boy  of  5,  who  became  ill  on  July  13  and  died  on  July  17;  the  other  a  man  of 
51,  also  became  ill  on  July  13  and  continued  to  have  symptoms  until  July  28, 
when  he  too  died." 

"It  was  quickly  determined  that  the  families  affected  had  eaten  smoked  fish 
products  purchased  in  12  different  Brooklyn  neighborhood  delicatessen  stores. 
From  those  retail  stores  the  source  of  the  smoked  fish  was  traced  to  a  wholesale 
smoked  fish  establishment  with  retail  outlets  throughout  Brooklyn.  The  smoked 
fish  in  question  were  whitefish,  butterfish,  and  carp,  and  had  been  smoked  in  a 
plant  in  upstate  New  York,  about  100  miles  away  from  New  York  City.  It  had 
been  distributed  both  in  that  vicinity  and  to  retailers  in  Brooklyn.  After  re- 

maining in  delicatessen  stores  for  varying  periods  of  time  up  to  several  days,  this 
product,  which  is  customarily  eaten  ̂ \^thout  any  further  cooking,  was  sold  to 
persons  who  came  down  \\'ith  symptoms  of  food  poisoning  within  a  few  hours 
after  consumption  of  the  smoked  fish." 

"As  soon  as  the  source  of  the  fish  was  traced,  inspectors  of  the  Health  Depart- 
ment embargoed  smoked  fish  (approximately  1000  lbs.)  from  this  plant  found  in 

the  retail  outlets.    This  fish  was  later  destroyed." 
"Chemical  examinations  of  all  specimens  of  fish  were  negative  for  inorganic 

or  organic  poisons.  Specimens  for  bacteriological  examination  included  stools 
from  patients  and  from  food  handlers  in  retail  and  wholesale  estabUshments; 
samples  of  fish  from  homes  of  patients,  retail  stores,  and  wholesale  plants.  From 
all  of  these  sources  a  similar  organism  was  recovered.  Salmonella  typhimu- 
rium,  as  follows: 

Patients  (consumers)   14 
Patients  (retail  foodhandlers)   3 
Patient  (wholesaler)   1 
Processor  (not  sick)   1 
Fish  (whitefish,  butterfish,  carp)   5" 

"Autopsy  on  the  51  year  old  fatal  case  revealed  that  the  entire  gastrointestinal 
tract  exclusive  of  the  stomach  had  small  areas  of  superficial  hemorrhage.  There 
was  marked  desquamation  of  the  mucosa  of  the  ileum;  some  areas  were  a  dark 
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greenish  brown  in  color  with  numerous  scattered  hemorrhages.  There  were  no 
gross  ulcerations,  no  lymphoid  hyperplasia,  and  no  enlargement  of  the  mesen- 

teric lymph  nodes.  The  large  bowel  showed  moderate  congestion  of  the  spleen, 
adrenals,  liver,  and  kidneys.  Salmonella  typhimurium  was  isolated  from  the 
lung." 
D.  Discussion  of  Findings  and  Association  with  Epidemic  in  New  York  City 

After  reviewing  the  above  information,  it  is  the  writer's  opinion  that  the 
smoked  fish  has  been  the  offending  food,  and  the  infecting  organism  is  the 
Salmonella  typhimurium.  The  seventeen  cases  listed  in  Table  I  were  all  severely 
ill  and  all  had  eaten  smoked  fish  within  a  twenty -four  hour  period  previous  to  the 
time  of  onset  of  signs  and  symptoms  referable  to  the  gastrointestinal  tract.  A 
stool  specimen  from  each  patient  contained  organisms  of  the  paratyphoid- 
enteritidis  group.  Three  of  these  specimens  on  further  analysis  revealed, 
specifically.  Salmonella  typhimurium. 

It  is  true  that  in  the  attempt  to  discover  cases  according  to  the  technique 
previously  described,  two  equally  severe  cases  of  acute  gastroenteritis  were 
encountered  with  no  history  of  having  eaten  smoked  fi.sh,  but  it  is  felt,  as  stated 
before,  that  in  any  investigation  in  a  region  like  Sullivan  County  where  there 
are  numerous  outbreaks  of  acute  gastroenteritis,  random  cases  will  be  discovered 
by  chance  questioning.  The  cause  of  the  illness  in  these  two  persons  remained 
unknown. 

In  each  one  of  the  families  in  which  illness  occurred  only  those  who  ate  the 
fish  at  the  time  were  ill.  All  the  other  members  of  the  different  involved  families 
remained  well. 

Since  this  type  of  fish  is  eaten  as  purchased,  with  no  additional  dressing  or 
preparation,  any  possible  closely  associated  food  may  be  eliminated.  Either 
milk,  bread,  butter  or  water,  common  articles  of  diet  and  possibly  eaten  with 
the  smoked  fish  may  be  discounted  as  having  been  the  offending  food  because 
they  have  been  articles  of  diet  eaten  by  members  of  the  family  who  have  not 
become  ill. 

And  finally,  the  evidence  directly  associated  with  the  smoked  fish  company 
well  establishes  the  offending  food  to  have  been  the  smoked  fish,  and  the  in- 

fecting organism.  Salmonella  typhimurium.  Each  fish  purchase  made  by  the 
families  in  which  illness  occurred  was  traced  to  one  of  six  retailers  in  town.  Each 
one  of  these  retailers  purchased  smoked  fish  from  the  ABC  Fish  Company  in 
Sullivan  County.  Five  of  the  six  made  their  purchases  exclusively  from  this 
one  company.    The  sixth  made  additional  purchases  from  three  other  companies. 

Stool  specimens  from  the  owner  of  the  smoked  fish  company  and  one  of  his 
employees  contained  organisms  belonging  to  the  paratyphoid-en teritidis  group. 
Further  analysis  of  the  proprietor's  stool  specimen  revealed  specifically  Salmon- 

ella typhimurium. 
The  evidence  that  this  outbreak  is  associated  with  the  one  in  New  York 

City  is  clear.  Forty -seven  people  in  eighteen  different  households  were  ill. 
Each  one  affected  had  eaten  smoked  fish  and  each  purchase  of  this  food  was 
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traced  to  one  of  twelve  retailers  who  in  turn  purchased  from  a  common  smoked 
fish  company.  This  company  and  the  one  in  upstate  Ne\^'  York  were  owned 
by  the  same  person  and  weekly  shipments  of  the  products  were  sent  from  the 
firm  in  Sullivan  County  to  the  Brooklyn  branch. 

Then  there  is  the  New  York  City  evidence.  Samples  of  the  smoked  fish 
remaining  in  some  of  the  patients'  homes,  in  the  retail  stores,  and  at  the  Brooklyn 
fish  smoking  establishment,  revealed  the  presence  of  Salmonella  typhimuriura. 
A  similar  organism  was  recovered  from  the  stools  of  fourteen  patients  and  five 
foodhandlers. 

It  is  interesting  to  note  that  those  who  became  ill  in  Sullivan  County  ate  fish 
purchased  at  a  retail  store.  Thousands  of  pounds  of  this  commodity  are  sold 
weekly  by  the  company  to  a  large  number  of  hotels  and  camps  in  Sullivan  County 
and  yet  not  a  case  was  reported  at  any  of  these  places.  In  the  retail  shops  the 
fish  lay  on  the  counter  without  refrigeration  and  under  burning  electric  lights. 
One  proprietor  admitted  that  the  fish  may  remain  on  the  counter  for  almost  a 
week  and  are  placed  in  the  refrigerator  at  night  only.  This  procedure  would 
permit  organisms,  which  in  small  numbers  may  not  cause  illness,  to  incubate  and 
produce  a  sufficiently  large  dose  to  cause  disease.  On  the  other  hand,  the  loads 
of  fish  when  delivered  to  the  hotels  and  camps  are  placed  in  a  refrigerator  thus 
checking  any  incubation  after  a  possible  contamination  from  some  source. 

The  ultimate  source  of  this  epidemic  is  difficult  to  state.  The  proprietor  of 
the  company  was  ill  and  his  stool  specimen  contained  the  Salmonella  typhi- 
murium.  Two  more  foodhandlers  in  Brooklyn  were  ill  and  their  stools  revealed 
the  same  organism.  Some  more  employees  in  both  plants  had  po.sitive  stools 
without  the  history  of  illness.  Whether  one  of  these  men  in  the  Sullivan  County 
establishment  caused  the  infection  of  a  batch  of  fish  which  in  turn  caused  the 
outbreak  in  both  places  or  whether  all  these  men  became  infected  by  the  eating 
of  the  contaminated  fish  just  as  did  the  purchasers  or  their  families  is  difficult 
to  sa>-.  Further,  whether  the  fish  became  contaminated  during  the  salting 
process  ill  tlie  vats  which  might  have  had  a  back  flow  of  Salmonella  typhimurium 
contaminated  sewer  water  from  one  of  the  infected  foodhandlers,  or  whether  the 
foodhandler  .became  infected  from  eating  already  contaminated  fish,  and  then, 
in  turn,  adding  the  offending  organism  to  the  sewage,  is  a  matter  of  guessing. 

As  stated  in  the  physical  description  of  the  Sullivan  County  firm,  the  place 
was  grossly  unsanitary.  The  smoking  room  opened  out  to  a  field.  The  doors 
could  not  be  shut  tightly.  It  is  conceivable  that  rats  or  field  mice  may  have 
gaiiuMl  entrance  and  contaminated  a  batch  of  fish  with  infected  droppings  during 
any  of  tlie  steps  in  tlie  process  of  preparing  the  food.  It  is  not  known  how  much 
germicidal  action  is  obtained  by  the  smoking  process.  The  thermal  death  point 
of  Salmonella  typhimurium  is  not  high.  Thirty  minutes  at  ()0°C.  will  destroy this  strain. 

It  would  hiwv  been  interesting  to  have  caught  some  of  the  rats  in  the  field 
behind  the  plant  structure  and  examine  them  for  Salmonella  typhimurium  in- 

fection.   This,  however,  was  not  done. 
Another  possible  ultimate  source  of  the  outbreak  may  ha\'e  been  a  contamina- 
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tion  of  the  fish  products  with  a  rat  "poison"  containing  Salmonella  organisms. 
This  material  is  sold  commercially  although  its  sale  is  prohibited  in  some  states 
The  use  of  this  material  in  the  plant,  however,  was  denied  by  the  owner. 

E.  Steps  Taken  to  Control  Spread 
The  last  illness  in  the  epidemic  occurred  on  July  18th.  The  epidemiological 

investigation  did  not  offer  a  truly  definite  source  until  the  twenty  second  of  the 
same  month.  Many  hundreds  of  pounds  of  fish  were  sold  during  the  epidemic 
period  and  the  period  of  investigation.  Because  no  new  cases  were  reported 
bet\\  een  the  eighteenth  and  twenty  second  even  though  all  the  physicians  in 
the  locality  had  been  informed  of  the  outbreak,  the  New  York  State  Department 
of  Health  decided  not  to  embargo  the  products  of  the  company.  It  was  thought 
that  only  one  batch  of  fish  which  was  already  sold  had  been  contaminated. 

The  carrier  state  of  the  food  handlers  offered  little  difficulty.  The  owner  was 
advised  not  to  touch  any  of  the  food  products  until  four  successive  stool  specimens 
were  obtained  free  from  organisms  of  the  Salmonella  group.  The  other  handler, 
an  employee,  whose  feces  revealed  the  organism,  left  the  firm. 

The  carrier  state  in  foodhandlers  may  offer  a  serious  problem.  In  a  recent 
large  outbreak  of  a  severe  acute  gastroenteritis  traced  to  turkey  infected  with 
Salmonella  typhimurium,  the  carrier  state  of  195  persons  ill  was  followed.  31.9 
per  cent  harboured  the  organism  for  more  than  two  weeks,  21.0  per  cent  more 
than  three  weeks,  9.2  per  cent  more  than  four,  2.1  over  two  months,  one  person 
or  0.5  per  cent  over  four  months  (7). 

Finally,  all  possible  measures  were  taken  to  prevent  a  similar  outbreak.  The 
entire  structure  of  the  Sullivan  County  plant  building  was  renovated  and  made 
rat  proof. 

III.  BACTERIOLOGY  OF  SALMONELLA  (tYPHOID-PARATYPHOID) 
A.  Classification  and  Group  Nomenclature  (3) 

The  classification  of  the  Salmonella  Group  is  now  based  on  the  antigenic 
structure  of  the  species,  or  types,  of  which  it  is  comprised.  The  bacilli  in  this 
group  are  mostly  flagellated  organisms.  The  flagellar  antigen  is  called  the 
H  antigen,  and  the  somatic  the  O  antigen.  The.se  components  can  be  tested 
for  separately.  In  a  given  species  or  type  there  is  usually  more  than  a  single 
H  and  O  antigen.  The  determination  of  the  antigenic  structure  of  a  particular 
species  of  Salmonella  organism  may  involve  the  identification  of  eight  different 
antigenic  components.  The  method  usually  used  now  is  that  of  direct  ag- 

glutination of  H  and  0  suspensions  with  antisera  which  by  previous  absorption 
with  appropi-iate  antigenic  types,  have  been  rendered  specific  for  one  or  other 
antigenic  component,  or  a  small  group  of  such  components.  Up  to  the  present 
time  thirteen  or  more  different  somatic  antigens,  twenty-eight  specific  flagellar 
antigens,  and  six  or  more  gi  cnip  flagellar  antigens  have  been  identified. 

The  Salmonella  Subcommittee  of  the  International  Society  for  Microbiologj'- 
has  adopted  the  terminology  introduced  by  Kauffmann  in  which  each  member 
of  the  Salmonella  group  is  allotted  an  antigenic  formula  based  on  a  system  of 
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labelling.  The  somatic  (0)  antigens  are  accorded  Roman  numerals,  the  specific 
flagellar  (H)  antigens  are  accorded  small  letters,  and  the  group  flagellar  (H) 
antigens  are  accorded  arable  numerals.  Thus  the  formula  for  Bact.  paratypho- 
sum  C  is  VI,  VII:  c:  1,  4,  5. 

The  Salmonella  Group,  as  a  whole,  has  been  divided  into  sub-groups,  each  of 
which  shares  a  common  somatic  antigen.  Where  more  than  one  somatic 
antigen  is  present,  one  of  these  antigens  is  regarded  as  determining  the  sub- 

group to  which  the  species,  or  type,  concerned  shall  be  allocated. 
A  practice  has  arisen  of  giving  each  new  antigenic  type  in  the  Salmonella 

group  a  separate  specific  name.  The  convention  that  has  been  universally  fol- 
lowed is  to  give  the  new  organism  the  name  of  the  place  in  which  it  was  first 

isolated  such  as  Bad.  aertrycke.  In  some  instances  the  more  familiar  form  of 
a  specific  name  has  been  retained  such  as  Bact.  typhosum.  There  are  now  over 
ninety  differently  named  species  each  one  having  its  own  formula. 

B.  Salmonella  Typhimurium  (3) 
The  Salmonella  typhimurium  (Antigens  IV,  V:i:  1,  2,  3)  is  a  natural  pathogen 

in  rodents,  particularly  mice,  in  which  it  causes  a  typhoid  like  disease.  This 
organism  is  the  same  as  Bact.  aertrycke  which  was  originally  isolated  from  a 
case  of  acute  gastroenteritis  in  man  by  de  Nobele  in  1898.  It  is  under  the 
name  of  Bact.  aertrycke  that  it  appears  in  almost  all  the  recent  and  current 
literature.  It  is  also  identical  with  B.  pestis  caviae,  described  by  Wherry 
(1908)  as,  the  cause  of  an  epidemic  disease  in  guinea-pigs,  and  with  the  bacillus 
that  Nocard  (1893)  isolated  from  a  parrot  suffering  from  psittacosis  and  named 
Bact.  psittacosis  under  the  mistaken  impression  that  it  was  the  cause  of  that 
disease.  The  same  organism  is  frequently  referred  to  in  German  literature  as 
the  "Breslau  bacillus." 

Sal.  typhimurium  is  pathogenic  for  man  as  well  as  for  animals  and  is  the 
most  frequent  cause  of  outbreaks  of  Salmonella  food  poisoning.  It  commonly 
gives  rise  in  man  to  an  acute  gastroenteritis,  not  infrequently  fatal,  but  it 
occasionally  causes  a  prolonged  fever  of  the  enteric  type.  Although  it  has  most 
often  been  recorded  as  causing  epidemic  disease  in  mice  and  rats,  it  is  naturally 
pathogenic  for  many  other  animal  species.  In  addition  to  causing  infections 
in  guinea  pigs  and  parrots,  it  has  been  isolated  from  epidemics  in  sheep,  chicks, 
pigeons,  turkeys  and  canaries.  It  also  causes  infections  in  ducks,  and  has  been 
isolated  from  ducks'  eggs.  It  has  been  occasionally  isolated  from  pigs  that  have died  of  swine  fever. 

C.  Identification  of  the  Salmonella  Group  in  Fecal  Specimens  (4,  5) 
The  feces  may  be  considered  satisfactory  for  examination  only  when  the 

specimen  is  received  within  four  days  after  collection  in  approximately  ten  times 
its  volume  of  a  satisfactory  standardized  preservative  such  as  buffered  30  per 
cent  glycerol  solution  or  within  a  few  hours  after  collection  if  no  preservative 
is  used. 

By  resorting  to  sugar  fermentation  reactions,  motility  observations,  and  indol 
production  and  reaction  in  milk  the  bacteriologist  can  determine  whether  mem- 
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bers  of  the  Salmonella  group  are  present.  Following  this  procedure,  an  attempt 
is  made  to  determine  the  group  in  the  Kauffmann-White  Schema  (described 
above)  to  which  the  organism  belongs.  This  is  done  by  agglutination  tests 
using  a  multivalent  Salmonella  group  serum  which  is  prepared  by  pooling  sera 
produced  with  species  representative  of  the  various  groups  in  the  above  schema. 
This  multivalent  serum  agglutinates  all  but  a  few  of  the  less  common  species. 

Then  comes  the  final  step.  After  determining  the  group  to  which  the  organism 
belongs,  the  species  is  identified  by  agglutination  with  its  homologous  specific 
antiserum. 

What  is  the  value  of  determining  the  species?  In  the  treatment  of  the  patient 
there  is  none  at  present.  In  epidemiological  investigations,  however,  the  identi- 

fication of  the  exact  species  is  of  great  importance.  For  example,  in  the  out- 
break described  in  this  paper,  knowing  the  specific  organism  aided  in  definitely 

associating  the  epidemic  in  Sullivan  County  with  the  one  in  New  York  City. 
More  often,  the  identification  of  the  species  can  be  undertaken  only  by  a 

few  because  the  specific  sera  are  so  difficult  to  produce.  These  sera  and  cultures 
are  supplied  by  Dr.  Kauffmann  at  the  International  Salmonella  Center  in 
Copenhagen,  Denmark  to  thirty-seven  Salmonella  Centers  in  the  world.  Of 
the  thirty-seven  there  are  at  least  three  in  the  United  States.  These  are  located 
in  New  York  City,  Albany,  N.  Y.  and  Lexington,  Ky.  (6). 

IV.  SUMMARY 
1.  This  paper  describes,  epidemiologically,  an  outbreak  of  food  poisoning 

caused  by  the  ingestion  of  smoked  fish  infected  with  Salmonella  typhimurium. 
2.  The  association  of  this  epidemic  with  a  similar  one  in  Brooklyn,  New  York 

is  shown. 
3.  The  bacteriology  of  the  Salmonella  group  is  reviewed  with  specific  detailed 

reference  to  the  Salmonella  typhimurium. 
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HYPERPARATHYROIDISM 
Report  of  a  Case 

HERMAN  S.  ROTH,  M.D. 
[New  York,  N.  Y.  J 

The  classic  picture  of  hyperparathj^roidism  with  its  characteristic  bone 
changes  is  too  well  known  to  require  further  description.  The  initial  clinical 
recovery  in  a  patient  with  osteitis  fibrosa  cystica,  following  removal  of  a  para- 

thyroid adenoma  by  Mandl  (1)  in  1925,  clearly  and  dramatically  established 
the  relationship  between  increased  parathyroid  activity  and  the  disease  of  the 
skeleton  described  by  v.  Recklinghausen.  Reports  of  early  investigators  abroad 
(2,  3)  and  in  this  country  (4,  5,  (i)  ga\-p  ample  confirmation  to  this  discovery, 
and  the  work  of  these  men  and  others  cA  ulved  the  abnormal  metabolic  pattern 
of  hypercalcemia,  hypophosphatemia,  hypercalcinuria  and  increased  blood 
phosphatase  on  which  the  diagnosis  rests. 

Although  the  presence  of  renal  calculi  had  freciuently  been  noted  in  associa- 
tion with  Recklinghausen's  disease  in  the  jiast,  it  remained  for  Albright  and  his 

group  (6,  7)  to  emphasize  the  significance'  of  this  lesion  in  hyperparathjToidism. 
They  descril)ed  several  cases  of  recuiient  urolitliiasis  without  bone  Iseions, 
which  on  investigation  discloscMl  the  t>'pir:il  cliemical  pattern  of  hyperpara- 

thyroidism and  at  operation  re\('ale(l  adenomas  of  the  parathyroid  gland. 
Routine  blood  calcium  and  ])hosi)h()rii>  studies  at  other  clinics  (8,  9)  on  patients 
with  renal  calculi  ha\e  brought  to  light  a  luunher  of  cases  of  hyperparathy- 

roidism which  would  never  ha\'e  Ix'cii  suspected  otherwise.  This  does  not 
imply  that  all  renal  calculi  have  this  pathogene.sis.  As  a  matter  of  fact, 
only  a  small  percentage  of  all  calculi  are  actually  due  to  hyperparathyroidism, 
and  this  has  been  \ariously  estimated  at  from  0.2  to  4  per  cent  (8,  10). 
These  findings  become  more  readily  understandable  if  one  considers  the  de- 

velopment of  renal  calculi  as  an  early  manifestation  of  hyiK'iparathyroidism, 
while  the  bone  changes  are  an  advanced  or  late  meniicslatioii  ot  the  (hsease. 
The  following  (luotation  from  Snapper's  book  (11)  clearl>-  ('xi)resses  this  con- 

cept: "The  generalized  decalcification  with  multiple  giant  cell  tumors  and 
bone  cysts  must  be  a  late  stage  of  the  disturbance  of  calcium  and  i)hosphorus 
metabolism  due  to  hyperparathyroidism.  In  earlier  stages  of  li\|)i'ipara- 
thyroidism  the  decalcification  is  not  yet  visil^le  on  tlie  x-ray,  although  the 
calcium  and  phosphorus  metabolism  mayj^abeadj^  be  completely  upset.  The 
skeleton  of  an  adult  contains  about  900  gm.  of  calcium.  Even  when  the  calcium 
balance  is  strongly  negative,  the  daily  loss  of  calcium  hardly  ever  exceeds  0.5 
gm.^  at  the  utmost  1  gm.  of  calcium.  Several  months,  perhaps  even  years, 
must  elapse  before  demineralization  of  the  skeleton  can  be  discovered  by  x-ray 
examination.  Thus,  in  hyperparathyroidism  frank  symptoms  and  signs,  de- 

pending on  hypercalcemia  and  the  excess  of  calcium  and  phosphorus  excreted 
in  the  urine,  may  occur  before  the  presence  of  an  affection  of  the  skeleton  has 
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made  itself  felt.  This  explains  why  in  patients  with  hyperparathyroidism  renal 
stones  may  develop  before  subjective,  or  even  objective  involvement  of  the 
skeleton." 

The  presence  of  renal  calculi  may  furthermore  lead  to  renal  insufficiency 
through  the  development  of  pyelonephritis  and  secondarily  contracted  kidneys. 
However,  another  type  of  renal  impairment  has  been  reported  by  Albright  (7). 
This  may  occur  even  in  the  absence  of  renal  stones  and  is  due  to  the  precipita- 

tion of  calcium  phosphate  in  the  renal  parenchyma,  most  frequently  in  the 
collecting  tubules.  "Inflammation,"  sclerosis  and  contraction  of  the  kidneys 
ensue,  and  the  resulting  picture  is  often  clinically  indistinguishable  from  chronic 
glomerular  nephritis.  Roentgenographic  examination  of  the  abdomen  will 
sometimes  reveal  stellate  groups  of  fine  punctate  shadows  outlining  the  kidney 
pyramids,  while  pathological  examination  of  these  kidneys  shows  sclerotic 
changes  associated  with  small  areas  of  calcification.  To  this  type  of  renal 
involvement  in  hyperparathyroidism,  Albright  (6)  has  given  the  name,  ne- 
phrocalcinosis. 

The  following  case  is  an  instructive  example  of  the  early  type  of  hyperpara- 
thyroidism, in  which  the  symptoms  and  signs  are  almost  purely  urologic  in 

character,  and  evidence  of  bone  involvement  is  either  insignificant  or  else  com- 
pletely absent.  It  illustrates  further  early,  but  definite,  evidence  of  renal 

impairment,  not  pyelonephritic  in  type,  with  restoration  of  normal  renal  function 
after  the  removal  of  a  large  parathyroid  adenoma. 

CASE  REPORT 
History:  I.  S.,  a  56  year  old  male,  first  presented  himself  for  examination  on  May  6, 1944. 

His  main  complaint  consisted  of  easy  fatigability  which  had  been  present  for  about  five 
years  and  had  become  worse  during  the  past  few  months.  There  were  no  bone  pains  and  no 
history  of  fractures.  He  had  moderate  urinary  frequency,  voiding  every  one  to  two  hours, 
during  the  day  and  three  times  at  night.  These  symptoms  had  been  present  for  tlic  past 
seven  years  but  were  not  progressive  in  character.  There  were  no  other  urinary  symptoms, 
and  no  polydipsia.  . 

In  May  1937,  after  a  five  day  history  of  severe  right  loin  pain,  he  was  hospitalized,  and 
an  impacted  right  urotcial  calculus  was  discovered.  A  typical  ureterotomy  was  performed 
with  complete  relief  of  symptoms.  A  routine  urine  examined  at  this  time  showed  a  specific 
gravity  of  1.030.  There  was  no  albumin  and  microscopic  examination  revealed  only  an  oc- casional red  blood  cell. 

His  next  hospital  admission  occurred  in  April,  1941,  for  severe  left  renal  colic.  Examina- 
tion disclosed  a  left  ureteral  calculus  which  was  pushed  back  into  the  kidney  pelvis  by  cysto- 

scopic  manipulation.  The  urinary  specific  gravity  was  1.022  with  a  very  faint  trace  of 
albumin  and  a  few  red  blood  cells.  The  blood  pressure  was  135  systolic  and  80  diastolic. 
One  month  later  he  was  readmitted  to  the  hospital  with  a  recurrence  of  symptoms  and  a 
left  ureterotomy  was  performed  for  removal  of  an  impacted  left  ureteral  calculus.  Two 
urine  examinations  revealed  specific  gravities  of  1.020  and  1.030,  a  trace  of  albumin,  and  a 
few  red  blood  cells.  There  was  no  pyuria  and  the  blood  pressure  was  110  systolic  and  68 
diastolic.  A  chemical  analysis  of  the  calculus  showed  magnesium  ammonium  phosphate  and 
calcium  carbonate. ^  He  subsequently  had  mild  attacks  of  right  renal  colic  in  1942  and again  in  February  1944. 

In  those  cases  of  proven  hyperparathyroidism  in  which  a  chemical  analysis  of  renal 
calculi  has  been  performed,  the  usual  finding  has  been  calcium  phosphate.  In  a  few  cases 
calcium  oxalate  stones  have  been  reported. 
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Examination:  The  physical  examination  was  essentially  negative  except  for  the  findings 
in  the  neck.  Just  above  the  inner  end  of  the  right  clavicle,  in  the  region  of  the  lower  pole  of 
the  right  lobe  of  the  thyroid  gland,  there  was  a  cystic  swelling  about  the  size  of  a  small  plum. 
At  this  time  it  was  impossible  to  decide  whether  the  mass  was  thyroid  or  parathyroid  in 
origin.  There  was  no  bony  tenderness  or  deformity.  The  blood  pressure  was  110  systolic 
and  64  diastolic.    There  was  a  slight  enlargement  of  the  prostate  gland. 

Laboratory  data:  Blood  analysis  done  at  a  private  laboratory  revealed  the  following: 
Urea  nitrogen  20.8  mg.  per  100  cc,  calcium  15.6  mg.,  phosphorus  2.2  mg.  and  phosphatase 
17.6  King-Armstrong  units  (normal  values  for  adults  are  5  to  10  units).    He  was  then  ad- 

TABLE  I 
Labotatory  Data 

BLOOD  CHEMISTRY TODJARY  FINDINGS 
Urea Ca P 

Phos- 

pha- 

tase Serum Protein 
CO2 Specific  Gravity Albumin P.S.P. 

mg. per  100  cc. 
units 

per  100 cc. gm.  per 100  cc. vol.  per 
cent % 

May  1937  1.030 
Negative Faint  trace April  1941  1.022 

May  1941  1.020 Trace 

May  6,  1944 
May  31,  1944 
June   2,  1944 
June  8, 1944 

June  17,  1944 
*June  20,  1944 

20.8 
15.0 

15.6 
12.5 

13.6 

2.2 
2.1 

1.9 

17.6 
22.00 

21.0 6.0t 

6.1 
6.3 

1.030 

1.012 
1. 014-1 .018t 

1.008 

1.010 

Trace 

Faint  trace 
Faint  trace 
Negative 

Faint  trace 
33 

June  21,  1944  Operation 
June  22,  1944 
June  24,  1944 
July  5,  1944  

11.7 
10.1 10.0 

47.2 
55.5 

1.010 
1.010 

Faint  trace 
Faint  trace 

Oct.  10,  1944    ,  . 18.8 9.1 
2.7 1.026-1.0281 Negative 

73 

*  Blood  Chemistry  done  by  Dr.  Bodansky.    The  phosphatase  is  reported  in  Bodansky 
units.    Other  results  are  reported  in  King-Armstrong  units, 

t  Concentration  Test. 
X  Acid  Phosphatase. 

mitted  to  the  hospital  for  further  investigation,  where  the  following  laboratory  data  were 
obtained:  Hemoglobin,  95  per  cent;  red  blood  cells  5,130,000;  white  blood  cells,  5,900  with 
46  per  cent  segmented  and  17  per  cent  non-segmented  polymorphonuclear  leucocytes,  35 
per  cent  lymphocytes  and  2  per  cent  eosinophiles.  The  basal  metabolic  rate  was  plus  3  per 
cent.  Blood  chemistry  determinations  showed  urea  nitrogen  15  mg.  per  100  cc,  calcium 
12.5  mg.,  phosphorus  2.1  mg.  and  phosphatase  22  King-Armstrong  units.  The  serum  pro- 

teins were  6.3  gm.  per  cent  with  albumin  4.8  gm.  and  globulin  1.5  gm.  The  patient  was 
placed  on  an  Aub  diet  for  six  days  and  during  the  last  three  days  all  the  urine  was  collected 
and  examined  quantitatively  for  calcium.  During  this  three  day  period,  on  an  intake  of 
300  mg.  of  calcium,  he  excreted  1553  mg.  of  calcium,  which  was  indicative  of  a  strongly 
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negative  calcium  balance.  Repeated  blood  analyses,  this  time  dope  by  Dr.  Bodansky, 
disclosed  calcium  13.6  mg.  per  100  cc,  phosphorus  1.9  and  phosphatase  6.1  Bodansky 
units  (normal  values  for  adults  arc  2  to  3.5  units). 

X-ray  examination  of  the  entire  skeleton  revealed  only  one  significant  finding.  This  was 
a  small  cyst  in  the  neck  of  the  right  femur  (fig.  1).  There  was  a  very  slight  generalized 
decalcification  which  was  considered  to  be  quite  compatible  with  his  age  and  not  sufficient 
to  warrant  a  diagnosis  of  hyperparathyroidism.  An  examination  of  the  forearm  and  leg, 
made  in  comparison  with  another  patient  of  the  same  age  and  weight,  failed  to  show  any 
definite  evidence  of  decalcification.  An  x-ray  examination  of  the  oesophagus  showed  a 
pressure  deformity  on  the  right  side,  laterally  and  posteriorly,  beginning  about  one  inch 
beyond  the  junction  of  pharynx  and  oesophagus  and  corresponding  to  a  mass  about  the 
size  of  a  small  lemon  (fig.  2). 

Urine  examination  showed  a  specific  gravity  of  1.012,  a  faint  trace  of  albumin,  and  a  few 
white  blood  cells.  A  urinary  concentration  test,  in  which  five  specimens  were  examined, 
revealed  one  with  a  specific  gravity  of  1 .018;  the  other  four  varied  from  1 .014  to  1 .016.  Many 

Fig.  1 .  X-ray  of  the  right  hip  showing  small  cyst  in  the  neck  of  the  femur. 

other  urine  examinations  performed,  both  before  and  after  operation,  showed  specific  gravi- 
ties ranging  from  1.008  to  1.012  and  usually  a  faint  trace  of  albumin.  The  findings  of  the 

urinary  sediment  were  not  significant.  A  phenolsulfonphthalein  test  showed  an  excretion 
of  only  33  per  cent  of  the  dye  in  four  hours.  The  addition  of  Sulkowitch  reagent  to  the 
urine  caused  a  very  heavy  precipitate.  X-ray  examination  of  the  urinary  tract  by  means  of 
intravenous  urography  failed  to  disclose  any  abnormalities.  There  were  no  calculi  and  no 
evidence  of  calcium  deposits  in  the  kidney  parenchyma. 

Operation:  On  June  21, 1944  the  patient  was  operated  on  by  Dr.  J.  Garlock  who  removed 
a  "parathyroid  adenoma,  size  of  a  tangerine,  round,  smooth,  dusky  reddish  tan,  located  on 
right  lower  posterior  capsule  of  thyroid." 

Surgical  Pathology:  The  specimen  consisted  of  a  plum-sized  and  shaped,  well  encapsu- 
lated tumor,  reddish  brown  in  color  (fig.  3).  On  incision  more  than  half  of  the  tumor  was 

found  to  be  cystic.  The  remainder  consisted  of  rather  friable,  reddish-brown  tissue  which 
was,  in  part,  quite  fleshy.  Microscopic  examination  revealed  typical  parathyroid  tissue 
composed  of  chief  cells.    Numerous  cysts  were  present  (fig.  4). 

Post-operative  Course:  The  post-operative  course  was  remarkably  smooth.  The  wound 
healed  promptly  and  the  patient  was  discharged  at  the  end  of  one  week,  completely  well. 
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He  never  manifested  any  signs  of  tetany.  The  blood  calcium  on  the  day  after  operation 
was  11.7  mg.  per  100  fc,  and  the  blood  carbon  dioxide  47.2  volumes  per  cent.  Two  days 
later  the  calcium  was  10.1  mg.  per  100  cc.  and  the  carbon  dioxide  55.5  volumes  per  cent. 
Post-operative  medication  consisted  of  the  parenteral  administration  of  10  units  of  para- 

thyroid extract  one  to  three  times  a  day,  and  the  intravenous  injection  of  one  gram  of  cal- 
cium gluconate  solution  once  or  twice  a  day,  for  the  first  five  days.  He  also  received  10 

gm.  of  calcium  gluconate  by  mouth  daily  for  the  first  week  and  5  gm.  daily  for  the  second 
week.  Two  weeks  after  operation  the  blood  calcium  was  10.0  mg.  per  100  cc;  there  were 
no  symptoms  and  the  medication  was  stopped.  The  urine  examined  at  first  daily,  and  then 
at  weekly  intervals  with  the  Sulkowitch  reagent,  showed  a  hcavj-  precipitate  until  one 
month  after  the  operation  when  the  urine  finally  revealed  only  a  faint  precipitate. 

Fig.  4.  Parathyroid  adenoma.    (Photomicrograph  X  500) 

Folloiv  up:  The  patient  was  re-examined  on  October  10,  1944,  almost  four  months  after 
the  operation.  The  easy  fatigability  complained  of  originally,  was  less  pronounced,  but 
had  not  completely  disappeared.  His  urinary  frequ(Micy  was  less  severe,  occurring  every 
two  to  three  hours  during  the  day  and  once  at  night.  Tlie  Ijlood  pressure  was  116  systolic 
and  74  diastolic.  Examination  of  the  blood  revealed  urea  nitrogen  18.8  mg.  per  100  cc., 
calcium  9.1  mg.  and  phosphorus  2.7  mg.  The  urine  was  crystal  clear,  had  a  specific  gravity 
of  1.028,  and  contained  no  albumin  or  fornjed  elements.  A  concentration  test  on  the  urine 
disclosed  a  specific  gravity  ranging  from  1.026  to  1.02S.  A  phenolsulfonphthalein  test 
showed  an  excretion  of  73  per  cent  of  the  dye  in  two  hours.  The  Sulkowitch  test  on  the 
urine  revealed  no  precipitate.  An  x-ray  examination  of  the  pelvis  and  hip  joints  disclosed 
no  change  from  the  one  taken  before  operation.  There  was  no  increased  calcification  and 
the  small  cyst  in  the  right  neck  of  the  femur  appeared  unaltered. 

DISCUSSION 

It  is  perhaps  unfortunate  that  the  early  cases  of  hyperparathyroidism  were 
associated  with  Reckhnghausen's  disease.  Our  preoccupation  with  this  rather 
rare,  spectacular,  disease  may  make  us  forget  that  the  more  prosaic  renal  cal- 

culus is  sometimes  a  manifestation  of  this  xevy  same  hyperparathyroidism.  This 
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has  been  repeatedly  stressed  by  certain  investigators  (6,  7),  and  reports  from 
A-arious  clinics  (8,  9)  describe  just  such  cases,  discovered  on  routine  investiga- 

tion of  purely  urologic  disorders.  Only  the  realization  that  hyperparathyroidism 
can  occur  without  any  discernible  bone  changes,  will  permit  diagnosis  and 
treatment  in  the  early  stages  of  the  disease  before  the  occurrence  of  marked 
skeletal  deformities  and  irreversible  renal  damage,  which,  although  they  may 
be  arrested  by  removal  of  a  parathyroid  tumor,  are  apt  to  leave  the  patient 
permanently  crippled.  The  diagnosis  need  not  be  too  difficult.  The  simple 
procedure  of  adding  Sulkowitch's  reagent  (12)  to  the  urine  of  a  patient  with 
renal  calculi  may  supply  the  clue  to  a  possible  hypei-parathyroidism  and  de- 

termine tl^e  necessity  for  further  investigation.  This  reagent,  which  consists 
of  oxalic  acid  2.5  gm.,  ammonium  oxalate  2.5  gm.,  glacial  acetic  acid  5  cc.and 
distilled  water  up  to  150  cc,  when  added  to  equal  parts  of  acidified  urine,  causes 
a  heavy,  white  precipitate  in  the  presence  of  excessive  calcium  excretion  in  the 
urine.  In  normal  urines  there  is  usually  a  faint  precipitate,  although  occasionally 
there  may  be  none  at  all  especially  when  the  blood  calcium  is  at  the  lower  limits 
of  normal  or  below.  If  the  reaction  is  not  strongly  positive,  the  chances  are 
much  against  the  diagnosis  of  hyperparathyroidism.  If,  however,  it  is  strongly 
positive,  further  investigation  of  the  hypercalcinuria  through  the  medium  of 
appropriate  blood  chemical  and,  if  necessary,  calcium  balance  studies,  is  in- 

dicated., Further  elaboration  of  the  work-up  will  obviously  depend  on  the 
fip-diligs  obtained  in  these  tests.  It  should  be  noted  at  this  point  that  a  strongly 
positive  Sulkowitch  reaction  is  not  in  itself  a  sign  of  hyperparathyroidism  and 
shQuld  not  be  interpreted  as  such.  It  is  merely  an  indication  of  hypercal- 
oifturia  which  may  be  due  to  any  number  of  causes.  However,  its  occurrence 
m  the  presence  of  urolithiasis  should  make  one  suspicious  enough  of  the  pos- 
iisfotlity  of  hyperparathyroidism  to  warrant  further  investigation. 

Cases  of  hyperparathyroidism  with  renal  insufficiency  have  usually  shown 
no  improvement  in  renal  function  following  removal  of  a  parathyroid  tumor 
(7,  13,  14).  The  report  of  a  case  by  Snapper  (11)  disclosed  some  improvement, 
as  indicated  by  the  increased  phenolsulfonphthalein  excretion  two  years  after 
operation,  but  even  here  there  was  evidence  of  residual  renal  impairment  of 
moderate  severity.  Some  advanced  cases,  which  have  shown  an  improvement 
in  the  skeletal  manifestations  after  removal  of  a  parathyroid  tumor,  have 
nevertheless  progressed  to  a  fatal  termination  due  to  renal  failure. 

Pathological  examination  of  these  kidneys,  with  their  extensive  fibrosis, 
calcification  and  destruction  of  vital  renal  tissue,  clearly  demonstrates  why 
this  renal  process  is  usually  irreversible,  even  though  the  inciting  mechanism 
is  removed.  Therefore,  the  finding  of  early  impairment  of  renal  function  in 
this  ca.se,  with  restitution  to  normal  after  surgical  extirpation  of  a  parathyroid 
adenoma,  is  of  some  interest.  Although  there  was  never  any  azotemia  or  hy- 

pertension, the  deficient  concentrating  power  of  the  kidneys  and  the  low  phenol- 
sulfonphthalein excretion  offer  fairly  substantial  proof  of  this  contention.  It 

is  of  interest  to  note  in  this  connection,  that  cases  with  even  more  advanced 
renal  insufficiency  often  exhibit  no  elevation  of  blood  pressure  and  are  apt  to 
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show  an  albuminuria  and  abnormal  findings  in  the  urinary  sediment  which 
seem  low  in  proportion  to  the  degree  of  functional  failure  (16).  From  a  con- 

sideration of  the  pathological  process  described  above,  it  would  seem  fair  to 
conclude  that  the  reversibility  of  the  renal  damage  in  this  case  was  due  to  the 
early  stage  of  involvement  at  which  therapy  was  instituted.  Of  course,  the 
exact  type  of  renal  damage,  existing  at  the  time  of  the  operation,  is  difficult 
to  appraise  and  at  best  is  more  or  less  speculative  in  nature.  It  would  seem 
safe  to  assume  that  the  lenal  damge  was  not  due  to  pyelonephritis,  as  there 
was  never  any  clinical  or  laboratory  evidence  of  urinary  infection  in  this  patient. 
Furthermore,  examination  of  the  urinary  tract,  just  prior  to  operation,  at  which 
time  the  impaired  renal  function  was  evident,  failed  to  disclose  any  signs  of 
urolithiasis  or  infection.  If  we  are  to  accept  the  concept  of  Albright  and  his 
co-workers  that  the  earliest  stage  in  the  pathogenesis  of  the  renal  lesion  in  hy- 

perparathyroidism is  a  precipitation  of  calcium  phosphate  crystals  in  the  col- 
lecting tubules,  and  a  subsequent  "inflammation,"  it  is  possible  to  imagine  a 

pathological  process  of  this  sort  being  responsible  for  the  early  renal  damage 
in  this  case.  A  lesion  of  this  type  may  well  be  reversible  if  the  stimulus  of 
increased  parathyroid  activity  is  removed  before  sclerosis,  and  ultimate  con- 

traction of  the  kidneys  occur.  Even  if  this  conception  is  not  true,  the  knowledge, 
that  mild  renal  damage  in  this  disease  may  be  reversible,  .should  serve  as  an 
additional  spur  to  the  early  diagnosis  and  treatment  of  these  cases. 

SUMMARY 

A  case  of  hyperparathyroidism  in  which  the  signs  and  symptoms  were  almost 
entirely  urologic  in  character  is  reported.  Chemical  examination  revealed  the 
typical  picture  of  hypercalcemia,  hypophosphatemia,  hypercalcinuria,  increased 
blood  phosphatase  and  strongly  negative  calcium  balance  seen  in  this  disease. 
At  operation  a  large,  cystic  parathyroid  adenoma,  which  had  been  suspected 
preoperatively,  both  clinically  and  roentgenographically,  was  found  and  removed. 
There  was  also  early,  but  definite,  renal  impairment,  unassociated  with  py- 

elonephritis. Four  months  after  removal  of  the  tumor  the  renal  function  was 
found  to  be  normal. 

BIBLIOGRAPHY 

1.  Mandl,  F.  :  Klinisches  und  Experimentelles  zur  Frage  der  lokalisierten  und  genera- 
lisierten  Ostitis  fibrosa:  B.  Die  generalisierte  Form  der  Ostitis  fibrosa.  Arch, 
f.  Chir.,  143:  245,  1926. 

2.  Gold,  E.  :  Ueber  die  Bedeutung  der  Epithelkorpervergrosserung  bci  der  Ostitis  fibrosa 
generalisata  Recklinghausen,  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  41:  63, 
1928. 

3.  Snapper,  I.:  Parathyroid  tumor  and  changes  of  the  bones.    Arch.  Int.  Med.,  46:  506, 
1930. 

4.  B.\RR,  D.  P.,  Bulger,  H.  A.,  .\nd  Dixon,  H.  H.  :  Hyperparathyroidism.    J.  A.  M.  A., 
92:  951,  1929. 

5.  Wilder,  R.  M.:  Hyperparathyroidism:  Tumor  of  the  parathyroid  glands  associated 
with  osteitis  fibrosa.    Endocrinology,  13  :  231,  1929. 

I 



606 HERMAN  S.  ROTH 

6.  Albkight,  F.,  Aub,  J.  C,  and  Bauer,  W.:  Hyperparathyroidism.    J.  A.  M.  A.,  102: 
1276,  1934. 

7.  Albright,  F.,  Baird,  P.  C,  Cope,  0.,  and  Bloomberg,  E.:  Renal  complicatioos  of 
hyperparathyroidism.    Am.  J.  M.  Sc.,  187:  49,  1934. 

8.  Barney,  J.  D.,  and  Mintz,  E.  R.:  Relation  of  parath3'roid  glands  to  urinary  lithiasis. 
Brit.  J.  Urol.,  8;  36,  1936. 

9.  Chute,  R.  :  Clinical  aspects  of  hyperparathyroidism  with  special  reference  to  urology. 
J.  Urol.  41:  762,  1939. 

10.  Griffen,  M.,  Osterberg,  A.  E.,  and  Braasch,  W.  F.  :  Blood  calcium,  phosphorus  and 
phosphatase  in  urinary  lithiasis,  .J.  A.  iM.  A.  Ill :  683,  1938. 

11.  Snapper,  I.:  Medical  Clinics  on  Bone  Diseases,  New  York,  Interscience  Publishers, 
Inc.,  1943. 

12.  Barney,  J.  D.,  and  Sulkowitch,  H.  W.  :  Progress  in  management  of  urinary  calculi, 
J.  Urol.  37: 746, 1937. 

13.  Bellin,  D.  E.,  and  Gershwin,  B.  S.:  Hyperparathyroidism  with  renal  insufficiency. 
Am.  J.  M.  Sc.  190:  519,  1935. 

14.  Elson,  K.  a.,  Wood,  F.  C,  and  Ravdin,  I.  S.:  Hyperparathyroidism  with  renal  in- 
sufficiency :  Report  of  a  case.    Am.  J.  M.  Sc.,  190 :  49, 1936. 



EARLY  CERVICAL  CARCINOMA  IN  THREE  CLINICALLY 
UNSUSPECTED  CASES  INCIDENTAL  TO  PLASTIC 

OPERATIONS* 
I.  C.  RUBIN,  M.D. 

[From  the  Gynecological  Service  of  The  Mount  Sinai  Hospital,  New  York,  N.  Y.] 

The  diagnosis  of  early  cervical  carcinoma  has  generally  been  made  by  routine 
histologic  study  of  excised  specimens.  When  the  diagnosis  of  carcinoma  is 
clinically  ventured  and  proven  by  pathological  section,  the  lesion  is  frequently 
pretty  well  established.  Schottlander  and  Kermauner  (1)  for  instance  have 
met  early  uterine  carcinoma  in  only  2  per  cent  of  their  large  material  and  dis- 

covered it  as  an  accidental  finding  in  the  routine  laboratory  examination  of 
excised  uterine  specimens.  Frankl  (2)  met  early  clinical  uterine  cancers  in  about 
3  per  cent  of  1007  cases.  Frank  (3)  writes  that  in  his  clinical  experience  of  30 
years  he  has  seen  "but  2  cases  of  early  cancer  of  the  cervix  in  which  a  histological 
examination  was  really  needed  to  confirm  the  diagnosis.  In  all  other  cases 
the  clinical  criteria  were  unmistakable." 

The  statistics  are  considerably  different  when  biopsies  are  made  from  the 
vaginal  portion  of  the  cervix  in  suspected  cases  of  carcinoma.  Of  106  ex- 

ploratory excisions  reported  from  the  second  University  Gynecological  Clinic 
of  Vienna  in  cases  clinically  suspected  of  cancer  46.2  per  cent  proved  positive. 
One  of  these  was  an  exceedingly  young  growth  found  in  the  amputated  cervix 
from  a  case  operated  upon  for  uterine  prolapse.  This  young  carcinoma  was 
included  in  my  report  of  three  cases  of  incipient  cervical  carcinoma  from  the 
same  clinic  (4). 

Undoubtedly  the  vast  majority  of  these  lesions  were  sufficiently  advanced  to 
arouse  suspicion  of  their  malignancy.  However,  routine  biopsies  in  all  cases 
of  cervical  erosion  may  not  be  expected  to  yield  so  large  a  precentage  of  positive 
evidence  of  malignancy.  In  fact  an  unusually  large  number  of  such  biopsies 
resulted  in  negative  findings  which  is  particularly  true  for  women  married  to 
circumcised  males.  The  apparent  relative  immunity  of  Jewish  and  Moham- 

medan Avomen  to  cervical  cancer  is  well  known.  H.  N.  Vineberg  (5)  estimated 
the  comparative  frequency  to  be  1  to  15  or  20  in  women  of  other  religious  faiths 
and  observances.  This  observation  must  be  considered  in  estimating  probable 
negative  or  positive  results  from  biopsy  examinations  for  cervical  cancer.  It 
accounts  for  the  fact  that  since  1913  (6)  only  three  additional  cases  presently 
to  be  reported  have  been  encountered  by  me  at  The  Mount  Sinai  Hospital. 

TeLinde  and  Galvin  (7)  have  very  recently  reported  from  the  Johns  Hopkins 
University  and  Hospital,  eleven  cases  of  early  cervical  cancer  eight  of  which  were 
encountered  within  a  12  month  period.  During  this  time  704  cervical  biopsies 
were  made,  an  incidence  of  1.7  per  cent  which  approximates  that  reported  by 
Schottlander  and  Kermauner.    TeLinde  and  Galvin  properly  suggest  that  some 

*-I  am  indebted  to  Dr.  Paul  Klemperer  for  the  pathological  data  and  to  Dr.  S.Otani 
for  the  photomicrographs. 
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of  these  lesions  may  have  been  missed  in  former  years.  They  beUeve  that  the 
greater  recent  incidence  is  due  to  a  great  increase  in  the  number  of  biopsies 
taken  in  their  Out-Patient  Department  and  by  their  attending  gynecologists 
in  private  practice. 

In  view  of  the  universal  agreement  that  the  only  practical  solution  to  suc- 
cessful treatment  of  carcinoma  is  early  detection  it  is  necessary  to  report  all 

such  cases  so  that  they  may  be  better  appreciated  and  recognized. 
The  present  report  deals  with  three  cases  of  cervical  carcinoma  which  were 

clinically  unsuspected..  The  pathological  diagnosis  was  however  definite  and 
made  without  reservation.  One  of  these  was  incidental  to  a  trachelorrhaphy; 
the  other  two  were  encountered  in  cervices  amputated  as  part  of  the  technical 
procedure  of  the  Fothergill  operation.  The  clinical  and  pathological  history 
including  follow-up  course  are  of  sufficient  interest  to  warrant  putting  them  on 
record. 

REPORT  OF  CASES 
Case  1 .  History:  B,  L. (#11020),  aged  48  years,  gravida  and  para  4,  was  first  seen  March 

7,  1936.  Her  chief  complaint  was  frequent  menstrual  bleeding  and  a  burning  sensation  in 
the  vagina.  I'^xcopt  for  an  appendectomy  at  28  years  she  had  been  generally  well.  For  the 
two  prcviuus  months  she  had  bled  at  two  weekly  intervals.  Her  uterus  was  slightly  en- 

larged ;uh1  presented  a  small  hickory  nut  sized  nodule  on  the  anterior  wall.  The  cervix 
was  bilaterally  lacerated  and  slightly  eroded. 

When  next  seen  on  August  8,  1936,  she  reported  that  she  had  bled  three  times  in  one 
month.  The  frynecological  examination  showed  no  essential  change.  On  August  11,  1936, 
a  dilatalidii  and  (■ui'etia;i('  with  an  Emmet  trachelorrhaphy  was  done.  At  the  operation  it 
was  noticed  that  the  (a  i  vi<'al  erosion  was  sligiitly  hypertrophic  but  it  did  not  bleed  on  con- 

tact witli  tingery  or  sound.  Tliere  was  nothing  grossly  suspicious  of  carcinoma  either  in  the 
curettings  or  in  the  removed  ('(M-vieal  fragments.  The  pathological  report  was:  (1)  resting 
endometrium ;  (2 )  one  small  fragment  showing  infiltrating  squamous  cell  carcinoma(medium 
rii)e)  (figs.  1  and  2). 
_  The  patient  's  husband  was  informed  of  the  pathological  diagnosis  and  of  the  urgent  ad- visability of  doing  a  hysterectomy  or  resorting  to  radiotherapy.  He  refused  consent  to 
either  procedure  saying  his  wife  had  cancerophobia  and  he  did  not  wish  to  take  the  respon- 

sibility of  urging  her  to  carry  out  either  recommendation. 
August  27,  1936,  the  patient  reported  having  hot  flushes  at  night  with  frequent  nervous 

spells.    At  this  time  the  cervix  was  seen  to  be  well  healed. 
Septemljcr  9,  1937,  the  patient  stated  that  her  last  previous  menstrual  period  was  in 

April  IDHT.  The  uterus  was  normal  in  size,  the  cervix  looked  normal.  Returning  to  the 
office  after  an  absence  of  nearly  three  years  she  reported  January  12, 1940,  that  she  had  taken 
approximately  7,300,000  international  units  of  mcnformon  during  the  year.  Amenorrhea 
for  6  months  was  followed  by  continuous  and,  at  times,  profuse  bleeding  of  3  weeks  dura- 

tion. During  the  two  year  period  1937  to  1939  she  had  bled  about  every  third  month.  The 
cervix  appeared  normal. 

March  8,  1940,  there  had  been  staining  instead  of  menses  in  the  past  3  months  with  ir- 
regular intervals  of  bleeding. 

July  3, 1941,  she  reported  still  taking  menformon  till  5  days  ago.  There  is  slight  staining. 
In  view  of  the  persistent  bleeding  the  nature  of  which  could  not  be  determined  in  this  case 
by  any  surgical  procedure  I  took  occasion  on  July  8,  1941 ,  to  inject  visco  rayopake  into  the 
uterus.  The  hysterogram  showed  a  small  but  otherwise  normal  uterine  cavity.  Cessation 
of  bleeding  the  same  month  was  final. 

November  23, 1943,  examination  showed  the  cervix  to  be  unchanged,  the  uterus  small  and 
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Fig.  1.  Beneath  the  surface  epitheUum  a  nest  of  squamous  epithelium  with  striking 
cell  atypism  and  hyperchromatic  nuclei. 

Fig.  2.  Gross  appearance  of  cervix  showing  no  abnormalities. 

freely  movable;  the  adnexae  were  not  palpable;  the  parametria!  areas  were  free.  As  nearly 
as  could  be  estimated  this  patient  had  taken  a  total  of  9,100,000  international  units  of  men- 
formon  during  a  period  of  four  years. 
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Case  2.  Histonj:  K.  C.  (*'450-136),  55  year.s  old,  gravida  4,  para  3;  entered  The  Mount 
Sinai  Hospital  Deecmtier  27,  108(1.  Her  menses  eeased  7  years  ago.  There  has  been  no 
further  bleeding.  Her  first  (wo  deliveries  were  diflicult  neeessitating  instrumentation. 
When  menopause  occurred  7  years  ago  she  was  told  her  womb  was  low  but  it  caused  no  symp- 

toms. In  the  past  year  she  has  noted  protrusion  while  walking  and  moderate  leucorrhea. 
No  other  symptoms  were  complainetl  of. 

Her  physical  condition  wns  generally  good.  Tlu^  blood  pressure  was  170  sy.sfolic  and 
106  diastolic.  She  had  w  relaxed  i)arous  introifus;  a  large  cystoccle  with  prolapse  of  cervix 
to  the  introitus.  The  cervix  siiowed  no  conspicuous  changes.  There  was  a  large  rectocele. 
A  Fothergill  operation  (parametrial  fixation)  was  done  December  28,  1939. 

Fig.  3.  Low  power  \  iev 
regular  and  sparsely  spaced  eei'vical  inlands 
of  cndocervix  with  marked  glandulai'  proiif 

al.  Anterior  wall  with 
g  conspicuous  thickening 

The  pathological  rejjort  of  the  amputated  cervix  was  early  adenocarcinoma  (figs.  3,  4). 
Radiotherapy  was  advised  and  was  instituteil.  This  consisted  of  external  radiation  total- 

ling 1200  R  prior  to  re-admission  in  February  of  1940,  and  again  the  same  month  she  received 
1800  mgm.  hours  of  radium  radiation,  b.y  tantleni  intracei  vically.  The  curettings  of  the 
cervical  stump  at  that  time  showed  fragments  of  cervical  mucosa  with  acute  inflammation 
and  foreign  body  giant  cells.    No  tumor  was  found. 

The  repair  was  unaffected  and  the  anatomical  result  was  good.  On  March  li ,  1940,  1800 
mgm.  hours  of  intra-utei-ine  radiation  was  again  given.  On  .lune  13,  1940,  examination 
showed  the  cervix  to  be  clean  but  surrounded  with  a  few  small  synecliiae  w  liich  were  broken 
up.  Three  months  later,  the  vagina  was  seen  to  be  short  and  sc-irred  and  .ilioui  1 .5  inches 
long  admitting  one  finger.  Pruritus  vulvae  was  present.  The  p;n  ame(  riae  w  ere  free. 
December  20,  1940,  synechiae  were  again  noticed  in  the  vault.  Seijember  27,  1941 ,  biopsj' 
of  granulation  tissue  in  the  vaginal  vault  was  rej)orted  as  granulation  tissue  with  acute 
and  chronic  inflammation.  October  12,  1944,  the  patient  was  found  to  be  well.  A  few 
nodules  in  the  floor  of  the  vagina,  noted  during  the  past  3  j'ears,  were  still  present. 

Case  3.  History:  F.  P.  (#419794),  aged  55  years,  gravida  13,  para  9,  entered  The  Mount 
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Sinai  Hospital  February  3, 1938.  It  was  her  third  admission  to  the  hospital.  She  had  pre- 
viously been  on  the  Medical  Service  because  of  hypertension  and  cardiac  disease.  She 

had  her  menopause  at  the  age  of  48  and  had  no  vaginal  bleeding  since  then.  For  the  past 
year  she  had  symptoms  of  a  protrusion  of  a  mass  from  the  vagina,  frequency,  urgency  and 
slight  dysuria  which  became  progressively  worse. 

Examination  revealed  an  obese  short  female,  not  dyspneic  or  orthopneic.  Examination 
of  her  lungs  showed  some  emphysematous  changes.  The  heart  was  enlarged  to  one  finger- 
breadth  to  the  left  of  the  midclavicular  line,  the  sounds  were  of  fair  quality;  her  blood  pres- 

sure was  170  systolic  and  100  diastolic. 

Fig.  4.  High  power  of  thickened  ciKl<jcervix  showing  closely  approximated  branching 
glands  with  multilayer  densely  packed  cells  with  hyperchromatic  nuclei. 

She  had  a  multiparous  relaxed  introitus  with  a  large  billiard-ball  cystocele  and  a  moder- 
ate-sized rectocele.  The  cervix  descended  to  the  introitus  on  straining;  it  was  lacerated 

and  slightly  eroded.  The  uterus  was  small,  freely  movable,  retrocessed.  The  adnexae 
were  not  palpable. 

February  5,  1938,  an  anterior  and  posterior  colporrhaphy  with  Fothergill  parametria! 
fixation  operation  was  performed.  During  the  preliminary  dilatation  for  the  routine  curet- 

tage it  was  felt  that  the  lower  portion  of  the  anterior  uterine  wall  was  possibly  perforated 
during  the  cervical  dilatation  with  the  Goodall  dilator  therefore  no  curettage  was  per- 

formed.   The  plastic  procedure  however  was  carried  out. 
Pathological  report  of  the  amputated  cervix  was  chronic  endocervicitis  with  earlj-  endo- 

cervical  squamous  cell  carcinoma  (fig.  5). 
Her  convalescence  was  uneventful  except  for  a  rise  in  temperature  to  102°F.  on  the  first postoperative  day.  It  was  normal  the  3rd  day  after  which  it  remained  normal  until  her 

discharge  from  the  hospital  on  the  21st  postoperative  day.  Previous  to  her  discharge  she 
was  given  7  x-ray  treatments  to  the  pelvis  and  was  referred  to  the  Radiotherapy  Depart- ment for  further  treatment. 

Final  note  at  the  time  of  discharge:  "Cervix  stays  well  up  on  straining.  The  anterior 
and  posterior  vaginal  walls  do  not  descend." 
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On  June  17,  1943,  the  patient  was  again  admitted  having  noted  vaginal  spotting  for  one 
month.  A  small  endocervical  erosion  was  seen  which  bled  easily.  A  hysterogram  at  this 
time  showed  the  uterine  cavity  to  be  enlarged  and  markedly  irregular,  with  evidence  of  a 
mass  projecting  upwards  from  the  left  inferior  surface.  (X-ray  43400)  Pathological 
report:  Cervical  biopsy  showed  fragments  of  tissue  with  infiltrating  squamous  cell  car- 

cinoma of  the  mature  type.  There  was  a  profuse  discharge  of  foul  green  pus  from  the 
uterus  at  the  time  of  insertion  of  radium  on  July  8, 1943,  after  which  she  received  7200  mgm. 
hours  by  tandem  and  colpostat.  On  September  20,  1943  at  the  radiotherapy  follow-up  she 
reported  pain  in  the  region  of  the  left  vulva.  The  cervix  was  healed  and  pulled  to  the 
right  by  the  shortened  right  parametrium.  Clinically  there  was  no  evidence  of  disease. 
On  October  14,  1943,  the  patient  received  the  final  x-ray  treatment  which  totalled  2800  R 
units. 

Fig.  5.  Surface  epithelium  of  cervix  with  striking  cell  atypism  and  immature  squamous 
epithelial  cells  invading  the  stroma. 

COMMENT 
The  question  of  malignancy  in  the  early  lesions  just  described  recurs  despite 

accumulating  experience  of  the  last  30  years  and  more.  Of  the  three  cases 
herein  reported  the  later  finding  of  carcinoma  in  the  cervical  stump  of  one  of  the 
two  cases  where  a  Fothergill  operation  was  done  leaves  no  doubt  as  to  the  ma- 

lignancy. The  case  Avhere  a  trachelorrhaphy  was  done  showing  so  far  no  metas- 
tasis or  local  recurrence  and  the  other  case  incidental  to  the  Fothergill  operation 

also  without  evidence  of  recurrence  leave  room  for  theoretical  speculation 
on  two  points.  (1)  Was  the  lesion  truly  cancerous  and  if  so  was  it  relatively 
latent  or  (2)  may  one  assume  that  the  cancer  can  be  totally  removed  provided 
it  is  small  enough. 

In  1910  (4)  I  reported  three  cases  of  incipient  carcinoma  of  the  cervix  which 
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were  encountered  in  cervices  two  of  which  were  removed  for  the  relief  of  prolapse 
and  the  third  was  removed  with  a  myomatous  uterus.  The  lesions  were  un- 

suspected and  were  discovered  in  the  course  of  the  routine  histologic  examination. 
In  1913  two  more  cases  were  added.  The  criteria  by  which  carcinoma  was  de- 

termined were  previously  published  by  Shottlander,  (8)  Sitzenfrey  (9),  Pronai 
(10),  and  later  by  Ewing  (11)  and  by  Rubin  (4)  on  purely  morphological  grounds. 
There  was  no  follow-up  of  these  cases.  A  number  of  pathologists,  notably  L. 
Pick,  questioned  the  validity  of  these  criteria.  The  cell  changes  which  were 
presumed  to  be  characteristic  of  early  carcinoma  are  the  following: 

1.  A  well-marked  atypical  condition  of  epithelium  which  is  converted  from 
a  single  cylindrical  to  a  metaplastic  many-layered  variety. 

2.  A  well-marked  difference  in  size  of  the  individual  cells  in  their  shape, 
arrangement  and  chromatin  content. 

3.  The  presence  of  atypical  mitosis. 
4.  The  presence  of  giant  nuclei  or  of  giant  cells. 
Isolated  alveoli  and  penetration  into  the  depth  of  such  epithelium  may  be 

present  at  this  early  stage,  but  this  is  not  to  be  regarded  as  an  essential  char- 
acteristic of  malignancy.  These  are  rather  the  later  developments  of  an  ad- 

vanced carcinoma  with  its  other  signs  of  cornification,  ulceration,  etc. 
In  1921  T.  S.  Cullen  (12)  reported  an  early  case  of  cervical  carcinoma  which 

■  corresponded  in  practically  all  ret^pects  to  the  cases  reported  al)()\  e.  Cullen's 
case  was  that  of  a  woman  45  years  old,  a  nuUigravida  who  was  ciu-etted  for 
menometrorrhagia.  In  addition  to  the  hyperplastic  endometrium  found  in 
the  curettings  there  was  a  small  area  showing  squamous  cell  carcinoma.  A 
second  curettage  yielded  the  earliest  evidence  of  the  formation  of  scjuamous  cell 
carcinoma  Cullen  had  ever  seen.  A  small  submucous  myoma  \\as  present  in 
the  fundus  of  the  removed  uterus.  The  finding  of  the  carcinoma  was  regarded 
by  Cullen  "as  one  of  those  fortunate  coincidences  that  will  occasionally  occur 
where  the  routine  microscopic  examination  of  scrapings  is  undertaken." 

Schottlander's  summary  of  the  three  possibilities  of  early  diagnosis  in  uterine 
cancer  may  be  recalled: 

1.  The  material  examined  reveals  a  benign  lesion  as  determined  by  the  mor- 
phological character  of  the  epithelial  areas  and  foci  in  question,  even  though 

there  is  an  indication  of  beginning  deeper  penetration.  The  epithelium  is 
normal  or  shows  healing  erosion  or  a  so-called  metaplastic  epithelium  of  the 
uterine  cavity. 

2.  There  is  a  group  of  cases  in  which  we  are  unable  to  determine  whether  the 
alteration  in  the  epithelium  indicates  a  benign  or  a  maligmant  change.  These 
patients  should  not  be  operated  upon  at  once,  but  should  be  controlled  by 
frequent  and  repeated  subsequent  examinations. 

3.  Finally,  it  is  possible  to  recognize  small  cancer  foci  owing  to  a  well-marked 
morphological  cell-aberration  even  though  the  deep  penetration  of  epithelial 
sprouts  is  barely  present  or  altogether  absent. 

This  classification  has  a  direct  i^iactical  bearing.  The  borderline  cases, 
where  the  pathologist  cannot  positively  make  up  his  mind  as  to  the  benign  or 
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malignant  nature  of  the  lesion,  necessitate  further  vigilance  over  the  patient. 
A  second  biopsy  or  diagnostic  curettage  may  be  resorted  to  in  these  doubtful 
cases. 

Benign  metaplasia  of  the  cervical  or  uterine  epithelium  formerly  regarded  as 
precancerous  should  no  longer  be  mistaken  for  cancer.  Much  was  said  in  the 
early  decade  of  the  present  century  on  the  subject  of  certain  proliferations  of  the 
surface  epithelium  especially  those  found  associated  with  the  healing  of  cervical 
erosions  as  to  whether  they  were  benign  or  potentially  malignant,  i.e.,  precan- 

cerous. It  seems  unprofitable  to  speculate  as  to  whether  a  lesion  is  potentially 
cancerous  because  only  time  can  tell.  On  the  other  hand  if  thei-e  are  outspoken 
characteristics  of  cancer  no  matter  how  small  the  lesion  may  be  the  treatment 
should  be  unequivocally  radical,  that  is  by  total  hysterectomy  or  radiation 
therapy. 

The  morphological  cellular  changes  in  epithelium  characterizing  cancer  have 
since  been  substantiated  by  Robert  Meyer  (13),  W.  Schiller  (14),  H.  Hinselmann 
(15)  and  others.  Further  proof  was  adduced  from  the  subsequent  course  of 
such  cases  which  developed  undoubted  recurrences  or  metastases.  The  lesions 
encountered  in  these  early  cases  are  very  small,  at  times  no  bigger  than  a  pinhead 
but  they  show  microscopically  all  the  characters  of  a  cancerous  lesion.  In 
this  connection  it  is  worthwhile  noting  Robert  Meyer's  (13)  opinion:  "It  is 
necessary  to  arrive  at  a  diagnosis  at  the  earliest  possible  moment  in  the  natural 
history  of  the  cancer  process.  Microscopic  changes  in  the  cells  are  the  earliest 
which  can  be  recognized,  and  these  can  be  accepted  as  trustworthy  before  in- 

vasion. Adenocarcinoma  of  the  body  of  the  uterus  is  diagnosed  by  every 
pathologist  from  curettings  which  consist  only  of  superficial  tissue.  The  changed 
tissue  form  and  structure  are  sufficient  without  evidence  of  invasion." 

The  histological  characteristics  of  early  carcinoma  are  now  thoroughly  familiar 
to  all  well  trained  pathologists.  TeLinde's  and  Galvin's  cases  have  offered  the 
most  recent  corroboration  of  these  diagnostic  criteria  and  of  the  minimal  his- 

tological changes  which  justify  a  diagnosis  of  cervical  carcinoma.  In  none  of 
their  eleven  cases  was  a  diagnosis  possible  from  palpation  or  inspection  of  the 
cervix. 

The  absence  of  recurrence  in  Case  I  of  the  present  report  despite  massive 
estrogen  therapy  suggests  a  certain  degree  of  latency  of  some  early  lesions. 
Nevertheless,  it  would  be  hazardous  with  the  present  limited  knowledge  of  this 
type  of  early  cancer  to  advocate  minor  procedures  as  adequate  therapy  instead 
of  resorting  to  radiotherapy  or  total  hysterectomy.  Although  seven  years  have 
elapsed  since  the  trachelorrhaphy  it  is  not  certain  whether  further  growth  may 
not  eventually  become  manifest.  Late  recurrences  have  been  met  many  years 
after  radical  removal  of  a  cancer.  The  growth  potential  in  this  case  does  not 
appear  to  be  great.    Its  latency  however  is  unpredictable. 

TeLinde  and  Galvin  mention  a  similar  case  in  which  a  trachelorrhaphy  was 
done  in  June  1919.  Routine  examination  of  tissue  removed  showed  non- 

invasive changes  in  surface  epithelium  similar  to  those  seen  in  the  present  series. 
Eight  and  one-half  years  later  examination  of  this  patient  showed  a  large  cauli- 
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flower-like  carcinoma  of  the  cervix.  In  another  case  the  biopsy  showed  non- 
invasive carcinoma-Uke  change  but  the  cervix  which  was  removed  postmortem 

three  years  later  exhibited  extensive  changes  in  the  surface  epithelium  with 
invasion  into  the  stroma  of  the  cervix  at  many  points. 

SUMMARY 
Three  cases  of  early  cancer  of  the  cervix  are  reported.  One  was  discovered 

in  small  cervical  fragments  removed  during  a  trachelorrhaphy.  This  patient 
was  followed  for  7  years;  there  was  no  evidence  of  recurrence  or  further  growth. 
Of  the  two  remaining  cases,  both  of  which  were  incidental  to  Fothergill  operations, 
the  lesion  being  discovered  in  the  amputated  cervix,  one  developed  recurrence 
in  the  cervical  stump  5  years  and  4  months  after  the  operation  despite  ample 
x-ray  and  radium  therapy.  The  other  also  treated  has  so  far  (5  years  after 
operation)  shoAvn  no  recurrence.  The  question  of  latency  of  these  early  cancers 
and  the  morphologic  criteria  of  early  cancer  is  discussed. 
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PLASMA  CELL  IX^'ASIOX  OF  PERIPHERAL  BLOOD  IX  MULTIPLE MYELOMA 
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[From  the  Medical  Service  of  Dr.  Eli  Moschcowitz  and  the  Laboratories  of  The  Mount  Sinai 
Hospital,  New  Y'ork,N.  Y.] 

The  occurrence  of  plasma  cells  in  the  peripheral  blood  in  cases  of  multiple 
myeloma  has  been  the  subject  of  several  reports.  These  cases  are  chiefly  in- 

teresting because  of  two  considerations:  (1)  the  importance  of  the  examination 
of  the  blood  in  the  diagnosis  of  multiple  myeloma  and  (2)  the  status  of  plasma 
cell  leukemia  and  its  relation  to  myeloma. 

The  possiblity  of  the  jxiss;i>rc  of  myeloma  colls  from  the  bone  marrow  into  the 
peripheral  circulation  has  not  Ix^cii  uiiixcrsally  acknowledged.  Some  authors 
question  the  existence  of  characteristic  myeloma  cells  in  the  blood.  However, 
there  are  many  cases  reported  as  multiple  myeloma  in  which  plasma  cells  were 
found  in  the  peripheral  blood. 

It  has  been  stated  that  two  types  of  plasma  cells  may  be  found  in  the  cir- 
culating blood,  the  "typical"  and  the  "atypical."  The  typical  plasma  cell 

as  described  by  ]\Iarschalk6  (1  )  lias  liith^  significance  in  the  diagno.sis  of  myeloma, 
as  it  may  be  .seen  in  other  unrelated  conditions  (rubella,  infectious  mononucleosis, 
etc.)  Morissette  and  Watkins  (2)  have  stressed  the  importance  of  atypical  plasma 
cells  when  found  in  blooil  smears.  They  give  the  folowing  morphological 
characteristics  for  the  differentiation  of  the  two  types:  The  typical  plasma  cell 
is  characterized  by  a  small  "Redkern"  eccentric  nucleus,  light  staining  peri- 

nuclear "Hof,"  and  l^asophilic  cytoplasm;  the  myeloma  cells,  however,  are  usuallj^ 
larger  (up  to  25m  hr  diameter),  have  a  large  nucleus  which  is  rather  centrally 
placed  and  devoid  of  perinuclear  "Hof";  the  nuclear  pattern  shows  a  sharp 
demarkation  between  the  chromatin  and  parachromatin  substance.  Moreover, 
in  the  atypical  plasma  cell  there  is  at  least  one  nucleolus,  and  the  basophilic 
cytoplasm  shows  more  tendency  to  vacuolization  than  is  seen  in  the  typical 
plasma  cells.  The  authors  believe  that  these  atypical  plasma  cells,  if  carefully 
looked  for,  may  be  found  in  more  cases  of  myeloma  than  is  generally  recognized. 
They  also  state  that  all  the  intermediaries  between  the  typical  and  atypical 
plasma  cells  may  be  seen  in  blood  smears.  The  greater  the  resemblance  of  the 
cells  fo\uul  in  the  blood  to  the  atypical  forms  of  plasma  cells,  the  greater  will 
be  the  likelihood  of  the  diagnosis  of  myeloma. 

Rosenthal  and  'N'ogel  (3)  stress  the  following  characteristics  of  plasma  myeloma cells  in  distinguishing  them  from  plasma  cells  in  such  conchtions  as  serum  disease, 
infectious  mononucleosis  and  in  inflammatory  areas:  "They  are  much  larger 
in  size;  the  cytoplasm  is  considerably  greater,  does  not  assume  the  deep  baso- 

philic staining  (luality  \\  i\h  the  Giemsa  stain  and  does  not  show  the  characteristic 
1  Follow  of  the  Dazian  Foundation  for  :\I('(lical  Kosearch. 
Part  of  the  clinical  and  laboratory  sludk  s  were  performed  at  the  Montefiore  Hospital. 
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stain  with  Pappenheim's  methyl — green  pyronin.  The  mj^eloma  cells  show  the 
characteristics  of  myeloid  cells,  whereas  the  genuine  plasma  cells  resemble  the 
lymphocytes.  The  oxidase  reaction  is  negative  in  plasma  cells,  but  is  present 
in  the  granular  cells  of  myelocytic  myeloma.  In  supravital  preparations,  the 
plasma  cells  show  an  eccentric  nucleus  and  a  clear  homogeneous  cytoplasm. 
Large  dense  mitochondria  appear  around  the  nucleus." 

The  failure  to  differentiate  between  these  types  of  plasma  cells  is  one  of  the 
chief  causes  of  disagreement  concerning  plasma  cell  leukemia.  This  disagree- 

ment is  illustrated  by  the  following  example :  The  first  case  reported  as  plasma 
cell  leukemia  was  that  of  Foa  (4)  in  1902.  Osgood  and  Hunter  (5)  reported 
their  case  (1935)  as  the  second  in  the  literature,  while  Patek  and  Castle  (6)  two 
years  later  described  another  instance  and  cited  ele^•en  others  that  had  been 
previously  reported.  The  authors  differ  widely  as  to  the  cases  which  they  accept 
as  plasma  cell  leukemia.  This  discrepancy  is  also  explained  hy  the  fact  that  the 
distinction  between  the  localized  and  the  diffuse  forms  of  plasma  cell  infiltration 
is  not  sharp.  Therefore  all  attempted  classifications  of  these  conditions,  such 
as  that  of  Piney  and  Riah  (7),  must  be  to  some  extent  arbitrary. 

The  views  expressed  by  Reiter  and  Freeman  (8)  are  noteworthy.  The  authors 
report  a  case  in  which  all  the  organs,  as  well  as  the  blood,  were  diffusely  involved, 
a  condition  which  they  term  leukemic  plasmocytosis.  They  discuss  the  relation- 

ship of  this  condition  to  localized  myeloma  and  draw  an  anology  with  the  pro- 
liferative diseases  of  the  lymphocytes.  The  authors  contend  that  plasma  cell 

multiple  myeloma  is  analagous  to  lymphosarcoma.  Invasion  of  the  peripheral 
blood  does  not  occur  in  either  condition.  On  the  other  hand,  plasma-  cell  leu- 

kemia is  comparable  to  true  lymphatic  leukemia.  Between  these  two  ex- 
tremes, involving  either  the  plasma  cell  or  the  lymphocyte,  is  a  group  in  which 

tumor  formation  and  blood  invasion  is  combined.  The  name  "leukosarcoma" 
is  applied  to  those  cases  in  which  the  lymphocytes  are  iuA'olved;  they  suggest 
the  term  "leukemic  plasmacytosis"  for  cases  involving  plasma  cells.  These 
latter  cases  of  plasma  cell  myeloma  with  plasmocyto.sis  differ  from  plasma  cell 
leukemia  as  leukosarcoma  differs  from  lymphatic  leukemia. 

In  general,  two  concepts  have  been  advanced  to  explain  the  significance  of 
plasmocytosis  in  multiple  myeloma;  (1)  that  of  a  true  leukemia,  and  (2)  of  a 
plasmocytic  reaction  in  the  blood  (analogous  to  a  leukemoid  reaction)  caused 
by  tumors  which  are  essentially  localized  in  nature  (9). 

The  most  important  data  concerning  cases  reported  in  the  literature  as  plasma 
cell  leukemia  (either  pure  or  associated  with  localized  myeloma)  are  compiled 
in  Table  I. 

The  following  case  of  multiple  myeloma  is  reported  because  the  examination 
of  the  peripheral  blood  disclosed  atypical  plasma  cells  which  suggested  the 
diagnosis  before  other  tests  were  performed.  Subsequently  the  blood  picture 
of  plasma  cell  leukemia  developed. 

CASE  REPORT 
History:  The  patient  was  a  58  j^ear  old  woman,  first  seen  on  August  6,  1943,  complaining 

of  abdominal  and  low  back  pain  and  pain  on  swallowing.  Because  of  the  occurrence  of 
"albuminuria"  the  diagnosis  of  kidney  disease  had  been  entertained. 
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She  was  well  until  two  and  a  half  years  before,  when  she  had  a  sudden,  profuse,  rectal 

hemorrhage  requiring  several  blood  transfusions.  The  cause  of  this  bleeding  could  not  be 
ascertained  despite  detailed  examination.  A  platelet  count  was  not  done.  From  this  period 
on  she  observed  progressive  weakness  and  pallor.  Two  months  ago,  low  back  pain,  radiat- 

ing to  the  buttock,  appeared.    Within  a  short  time  she  became  incapacitated. 

TABLE  II 
Peripheral  blood  studies 

DIFFERENTI.AL  COUNT 
DATE HEMO- GLOBIN (SAHLl) 

RED  CELL WHITE CELL COUNT 
PLATELET 

Non- 
segmented 
neutro- 
philes 

Segmented 
neutro- 
philes 

Mono- cytes 
Lym- 

pho- 

cytes Eosino- 
philes Baso- 

philes 

Plasma cells 

In  mil- lions per 1  cmm. 
Per  1 PerO % % % 

7/6 
8/20 
9/17 
9/22 
9/24 
9/27 

31 
48 
43 

38 

1,900 
2,800 
2,620 

6,000 
6,400 
6,850 15,000 

17,400 
26,000 

90,000 
70,000 

5 
3 
2 
8 
8 10 

45 

56 
47 
42 

37 28 

6 
4 
8 
7 
4 
6 

41.5 

31 38 22 
23 17 

1 
2 
2 
1 
2 
1 

1 

1 

0.5 
2 
2 19 

28 

38 
TABLE  III 

Bone  Marrow  Studies  (Sternal  Aspiration) 
Date  7/6 

8/20 9/27 Total  Nucleated  Cell  Count  240,000 
Megakaryocytes  per  1  cmm  

22 

per  cent per  cent per  cent Differential  Count 
Myeloblasts  1 1.25 
Promyelocytes  1 2.25 0.25 
Myelocytes  Neutrophilic  8 10.25 5.75 
Myelocytes  Eosinophilic  2 1 
Non-Segmented  Neutrophilic  

15 
6 8.5 

Segmented  Neutrophilic  2.3 3.25 4.25 
Segmented  Eosinophiles  0.3 0.5 0.25 

0.3 
1.5 

Reticulum  Cells  0.3 
0.5 

Erythroblasts  2 2.25 2 
Normoblasts  10.3 7.25 8.25 
Plasma  Cells  56.6 66 68.5 

Examination:  The  patient  was  a  moderately  obese  and  chronically  ill  woman.  There 
were  several  small,  soft,  bright  red  nodules,  measuring  up  to  7  mm.  in  diameter,  scattered 
over  the  posterior  third  of  the  margins  of  the  tongue.  The  anterior  and  posterior  cervical 
lymph  nodes,  left  axillary,  left  epitrochlear  nodes,  and  inguinal  nodes  were  palpable.  The 
blood  pressure  was  185  systolic,  90  diastolic.  The  liver  was  felt  2  cm.  below  the  costal 
margin.  The  abdomen  was  markedly  distended;  the  spleen  was  not  palpable.  There  was 
tenderness  over  spinous  processes  of  L4  and  L5  and  the  upper  sacrum.  In  addition,  marked 
tenderness  was  present  over  the  left  heel. 
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Laboratory  Data:  The  blood  count  showed  a  very  pronounced  anemia  of  the  hypochromic 
type:  hemoglobin,  31  per  cent;  red  blood  cells,  1,900,000;  white  blood  cells,  6,100.  The 
differential  count  was  normal  except  for  an  occasional  atypical  plasma  cell,  which  contained 
one  or  more  nucleoli;  some  showed  mitotic  figures  or  double  nuclei;  the  cells  were  large  and 
nuclei  centrally  situated.  The  possibility  of  plasma  cell  multiple  myeloma  was  at  once 
suggested  by  this  appearance  of  the  plasma  cells.  Sternal  marrow  aspiration  confirmed  the 
diagnosis  of  myeloma,  revealing  56  per  cent  plasma  myeloma  cells;  other  elements  were 
markedly  reduced.    The  blood  and  bone  marrow  findings  are  described  in  Tables  II  and  III. 

Other  blood  studies  were:  urea  nitrogen,  64  per  cent;  phosphorus,  5  mg.  per  cent;  cal- 
cium, 10.4  mg.  per  cent;  total  protein,  7-3  gm.  per  cent;  globulin,  4.4  gm.  per  cent;  alkaline 

phosphatase  4  King-Armstrong  units;  sedimentation  rate,  18  mm.  in  8  minutes;  and  Wasser- 
mann  reaction  negative.  The  urea  clearance  was  11  per  cent.  The  blood  serum  showed  an 
immediate  positive  formol  gel  reaction.  Using  the  ordinary  heat  test  at  pH  5  the  urine 
was  found  to  contain  large  quantities  of  Bence-Jones  proteose  and  to  be  consistently  free 
of  albumin.  There  were  occasional  hyalin  and  granular  casts.  Urinary  concentration 
tests  showed  a  specific  gravity  of  1.012  to  1.015.  Roentgenographic  examination  of  the 
skull  showed  numerous  circular  lesions  throughout  the  bones  of  the  calvarium.  There  were 
numerous  areas  of  bone  destruction  of  the  lower  ribs,  lumbar  vertebrae,  and  pelvis  and  a 
pathological  fracture  of  the  body  of  the  first  sacral  vertebra.  Lumbar  puncture  showed 
evidence  of  spinal  cord  compression.  The  spinal  fluid  protein  was  26  mg.  per  cent;  the 
Pandy  was  four  plus. 

Course:  During  her  stay  in  the  Hospital,  the  patient  had  considerable  back  pain;  radio- 
therapy brought  no  relief.  She  received  several  blood  transfusions.  The  course  was  pro- 

gressively downhill  and  she  died  on  October  1,  1943.  A  post  mortem  examination  was  not 
obtained. 

COMMENT 

The  most  interesting  findings  observed  in  this  case  of  multiple  myeloma  were 
in  the  blood  picture.  There  was  a  progressive  increase  (absolute  and  relative) 
of  the  plasma  cells  coincident  with  a  rise  of  the  total  white  cell  count  and  a  fall 
of  the  neutrophiles. 

The  bone  marrow  was  very  cellular  with  an  overwhelming  preponderance  of 
plasma  myeloma  cells.  This  was  so  pronounced  as  to  crowd  out  the  normal 
marrow  elements.  As  a  result,  a  severe  anemia  with  thrombocytopenia  ensued. 
It  is  possible  that  with  increasing  infiltration  of  the  bone  marrow,  the  plasma 
cells  had  succeeded  in  escaping  into  the  peripheral  blood. 

Although  no  post-mortem  examination  was  obtained,  there  was  evidence  of 
visceral  extraosseous  involvement.  It  was  mentioned  that  the  patient  com- 

plained of  pain  in  the  back  of  her  tongue;  multiple  nodules  were  found  in  this 
area.  Aspiration  of  these  nodules  revealed  62  per  cent  plasma  cells,  whereas 
at  that  time,  there  were  only  12  per  cent  plasma  cells  in  the  peripheral  blood. 
The  nodules  represented  foci  of  myxomatous  tissue. 

In  retrospect,  it  is  probable  that  the  initial  symptom  of  rectal  bleeding  is  due 
to  thrombocytopenia  conditioned  by  plasma  cell  infiltration  of  the  bone  marrow. 
Complete  hematologic  studies  are  indicated  in  cases  of  unexplained  bleeding. 
The  earlier  diagnosis  of  "albuminuria"  is  a  common  error.  It  stresses  the  im- 

portance of  careful  urine  analyses.  The  reduction  in  kidney  function  and 
azotemia  may  be  ascribed  to  a  "myeloma  kidney." 

This  case  emphasizes  the  relationship  between  plasma  cell  leukemia  and 
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multiple  myeloma.  It  shows  the  importance  of  the  examination  of  the  blood 
smear  in  the  diagnosis  of  myeloma.  It  is  possible  that  the  study  of  the  mor- 

phology of  the  white  cell  layer  of  centrifuged  blood  may  facilitate  the  discovery 
of  plasma  cells  in  more  cases  of  multiple  myeloma. 

SUMMARY 

A  case  of  multiple  myeloma  is  presented  in  which  the  diagnosis  was  first  sug- 
gested by  the  presence  of  plasma  cells  in  the  routine  blood  smear  examination. 

The  diagnosis  was  confirmed  by  bone  marrow  studies  which  showed  similar 
plasma  cells.  Subsequently  massive  plasma  cell  invasion  of  the  peripheral 
blood  occurred.    This  resulted  in  the  picture  of  plasma  cell  leukemia. 

The  relationship  of  plasma  cell  leukemia  to  multiple  myeloma  is  discussed. 
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THE  DISSEMINATION  AND  CONTROL  OF  MENINGOCOCCAL  IN- 

FECTIONSi 
EMANUEL  B.  SCHOENBACH^  and  JOHN  J.  PHAIR' 

[From  the  Department  of  Epidemiology,  School  of  Hygiene  and  Public  Health,  The  Johns 
Hopkins  University,  Baltimore,  Maryland] 

The  sudden  onset  and  the  striking  cUnical  features,  coupled  with  the  variable 
and  high  case  fatality  rate,  have  served  to  sharply  delineate  cerebrospinal  fever. 
The  infrequent  demonstration  of  association  between  cases  of  this  apparently 
highly  infectious  disease  and  the  ineffectiveness  of  quarantine  or  other  control 
measures  have  increased,  disproportionately,  the  fear  of  attack.  The  anxiety 
associated  with  any  potentially  epidemic  infection  is  inversely  proportional  to 
the  degree  of  knowledge  as  to  the  modes  of  transmission  and  the  practicability 
and  efficacy  of  protective  procedures. 

A  wave  of  meningococcal  infections  has  followed  in  the  wake  of  the  vast  in- 
dustrial and  military  mobilization  in  the  British  Isles  (1),  Canada  (2)  and  the 

United  States  (3,  4).  During  the  years  1942,  1943  and  1944  a  marked  increase 
in  the  incidence  of  meningococcal  meningitis  and  meningococcemia  has  been 
noted  in  this  country,  amounting  to  approximately  ten  times  the  five  year 
median,  1937-1941.  It  has  been  observed  in  both  civilian  and  military  popu- 

lations (3,  4,  5,  6).  This  epidemic  has  been  the  greatest  recorded  by  the  United 
States  Public  Health  Service  during  the  past  40  years  and  far  exceeds  the  pre- 

ceding epidemics  of  1917-18,  1929-30  and  1936-37  (5). 
Cerebrospinal  fever  was  recognized  as  a  clinical  and  epidemiological  entity 

early  in  the  19th  century.  Owing  to  the  skin  eruption  frequently  present,  it 
was  called  "sinking  typhus,"  "cerebral  typhus"  and  "spotted  fever"  and  con- 

fused wth  classical  typhus  fever.  Because  of  the  prominence  of  symptoms 
arising  from  the  inflammatory  process  in  the  central  nervous  system,  it  has  had 
such  designations  as  "brain  fever,"  "acute  hydrocephalus,"  "encephalitis," 
"cerebrospinal  fever"  and  "cerebrospinal  meningitis"  (7). 

The  term  "epidemic"  has  always  been  associated  with  the  occurrence  of 
meningococcus  meningitis,  yet  it  has  long  been  recognized  that  sporadic  cases 
occur  and,  in  any  large  population,  periods  of  low  or  endemic  prevalence  alter- 

nated with  periods  when  the  disease  became  unusually  prevalent  or  epidemic. 
The  length  of  the  interval  between  epidemic  periods  and  the  area  affected  has 
been  uncertain  but  that  they  occurred  was  clear  to  all  those  who  reviewed  the 
literature. 

1  These  investigations  were  aided  by  the  Commission  on  Meningococcal  Meningitis, 
Board  for  the  Investigation  and  Control  of  Influenza  and  Other  Epidemic  Diseases  in  the 
Army,  Preventive  Medicine  Service,  Office  of  The  Surgeon  General,  War  Department. 

2  Consultant  to  the  Secretary  of  War  for  the  Prevention  of  Epidemic  Disease;  Major, 
Medical  Corps,  A. U.S.;  Member,  Commission  on  Meningococcal  Meningitis. 

3  Associate  Professor,  Department  of  Epidemiology;  Consultant  to  the  Secretary  of 
War  for  the  Prevention  of  Epidemic  Disease;  Director,  Commission  on  Meningococcal 
Meningitis. 
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The  etiologic  agent  was  first  seen  in  preparations  from  the  spinal  fluid  by 
Marchiafava  and  Celli  (8)  in  1884,  but  credit  is  given  to  Weichselbaum  (9) 
for  the  cultivation  and  positive  identification  of  the  causative  organism,  Diplo- 
coccus  intracellidaris  meningitidis  or  Neisseria  iniracellularis,  in  1887.  It  was 
not  until  the  turn  of  the  century  that  the  etiologic  role  of  this  microorganism 
became  fully  established  and  accepted  as  a  result  of  investigations  made  in 
many  parts  of  the  world,  notably  by  Councilman,  Mallory  and  Wright  (10), 
Elser  and  Huntoon  (11),  and  Flexner  and  his  associates  (12)  in  the  United 
States;  by  Albrecht  and  Ghon  (13)  in  Germany;  by  Dopter  (14),  Netter  and 
Debre  (15)  in  France;  by  Gordon  (16)  in  England,  and  others.  Between  1900 
and  1910  the  practice  of  making  lumbar  puncture  became  a  commonly  accepted 
diagnostic  procedure,  and  physicians  began  to  separate  cerebrospinal  menin- 

gitis due  to  the  meningococcus  from  meningitis  due  to  other  causes.  There- 
after, "meningococcus  meningitis,"  an  etiologic  designation,  came  into  gen- eral use. 

As  bacteriological  methods  improved  and  observations  were  extended,  it  was 
discovered  that  the  first  site  of  infection  with  the  meningococcus  was  in  the 
rhinopharynx  and  in  a  considerable  proportion  of  cases,  the  organism  could  be 
recovered  from  the  blood  stream.  In  fatal  cases  post  mortem  examination 
frequently  revealed  hematogenous  metastatic  foci  in  the  heart,  spleen,  skin  and 
other  tissues.  Meningococcemia  sometimes  occurred  without  extension  of  the 
infection  to  the  meninges. 

More  important,  in  1901,  Albrecht  and  Ghon  (13)  called  attention  to  the  fact 
that  not  only  cases  but  many  apparently  normal  individuals  who,  in  so  far  as 
was  known,  had  not  had  any  contact  with  clinical  meningococcal  infection, 
harbored  meningococci  in  their  rhinopharynx.  The  existence  of  "carriers" 
afforded  an  explanation  for  much  that  had  been  obscure  as  to  the  manner  of 
spread  of  this  disease.  This  observation  was  confirmed  and  many  studies  were 
conducted  to  determine  the  frequency  and  importance  of  these  infections  dur- 

ing epidemic  and  interepidemic  periods  (17,  18,  19).  Since  the  World  War  I 
of  1914-18,  it  has  been  realized  to  an  increasing  degree  that  cerebrospinal 
meningitis  is,  in  a  sense,  a  complication  occurring  occasionally  among  those  who 
become  infected  with  the  meningococcus. 

Bacteriologists  have  sought  to  identify  the  particular  strains  which  were 
capable  of  invading  the  tissues  of  the  host  and  to  understand  the  factors  con- 

cerned in  resistance  to  such  sequelae.  Dopter  (20),  in  1909,  described  naso- 
pharyngeal strains  which  were  indistinguishable  from  those  isolated  from  the 

spinal  fluid  of  cases  except  for  differences  in  their  agglutination  reaction.  Later 
it  was  shown  that  these  "parameningococci"  could  be  isolated  from  typical 
clinical  cases  of  meningitis.  Since  then,  many  workers  have  arranged  further 
groupings,  employing  in  some  instances  only  case  strains  and  in  others,  case 
and  "non-contact  carrier"  strains.  Gordon  and  Murray  in  1915,  by  systen:atic use  of  the  agglutination  absorption  reaction  with  strains  isolated  from  military 
cases,  demonstrated  that  these  meningococci  could  be  divided  into  four  distinct 
types  which  they  called  I,  II,  III  and  IV  (21).    This  classification  found  general 
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acceptance  in  England  and  America.  It  was  used  by  Branham  (22)  in  her  sero- 
logical typing  of  case  strains  isolated  between  1928  and  1930  in  the  United  States. 

Rake  (23),  through  his  work  with  the  specific  polysaccharides,  combined  Types 
I  and  III  into  Group  I.  Branham  and  Carlin  (24)  have  recently  added  a  new 
serological  type  for  which  they  suggest  the  designation  Type  II  alpha.  Sero- 

logical typing  of  2,270  strains  isolated  from  cases  in  1942  and  1943  among  Army 
personnel,  by  the  Commission  on  Meningococcal  Meningitis,  has  shown  that 
91.0  per  cent  were  Group  I,  5.5  per  cent  Type  II  alpha,  and  3.1  per  cent 
Group  II. 

Glover  (25)  has  suggested  that  a  "non-contact  carrier  rate"  of  20  per  cent  or 
more  is  a  danger  signal  which  presages  the  occurrence  of  cases  of  cerebrospinal 
fever.  However,  Dudley  and  Brennan  (26),  among  others,  have  found  high 
"carrier  rates"  in  populations  where  clinical  meningococcal  infections  were  not 
occurring.  Maxcy  (27)  and  Dingle  and  Finland  (28),  in  their  reviews,  have 
questioned  the  importance  attached  to  crude  carrier  percentages.  Also  it  has 
not  been  fully  appreciated  that  the  presence  of  large  numbers  of  nasopharyngeal 
"carrier"  infections  during  outbreaks  of  meningococcal  meningitis  while  re- 

quired, must  be  accompanied  by  other  essential  conditions.  In  other  words, 
during  periods  of  unusual  prevalence,  the  "high  carrier  rates"  comprise  only  a 
necessary  but  etiologically  insufficient  condition. 

The  term  "carrier"  has  many  connotations  which  interfere  with  a  clear  under- 
standing of  the  host-parasite  relationships.  It  can  be  interpreted  to  imply 

that  the  individual  may  act  as  a  passive  vector.  It  is  difficult  to  concede, 
however,  that  living  animal  tissue  can  be  the  site  of  multiplication  of  any  or- 

ganism without  reacting  in  some  way  to  its  presence.  The  relation  to  such 
multiplication  may  be  so  slight  and  transient  as  to  escape  recognition  and  be 
discernible  only  as  an  altered  response  of  the  host  tissue  such  as  antibody  for- 

mation. It  may  be  so  severe  as  to  be  obvious  to  all  observers.  Reactions  in 
all  possible  gradations  must  be  considered  "infections." 

Individuals  harboring  the  meningococcus  in  their  nasopharynx  are  said  by 
Netter  and  Debre  (29)  to  exhibit  a  local  inflammatory  reaction  to  its  presence. 
This  observation  has  not  been  satisfactorily  confirmed.  The  concensus  of 
opinion  at  present  does  not  accept  any  distinct  specific  inflammatory  reaction. 
Whether  an  antibody  response  occurs  among  this  group  is  unknown  because 
the  diagnostic  methods  available  are  too  crude  and  complicated.  Specific 
bactericidal  activity  has  been  obtained  with  sera  of  apparently  normal  indi- 

viduals who,  to  their  knowledge,  have  not  had  a  previous  meningococcal  infec- 
tion. 

Rake  (30),  in  his  study  of  an  epidemic,  states:  "Despite  the  absence  of  any 
convincing  local  infection  in  meningococcus  carriers,  this  general  reaction  of  the 
body  would  seem  to  point  to  the  fact  that  the  carrier  state  is  to  be  looked  upon 
as  an  infection."  There  is  no  reason  to  believe  that  the  spectrum  of  infection 
with  the  meningococcus  differs  qualitatively  from  that  of  C.  diphtheriae,  H. 
influenza,  Streptococcus  hemolyticus  Beta  and  others.  In  all  these  diseases,  a 
certain  proportion  of  the  population  becomes  immunized  as  a  result  of  minor, 
atypical,  inapparent,  or  unrecognizable  infections. 
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The  classification  of  "carriers"  as  infected  individuals  implies  that  the  clin- 
ical syndi'omes  such  as  nasopharyngitis,  meningococcemia,  or  meningitis  are 

expressions  of  the  degree  of  invasion  rather  than  any  fundamental  difference  in 
host-parasite  relationships.  With  this  concept,  cases  can  be  considered  un- 

certain and  irregular  indicators  of  the  spread  of  meningococcal  infections  in  a 
population.  The  real  flow  is  submerged  and  can  be  revealed  solely  by  uncover- 

ing subclinical  or  inapparent  infections. 

Group  B  (ICQ  men) 

Sulfa  drug  administered 
during  this  time 

Group  A  =  6  gms. Sulfadiazine 
Group  0=1  gm. Sulfadiazine 
Group  D  =  2  gms. Sulfadiazine 
Group  Bi=  1  gm.Sulfamerazlne 

Group  C   (55  men)  

Group  D  (55  men) 
V///ylL///////777777\ 

April Dates  cultured 

Fig.  1.  Relationship  of  groups  to  time  of  culture  and  administration  of  drug 

The  Commission  on  Meningococcal  Meningitis  arranged  an  investigation 
during  the  spring  of  1943  at  a  large  Army  camp,  (1)  to  describe  the  dynamics  of 
subclinical  meningococcal  infections,  according  to  type,  in  respect  to  distribu- 

tion, prevalence,  incidence  and  duration;  and  (2)  to  determine  the  minimal  ef- 
fective dose  of  sulfonamides  required  to  obtain  parasitic  cure  of  these  infections. 

The  size  of  the  samples,  the  interval  between  cultures,  and  the  techniques  em- 
ployed, were  so  planned  as  to  furnish  valid  answers.  The  orientation  in  time 

of  the  study  and  the  relationships  of  the  various  groups  is  presented  in  Figure  1. 
In  summary,  it  may  be  stated  that  Group  "A"  received  six  grams  of  sulfa- 

diazine and  its  effect  was  noted  for  one  month.  Group  "C"  received  one  gram 
and  Group  "D"  two  grams  of  sulfadiazine  and  were  followed  for  approximately 
three  weeks.    Group  "B"  served  as  the  control  for  groups  "A",  "C"  and  "D", 
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and  for  the  study  of  the  dyanamics  of  subclinical  infections.  The  last  week, 
one-half  of  Group  "B"  was  given  one  gram  of  sulfamerazine. 

The  results  of  this  investigation  disclose  several  important  aspects  of  the 
dynamics  of  inap parent  meningococcal  infections  among  Army  personnel.  The 
average  composite  prevalence  rate  among  the  control  group  "B"  was  40  per cent.  These  results  are  summarized  in  Table  1.  The  number  of  subclinical 
meningococcal  infections  found  during  the  ten  week  study  period  is  presented 
in  Table  2. 

TABLE  1 
Frequency  of  type  specific  meningococci  in  nasopharyngeal  cultures 

RESULT  or  CULTURE NUMBER PER  CENT  OF  TOTAL CULTURES 

949 
38.8 

Group  I  350 14.3 
Type  I  la  

220 9.0 
370 15.1 

Group  Il-IIa  9 0.4 

31 

1.3 

Group  I  and  Ila  2 0.08 
Group  I  and  II  12 

0.5 Group  I  and  Il-IIa  1 0.04 
Group  II  and  Ila  12 0.5 
Group  II  and  Il-IIa  3 0.1 

Total  Containing 
Group  I  365 14.8 
Type  Ila  235 9.5 

398 16.1 
Group  Il-IIa  13 0.5 

98C 40.0 
Total  Negative  

1,471 
60.0 

Total  
2,451 

100.0 

Of  the  99  men  in  the  control  group,  92.9  per  cent  were  infected  at  some  time 
during  the  study  period.  Of  the  92  positive  men,  44  had  infections  classified 
as  "persistent"  under  a  reasonable  definition.  An  approximately  equal  num- 

ber had  only  "transient"  infections.  Classification  of  the  plates  according  to 
the  type  and  number  of  meningococcal  colonies  present  did  not  differentiate 
between  the  "persistent"  and  "transient"  infections. 

No  fixed  pattern  could  be  derived  from  the  study  of  the  individual  records. 
Some  men  were  negative  throughout  the  study  period.  In  many,  infection 
was  followed  by  spontaneous  parasitic  cure.  In  others,  infections  with  one 
type  would  be  followed,  interrupted,  or  accompanied  by  an  infection  with 
another  type. 
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No  correlation  could  be  demonstrated  between  the  daily  prevalence  rates, 
climatic  conditions,  the  occurrence  of  upper  respiratory  disease,  or  the  incidence 
of  the  common  contagious  diseases,  including  clinical  meningococcal  infections. 

The  frequency  distribution  of  meningococcal  types  as  isolated  from  cases 
■was  not  duplicated  when  subclinical  infections  were  studied.  All  the  clinical 
cases  at  this  camp  had  been  associated  with  the  Group  I  meningococcus.  Typ- 

ing of  the  strains  isolated  from  cases  throughout  the  Army  had  shown  that  91.0 

TABLE  2 
Number  of  men  with  subclinical  meningococcal  infections  during  the  10  iveek  study  period 

RESULT  OF  CULTURES NUMBER  OF  MEN PER  CENT  OF  TOTAL 

Single  Type  
48 

48.5 
Group  I  

22 
22.2 Type  Ila  11 11.1 Group  II  

15 

15.2 0 
0.0 

Two  or  More  Types  
44 

44.4 8 
8. 1 Group  I  and  II  14 14.1 I 1 .0 

Type  Ila  and  II  
10 

10.1 
Type  Ila  and  Il-IIa  0 0.0 
Group  II  and  Il-IIa  2 

2.0 

Group  I,  Ila  and  I  6 
6.1 

Type  Ila,  II  and  Il-IIa  1 1.0 
Group  I,  Ila,  II  and  Il-IIa  2 2.0 

Total  Harboring 

53 
53.5 

Type  Ila  38 38.4 40 
40.4 

Group  Il-IIa  6 
6.1 

Total  Positive  92 92.9 
Total  Negative  7 7.1 

Total  99 100.0 

per  cent  were  Group  I.  Among  the  99  men  in  control  group  "B",  53.5  per  cent 
of  the  subclinical  infections  were  Group  I,  38.4  per  cent  were  Type  II  alpha  and 
40.4  per  cent  were  Group  II. 

The  high  proportion,  92.9  per  cent,  of  the  99  men  found  infected,  extended 
and  confirmed  the  concept  that  the  spread  of  the  meningococcus  was  primarily 
at  the  subclinical  level.  Only  seven  escaped  infection  during  the  brief  period 
of  68  days,  indicating  the  extent  and  rapidity  of  flow. 

It  is  apparent  that  the  composite  or  type  specific  prevalence  rate  for  any  given 
day  or  for  the  study  period  as  a  whole  is  a  static  representation  of  a  biologic 
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equilibrium  and  does  not  describe  the  rate  of  transmission  of  the  meningococcus. 
A  dynamic  process  exists  and  must  be  illustrated  by  a  dynamic  equation.  The 
number  of  new  infections  in  each  succeeding  time  period,  that  is,  the  incidence 
rate,  is  a  much  better  index  than  the  level  of  prevalence  attained.  If  the 
incidence  is  increasing,  transmission  is  taking  place;  if  it  is  decreasing,  condi- 

tions are  operating  against  the  survival  of  the  parasite.  The  same  prevalence 
may  be  found  in  two  population  groups,  yet  in  one  there  may  be  a  declining 
and  in  the  other  an  increasing  transmission  of  the  meningococcus.  If  all  other 
factors  were  equal  such  as  group  susceptibility  or  degree  of  contact,  the  latter 
situation  would  cause  more  concern. 

With  this  concept,  the  hypothesis  of  a  "fixed  epidemic  level"  of  subclinical 
meningococcal  infection  faUs.  Glover  (25)  concluded  that  there  was  a  corre- 

lation between  prevalence  of  subclinical  infections  and  the  incidence  of  clinical 
cases  by  stating:  "A  carrier  rate  of  20  per  cent  (without  awaiting  the  occurrence 
of  cases)  should  be  regarded  as  a  signal  for  prompt  and  effective  action."  How- 

ever, in  the  development  of  this  thesis,  he  was  actually  concerned  with  the 
changes  in  prevalence  rather  than  the  static  level.  In  his  report,  the  following 
inferences  were  drawn:  "A  wave  of  high  (non-contact)  carrier  rates  preceded 
and  accompanied  an  outbreak  of  cerebrospinal  fever  .  .  .  there  is  a  carrier 
epidemic  (for  the  most  part  entirely  devoid  of  symptoms)  preceding  and  accom- 

panying the  much  smaller  case  epidemic."  He  did  not  stress  sufficiently  the 
importance  of  this  latter  observation  and  later  workers  have  neglected  it  entirely. 
From  this  and  other  studies  of  the  Commission  on  Meningococcal  Meningitis 
during  the  past  two  years,  it  has  been  evident  that  the  number  of  cases  would  be 
determined  by  the  incidence  of  new  infections,  rather  than  their  prevalence,  in 
any  given  period. 

These  observations  also  offer  an  explanation  for  the  failure  of  control  measures 
which  have  been  suggested  in  the  past.  The  meningococcus  must  be  considered 
an  "efficient  parasite"  which  maintains  itself  in  any  human  population  through 
infections  at  a  subclinical  level.  Only  a  very  small  proportion  of  the  total 
number  of  infections  are  followed  by  clinical  manifestations.  The  latter  group 
acquire  the  parasite  not  necessarily  from  contact  with  other  cases  but  from 
apparently  healthy  individuals  who  have  a  subclmical  or  inapparent  infection. 
As  there  are  no  methods  for  the  protection  of  susceptibles,  a  reduction  in  the 
number  of  clinical  cases  can  be  obtained  only  by  decreasing  the  probability  of 
exposure  to  the  meningococcus. 

Four  measures  have  been  commonly  employed  to  interrupt  transmission  of  a 
pathogen,  (1)  isolation  of  the  identified  infected  individual;  (2)  the  treatment  of 
the  infected  individual;  (3)  sterilization  of  the  medium  of  transmission;  and  (4) 
protection  of  the  recipient  by  immunization.  The  first  two  have  failed  with 
the  meningococcus  because,  despite  the  threshold  employed,  there  is  no  feas- 

ible method  of  identifying  all  these  suspected  foci.  The  possibility  of  reducing 
transmission  by  sterilizing  the  air  of  enclosed  living  spaces  with  aerosols  or 
ultraviolet  radiation  is  still  being  explored  but  to  the  present,  has  not  been 
demonstrated  to  be  of  practical  value.    The  lack  of  any  successful  immunizing 
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autigen  precludes  the  use  of  the  fouith  method.  For  control,  the  entire  popula- 
tion must  be  considered  as  the  unit,  and  attention  directed  toward  those  fac- 
tors which  deteraiine  the  constants  of  the  biologic  equilibrium.  It  is  almost 

impossible,  under  the  conditions  of  human  intercourse  existing  today,  to  change 
these  factors  to  any  appreciable  extent.  The  risk  of  exposure  to  the  menin- 

gococcus can  be  reduced  only  if  parasitic  cure  of  the  infected  individuals  in  a 
population  is  obtained  without  resort  to  their  specific  identification. 

The  sulfonamides  have  been  suggested  for  the  eradication  of  the  meningo- 
coccus from  the  nasopharynx  (31,  32).  There  are  certain  administrative  diffi- 
culties and  hazards  encountered  whenever  extensive  drug  therapy  is  instituted. 

It  is  accepted  that  some  individuals  are  or  will  be  sensitized  to  the  sulfonamides. 
The  latter  usually  follows  continued  administration  or  repeated  courses.  The 
meningococcus,  furthermore,  in  view  of  the  experience  with  the  gonococcus, 
may  become  drug-fast.  One  of  the  phases  of  this  study  was  to  determine  the 
optimal  dose  suitable  for  mass  administration. 

The  drugs  were  administered  orally  under  direct  supervision.  Group  "A" 
received  one  gram  of  suKadiazine  twice  daily  for  three  days,  a  total  dosage  of 
six  grams.  One  and  two  gi-ams  of  the  same  drug  were  given  as  a  single  dose  to 
the  men  in  Groups  "C"  and  "D",  respectively.  Group  "Bi"  received  a  single 
gram  of  sulfamerazine. 

No  toxic  reactions,  such  as  rash,  fever,  urinary  complaints,  nausea  or  malaise, 
were  encountered.  A  few  noted  dryness  of  the  throat  and  two  who  had  re- 

ceived six  grams  complained  of  a  mild  headache  during  the  course  of  therapy. 
No  subjective  visual  disturbances  were  elicited.  Hematological  studies  and 
urinalysis  revealed  no  abnormality  attributable  to  the  drugs.  None  of  the  men 
had  a  history  of  prior  ingestion  of  these  sulfonamides. 

The  criteria  selected  to  assess  the  efficiency  of  the  chemotherapeutic  proce- 
dures were: 

(1)  comparative  and  absolute  reduction  of  the  prevalence  level; 
(2)  the  length  of  the  resultant  negative  interval ; 
(3)  the  frequency  of  persistence  or  recurrence  of  infections  with  the  same 

type  of  meningococcus. 
The  first  of  these  is  most  easily  measured  and  most  apparent.  However, 

the  change  in  the  prevalence  level  does  not  differentiate  between  suppression 
below  the  tnreshold  of  identification  and  eradication  of  the  meningococcus 
from  the  nasopharynx.  For  this  characterization,  the  last  two  indices  must 
be  employed.  For  their  determination,  the"  same  groups  must  be  cultured regularly  for  a  definite  period  of  time.  They  are  influenced  by  other  factors 
such  as  the  incidi.'nce  of  meningococcal  infections  in  the  untreated  group  and 
the  degree  of  re -exposure  of  the  treated  men.  Therefore,  these  two  criteria 
cannot  be  used  for  the  evaluation  of  different  studies,  even  though  the  technical 
methods  are  similar. 

The  prevalence  of  subclinical  meningococcal  infections  among  the  groups  . 
receiving  the  sulfonamide  drugs  as  compared  with  a  concomitantly  cultured 
control  group  is  graphically  presented  in  Figures  2a,  2b,  2c,  and  2d. 
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In  these  trials  parasitic  cure  was  obtained  with  two  or  more  grams  of  sulfa- 
diazine.   The  one  gram  doses  of  sulfadiazine  or  sulfamerazine  were  followed  by 

Day  of  observation 
Fig.  2.  Subclinical  meningococcal  infections  in  drug  treated  groups 

parasitic  cure  in  some  and  only  suppression  in  others.  This  conclusion  was 
based  upon  the  observations  summarized  below  and  in  Table  3. 

(1)  Immediately  subsequent  to  the  administration  of  two  or  more  grams  of 
drug  to  the  i54  men  in  Groups  "A"  and  "D",  all  the  85  known  prior  infections 
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became  negative.  Only  one  positive  result  was  obtained  in  an  individual  who 
had  been  negative  on  foui*  previous  occasions.  When  one  gram  was  given  to  the 
103  men  in  Groups  "C"  and  "Bi",  5  of  the  61  prior  infections  persisted  through 
the  first  po.st-drug  culture. 

(2)  The  reduction  in  the  average  prevalence  level  of  Groups  "A"  and  "D" 
when  compared  with  the  results  of  the  concomitantly  cultured  control  group 
"B"  exceeded  85  per  cent  for  the  post-drug  period.  This  reduction  in  Groups 
"C"  and  "Bi"  averaged  about  60  per  cent. 

TABLE  3 
Subclinical  meningococcal  infections  in  the  post-sulfonamide  period 

AVERAGE  INTER- 
SUBCLINICAL MENINGOCOCCAL INFECTIONS 

POST-SULFONA- MIDE  PERIOD AVERAGE  PREV- ALENCE OF SUBCLINICAL 
VAL  IN  DAYS FROM  FINAL DAY  OF  DRUG Total 
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A Sulfa- diazine 

6 99 3/26 4/21 
26 

40.0 5.1 87.5 14 
14 15 

58 
26 

1 1.7 3 5.2 

D Sulfa- 
diazine 

2 55 5/4 5/26 22 25.7 4.6 82.2 14 
16 

16 
27 

11 1 
3.7 

3 11.1 

C Sulfa- 
diazine 

1 55 5/4 5/26 22 40.8 19.1 51.8 8 9 7 37 
26 

8 21.6 8 21.6 

B, Sulfa- 
mera- zine 

1 48 
5/17 5/26 9 35.4 11.8 66.7 6 6 6 24 12 9 38.2 

*  Negative  to  positive  or  different  type  are  included  under  this  heading. 

(3)  Comparison  of  the  average  prevalence  level  before  and  after  drug  in 
Groups  "A"  and  "D"  revealed  a  reduction  of  over  80  per  cent,  while  that  for 
the  other  groups  was  approximately  60  per  cent. 

(4)  The  length  of  the  resultant  negative  interval  when  all  types  of  menin- 
gococci were  considered  was  14  days  for  Groups  "A"  and  "D"  and  6-8  days  for 

Groups  "C"  and  "Bi."  Calculation  of  this  interval  with  respect  to  the  recur- 
rence of  the  same  type  or  the  occurrence  of  new  infections  as  manifested  by 

change  of  type,  revealed  no  material  differences. 
(5)  The  maximum  incidence  of  recurrent  infections  with  the  same  type  of 

meningococcus  in  Groups  "A"  and  "D"  was  6.9  per  cent  and  14.8  per  cent, 
respectively.  In  contrast,  the  incidence  of  recurrence  was  43.2  per  cent  for 
Group  "C"  and  38.2  per  cent  for  Group  "Bi." 
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The  use  of  the  sulfonamides,  therefore,  offers  a  feasible  method  of  rapidly- 
decreasing  the  prevalence  of  meningococcal  infections  in  any  limited  group. 
Increasing  the  amount  of  drug  given  as  a  single  dose,  or  repeating  the  dosage, 
would  merely  extend  the  period  of  meningococcidal  activity,  provided  an  ade- 

quate drug  level  be  attained  or  maintained. 
Prophylaxis  by  chemotherapy,  however,  cannot  control  the  incidence  of  re- 

infections indefinitely.  It  must  be  recognized  that  only  immediate  parasitic 
cure  or  suppression  is  obtained.  There  may  be  a  brief  refractory  period  fol- 

lowing the  administration  of  the  drug,  due  possibly  to  a  change  in  the  naso- 
pharyngeal bacterial  flora.  However,  there  are  no  grounds,  either  theoretical 

or  experimental,  for  the  assumption  that  the  sulfonamides,  except  during  the 
relatively  brief  period  of  their  activity,  confer  freedom  from,  or  enhance  re- 

sistance to,  subsequent  infection  over  any  long  period  of  time.  The  rapidity 
with  which  the  treated  groups  will  attain  the  prevalence  level  of  the  general 
community  will  depend  upon  their  degree  of  re-exposure.  Exposure  is  a  resultant 
of  the  effective  contact  rate  between  the  treated  and  untreated  groups  and  the 
incidence,  as  contrasted  to  the  prevalence,  of  meningococcal  infection,  among  the 
latter.  Any  plan  for  prophylaxis  by  chemotherapy  must  consider  these  fac- 

tors, and  not  be  determined  arbitrarily. 
SUMMARY 

The  dynamics  of  subclinical  meningococcal  infections  according  to  type  in 
respect  to  distribution,  prevalence,  incidence  and  duration  were  studied  in  a 
control  group  chosen  at  random  from  an  Amiy  medical  service  unit.  The  men 
were  cultured  regularly  three  times  a  week  for  ten  weeks.  With  an  average 
composite  prevalence  rate  of  40  per  cent,  infections  with  at  least  one  of  the  sev- 

eral types  of  the  meningococcus  were  found  in  92.9  per  cent  of  the  men  during 
the  study  period.  Although  the  Group  I  meningococcus  was  the  prominent 
clinico-pathogenic  strain,  it  was  revealed  that  the  other  types  were  equally 
prevalent  when  subclinical  infections  were  studied.  The  composite  or  type 
specific  prevalence  rates  for  any  day  or  for  the  study  period  as  a  whole  repre- 

sented the  biologic  equilibrium  between  host  and  parasite.  The  level  main- 
tained was  a  resultant  of  the  incidence  and  recovery  rates  of  subclinical  infec- 

tions among  this  group. 
The  administration  of  two  or  more  grams  of  sulfadiazine  to  men  chosen 

from  the  same  unit  was  followed  by  parasitic  cure  unaccompanied  by  any  toxic 
reactions.  Two  grams  was  thus  chosen  as  the  optimal  dose  for  mass  prophy- 

laxis.   Later  this  was  found  to  be  insufficient  for  prolonged  effect. 
The  meningococcus  is  simply  one  of  the  many  potentially  pathogenic  micro- 

organisms that  make  their  way  from  the  nasopharynx  of  one  individual  to  that 
of  another.  In  this  transfer  from  one  host  to  another,  the  vast  majority  of 
individuals  develop  sufficient  immunity  to  resist  invasion  of  the  blood  stream 
and  localization  in  the  meninges.  The  clinical  case  is  a  relatively  infrequent 
but  dramatic  manifestation  which  reflects  the  flow  of  this  parasite  through  the 
population.    Where  indicated,  group  chemotherapy  offers  a  feasible  means  of 
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controlling  the  meningococcal  prevalence  rate  without  requiring  identification 
of  the  individuals  infected  at  the  subclinical  level. 
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STAPHYLOCOCCIC  PULMONARY  ABSCESS  DUE 
TO  TRAUMA  OF  THE  SKIN 

JACOB  SCHWARTZ,  M.D.,  F.A.C.P. 
[Physician,  Beth-El  and  Brooklyn  Women's  Hospital,  Brooklyn,  New  York] 

Prior  to  the  advent  of  penicillin,  pulmonary  abscess  due  to  staphylococcemia 
was  not  well  recognized.  This  was  especially  due  to  the  fact  that  most  of  the 
patients  faUed  to  live  long  enough  for  this  comphcation  to  become  clinically 
apparent. 

At  necropsy  it  was  usually  found  that  many  miliarj^  abscesses  in  the  lungs 
^\■ere  present  in  conjunction  with  thiombophlebitis  of  the  pulmonary  veins 
in  the  region  of  the  abscesses.  The  mortality  in  the  past,  according  to  various 
ob.sjerA-crs  ranged  from  66  per  cent  (Rosenow  and  Brown)  (1)  and  upward  to  75 
per  cent  (MacNeal  and  Frisbee)  (2),  81.97  per  cent  (Skinner  and  Keefer)  (3), 
83  per  cent  (Theodore  ̂ lendell)  (4),  and  91.7  per  cent  (Ottenberg)  (5). 

The  use  of  penicillin  has  substantially  reduced  the  number  of  deaths  from 
staphylococcemia.  According  to  Wallace  E.  Herrel  (6),  4  of  his  28  patients 
died.  Dawson  and  Hobby  (7),  report  18  cases,  of  which  3  were  fatal;  other 
reports  are  similiar.  However,  the  incidence  of  pulmonary  complications 
remains  fairly  high.  In  one  institution  with  which  the  author  is  associated,^ 
three  patients  with  pulmonary  abscess  following  staphylococcemia  treated  with 
penicillin  have  recovered  within  the  last  two  months.  In  each  case,  however, 
the  pulmonary  abscess  required  surgical  treatment. 

The  importance  of  the  relationship  of  trauma  of  the  skin  to  these  conditions 
is  not  sufficiently  recognized  since  the  injurj'^  may  l^e  verj'-  tri\'ial  or  apparently 
healed  when  the  pulmonary  abscess  and  staphylococcemia  develop.  Further- 

more, there  seems  to  be  no  time  limit  to  the  interval  between  the  occurrence 
of  the  trauma  and  the  appearance  of  the  bacteremia.  It  may  be  24  hours,  or 
several  weeks  (8). 

The  following  case  afforded  an  excellent  opportunity  for  the  study  of  these 
problems. 

CASE  REPORT 

History:  B.  G.,  aged  50  years,  born  in  Poland,  a  tailor,  married,  was  admitted  to  the 
Medical  Service  of  the  Beth-El  Hospital  on  September  18,  1943. 

Past  history:  About  five  years  prior  to  his  admission  the  patient  had  had  a  tonsillec- 
tomy, at  which  time  a  routine  examination  revealed  glycosuria.  The  blood  sugar  was  nor- 

mal at  that  time  and  remained  so  until  the  day  he  entered  the  hospital  when  glycosuria  was 
again  discovered.  He  had  been  on  a  regular  diet  and  had  apparently  never  been  seriously 
ill.    There  was  no  history  of  venereal  disease  or  other  infections. 

On  September  3, 1943  the  patient  was  seized  with  a  chill  followed  by  a  rise  in  temperature 
to  104  degrees  F.    He  complained  of  a  severe  pain  in  the  chest  and  a  hacking  cough.  A 
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diagnosis  of  bronchopneumonia  was  made  by  the  attending  physician.  The  patient's  tem- 
perature fluctuated  between  101  and  104  degrees  F.  for  three  days,  and  then  remained  nor- 

mal for  about  four  days.  This  was  followed  by  chills  and  fever  for  two  days  followed  by 
another  three  day  period  of  remission,  after  which  the  chills  and  fever  recurred  for  the  third 
time.  He  was  placed  on  sulfadiazine  therapy.  In  view  of  the  patient's  serious  condition and  the  uncertainty  of  the  diagnosis  he  was  hospitalized. 

Examination:  The  patient  was  a  well  developed  individual  and  appeared  to  be  very  toxic. 
The  right  chest  revealed  dullness,  diminished  breath  sounds,  and  a  few  scattered  rales  to- 

gether with  some  limitation  of  motion.  The  heart  was  not  enlarged.  The  ape.x  was  in  the 
mid-clavicular  line,  the  sounds  were  of  good  muscular  quality,  and  the  rhythm  was  regular. 
There  was  no  murmur  audible.    The  blood  pressure  showed  a  systolic  of  110  and  a  diastolic 

TABLE  1 

DATE CLOBIN RED  BLOOD COUNT 
WHITE 
BLOOD SEGMEN- TERS STABS 

TOTAL 
LYMPHO- 

TOTAL PLATELETS EOSINO- 
PHILES 

9/19/43 
% 80 4,850,000 10,500 

9/24/43 78 3,890,000 6,000 50 30 
16 

3 240,000 1 
10/  5/43 52 3,100,000 5,000 

59 

19 19 
2 250,000 1 

10/  6/43 52 3,100,000 8,300 
10/  7/43 53 6 ,  o     ,  UIW) 8,000 10/  8/43 52 3,120,000 7,700 
10/11/43 47 2,540,000 5,700 
10/12/43 48 2,750,000 5,700 
10/13/43 49 

2,950,000 3,400 10/14/43 49 2,900,000 2,500 10/15/43 46 
2,680,000 2,700 10/16/43 47 2,850,000 4,000 10/18/43 47 2,720,000 3,900 10/19/43 48 3,500,000 3,000 56 

16 

26 
2 

10/20/43 48 3,100,000 3,800 55 
14 

28 
3 

10/22/43 52 3,200,000 3,800 59 15 23 3 
10/23/43 52 3,260,000 2,600 52 

15 

30 
3 

10/26/43 58 3.310,000 2,800 60 
8 32 

10/28/43 62 3,400,000 3,000 60 
6 

30 
4 

11/  2/43 65 3,650,000 4,000 
64 

3 
30 

3 
11/  3/43 4,000 11/  4/43 71 3,750,000 4,600 

56 
38 

6 

of  70.  The  temperature  was  104  degrees  F.  The  pulse  rate  was  106  and  respirations  num- 
bered 24.  A  diagnosis  of  bronchopneumonia  was  made  which  was  confirmed  by  x-ray  ex- amination. 

Laboratory  data:  The  urine  examination  on  admission  showed  a  4  plus  albumin  and  1.8 
per  cent  sugar.  These  findings  continued  to  be  present  until  the  tenth  day  when  the  urine 
became  sugar  free  and  remained  so,  but  during  the  entire  stay  in  the  hospital  due  to  alkalies 
administered  with  the  sulfadiazine  the  urine  was  alkaline.  Albumin  3  to  4  plus  and  5  to  10 
to  20  to  40  pus  cells  to  the  field  with  occasional  clumping  were  found  on  microscopic  examina- 

tion during  the  entire  stay  in  the  hospital.  There  were  about  1  to  3  red  blood  cells  per  field, 
hyaline  and  granular  casts;  the  specific  gravity  ranged  from  1.010  to  1.020. 

Blood  counts:  Numerous  blood  counts  were  made  and  are  shown  in  the  following  table : 
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Sternal  puncture:  On  October  19,  the  following  changes  in  the  bone  marrow  were  re- 
ported by  Dr.  M.  Morrison: 

Granulo-erythrocyte  ratio  65:35,  normal  85:15. 
myeloblasts   5 
metamyelocytes   15 
myelocytes   40 
staphs   30 
polys   20 
megacarocytes   2  or  3  plus 

Blood  chemistry:  Many  blood  chemistry  determinations  were  done,  a  few  of  which  are 
listed  hereby. 

9/iOHS  9/i7H3  11/5/43 
Sugar   249  307  121 
Urea   13.5  10.9  11.5 
Phosphorous   —  —  3.8 
Total  Protein   —  —  6.9 

Other  laboratory  data: 
9/20/43  ...    Kline  Test  Negative 
9/22/43  ...    Blood  Culture  No  growth  after  2  days 
9/23/43. . . .    Blood  Agglutination  Tests  for  Para-    Showed  no  agglutination  in 

typhoid  A  and  B,  Brucella  abortus,      dilutions  from  1/20  to  1/320 
B.  Proteus  Ox  19 

9/27/43.  ..    Typhoid  O,  H,  Paratyphoid  A,  B,    Showed  no  agglutination  in 
Proteus  Ox  19,  B.  Abortus  dilutions  from  1/20  to  1/320 

9/27/44...    CxiXtnve  oiieces  lor  Ebertellatyphosa,  Negative 
Shigella  and  Salmonella  organisms 

Sputum  examination:  Repeated  examinations  were  negative  for  acid-fast  bacillus  on smear  and  concentration  test. 
Direct  smear  demonstrated  mi.xed  organisms,  while  the  culture  of  sputum  revealed 

Staphylococcus  aureus  predominating. 
Roentgen  examination  of  the  chest:  On  September  20,  1943  (two  days  after  admission) 

there  was  a  diffuse  proliferative  infiltration  of  both  pulmonic  fields  interpreted  as  broncho- 
pneumonia. On  re-study,  three  days  later,  the  infiltration  seemed  to  have  increased.  On 

October  4,  x-ray  showed  a  small  amount  of  fluid  at  the  left  base  which  persisted  for  about 
two  weeks.  On  October  29,  there  was  no  evidence  of  the  pleural  effusion  but  the  previously 
noted  infiltration  was  again  observed. 

Course:  Fjom  the  date  of  admission  until  about  a  week  before  discharge,  a  period  of  six 
weeks,  the  patient's  condition  was  considered  critical.  The  severity  of  infection  and  toxic- city  of  the  disease  may  be  visualized  from  the  serial  blood  counts  shown  in  the  above  table 
and  also  from  the  sternal  punctures.  The  persistent  and  progressive  fall  in  the  total  leu- 

kocyte count  with  an  extreme  shift  to  the  left,  total  absence  of  eosinophiles,  marked  lymph- 
openia, the  presence  of  toxic  granules  with  severe  secondary  anemia,  indicated  the 

seriousness  of  the  disease ,  and  to  a  certain  extent ,  gave  a  clue  to  the  prognosis . 
The  symptomatology  and  clinical  picture  coincided  with  the  blood  findings  described 

above.  The  patient  was  drowsy,  restless,  and  moaning  most  of  the  time.  The  lips  were 
cyanotic,  the  face  pinched  and  sallow.  He  was  constantly  bathed  in  perspiration,  although 
he  had  a  high  temperature.  He  had  chills  almost  daily,  each  one  lasting  from  10  to  15 
minutes.  The  pulse  was  weak  and  thready,  respiration  shallow  and  labored,  and  there  was 
present  a  persistent  cough  with  mucopurulent  expectorations. 

The  physical  findings  in  the  chest  throughout  the  disease  were  few.  There  was  a  slight 
dullness  and  a  few  fine  rales  at  the  end  of  inspiration  over  both  bases.    On  October  4  there 
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developed  evidence  of  fluid  in  the  left  chest.  This  persisted  for  about  two  weeks,  at  which 
time  the  fluid  appeared  to  have  been  absorbed.  The  heart  sounds  were  poor  and  scarcely 
audible,  no  murmurs  were  present.  The  blood  pressure  was  never  above  110  systolic  and  60 
diastolic. 

On  September  28,  the  blood  culture  was  reported  positive  for  hemolytic  Slaphylococcus 
aureus.  As  a  result  of  this  finding,  the  patient's  history  was  retaken  and  the  following  in- formation was  obtained : 

About  seven  weeks  before  the  onset  of  the  present  illness  he  had  suffered  an  abrasion  to 
his  right  forearm.  At  the  site  of  this  trauma  to  the  skin  he  developed  an  abscess  which 
sui)i)urated  and  discharged  a  purulent  exudate  for  about  two  weeks.  This  was  finally 
healed.  The  onset  of  the  i^rcscnt  illness  really  started  about  two  or  three  weeks  after  the 
infection  had  apparently  h(>al(<(l  completely.  Ob.servation  at  time  of  admission  to  the  hos- 

pital revealed  a  small  non-adherent  scar  on  the  ulnar  aspect  of  the  right  forearm  and  a  few 
tender  glands  in  the  rif^lit  axilla.    Xn  lyHii)hnii<lcs  were  i)resent  in  the  left  axilla. 

On  October  six  (l:n  s  alter  tlic  ailmini.stiatiim  of  penicillin,  th(-  blooil  culture  became 
negative  and  continued  so  until  October  25  when  another  ]jositive  Staphylococcus  culture 
was  reported.  The  sj)utum  at  this  time  showed  mixed  infection  with  Slaphylococcus  aureus 
predominating. 

The  temperature  throughout  this  stay  in  the  hospital  was  interesting  and  significant. 
It  ranged  from  100  degrees  F.  to  105  degrees  F.  from  the  day  of  admission  to  October  29,  and 
was  not  influenced  by  the  various  sulfa  drugs  or  penicillin  as  shown  in  Temperature  Chart. 

A  severe  diarrhea  (Icx'clnped  on  October  10,  three  weeks  after  admission,  which  lasted 
several  days,  and  was  jjrdbalily  due  to  the  severe  toxemia  of  the  disease.  He  also 
com{)lained  of  pain  in  the  rigiit  ankle  which  later  became  swollen  and  tender.  Repeated 
.\-rays  of  the  ankle  wcic  negative. 

While  penicillin  was  being  given  through  the  intravenous  route,  the  patient  remained  in 
a  ra  t  her  fixed  pcisit  i(in  on  iiis  I'ight  side  and  as  a  result  developed  a  marked  edema  of  the  right 
leii,  and  entire  right  side  of  the  Ixuly.  With  restiiction  of  fluids  and  postural  change,  it 
disappeared  rapidly,  except  for  some  residue  in  tlie  ankle  and  leg,  which  later  proved  to  be 
due  t(j  I  hronilxiphk'hil  is  of  the  internal  saphenous  vein.  Recovei-y  was  slow  but  complete 
except  for  s(ini<'  pei  sistence  of  pain  in  the  right  ankle,  and  palpable  glands  in  the  right  groin 
were  present. 

Traihiu  nl:  Sulfathiazole  therapy  was  instituted  on  admission,  (1  gram  every  4  hours) 
and  was  continued  for  5  to  6  days,  at  which  time  the  sulfa  level  in  the  blood  was  10  mg. 
Chills  and  temperature  persisted  and  it  was  deemed  advisable  to  discontinue  the  sulfa  drugs 
to  see  if  the  fever  would  continue.  Sulfadiazine  was  given  again  until  October  6,  when  peni- 

cillin therapy  was  instituted.  The  latter  was  given  in  doses  of  100,000  units  daily,  intra- 
venously for  3  days,  and  later  20,000  units  every  4  hours  intramuscularly  until  October  13, 

when  our  allotment  of  penicillin  was  exhausted.  The  blood  culture  became  negative  on 
October  12,  and  remained  so,  with  the  exception  of  that  of  October  25.  The  temperature 
was  not  influenced  as  shown  in  the  following  chart.  On  October  22  more  penicillin  was  ob- 

tained and  again  administered  in  amounts  of  10,000  units  every  four  hours  intramuscularly 
until  October  L'S,  The  temi)crature  became  normal  by  October  29.  Oxygen  therapy  had 
been  instituted  early  in  the  disease.  Eight  blood  transfusions  were  given  in  a  period  of  20 
days,  because  of  severe  anemia  and  ])rostration.  Patient  also  rec(Mved  liver  extract,  iron 
and  various  vitamins.  Cortical  adrenal  extracts  were  given  on  several  occasions  when  the 
patient  was  in  complete  shock.  The  diabetic  status  was  well  controlled  witli  a  diet  of  150 
grams  of  carbohydrate,  75  grams  of  protein,  50  grams  of  fat,  and  15  units  of  insulin  three 
times  a  day  before  m(>als. 

Im|)ro\  enienf  st  ,irted  (jn  October  28,  although  the  patient  showed  evidence  of  marked  loss 
of  weight  ,1  nd  iieiiei  al  weakness.  The  physical  findings  in  the  chest  and  the  enlarged  glands 
in  the  l  ight  groin  reniainetl  unchanged.    He  was  discharged  on  November  11, 1943. 

Rc-admtssion:  The  patient  remained  fairly  well  for  a  few  weeks  after  discharge  when  the 
glands  in  the  right  groin  became  swollen  and  a  large  abscess  formed.    This  had  to  be  incised 
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and  a  half  pint  of  pus  was  evacuated.  The  culture  yielded  hemolytic  Staphylococcus  aureus. 
About  4  days  prior  to  the  second  admission  he  was  seized  with  pain  in  the  right  chest,  accom- 
pained  by  a  sudden  rise  in  temperature  and  was  re-admitted  to  the  hospital  on  December  4, 1943. 

On  examination  the  physical  findings  in  the  chest  were  about  the  same  as  on  his  previous 
admission.  Repeated  blood  cultures  were  negative,  but  sputum  and  pus  from  the  right 
groin  yielded  Staphylococcus  aureus.  He  manifested  a  septic  temperature  and  developed 
a  marked  secondary  anemia,  associated  with  leukocytosis.  The  urine  and  blood  chemistry 
findings  as  well  as  the  sedimentation  rates  were  similiar  to  those  previously  reported. 

Course:  The  patient  complained  primarily  of  severe  pains  in  the  posterior  aspect  of  the 
right  chest  which  required  the  constant  administration  of  morphine.  After  several  days 
signs  and  symptoms  of  abscess  formation  at  about  the  level  of  the  6th  intercostal  space  of 
the  right  chest  posteriorly  became  apparent.    On  January  18,  x-ray  examination  revealed 
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a  large  abscess  with  the  fluid  level  at  the  3rd  intercostal  space.  This  abscess  emptied  and 
refilled  on  several  occasions.  Temperature  was  not  as  septic  nor  did  it  reach  the  high  levels 
attained  during  his  first  admission.  He  developed  a  marked  secondary  anemia  with  a 
leukocytic  shift  to  the  left.  There  were  periods  of  normal  temperature  which  coincided 
with  the  emptying  of  the  abscess  cavity. 

Treatment:  This  consisted  of  sulfonamides  throughout  his  second  stay  in  the  hospital, 
with  repeated  blood  transfusions,  and  other  supportive  measures  necessary  to  combat  his 
anemia  and  other  symptoms.  On  January  30  postural  drainage  was  instituted  and  con- 

tinued for  several  weeks,  resulting  in  the  emptying  of  the  abscess  on  several  occasions. 
Because  of  the  inadequacy  of  this  conservative  therapy  and  the  lack  of  satisfactory  prog- 

ress, the  abscess  was  treated  surgically.  Although  it  continued  to  drain  from  one  to  three 
weeks,  he  was  discharged  on  May  20,  in  good  physical  condition.  On  June  15  the  x-ray  find- 

ings showed  a  complete  absorption  of  the  pulmonary  abscess.  The  diabetic  state  was  well 
controlled  by  diet  and  insulin  before  he  was  discharged. 
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MECHANISM  OF  BACTERIAL  INVASION 

Trauma  to  the  skin  appears  to  have  been  a  definite  factor  in  the  onset  of  the 
pulmonary  abscess  associated  with  the  staphylococcemia  in  this  case.  The 
mode  of  invasion  into  the  general  circulation  is  of  interest.  From  our  knowl- 

edge of  the  pathology  of  pulmonary  abscesses  following  such  infection  in  similiar 
cases  the  autopsy  findings  may  give  us  a  clue  to  the  modus  operandi  in  this 
case,  and  may  also  tend  to  explain  the  latent  clinical  interval  between  the 
skin  injury,  the  long  involvement,  and  subsequent  bacteremia. 

Following  the  injury  to  the  forearm,  the  patient  developed  an  infection  of 
the  soft  tissues  and  a  local  abscess.  This  drained  into  the  lymphatic  glands 
in  the  axilla,  the  hifection  apparently  coming  to  a  standstill  at  this  barrier. 
The  right  axillary  glands  remained  enlarged  and  tender  long  after  the  skin 
trauma,  the  local  cellulitis,  and  the  abscess  had  completely  healed.  From  a 
study  of  the  axillary  nodes  in  similiar  fatal  cases,  two  modes  of  further  extension 
of  the  infection  systemically  are  possible. 

1.  There  may  develop  an  intra-lymphnodal  thrombophlebitis  with  multiple 
minute  embolization  to  the  lungs  by  way  of  the  subclavian  vein,  into  which  both 
the  veins  of  the  nodes  in  the  right  axilla  and  veins  in  the  subclavian  group 
empty. 

2.  Or  there  may  have  occurred  intermittent,  recurrent  seeding  of  the  lung 
with  bacteria  by  Avay  of  the  subclavian  lymphatic  trunk,  which  empties  into 
the  subclavian  vein  since  the  involved  lymphnodes  from  the  axilla  drain  into 
this  lymphatic  trunk. 

Neither  type  need  be  associated  with  clinically  recognizable  suppuration 
of  the  lymphnodes,  a  finding  we  have  noted  in  previous  autopsies.  However, 
when  the  lymphnodes  suppurates  and  abscess  is  formed,  our  experience  has  been 
that  further  extension  is  by  way  of  a  perilymphnodal  thrombophlebitis.  No 
prolonged  symptom-free  interval  comparable  to  that  noted  in  this  case  generally 
exists. 

In  either  of  the  two  routes  suggested,  the  outcome  Avould  be  the  formation 
of  miliary  infected  infarcts  in  the  lung.  These  may  break  down  to  form  ab- 

scesses, ranging  in  size  from  2  to  5  cm.  The  mucopumlent  material  from  some 
of  these  small  abscesses  may  drain  into  a  small  bronchus  and  eventually  be 
expectorated.  Most  of  them  coalesce  to  form  larger  pulmonary  abscesses. 
Entrance  to  the  systemic  circulation  by  the  causative  organisms  is  effected 
by  way  of  the  pulmonary  thrombophlebitis,  frequently  noted  histologically. 
These  infected  pulmonary  veins  may  be  immediately  adjacent  to  the  non- 
involved  parenchyma,  or  Avithin  the  abscess  area  and 'its  zone  of  reactive  pneu- 

monitis. The  larger  the  vessels  involved,  the  more  common  is  the  systemic 
embolic  phenomena.  Septicemia,  without  clinical  embolization  occurs  fre- 

quently w^hen  smaller  pulmonary  vessels  are  affected.  In  our  case  the  kidney, 
and  probably  the  spleen,  appear  to  have  been  the  seat  of  emboli.  The  interval 
between  the  initial  skin  injury  and  infection  and  the  onset  of  the  septicemic 
and  embolic  phenomena  is  probably  determined  by  the  length  of  time  required 
by  the  offending  organism  to  pass  first,  the  large  axillary  lymphatic  barrier, 
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,Fig.3  10  /  29/43  12/6/43 
Fig.  ].  Pioeutgenogram  showing  proliferative  infiltration  througiiout  both  i)ulmonic 

fields,  especially  noted  in  the  lower  lobes,  and  an  accentuation  of  the  right  interlobar  fissure. 
Fig.  2.  Roentgenogram  presenting  evidence  of  a  resolving  hronchojjneunumia. 
Fig.  3.  Roentgenograms,  taken  about  five  weeks  later,  at  the  end  of  the  finst  stay  in 

the  hospital,  again  shows  a  diffused  proliferative  infiltration  throughout  both  pulmonic fields. 
Fig.  4.  Kocntgcnogram  taken  at  the  beginning  of  the  second  admission  shows  an  in- crease in  the  bronchopneumonic  infiltrations  with  the  associated  involvement  of  the  upper 

right  lobe. 

From  the  alcove  analyf^is,  it  is  likely  that  tlu>  cliagnosi.s  of  bronchopneumonia 
made  on  admi.s.sion  was,  in  reality,  incorrect,  that  the  i)iilmonary  findings  on 
examination  and  by  x-ray  were  those  of  miliary  embolization  of  the  hmgs  with 
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a  variable  amount  of  reactive  pneumonitis.  It  is  likely  that  the.  apparent 
resorption  of  some  of  the  exudate  noted  in  the  serial  x-ray  films  was  due  to  the 
partial  disappearance  of  this  pneumonitis.    At  no  time  did  the  chest  film  become 

Fig.  5.  Roentgenogram  sliDwiiig  the  presence  of  lung  abscess  with  the  fluid  level  in  the 
3rd  interspace  surmount(>(l  by  air. Fig.  6.  Roentgenogram  sliowing  central  absorption  of  the  abscess  with  a  thickened 
pleura. 

Figs.  7  and  8.  Roentgenograms  indicating  refilling  of  the  abscess  with  a  general  promi- nence of  linear  markings. 
entirely  clear.  Similar  resoiption  of  perifocal  pneumonitis  is  a  well  known 
phenomenon  in  the  evolution  of  tuberculous  lesions  of  the  lungs. 

The  accompanying  illustrations  (figs.  1  to  8)  illustrate  the  course  of  the 
pulmonaiy  disease. 
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COMMENTS 
1.  Although  penicillin  therapy  combats  an  established  bacteremia,  it  may 

not  influence  the  local  infection.  It  is  therefore  necessary  that  all  foci  of  in- 
fection should  be  eradicated  as  far  as  possible. 

2.  It  is  interesting  to  note  that  in  this  case  high  fever  continued  despite  the 
use  of  penicillin.  The  blood  became  sterile  and  remained  so,  but  the  temperatui-e 
persisted  for  the  next  two  weeks  after  which  time  it  became  normal. 

3.  The  severe  leukopeniac  blood  picture  in  this  patient  during  his  first  admis- 
sion to  the  hospital  is  interesting.  Originally  this  was  thought  to  be  due  to  the 

use  of  Sulfonamides,  which  was  apparently  erroneous.  Because  despite  the 
administration  of  large  amounts  of  Sulfonamides  for  a  period  of  several  months 
during  his  second  hospital  admission,  the  patient's  blood  showed  a  persistent 
Leukocytosis.  Therefore  it  seems  more  likely  that  the  leukipenia  was  due 
to  the  infection  and  toxemia  of  the  disease  and  not  to  the  Sulfa  therapy. 

4.  The  relationship  of  infection  to  diabetes  as  a  causative  factor  has  always 
been  a  debatable  question.  Priscilla  White  (9)  is  of  the  opinion  that  acute 
infection  is  a  negligible  factor  in  the  etiology  of  diabetes.  She  reports  one 
hundred  cases  of  juvenile  diabetes  in  whom  a  history  of  acute  infection  was 
obtained  in  only  ten  per  cent  within  the  year  of  onset.  In  contrast  to  this  view 
Henry  J.  John  (10)  found  that  twenty  per  cent  of  his  juvenile  cases  had  an 
infection  within  one  or  two  months  of  the  onset  of  the  disease.  Joseph  H. 
Barach  (11)  also  found  that  a  large  percentage  of  his  adult  cases  of  diabetes 
became  manifest  during  an  acute  infection. 

It  has  been  my  experience  that  in  diabetic  patients,  an  intercm-rent  infection 
reduces  the  carbohydrate  tolerance  in  the  patient  observed,  to  one  half  or  one 
third  his  normal  tolerance. 

This  I  believe  has  taken  place  in  our  patient.  He  showed  a  transient  glyco- 
suria five  years  ago  which  evidently  made  him  a  potential  diabetic.  The  present 

severe  infection  undoubtedly  had  an  injureous  effect  on  the  insulin  producing 
tissues  which  was  sufficient  to  break  down  his  carbohydrate  tolerance  and 
transform  him  to  an  actual  diabetic.  At  the  present  time  he  is  receiving  45 
units  of  Protamin  Zinc  In.sulin  daily. 

SUMMARY 

Trauma  of  the  skin  may  be  trivial  or  severe,  and  apparently  healed,  when 
constitutional  symptoms  or  indefinite  findings  in  the  chest  develop.  In  the 
presence  of  acute  illness  with  great  prostration  disproportionate  to  the  physical 
findings,  one  should  carefully  ciuestion  the  patient  for  a  possible  injury  to  the 
skin  or  a  focus  of  infection  which  may  have  occurred  weeks  or  months  prior 
to  the  onset  of  the  disease. 

A  ca.se  is  here  presented  in  which  staphylococcic  pulmonarj^  abscess  developed 
seven  weeks  after  an  injury  and  infection  to  the  forearm.  The  history  of  the 
injury  was  not  obtained  until  a  positive  blood  culture  had  been  reported.  The 
v/ound  was  apparently  healed  when  symptoms  appeared. 
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Roentgenologic  studies  are  an  important  aid  in  the  observance  of  the  progress 
of  the  disease,  the  localization,  and  diagnosis.  However,  in  the  early  stages 
of  tlic  disease,  tlic  static  of  embolization,  the  interpretation  of  x-ray  findings 
must  be  augmented  b\-  a  careful  history  and  a  physical  examination  since  the 
shadow  may  be  indistinguishal)le  from  that  of  bronchopneumonia.  The  number 
of  pulmonary  absct>ss(>s  following  Staphylococcemia  may  be  greatly  increased, 
since  more  patients  are  reco\-ering  from  the  bacteremia. 

I  should  Vikv  to  express  nu'  thanks  to  Dr.  Mendel  Jacobi,  pathologist  to  the 
Beth-El  Hospital  for  liis  helpful  suggestions  in  connection  with  the  clinico- 
pathological  phase  hi  this  case  and  to  our  roentgenologist.  Dr.  Maxwell  Dannen- 
lieig  for  his  aid  in  interpretation  of  the  x-ray  films. 
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NOTES  ON  POLIOMYELITIS  AND  ITS  PREVALENCE  IN  NEW  YORK 
CITY  DURING  THE  LAST  FORTY  YEARS 

HERMAN  SCHWARZ,M.D.* 
During  my  internship  at  The  Mount  Sinai  Hospital,  between  the  years  1899 

and  1902,  an  occasional  case  was  admitted  to  the  hospital  with  a  short  indefinite 
history  that,  on  awakening  in  the  morning,  the  child  could  not  walk.  On 
examination  it  would  be  discovered  that  one  leg  was  paralyzed.  Curiously 
enough,  I  do  not  seem  to  remember  a  case  where  an  upper  extremity  was  in- 

volved and  once  in  a  great  while  an  unusual  condition  called  "Landry's  Paraly- 
sis" Avas  seen.  All  this  was  rather  mysterious  and  in  fact  the  entire  field  of  acute 

diseases  of  the  central  nervous  system,  with  the  exception  of  meningitis,  was  an 
unknown  terrain. 

In  1905  we  began  to  encounter  many  cases  of  meningogoccus  meningitis,  with 
case  after  case  exhibiting  marked  sepsis  and  hemorrhage.  The  type  of  infection 
was  very  new  to  us  here.  Death  often  occurred  within  24  hours ;  one  was  able  to 
procure  a  pure  culture  of  the  meningococcus  from  the  surface  of  the  brain  and 
thus  verify  the  diagnosis.  A  year  later,  an  anti-meningococcus  serum  was  pro- 

duced b}^  Dr.  Jochmann  in  Berlin  and  Dr.  Flexner  in  the  United  States. 
In  the  spring  of  1907,  another  type  of  acute  cerebrospinal  disease  appeared. 

Case  after  case  was  brought  into  the  Out  Patient  Department  of  The  Mount 
Sinai  Hospital  with  a  history  of  a  few  days  of  fever,  followed  by  paralysis  of  one 
or  more  of  the  extremities.  The  cases  increased  in  number  during  the  months  of 
July  and  August  of  that  year,  and  I  visited  the  homes  of  many  patients  in  order 
to  learn  something  of  the  character  of  the  onset  of  this  disease.  This  took  place 
in  the  summer  when  most  of  the  older  physicians  were  away  and  the  health  au- 

thorities were  not  aware  that  we  were  in  the  midst  of  an  epidemic.  Thus,  I 
learned  a  great  deal  of  the  clinical  picture  of  poliomyelitis,  especially  about  its 
onset,  and  the  findings  in  the  cerebrospinal  fluid.  It  was  brought  home  to  me 
more  and  more  that  the  picture  of  the  first  few  days  was  one  of  infection  and 
could  be  but  poorly  dift'erentiated,  except  by  lumbar  puncture,  from  what  was 
at  that  time  called  "La  Grippe."  As  is  often  the  case  during  an  epidemic  of  this 
sort,  other  diseases  were  mistaken  for  poliomyelitis ;  in  this  way  much  was  learned 
about  the  cerebrospinal  fluid  in  other  infections.  It  was  not  uncommon  to  find  a 
slight  increase  in  the  cells  of  the  cerebrospinal  fluid  in  cases  of  acute  tonsillitis 
and  particularly  in  acute  otitis.  However,  an  increase  above  50  cells  was  rarely 
encountered  imless  the  patient  had  the  epidemic  disease.  An  astovmding  fact 
learned  at  that  time  was  that  many  so-called  paralyses  cleared  up  with  great 
rapidity.  Whether  this  pseudo-paralysis  was  due  to  pain,  spasm,  edema  of  cer- 

tain portions  of  the  central  nervous  system  or  still  other  factors,  we  did  not  know, 
nor  is  it  fully  understood  even  at  this  date.  The  abortive  cases  constituted  also 
a  new  syndrome  at  this  time.  They  had  the  acute  manifestations  of  the  disease, 
a  positive  cerebrospinal  fluid,  but  absolutely  no  paralyses. 

The  epidemic  reached  its  peak  in  the  latter  part  of  August  and  by  October  most 
*Dr.  Herman  Schwarz,  an  esteemed  colleague  and  devoted  servant  of  the  hospital,  died 
suddenly  May  19,  1945. 
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of  it  was  over.  Poliomyelitis  in  epidemic  form  was  rather  new  to  us  at  this  time, 
but  the  literature  disclosed  that  Wickman  had  described  a  large  epidemic  of  this 
disease  in  Sweden  in  1905  which  curiously  enough  caused  little  or  no  stir  in 
America.  AVhile  epidemics  of  acute  poliomyelitis  had  occurred  before  all  over 
the  world,  this  was  the  first  one  to  occur  in  a  large  city  of  the  United  States. 
The  first  epidemic  of  17  cases  had  been  described  by  an  American  physician, 
Colmer  (whose  name  appeared  in  the  literature  as  C'olman  until  corrected  by 
Medin).  Another  epidemic  was  ,  reported  by  Bergenholts  from  Northern 
Sweden.  He  saw  18  cases  occurring  during  the  months  of  July  to  November  in 
the  year  1881.  Cordier  (Tid.  Skr.  F.  pral.  med.,  1887)  reported  an  epidemic  of 
15  cases.  Medin,  at  the  Tenth  International  Congress  in  1891  in  Berlin,  spoke 
about  the  epidemic  possibility  of  the  disease,  describing  44  cases  seen  by  him.  In 
1894,  Caverly  and  McPhail  described  a  small  epidemic  of  the  disease  in  America. 
Holt  and  Bartlett  (Am.  J.  M.  Sc.,  19:  G47,  1908)  were  able  to  enumerate  35  epi- 

demics in  America.  It  was  in  1905,  however,  that  the  large  epidemic  occurred 
in  Sweden,  which,  studied  by  Wickman,  enriched  our  knowledge  of  epidemic  in- 

fantile paralysis.  More  than  1000  cases  in  the  whole  of  Sweden  occurred  in 
that  year. 

In  October,  1907,  the  importance  of  this  subject  was  recognized  by  the  New 
York  Neurological  Society,  Avhich  appointed  a  committee  to  study  the  epidemic. 
This  committee  obtained  the  active  support  of  another  group  appointed  by  the 
Pediatric  Section  of  the  New  York  Academy  of  Medicine.  These  committees, 
decided  to  combine  to  form  a  larger  group,  which  enlisted  the  services  of  Dr. 
Simon  Flexner  of  the  Rockefeller  In.stitute  and  Dr.  Charles  Bolduan  of  the 
Department  of  Health.  At  the  first  meeting,  it  was  decided  to  engage  the  as- 

sistance of  a  pathologist  and  an  orthopedist.  Accordingly,  Dr.  Israel  Strauss 
and  Dr.  H.  L.  Taylor  were  added  to  the  Committee.  Thus,  the  Investigation 
Committee  consisted  of: 

For  the  New  York  Neiu-ological  Society : 
Dr.  Bernard  Sachs,  Chairman  Dr.  J.  Ramsey  Hunt 
Dr.  L.  Pierce  Clark  Dr.  Smith  Ely  Jelliffe 
Dr.  J.  F.  Terriberry  Dr.  Israel  Strauss 

Dr.  E.  G.  Zabriski,  Secretary. 
For  the  Pediatric  Section  of  the  New  York  Academy  of  Medicine : 

Dr.  Linnaeus  E.  La  Fetra 
Dr.  Herman  Schwarz 
Dr.  Louis  C.  Ager 

For  the  Rockefeller  Institute  of  Medical  Research: 
Dr.  Simon  Flexner 

For  the  Department  of  Health— New  York  City : 
Dr.  Charles  Bolduan 

Orthopedist:  Dr.  H.  L.  Taylor 
A  comprehensive  questionnaire  was  sent  to  the  physicians  of  greater  New 

York.  Allowing  for  insufficient  records  and  duplications,  (for  one  must  not  for- 
get that  at  that  time  the  disease  was  not  reportable),  752  cases  were  chosen  for 
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careful  analyses,  although  2500  or  more  were  believed  to  have  occurred  in  the 
city.    The  men  on  the  Committee  were  divided  into  sub-committees. 

Sub-committee  I-consisted  of  Drs.  Bolduan,  Ager  and  Terribeny  who  studied 
the  epidemiology  of  the  disease. 

Sub-committee  II — consisted  of  Drs.  La  Fetra  and  Schwarz  who  studied  the 
prodromal  symptoms  of  the  disease  and  the  symptoms  of  the  period  of  onset. 

Sub-committee  III — consisted  of  Drs.  Clark,  Hunt,  Jelliffe,  Zabriski  and  Sachs 
who  worked  on  the  symptomatology  and  the  course  of  the  disease. 

Sub-committee  IV — consisted  of  Drs.  Flexner  and  Strauss,  who  worked  on  the 
pathology  of  the  disease. 

Sub-committee  V — consisted  of  Drs.  La  Fetra,  Jelliffe,  Ager,  Taylor  and 
Sachs  who  studied  the  results  of  the  therapy  used. 

The  findings  of  these  various  Committees  were  reported  in  a  monograph  pub- 
lished in  1907. 

It  was  soon  shown  that  this  was  an  infectious  disease,  that  symptoms  of  general 
infection  were  as  prominent  as  the  symptoms  of  paralysis,  that  recoveries  were 
more  common  than  was  suspected,  and  that  meningeal  symptoms  were  very 
common  in  the  earlier  stages  of  the  disease.  Light  was  also  thrown  on  the  ques- 

tion of  the  relationship  of  poliomyelitis  to  acute  ascending  paralysis  (Landry's 
paralysis)  and  to  multiple  neuritis. 

The  conclusions  of  the  several  Committees  were  in  the  main  as  follows : 
1.  The  Committee  on  Epidemiology  showed  that  the  epidemic  (and  mo.st  of 

the  other  epidemics)  commenced  in  June  and  usually  reached  its  height  in  Sep- 
tember, although  it  was  noted  that  a  few  epidemics  also  occurred  in  the  winter. 

2.  The  Committee  on  Prodromal  Symptoms  found  that  upper  respiratory 
infections  and  diarrhea  or  other  gastro-intestinal  symptoms  were  present.  It 
seemed  to  us  that  the  upper  respiratory  tract  was  the  portal  of  invasion  but  the 
gastro-intestinal  canal  was  also  considered.  Fever  was  almost  invariably  pres- 

ent, absent  only  in  61  of  the  cases  studied  (700).  The  fever  lasted  a  few  days  and 
rarely  persisted  for  more  than  seven  days.  The  nervous  symptoms  noted  at  such 
time  were  headache,  restlessness,  con\-uLsions  in  51  cases,  rigidity  of  the  neck  in 
121  cases,  pain  and  tenderness  in  \-arious  parts  of  the  body  in  most  of  the  cases. 
In  50  cases  a  skin  eruption  was  obser\'ed.  This  was  mostly  of  an  erythematous 
nature,  but  macular  and  papular  lesions  were  also  present. 

3.  The  Committee  on  Symptomatology  described  the  clinical  picture  more  or 
less  as  it  is  known  now.    The  same  forms  or  varieties  were  seen — such  as : 

1.  Spinal  Poliomyelitic  Type 
2.  Landry's  Paralysis  Type  (Ascending  or  descending  Palsy) 
3.  Bulbar  Type 
4.  Cerebral  Encephahtic  Type 
5.  Ataxic  Type 
6.  Pohaieuritic  Type 
7.  Meningeal  Type 
8.  Abortive  Type 
4.  The  Committee  on  Pathology  was  able  to  collect  many  observations  on  the 
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gross  and  histological  features  of  this  disease.  While  they  were  engaged  in  the 
study  of  the  pathology  of  the  disease  in  the  human,  Landsteiner  and  Popper 
working  in  Weichselbaum's  Clinic  in  Vienna  showed  that  the  disease  could  be 
transmitted  to  the  monkey  by  making  an  emulsion  of  the  cord  from  a  case  of 
infantile  paralysis,  and  injecting  it  intraperitoneally.  Knoepfelmacher  from  the 
same  laboralory  repeated  this.  Strauss  show  ed  tliat  the  lesion  in  the  animal  was 
the  same  as  in  the  human  and  made  the  lurtlicr  observation  that  the  lesion  in 
poliomyelitis  was  similar  to  that  found  in  rabies.  The  intraperitoneal  method  of 
experimental  transmission  of  the  disease  was  not  very  satisfactory,  failure  to  pro- 

duce the  disease  being  very  common.  Flexner  then  showed  that  injection  of  the 
virus  into  the  brain  was  a  sure  way  to  bring  about  the  disease  in  the  monkey. 
This  direct  route  produced  a  rather  se\'ere  form  of  the  disease  in  the  monkey  and 
the  efforts  to  evaluate  any  form  of  therapy  were  made  more  difficult. 

5.  The  report  of  the  Committee  on  Therapy  Avas  particularly  interesting  in  the 
light  of  what  is  being  done  today  for  this  disease.  It  was  33  years  ago  when  this 
Committee  stated:  "that  the  prolonged  warm  bath  was  the  most  successful  ele- 

ment in  the  treatment.  Every  four  hoiu's  the  patient  Avas  put  into  the  bath  as 
warm  as  it  coidd  be  borne."  These  baths  relieved  pain,  promoted  sleep,  reduced 
temperature  and,  from  work  done  since  that  time,  we  know  it  also  relieved 
spasm.  The  deep  hot  bath  was  continued  and  furnished  a  medium  for  the  better 
development  of  movement.  Even  at  that  time  it  was  suggested  that  regular 
bathing  and  swimming  -were  invaluable.  It  -was  pointed  out  also  that  care  must 
be  taken  to  train  the  child  to  a  proper  mental  attitude  in  regard  to  his  illness. 
Dr.  P.  William  Nathan,  an  orthopedist  of  that  time  used  to  say:  "get  them  to  do 
as  many  of  the  movements  by  themselves,  it  is  worth  all  of  the  passive  exercise  in 
the  world."  It  was  also  known  that  partial  or  total  recovery  of  the  muscle  power 
woidd  tslke  place  after  se\'eral  months  or  perhaps  a  year  or  two. 

At  this  point  1  would  like  to  state  a  warning  in  relation  to  the  treatment  of 
infantile  paralysis.  During  the  first  epidemic  we  did  very  little  or  no  splinting, 
and  this,  to  my  mind,  had  resulted  in  many  a\'oidable  deformities.  Then  during 
the  1916  epidemic,  the  orthopedist  entered  the  ]iicturc,  and  certainly  too  much 
splinting  Avas  done.    Since  then  a  healthy  middle  path  has  been  followed. 

The  state  of  oiu-  knowledge  at  the  end  of  the  first  major  poliomyelitis  epidemic 
was  as  follows:  the  disease  was  infectious;  small  children  were  more  likely  to  be- 

come infected ;  it  usually  occurred  in  the  summer  time ;  although  there  were  found 
many  cases  of  more  than  one  affected  in  a  family,  this  was  the  exception  rather 
than  the  mle.  The  incubation  period  was  difficult  to  establish,  and  as  far  as  I 
know,  it  is  still  difficult  to  establish.  The  spread  of  the  disease  was  A-ery  poorly traced 

After  this  great  ei)idomic  sporadic  cases  were  seen  each  year;  there  is  no  doubt 
that  the  incidence  of  the  disease  folloAving  this  epidemic  became  greater  than  be- 

fore. Since  the  early  years  of  this  century,  there  has  been  an  increasingly  greater 
area  of  distribution  in  this  country  and  a  greater  incidence  of  the  disease.  Over 
5000  deaths  from  poliomyelitis  Avere  reported  by  the  United  States  Census  Bu- 

reau during  the  years  1910  and  1915,  but  a  conservative  estimate  would  place 
the  number  of  cases  obserA-ed  at  about  30,000. 
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Then  came  the  year  191G.  Durmg  the  first  months  of  that  year,  even  to  the 
end  of  May,  few  cases  occurred,  and  there  was  no  indication  that  an  epidemic 
was  imminent.  However,  during  June  the  cases  mounted  rapidly  and  over 
27,000  cases  and  6000  deaths  occurred  in  the  registration  area  from  June  to 
November,  1916.  A  report  of  this  epidemic  was  published  b}^  the  New  York 
City  Health  Department  in  1917  while  Dr.  Haven  Emerson  ^\•as  Health  Com- 

missioner. On  June  30th  there  met  for  the  first  time  an  Advisory  Committee  of 
the  Department  of  Health.  For  the  sake  of  the  record,  I  append  the  names  of 
this  Committee. 

Advisory  Council 
Dr.  Louis  E.  Ager,  Chairman  Dr.  Herman  Schwarz 
Dr.  Elias  H.  Bartlett  Dr.  Rudolph  F.  Rabe 
Dr.  Robert  O.  Brockway  Dr.  Josephine  Baker 
Dr.  Eugene  S.  Dalton  Dr.  J.  S.  Billings 
Dr.  Thurston  H.  Dexter  Dr.  S.  R.  Blatteis 
Dr.  George  Draper  Dr.  Charles  F.  Bolduan 
Dr.  Simon  Flexner  Dr.  George  S.  Nicholas 
Dr.  Royal  S.  Haynes  Dr.  W.  H.  Park 
Dr.  Henry  Koplik  Dr.  B.  S.  Waters 
Dr.  Howard  Mason  Dr.  R.  J.  Wilson 

Mayor's  Committee  on  the  Epidemic  of  Poliomyelitis 
(To  act  as  his  advisors  in  the  epidemic ) 

Dr.  E.  H.  Bartley  Dr.  Samuel  Lambert 
Dr.  John  W.  Brannori  Dr.  C.  H.  Lavender 
Dr.  Leland  E.  Cofer  Dr.  Leon  Luria 
Dr.  H.  B.  Delatour  Dr.  Wm.  H.  Park 
Dr.  A.  H.  Dolty  Dr.  Antonio  Stella 
Dr.  Simon  Flexner  Dr.  J.  M.  Van  Cott 
Dr.  S.  S.  Goldwater  Dr.  Philip  Xan  Ingen 
Dr.  Henry  Koplik  Dr.  Walter  X .  James 

Committee  on  Research  on  Poly  myelitis 
Dr.  H.  A.  Amoss  Dr.  Josephine  B.  Neall 
Dr.  George  Draper  Dr.  AVilliam  H.  Park 
Dr.  William  H.  Frost  Dj-.  Hans  Zinsser 

Dr.  P.  H.  Lavender 

The  total  number  of  the  cases  as  reported  by  the  Health  Department  in  the 
greater  city  was  9,023,  of  which  5,49()  weie  investigated.  Slightly  more  males 
were  stricken  than  females.  It  seemed  that  at  that  time  the  colored  race  Avas  less 
susceptible  than  the  white  race.  It  was  tlioui^ht  tliat  the  small  number  of 
nursing  babies  affected  was  due  to  the  lack  of  coiit  ;u  t  w  ith  other  people.  Yet  16 
cases  of  nursing  babies  were  reported  who  had  been  infected  by  a  previous  case 
in  their  respective  families.  There  were  313  cases  with  two  in  one  family;  there 
were  28  with  three  in  the  family  and  six  with  four  in  the  family.    A  special  stud.y 
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was  made  of  a  group  of  250  cases  in  which  more  than  one  child  was  attacked. 
In  no  instance  was  the  first  child  infected  under  six  months.  However,  at  one 
year  of  age,  when  a  child  is  able  to  move  about  by  its  own  volition,  15  children  in 
this  group  were  the  first  to  be  attacked. 

The  non -paralytic  or  abortive  cases  required  special  observation.  This  was 
very  difficult  because  of  mistaken  diagnoses.  However,  of  a  group  of  469  cases, 
ill  at  the  time  of  the  District  Nurse's  visit,  and  examined  by  a  Health  Department 
Physician,  25  per  cent  were  found  to  be  cases  of  true  poliomyehtis.  The  incuba- 

tion period,  even  in  this  epidemic,  was  difficult  to  estabhsh.  584  cases  fell  in 
the  category  of  unkno^^Tl  period  of  incubation,  and  15  into  a  definite  series  where 
the  time  could  be  accurately  determined.  Eleven  cases  seemed  to  occur  five 
days  after  contact,  and  the  others  within  eight  days.  The  larger  number  of  in- 

stances with  just  a  few  days  incubation  were  not  accurate.  Instances  occurred 
in  which  a  period  of  two  or  three  weeks  seemed  to  have  elapsed. 

Foods,  domestic  animals  and  insects  were  investigated.  Of  course,  the  article 
of  food  which  came  under  suspicion  especially  was  milk;  it  was  concluded  that 
food  and  milk  did  not  play  any  part.  Animals  in  the  zoo  did  not  seem  to  be 
affected.  Insects  could  not  be  found  to  have  any  connection,  nor  could  the  rat 
be  blamed. 

Between  the  first  and  second  epidemic,  many  forms  of  treatment  were  tried. 
Urotropin  had  considerable  vogue  because  of  its  ability  to  liberate  formalin  in 
the  spinal  and  other  fluids  of  the  body.  About  this  time,  Levaditi  showed  that 
when  the  spinal  cord  emulsion  from  a  case  of  infantile  paralysis  was  mixed  with 
the  serum  from  a  convalescent  case  of  infantile  paralysis,  the  virus  in  the  emulsion 
was  neutralized,  for  on  the  injection  of  the  mixture  the  transmission  of  the  dis- 

ease in  the  monkey  was  regularly  prevented.  Now  at  this  time  Dr.  Abraham 
Zingher,  an  assistant  of  Dr.  William  H.  Park,  had  been  working  ̂ \■ith  convalescent 
semm  in  the  treatment  of  scarlet  fever,  measles  and  other  infections.  With 
Leviditi's  experiment  in  mind,  it  was  rather  natural  that  convalescent  human 
poliomyelitis  serum  be  tried  in  the  treatment  of  this  disease.  Horse  serum  was 
first  used  but  found  very  irritating  and  possibly  harmful.  I  was  fortunate 
enough  to  have  the  aid  of  Dr.  Zingher  in  procuring  convalescent  human  polio- 

myelitis serum.  We  showed  that  it  did  not  do  any  harm.  But  I  remember  the 
first  case  I  used  it  on.  This  was  a  young  man  of  22 years,  acutely  ill  with  involve- 

ment of  three  extremities.  Following  the  intrathecal  injection  there  was  marked 
increase  in  the  neck  rigidity  and  a  tremendous  number  of  cells  were  found  in  the 
cerebrospinal  fluid.  I  thought  I  had  caused  the  formation  of  a  meningitis. 
However,  in  a  few  days  it  all  cleared  up,  but  the  general  course  of  the  disease  was 
unaffected. 

Naturally,  then  as  now,  there  was  a  great  urge  for  some  satisfactory  form  of 
treatment  for  this  disease,  and  inasmuch  as  the  neutralization  experiment  of 
Leviditi  was  definite,  the  Rockefeller  Institute,  under  the  leadership  of  Dr. 
Simon  Flexner  from  the  experimental  standpoint,  and  Dr.  Draper  from  the 
clinical  point  of  view,  began  to  publicize  the  treatment  of  this  disease  ̂ \'ith  human 
convalescent  poliomyelitis  serum.    This  was  an  instance  where  scientific  investi- 
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gation  was  accurate,  but  clinical  investigation  was  such  as  to  mislead  medical 
men,  not  only  in  the  United  States,  but  all  over  the  world.  A  wild  scramble 
was  made  to  get  convalescent  serum  from  cases  of  recovered  infantile  paralysis. 
Furthermore,  it  was  found  that  patients  who  had  had  infantile  paralysis  years 
ago  had  these  neutralizing  substances  in  their  blood,  so  that  from  far  and  wide, 
infantile  paralysis  victims  offered  their  blood  for  those  who  might  become  vic- 

tims. This  was  the  situation  of  the  therapy  of  infantile  paralysis  at  the  end  of 
the  second  great  epidemic. 

Dr.  Josephine  Neall  and  I  had  ample  opportunity  to  judge  the  efficacy  of  con- 
valescent serum.  I  had  an  unusual  opportunity  to  test  this  serum,  for  in  a  great 

many  cases  in  private  practice  I  had  to  give  this  serum  whether  I  wanted  to  or 
not,  and  on  the  other  hand  I  had  excellent  control  material  in  the  special  wards 
set  up  at  this  time  at  The  Mount  Sinai  Hospital  where  no  serum  could  be  ob- 

tained even  if  one  wanted  it.  Out  of  100  cases  and  100  controls,  paralysis  oc- 
curred in  43  in  one  group  and  45  in  the  other  group.  For  years,  in  fact  from 

1917  until  1931,  we  two  had  to  struggle  against  the  prevailing  opinion  of  this  form 
of  therapy.  (Arch.  Fed.,  3:  11,  859,  November,  1916.)  At  many  a  medical 
meeting,  I  was  "put  on  the  spot."  At  one  meeting,  which  I  remember  very  dis- 

tinctly, one  colleague  said:  "any  man  who  does  not  try  to  get  convalescent  serum 
for  his  patients  is  a  criminal."  Time,  however,  is  not  only  a  good  doctor,  but  a 
great  arbiter  of  right  and  wrong  in  all  controversial  subjects.  It  was  in  1931  that 
Dr.  William  H.  Park  had  the  opportunity  of  testing  the  value  of  human  conva- 

lescent poliomyelitis  serum.  That  year  we  had  a  large  number  of  cases,  and  it 
was  decided  to  give  half  of  the  cases  the  serum  and  none  to  the  other  half.  It 
was  particularly  advocated  that  only  the  pre-paralytic  cases  be  used;  500  with 
serum  and  500  controls  were  to  be  obtained.  This  was  carried  out  with  the  aid 
of  some  of  the  younger  pediatricians  of  whom  Dr.  Alfred  Fisher  was  one.  At  the 
end  of  the  poliomyelitis  epidemic,  it  was  clearly  shown  that  the  serum  had  no 
effect.  This  could  have  been  tried  before  if  the  animal  experiments  had  been 
done  in  the  same  manner  as  the  disease  occurs  in  the  human.  It  is  one  thing  to 
mix  the  convalescent  serum  with  virus,  and  inject  it  into  the  animal,  and  another 
thing  to  give  the  animal  an  injection  of  the  virus,  wait  until  the  very  first  symp- 

toms occur  and  then  give  the  convalescent  serum.  This  Avas  not  done  and  the 
more  I  digcussed  it  the  more  it  was  said  that  this  experiment  would  not  have  any 
great  value  for  the  disease  produced  in  the  monkey  was  too  severe  to  pass  fair 
judgment. 

During  this  epidemic  we  learned  a  great  deal  about  the  beginnings  of  the  dis- 
ease, the  value  of  nuchal  rigiditj',  the  superficial  abdominal  reflexes,  but  no 

pathognomonic  sign  was  discovered.  Dr.  Nathan  Rosenthal  followed  the 
cytology  of  the  cerebrospinal  fluid  hoping  that  it  would  be  useful  in  prognosis 
but  this  was  of  no  avail.  This  was  the  status  of  knowledge  of  infantile  paralysis 
for  a  few  years  after  the  epidemic  of  1916. 

A  striking  landmark  in  the  history  of  poliomyelitis  was  the  fact  that  it  affected 
the  President  of  the  United  States,  Franklin  Delano  Roosevelt.  Due  to  his 
efforts,  there  came  to  be  established  The  Warm  Springs  Foundation.    The  cli- 
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mate  was  right,  the  bathing  was  good  (see  our  original  report)  and  who  would 
want  a  better  sponsor  than  the  Governor  of  the  State  of  New  York  and,  later, 
the  President  of  the  United  States.  Then  the  March  of  Dimes  was  conceived,  I 
think  by  Eddie  Cantor,  and  the  President's  birthday  was  used  as  an  impetus  for 
building  up  a  fund  for  victims  of  infantile  paralysis.  Within  a  short  time  the 
Infantile  Paralysis  Foundation  came  into  existence.  Soon  two  paths  were  pur- 

sued by  the  Foundation — one  relating  to  practical  forms  of  therapy  and  educa- 
tion, the  other  in  the  direction  of  research  of  pohomyelitis  and  other  virus  dis- 
eases, under  the  guidance  of  Dr.  Thomas  Rivers. 

I  can  not  end  this  short  history  without  a  word  about  the  Kenny  treatment. 
Obviously  it  is  not  entirely  new,  for  warm  baths  and  compresses  and  voluntary 
movement  were  instituted  in  1906.  It  is  certainly  not  specific  and,  even  at  this 
time,  its  value  is  somewhat  controversial.  My  attitude,  as  toward  the  conva- 

lescent serum,  is — by  all  means  use  it  for  it  certainly  does  no  harm,  but  for 
Heaven's  sake,  do  not  make  it  appear  to  be  the  final  word.  I  know  that  experts 
do  not  consider  the  problem  to  be  solved,  but  the  uninformed  public  thinks  it  is. 
Unfortunately  we  have  just  passed  through  another  great  epidemic.  From  the 
unbiased  observations  of  this  epidemic,  our  understanding  of  the  disease  will  be 
furthered. 



THE  TALCUM  POWDER  PROBLEM 

M.  G.  SEELIG,!  M.D.,  and  D.  J.  VERDA,^  M.D. 
It  was  late  in  the  chapter  of  the  development  of  aseptic  surgery  that  detailed 

attention  was  paid  to  the  hands  of  the  surgeon  and  all  his  operating  assistants. 
After  a  comparatively  short  period  of  operating  with  bare  hands,  subjected  to  a 
variety  of  antiseptic  solutions,  there  came  into  use  cotton  lisle  gloves  as  an 
added  protective  against  the  spores  and  bacteria  concealed  in  skin  crypts,  hair 
follicles  and  sebaceous  and  sweat  glands.  The  short  step  to  rubber  gloves 
was  taken  by  Halsted.  At  first  the  rubber  gloves  were  boiled  in  water,  trans- 

ferred to  a  large  receptacle  containing  sterile  water  or  an  antiseptic  solution  and 
put  on  the  hands  under  this  water  or  an  antiseptic  solution.  This  procedure 
proved  to  be  messy,  due  to  the  prolonged  trickling  of  water  down  the  arms  and  the 
maceration  of  the  skin  of  the  hands  with  consequent  release  of  bacteria  from 
cryptic  skin  foci.  To  avoid  these  difficulties,  the  so-called  wet  method  of  pre- 

paring gloves  was  abandoned  almost  universally,  and  was  replaced  by  steam 
autoclave  steriHzation,  talcum  powder  being  used  as  an  aid  to  the  introduction 
of  the  hands  into  the  gloves.  This  standard  procedure,  in  use  for  more  than 
the  past  third  of  a  century,  has  shared  with  Caesar's  wife  the  reputation  of 
being  above  suspicion,  until  very  recent  times. 

It  is  true,  that  there  have  been  many  reasons  to  question  the  good  repute  of 
talcum,  but  they,  somehow  or  another  did  not  register.  In  the  first  place, 
talcum  is  a  sihcate,  and  on  that  basis  alone  its  virtues  should  have  been  subjected 
to  some  qualifications.  All  the  more  so  since  silicosis  began  to  assume  im- 

portance in  clinical  medicine.  Then  too,  as  far  back  as  1881  the  noxious  prop- 
erties of  dusting  powders  were  emphasized.  The  earliest  reported  clinical  work 

on  intra-abdominal  complications  arising  from  powder  in  the  peritoneal  cavity 
had  to  do  not  with  talc  but  with  lycopodium,  which  is  a  dusting  powder  made 
from  the  club  mosses,  to  the  spores  of  which  the  peritoneum  reacts  almost 
exactly  as  it  does  to  talc.  Hippolyte  Martin  and  later  Muscatello  were  among 
the  first  to  demonstrate  experimentally  the  ill  effects  of  lycopodium  powder  on 
the  peritoneum.  Independently,  Carlo  Bezzola  and  von  Podwyssozki  studied 
experimentally  similar  deleterious  effects  due  to  intraperitoneal  instillation  of 
diatomaceous  earth  (Kieselguhr).  In  1913  Lambert  showed  that,  even  in  cell 
growth  in  vitro,  lycopodium  spores  evoked  a  foreign  body  response  with  out- 

growth of  connective  tissue  cells,  wandering  cells  and  giant  cells.  Marchand 
of  Leipzig  in  1921  corroborated  experimentally  the  severe  irritant  qualities  of 
lycopodium  powder  when  injected  intraperitoneally  in  animals.  During  the 
past  ten  years  considerable  experimental  Avork  has  been  reported  emphasizing 
the  irritant  qualities  of  talc  when  injected  intraperitoneally,  intrapleurally, 
intrapericardially  or  subcutaneously.  In  fact,  in  a  certain  type  of  heart  disease, 
talc  has  been  recommended  to  produce  pericardial  adhesions  in  an  attempt  to 

1  Director  of  Pathology,  Barnard  Free  Skin  and  Cancer  Hospital. 
^  Resident  Surgeon  of  The  St.  Louis  City  Hospital. 
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promote  better  collateral  circulation.  A  glance  at  figure  1  will  make  it  perfectly 
plain  why  the  insoluble  magnesium  siUcate  (talcum)  crystals  set  up  a  severe 
reactionary  inflammation,  once  they  become  lodged  in  the  tissues. 

Fio.  1.  Talcum  powder  crystals,  X  350. 

In  1923  Roth  published  the  first  contribution  to  the  clinical  chapter  of  post- 
operative complications  arising  from  dusting  powders.  In  this  instance  the 

dusting  powder  was  lycopodium  spilled  from  a  glove  which  tore  during  a  lap- 
arotomy.   The  results  of  this  accident  were  three  subsequent  laparotomies  for 
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adhesive  intestinal  obstructions  supposedly  due  to  tuberculosis  (many  miliary 
nodules  were  found  on  the  peritoneum)  until  pathologic  examination  disclosed 
that  the  milia  represented  foreign  body  reactions  to  the  spores  of  lycopodium. 
In  1933  Antopol  reported  6  cases  of  complications  resulting  from  lycopodium 
spores  in  the  urinary  bladder,  testicle,  kidney,  peritoneal  cavity,  neck  and 
female  breast.  In  the  same  paper  Antopol  recorded  the  first  case  of  intraperi- 

toneal granuloma  due  to  talc.  Antopol's  description  of  the  microscopic  appear- 
ance of  the  lesions  resulting  from  the  contamination  of  the  peritoneum  with  these 

dusting  powders  was  accurate  and  painstaking.  In  the  instance  of  lycopodium, 
the  offending  agents  are  the  lycopodium  spores,  whereas  in  the  instance  of  talc 
they  are  the  talc  crystals  (predominantly  magnesium  silicate).  The  spore  or 
the  talc  crystal  forms  the  center  of  a  tubercle-like  structure  made  up  of  lymph- 

ocytes, epithelioid  cells  and  giant  cells  (of  both  foreign  body  and  tumor  giant 
cell  types).  We  might  add,  based  on  our  experiments,  that  these  tubercle-like 
structures  rarely  show  any  central  necrosis,  although  central  caseation  necrosis 
may  occur.  Neither  the  macroscopic  nor  the  microscopic  anatomy  of  these 
lesions  is  as  important  as  are  the  end  results  of  their  formation,  namely  a  fi- 

brosis which  produces  intraperitoneal  adhesions.  In  our  experimental  animals, 
we  fovmd  all  types  of  adhesions,  ranging  from  a  massive  occlusion  of  almost  the 
entire  peritoneal  cavity  to  less  massive  localized  adhesions  of  stomach,  spleen, 
liver  and  omentum  or  intestinal  loops,  or  merely  thin  adhesive  bands  of  fixed 
omental  strands  that  not  infrequently  caused  death  from  intestinal  obstruction 
in  our  animals. 

Our  interest  in  the  talcum  powder  problem  rests  on  a  dual  basis.  In  the 
first  place,  a  relative  was  seriously  compromised  by  a  talc  peritonitis  with  re- 

peated intestinal  obstruction  following  a  simple  appendectomy,  and  in  the  second 
place,  as  the  problem  is  coming  more  and  more  to  the  attention  of  the  clinicians 
and  pathologists,  more  and  more  contributions  are  appearing  in  medical  lit- 

erature. For  example,  there  have  been  published  numerous  case  histories 
of  patients  who  have  been  subjected  to  from  two  to  four  and  even  more  operations 
for  the  relief  of  intestinal  obstruction  caused  by  abdominal  silicosis  (talcum 
peritonitis).  Such  cases  have  been  reported  by  Antopol,  Feinberg,  Owen,  Byron, 
Ramsey,  German,  Byron  and  Welch,  Ramsey  and  Douglass,  and  McCormick 
and  Ramsey. 

The  noxious  properties  of  talc  are  thrown  into  bolder  relief  when  one  learns 
that  it  is  a  trouble  maker  elsewhere  than  in  the  peritoneal  cavity.  Granu- 

lomas resulting  from  talc  implantation  haxe  been  described  in  the  rectum, 
vagina,  cervix  and  brain  and  in  healing  wounds  by  Antopol  and  Robbins,  Erb, 
Antopol,  Fienberg,  Ramsey  and  Douglass,  Grieco,  Cline  and  others.  We  have 
heard,  by  way  of  a  personal  report,  of  troublesome  consequences  following  the 
accidental  entrance  of  talcum  powder  into  the  conjunctival  sacs  of  operating 
room  nursing  personnel.  On  the  basis  of  a  study  of  the  talcum  hazard  in  the- 
preparation  of  rubber  gloves  for  sterilization,  made  by  the  Illinois  Division  of 
Industrial  Hygiene,  Kronenberg  suggests  it  would  be  wise  to  institute  measures 
to  control  and  remove  talc  dust  in  order  to  avoid  health  risk  to  nurses.  An- 
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other  peculiarly  interesting  aspect  of  the  problem  lies  in  the  fact  that  in  all  this 
literature  there  is  no  suggestion  of  a  suitable  substitute  for  talcum  and  no  clear 
cut  insistence  that  talcum  must  be  done  away  with  in  surgery. 

In  the  last  analysis,  however,  our  major  concern  with  talcum  powder  has  to 
do  with  the  abdominal  lesions  and  complications  resultant  from  its  introduction 
into  the  peritoneal  cavity.  There  is  more  than  gentle  irony  in  the  fact  that  we 
have  been  overlooking  a  prime  offender,  at  the  same  time  that  we  have  been 
expending  much  thought  and  energy  on  the  prophylaxis  of  post-operative  intra- 

peritoneal adhesions  due  to  agencies  much  less  vicious  than  is  talcum. 
There  are  three  principal  sources  from  which  talcum  may  gain  entrance  into 

the  body: — 
1.  From  the  surface  of  powdered  glo\  es.  It  is  unfortunately  true  that  many 

surgeons  do  not  attempt  to  wash  their  gloves  in  a  sterile  solution  before  operating, 
and  it  is,  unhappily,  more  true  that  those  who  do  take  this  precaution,  can 
never  succeed  in  getting  rid  of  all  the  talcum  which  verily  sticketh  closer  to 
rubber  than  a  brother. 

2.  From  the  surface  of  instruments  and  from  sterile  gauze,  towels  and  othci 
things  that  come  in  contact  with  tlie  ()perativ(>  field.  This  hazard  does  not  seem 
to  have  been  mentioned  before  in  siugical  literature.  If  one  will  place  a  dark 
object  in  the  operating  room  while  the  surgical  team  dusts  hands  with  talcum, 
preparatory  to  donning  gloves,  it  may  be  readily  demonstrated  that  the  surface 
of  the  dark  object  will  be  overlaid  by  a  thin  layer  of  talcum  if  time  enough  is 
allowed  for  the  powder  to  settle.  We  consider  this  contamination  of  instruments 
and  surgical  supplies  as  a  very  real  hazard. 

3.  The  talcum  may  escape  through  rents  accidentally  made  in  the  gloves 
diu'ing  the  performance  of  operations.  Such  accidents  furnish  a  fertile  source 
of  contamination  with  talcum,  because  the  fingertip  of  a  carelessly  prepared 
glove  often  contains  as  much  as  100  mg.  of  talc.  Studies  by  Weed  and  Groves 
show  that  (a)  in  74.4  per  cent  of  all  operations  some  gloves  are  torn  and  (b)  22.6 
per  cent  of  all  gloves  used  show  rents  or  punctures.  These  data  were  obtained 
by  Weed  and  Gro^^es  through  a  period  of  twenty  months  of  operating  using  a 
total  number  of  35,703  gloves.  Some  months  32  per  cent  of  the  gloves  .showed 
rents  or  punctures.  The  high  incidence  of  perforation  of  rubber  g]()\es  during 
operation  (22  per  cent)  was  recently  emphasized  in  an  editorial  in  tli(>  British 
Journal  of  Surgery.  German  foimd  that  in  a  series  of  50  patients  40  showed 
iutia peritoneal  talc  that  had  been  deposited  accidentally  during  a  previous 
laparotomy.  German  examined  his  microscopic  preparations  in  polarized  light, 
which  renders  the  talc  crystals  much  more  readily  visible.  We  show  in  figures 
2  and  3,  the  striking  difference  between  talc  crystals  as  demonstrated  in  an 
intraperitoneal  granuloma  viewed  by  ordinary  and  by  polarized  light.  In  42 
of  Cierman's  patients  (84  per  cent)  one  previous  laparotomy,  in  7  patients 
(14  per  cent)  two  previous  laparotomies,  and  in  1  patient  (2  per  cent)  five  previous 
laparotomies  had  been  performed.  Of  course  in  such  a  study  the  talc  may  come 
from  the  surface  of  the  gloves  or  through  accidental  perforations  of  them,  or 
l)ossil)ly  from  gauze  sponges  or  pads  contaminated  with  talcum  powder. 
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jjAnj'  attempt  to  find  a  substitute  for  talc  must  be  based  on  two  fundamental 
considerations:  1.  The  substitute  powder  must  possess  such  a  degree  of  actual 
or  potential  solubilit.y  as  to  be  disposed  of  rapidly  and  completely  by  some  form 
of  peritoneal  or  tissue  absorption.  If  this  is  not  true,  the  powder  collects  in  the 
peritoneal  cavity  as  masses  or  plaques  which  induce  foreign  body  granulomas, 
which  in  turn  result  in  adhesions;  or  the  powder  sets  up  foreign  body  reaction 
in  womids  or  on  mucous  membranes.    2.  The  powder  must  possess'  such  a 

Fig.  2.  Talcuiu  i  crystals  ix  116)  seen  in  a  post-operative  intraperitoneal  granu- loma under  ordinary  light. 

degree  of  insolubility  as  to  withstand  steam  sterilization  without  losing  that 
dusting  property  which  serves  to  prevent  the  glove  surfaces  from  adhering. 

In  our  initial  search  for  a  substitute  for  talcum,  we  devoted  much  time  to  ex- 
perimentation with  prepared  chalk  (calcium  carbonate)  because  it  has  been 

used  for  years  as  a  face  powder  and  because  Miller  and  Sayers  (who  used  powdered 
limestone)  have  shown  that  when  injected  into  the  peritoneal  cavities  of  experi- 

mental animals  it  is  eventually  absorbed  without  any  consequent  ill  effects. 
However,  when  we  injected  it  into  oiu-  animals  we  found  that  although  it  was 
absorbed  eventually  (five  to  six  weeks)  it  nevertheless,  during  the  early  period 
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following  injection,  induced  granulomas  and  peritoneal  adhesions.  In  time 
these  granulomas  tended  to  disappear  and  the  adhesions  to  thin  out,  but  we 
could  demonstrate  some  menacing  intraperitoneal  adhesions  and  strands  eight 
weeks  after  injection. 

After  failure  with  calcium  carbonate  powder  we  turned  our  attention  to  corn 
starch  as  a  promising  substitute  for  talc  because  of  its  admirable  dusting  quality 
and  its  appealing  smoothness.  Furthermore,  there  were  rational  reasons  for 
assuming  that  it  would  be  taken  care  of  by  the  diastatic  action  of  the  peritoneal 

Fig.  3.  Talcum  powder  crystals  (X  116)  seen  in  a  post-operative  intraperitoneal  granu- loma under  polarized  liRht.    (.Same  section  as  shown  in  Fig.  2.) 

fluid  and  thus  be  rendered  safely  absorbable.  These  assumptions  were  borne 
out  by  our  animal  experiments,  which  demonstrated  that  rats  would  dispose  of 
an  intraperitoneal  dose  of  starch  comparable  to  1|  pounds  (0.G8  kg.)  injected 
into  a  human  hem^  of  aAcrage  weight  (150  pounds,  or  68  kg.).  The  animals, 
within  twehe  to  twenty-four  hours  after  intraperitoneal  injections  of  starch, 
showed  complete  absorption  of  3  cc.  of  a  10  per  cent  suspension  without  a 
vestige  of  any  kind  of  local  or  general  undesirable  affect.  These  findings  are 
in  contrast  to  the  demonstrated  chemotactic  effect  of  starch  recorded  by  Chamber 
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and  Grand  and  Ivile.  This  discrepancy  is  probably  due  to  the  fact  that  in  our 
experiments  the  starch  was  injected  into  the  peritoneal  cavity,  whereas  the  other 
investigators  made  their  injections  into  the  subcutaneous  tissue.  We  en- 

countered much  difficulty  however  in  the  fact  that,  when  we  attempted  to 
sterilize  starch  powdered  rubber  gloves  by  autoclaving,  the  starch  gelatinized 
on  the  glove  surfaces,  causing  them  to  adhere  and  the  Avhole  glove  to  stiffen 
and  glaze.  There  is  reason  to  believe  that  it  may  be  possible  to  develop  a 
special  starch  powder  that  will  not  gelatinize  during  steam  sterilization.  This 
is  a  consummation  devoutly  to  be  wished.  Indeed,  at  this  writing,  it  seems 
that  it  has  been  attained ;  because  the  Research  Laboratories  of  the  Corn  Prod- 

ucts Refining  Company  have  developed  for  us,  a  special  starch  dusting  powder, 
manufactured  by  the  application  of  new^  processes  recently  developed  by  them. 
This  starch  is  not  yet  in  production  and  the  current  difficulties  with  equij^ment 
priorities  may  preclude  production  until  after  the  war.  The  special  process 
inhibits  the  tendency  of  starch  to  swell  in  hot  water,  thereby  rendering  it  possible 
to  subject  gloves  to  steam  .sterilization  without  anj^  gelatinization  and  con.sequent 
stickiness  and  adhesive  effects.  There  is  everj'  reason  to  assume  that  this 
new  special  Starch  Dusting  Powder  bids  fair  to  solve  the  vexatiously  serious 
talcum  powder  hazard.  We  have  subjected  it  both  to  laboratory  and  operating 
room  tests  and  have  found  it  to  measure  up  to  all  requirements. 

Before  the  Corn  Product  Refining  Company  developed  this  Special  Starch 
Dusting  Powder  we  had  found  that  Potassium  bitartrate  fulfilled  all  the  require- 

ments of  a  dusting  powder  for  rubber  gloves.  This  powder  is  sufficiently  in- 
soluble (0.37  gm.  per  hundred  cubic  centimeters  of  water  at  0°C.  and  6.1  gm. 

per  hundred  cubic  centimeters  at  100°C.)  to  preserve  its  powdering  effect  after 
autoclaving.  Studies  of  the  pharmacologic  action  of  the  tartrates  in  man  and 
experimental  animals  by  UnderhiH  and  his  co-workers,  Salant  and  his  co-workers, 
Post  and  others  reveal  that  only  large  doses  are  toxic.  It  has  been  shown  that 
the  toxic  dose  in  the  experimental  animal  is  0.5  gm.  per  kilogram  of  body  weight 
administered  subcutaneously,  or  about  1\  ounces  (35  gm.)  in  a  man  weighing 
150  pounds.  Our  studies  show  that  in  a  carelesslj'  powdered  glove  as  much 
as  100  mg.  of  powder  may  collect  in  each  fingertip.  Assume  for  the  sake  of 
argument  that  gloves  have  been  carelessly  prepared  and  that  during  an  operation 
ten  finger  ends  were  torn,  spilling  the  maximum  amount  (1,000  mg.)  of  potassium 
bitartrate  in  the  peritoneal  cavity,  there  then  would  have  been  scattered  only 
one  thirty-fifth  of  the  toxic  dose.  One  does  not  have  to  worry  about  the  bi- 

tartrate powder  on  the  surface  of  the  gloves,  because,  imlike  talc,  it  washes  off 
easily  and  completely  before  operation. 

At  the  time  that  we  did  our  early  work  on  potassium  bitartrate  we  reported 
that  it  tended  to  shorten  the  life  of  the  gloves.  We  also  got  the  impression, 
after  the  publication  of  our  first  paper,  that  after  gloA'es  had  been  sterilized 
several  times  with  potassium  bitartrate,  they  tended  to  become  flaccid  and 
sticky.  Since  that  time  however,  one  of  the  extensive  manufacturers  of  rubber 
gloves  instituted  a  detailed  set  of  experiments,  that  were  well  controlled  and 
that  showed  that  the  bitartrate  powder  had  no  tendencj'  to  cause  stickiness, 
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and  that  it  had  no  influence  on  either  the  ordinary  life  or  on  the  tensile  strength 
of  the  gloves.  We  confirmed  these  statements  after  substituting  a  brand  of 
gloves  other  than  those  we  had  used  in  our  original  experiments. 

MATERIALS,  METHODS  AND  RESULTS 
We  studied  twenty-four  different  powders:  calcium  carbonate  (precipitated),  calcium 

gluconate,  calcium  citrate,  calcium  phosphate  (dibasic),  calcium  phosphate  (tribasic), 
calcium  tartrate,  calcium  d-malate,  magnesium  bicarbonate,  magnesium  carbonate,  mag- 

FiG.  4.  Peritoneal  cavity  of  a  normal  rat.    White  flecks  are  high  lights.  ^ 

nesium  phosphate  (dibasic),  magncsium-ammonium-phosphate,  magnesium  tartrate,  po- 
tassium bicarbonate,  sodium  bi('arl)onatc,  sulfanilamide,  talcum  and  potassium  bitartrate. 

Seven  different  forms  of  starches  were  also  tried:  cornstarch,  arrowroot  starch,  soluble 
starch,  rice  starch,  Liiiit  starch,  and  amylocellulose.  These  studies  were  directed  toward 
determining  primarily  whether  or  not  the  various  powders  possessed  such  dusting  properties 
as  to  permit  the  gloves  to  come  out  of  the  process  of  steam  (autoclave)  sterilization  in  ade- 

quate condition.  Many  of  the  powders  we  tried  met  this  test  successfully  because  most 
of  them  were  soluble.  With  the  starches,  however,  we  were  baffled  by  the  gelatinization 
which  resulted  from  sterilization  and  rendered  the  gloves  unusable.  As  stated  earlier,  we 
believe  that  the  Corn  Products  Refining  Company  have  now  solved  the  perplexing  starch 
problem. 
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The  second  step  consisted  in  testing  the  physically  satisfactory  powders  on  white  rats 

(150  to  350  gm.  in  weight)  by  injecting  sterile  watery  suspensions  of  varying  concentra- 
tions (usually  2  cc.  of  5  per  cent  solution)  into  the  peritoneal  cavities.  We  made  in  all  194 

experiments  on  194  individual  rats.  At  intervals  varying  from  five  minutes  to  twenty-four 
weeks  after  injection  the  rats  were  killed,  autopsies  performed  and  gross  and  micrpscoplft 
studies  made  of  pathologic  lesions. 

The  results  of  the  experiments  may  be  summarized  very  briefly  by  saying  that,  with  one 
exception,  every  powder  that  succ.essfuUy  met, the  test  of  steam  sterilization  produced 
pathologic  lesions  of  one  type  or  another  in  the  peritoneal  cavities  of  the  test  animals,  i.e., 
powder  plaques,  granulomas,  adhesions  or  peritoneal  serous  exudates  (fig.  4  and  5).  The 

Fig.  5.  Peritoneal  cavity  of  a  300  gm.  rat,  5  days  after  injection  into  it  of  2  cc.  sterile  sus- pension of  5  per  cent  talcum  in  water.  Arrows  X  and  Y  mark  adhesions,  plaques  and granulomata. 

one  exception  was  potassium  bitartrate,  which  whether  it  was  strewed  on  the  abdoniinal 
viscera  through  a  laparotomy  wound  or  injected  into  the  peritoneal  cavity  as  a  watery  sus- 

pension in  varying  strength,  was  rapidly  disposed  of  without  causing  even  the  slightest 
untoward  toxic  or  physical  effects,  local  or  general,  in  any  of  our  experimental  animals. 
Since  there  is  no  certain  information  as  to  how  potassium  bitartrate  is  disposed  of  after  its 
entrance  into  the  peritoneal  cavity,  we  are  making  a  special  but  so  far  inconclusive  study 
of  tbis  point.  However,  we  are  assured  by  our  work  both  of  its  rapid  absorption  and  of  the 
absence  of  any  symptoms  of  toxicity  with  appropriate  dosage. 

It  is  a  notable  fact  that  potassium  bitartrate  of  a  mesh  of  from  210  to  270  seems  to  powder 
gloves  better  than  does  the  finer  mesh  powder.  We  therefore  recommend  the  coarser  mesh 
(210-270),  which  in  reality  is  the  commercial  product  (cream  of  tartar)  even  though  it  feels 



664 M.  G.  SEELIG  AND  D.  J.  VERDA 

a  trifling  bit  more  gritty  to  the  hands  of  the  surgeon.  When  the  standard  technic  for  rubber 
glove  sterilization  was  followed  (subjecting  the  powder,  either  in  gauze  sachets  or  in  metal 
or  glass  shakers,  and  subjecting  likewise  the  powdered  gloves  to  15  pounds  of  steam  pressure 
for  fifteen  minutes)  the  results  were,  in  every  way  satisfactory.  In  this  connection  it  is 
important  to  remcniljcr  that  in  contra.st  to  talc  with  its  heavy  bacterial  and  spore  content 
the  bitartrate  is  actually  bacteriostatic  and  relatively  innocuous,  from  the  point  of  infec- 
tivity,  even  before  sterilization. 

Fig.  6.  Bacteriostasis  caused  by  potassium  bitartrate  placed  on  agar  culture  of  colon bacillus. 

In  att(  in[)ting  to  determine  the  effect  of  potassium  bitartrate  on  pyogenic  bacteria, 
agar  i)lal(  s  wcic  seeded  by  pouring  an  evenly  dispersed  broth  suspension  of  staphylococci 
(Stii ph  iiliKiHciis  auiriis)  and  Escherichia  coli  over  the  plate  surface.  A  loopful  of  potassium 
bitartrate  was  transferred  to  one  <>i-  several  evenly  tlistributcd  points  on  the  seeded  agar 
surface.  Within  twenty-four  hnur.s  the  stai)liyloc()cci  and  E.  coli  had  grown  sufhciently 
to  make  it  possible  to  evaluate  the  results  of  the  experiments.  The  organisms  studded  the 
agar  surface  except  in  those  small  areas  where  the  potassium  bitartrate  was  planted.  A 
clear  zone  1.5  cm.  in  diameter  free  of  all  growth  surrounded  the  potassium  bitartrate.  The 
ability  of  the  potassium  bitartrate  to  inhibit  the  growth  of  the  bacteria,  namely,  bacterio- 

stasis, is  apparently  accomplished  by  raising  the  hydrogen  ion  concentration  (lowering 
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the  pH)  of  the  agar  at  the  bitartrate  site.  No  surgeon  will  fail  to  grasp  and  appreciate  the 
undoubted  clinical  value  of  the  phenomenon  of  bacteriostasis.  Figures  6  and  7  demonstrate 
the  bacteriostatic  property  of  potassium  bitartrate  on  staphyJococci  and  E.  coli  cultures. 

Fig.  7.  Bacteriostasis  caused  by  potassium  bitartrate  placed  on  an  agar  culture  of 
staphylococcus  aureus. 

CONCLUSIONS 

1.  Talcum  powder  is,  under  any  circumstance,  a  grave  menace  in  surgery. 
Once  having  gained  entrance  into  the  animal  organism,  this  powder  sets  up  a 
reactionary,  productive  inflammation  that  is  permanent  and  progressive  and 
that  may  be  provocative  of  almost  insuperable  complications.  Furthermore, 
postoperative  residual  talcum  has  been  demonstrated  by  one  investigator  in 
various  intra-abdominal  viscera  in  80  per  cent  of  patients  he  examined. 

2.  It  is  certain  that  even  meticulous  care  in  washing  off  the  surface  of  rubber 
gloves  before  operating  does  not  guarantee  against  contamination  of  the  operative 
field  with  talc. 

3.  The  difficulty  in  substituting  for  talc  lies  in  the  fact  that  an  insoluble  powder 
like  talc  (hydrous  magnesium  silicate)  sets  up  a  granulomatous  foreign  body 
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reaction,  Avhereas  a  soluble  dusting  powder  dissolves  during  the  process  of 
sterilization  of  the  gloves,  rendering  them  adherent  and  thus  difficult  or  impos- 

sible to  pv;t  on.  Dxy  steriUzation  of  the  gloves  might  be  regarded  as  a  solution 
of  this  difficulty,  but  it  does  not  meet  the  rigid  requirements  of  aseptic  surgery 
and  is  highly  destructive  to  the  life  of  the  gloves.  Boiled  gloves  are  sloppy 
and  generally  undesirable. 

4.  Potassium  bitartrate  meets  the  physical  requirements  imposed  by  steam 
sterilization.  It  is  readjly  and  harmlessly  disposed  of  by  the  body  tissues  and 
fluids.  It  causes  ijig,  'tjonsequent  peritoneal  adhesions.  Since,  therefore,  there 
are  no  demonstrable  risks  attendant  on  its  use,  it  may  be  recommended  as  ;i 
substitute  for  talc  in  powdering  rubber  gloves.  We  have  received  no  com- 

plaints regarding  undesirable  skin  effects. 
.  5.  Potassium  bitartrate  possesses  a  certain  degi'ee  of  bacteriostasis  for  tlic 

colon  bacillus  and  Staphylococcus  aureus. 
6.  It  is  important  that  in  the  process  of  sterilization  the  potassium  bitartrate 

should  be  subjected  only  to  the  now  standard  and  accepted  technic  for  sterihzing 
rubber  gloves,  namely  fifteen  minutes  of  autoclaving  under  15  pounds  of  steam 

pressure.'' 7.  There  is  every  reason  to  believe  that,  in  a  short  time,  there  will  be  on 
the  market  a  non-gelatinizing  starch  powder  that  will  prove  more  satisfactory 
than  is  potassium  bitartrate. 

'  A  complete  bibliography  on  the  role  of  talcum  in  surgery  is  appended  to  a  paper  pub- 
lished by  us  in  the  J.  A.  M.  A.,  123:950  (Dec.  11),  1943. 



AN  EVALUATION  OF  THE  CLINICAL  APPLICATIONS  OF  THE 
VAGINAL  SMEAR  METHOD^ 

EPHRAIM  SHORE,  M.D. 

INTRODUCTION 
It  is  axiomatic  that  progress  in  any  field  of  medicine  is  usually  proportional 

to  the  existence  of  objective  criteria  and  the  availability  of  specific  therapeutic 
agents.  During  the  past  two  decades  there  has  been  a  gratifying  development 
in  both  respects  in  the  field  of  female  sex  physiology.  Chemical  research  has 
provided  potent  hormonal  agents  concerned  with  ovarian  activity  and  there 
has  been  developed  a  variety  of  histological,  biological  and  chemical  criteria  for 
evaluating  the  various  jjhases  of  menstrual  function. 

In  spite  of  this  progress,  the  present  status  of  the  diagnosis  and  management 
of  disturbances  of  female  sex  physiology  remains  far  from  satisfactory,  a  situation 
to  which  a  number  of  factors  contribute.  A  major  obstacle  is,  A\dthout  doubt, 
the  difficulties  inherent  in  the  problems  encountered  and  their  limited  suscepti- 

bility of  correction  by  methods  now  available.  However,  some  measure  of 
responsibility  for  our  present  inadequacies  can  be  laid  to  the  failure  to  use  the 
available  diagnostic  and  therapeutic  procedures  to  greatest  advantage.  In  a 
field  which  is  developing  rapidly,  some  lag  is  inevitable  between  the  develop- 

ment and  the  widespread  utilization  of  technical  procedures  and  therapeutic 
agents.  In  the  present  instance,  this  lag  has  been  unusually  great,  due  in  part 
to  the  fact  that  many  of  the  helpful  diagnostic  measures  are  so  expensive,  cumber- 

some and  technically  exacting  as  to  sharply  limit  their  use.  These  drawbacks 
are  shared  by  such  valuable  procedures  as  urinary  assays  for  gonadotrophins, 
estrogens  and  progesterone  excretion  products,  and  the  endometrial  biopsy; 
and  there  is  no  present  indication  that  these  deterrents  to  their  more  widespread 
use  will  be  eliminated  in  the  near  future. 

For  these  reasons,  this  clinic  somewhat  over  a  decade  ago,  undertook  an 
investigation  of  the  possible  usefulness  of  the  vaginal  smear  technic  introduced 
by  Papanicalaou  as  a  method  for  evaluating  both  normal  and  pathological 
ovarian  function  and  as  a  guide  to  therapy.  This  method  had  many  obvious 
advantages;  it  was  simple,  inexpensive,  non-traumatizing,  and  permitted  a 
continuous  rather  than  an  episodic  observation  of  ovarian  function.  The  smear 
could  be  prepared,  stained  and  evaluated  within  a  few  minutes,  thus  eliminating 
the  delaj^  associated  with  all  other  methods.  It  remained  to  be  detennined, 
however,  just  how  specific  was  the  information  provided  hy  the  vaginal  smear 
and  how  this  information  might  provide  a  basis  for  the  recognition  of  abnormal- 

ities of  ovarian  function,  and  guide  their  management.  To  this  end,  studies 
were  carried  out  in  collaboration  with  Papanicalaou  (6,  8-10,  13),  Cohen,  De 

>  From  the  New  York  Hospital  and  the  Department  of  Medicine,  Cornell  University 
Medical  College. 

These  studies  were  carried  out  under  a  grant  from  the  Josiah  Macy,  Jr.  Foundation. 
667 
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Allende  and  Hartman  (5)  on  women  with  normal  and  pathological  ovarian 
function.  Other  experiments  were  designed  to  reveal  the  specific  cytological 
changes  induced  in  the  vaginal  secretions  by  the  several  hormones  participating 
in  the  ovarian  cycle  (6,  7,  8). 

It  is  the  purpose  of  this  paper  to  review  briefly  the  results  of  these  studies  and 
to  evaluate  the  usefulness  of  this  technic  for  the  diagnosis  and  management  of 
disturbances  in  sex  physiology.  As  might  be  expected,  the  method  was  found  to 
share  certain  limitations  with  all  other  present  methods  of  observing  ovarian 
function;  hence  it  is  most  ideally  used  in  conjunction  with  other  procedures  such 
as  urinary  hormonal  assays  and  endometrial  biopsies,  so  as  to  obtain  as  complete 
a  picture  as  is  possible  at  the  present  time.  Nevertheless,  when  used  as  the  sole 
method  of  study,  provided  its  limitations  are  understood,  it  can  furnish  an  ex- 

tremely satisfactory  qualitative  and  quantitati^•e  pictiu-e  of  ovarian  function 
and  ser\-e  as  a  sensitive  guide  for  the  most  efficient  use  of  the  therapeutic  agents 
now  available.  It  has  been  possible  to  so  simplify  the  technics  involved  as  to 
permit  it  to  become  an  office  procedure.  The  cytological  criteria  for  the  evalua- 

tion of  the  vaginal  smear  picture  have  been  quite  secmely  established  by  a  num- 
ber of  published  studies.  It  is  beyond  the  scope  of  tliis  paper  to  deal  with  this 

subject  in  much  detail.  It  will  have  served  its  ])urp()se,  should  it  encourage  a 
more  extonsi\  e  use  of  a  method  whicii,  by  virtue  of  its  simplicity  and  its  many 
other  ach  aritagos,  appears  to  be  the  procedure  most  adaptable  to  widespread 
clinical  uses  as  a  guide  to  the  diagno.sis  and  management  of  disturbances  in  female 
sex  physiology. 

METHOD 
Since  tlie  information  provided  by  the  vaginal  smear  is  histological  in  character,  the 

pro]ier  use  of  this  method  is  dependent  upon  adequate  fixation  of  the  secretions,  and  the 
utilization  of  specific  staining  methods  capable  of  revealing  cellular  iletail.  The  recog- 

nition of  the  necessity  for  [jroper  fixation  was  a  major  contribution  of  Papanicalaou  and 
resulted  in  his  fundamental  contribution  to  the  subject  [A)  where  others  had  failed.  Dur- 

ing recent  years,  .several  very  satisfactory  and  specific  staining  procedures  have  been 
developed  in  this  and  in  other  laboratori(\s,  which  have  ])rovided  criteria  for  the  recognition 
and  diffeii  iitiiitidii  of  significant  cell  types.  It  has  also  been  possible  to  greatly  simplify 
staining  ijrm cdures  and  yet  retain  the  desirable  differential  characteristics  of  the  more 
coni|)li<  ;ireil  staining  methods.  .V  single  difl'erential  stain  has  been  devised  which  has  so 
siinplifieii  the  teeluiie  that  it  can  lie  m.-iile  an  office  procedure.  The  method  of  obtaining 
the  vaginal  smear  and  iisini;  the  single  differential  stain  is  described  below: 

The  vaginal  smear  is  .aspirated  by  means  of  a  glass  pipette  to  which  is  attached  a  strong- 
walled  rubber  ljulb  df  about  1  oz.  capacity.  The  pipette  sliuuld  be  made  of  stout-wallcd 
glass  tubing  with  an  external  diameter  of  about  one-quarter  ineli.  Six  inches  is  a  con- 

venient length  and  tlie  bore  should  be  constricted  at  the  tip  to  an  opeiiiiij;  of  about  1.5  mm. 
A  slight  bend  near  tlic  tip  facilitates  insertion  into  the  vagina.  The  pipette  should  be 
thoroughly  dried  before  using,  since  ccuitamination  of  tlic  vaginal  secretion  with  water 
may  distort  the  cells.  With  the  bulb  compressed,  the  pipefty  is  inserted  gently  to  a  dis- 

tance of  about  three  inches  into  the  vaginal  vault.  The  bulb  is  then  released  and  the 
pipette  slowly  withdrawn.  The  aspirated  secretion  is  then  expelled  onto  a  clean  glass 
slide  with  two  or  three  forcible  compressions  of  the  bulb  and  the  slide  immediately  fixed 
for  one  or  two  minutes  (or  longer  if  desired)  in  a  solution  of  equal  parts  of  ether  and  95 
per  cent  alcohol.    It  is  essential  to  fix  the  slide  while  the  secretion  is  moist  since  drying 
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alters  the  staining  reaction  sufficientlj'  to  make  the  interpretation  of  the  smear  completely 
unreliable.  If  more  than  one  smear  is  to  be  placed  in  the  bottle  of  fixative,  it  is  desirable 
to  attach  a  metal  paper  clip  to  the  slide  at  the  ojjposite  end  to  the  smear  to  prevent  contact 
of  the  slides  which  might  rub  off  the  secretion. 

Occasionally,  the  secretion  is  so  scant  and  the  resulting  smear  so  thin  that  it  is  almost 
impossible  to  avoid  drying  without  special  precautions.  The  following  method  has  proved 
effective  for  this  purpose  and  indeed,  may  be  generally  adopted,  since  it  permits  smears  of 
proper  thinness  to  be  made  without  the  necessity  for  undue  haste.  A  drop  of  solution  of 
equal  parts  of  glycerine  and  95  per  cent  alcohol  is  placed  on  the  slide  and  spread  out  over  an 
area  one-quarter  inch  in  diameter.  The  secretion  is  then  expelled  directly  onto  this  area 
and  mixed  with  the  glycerine-alcohol  before  fixation.  When  the  vaginal  secretion  is  scant, 
it  is  frequently  advantageous  to  suck  up  the  glycerine-alcohol  mixture  into  the  pipette 
for  a  distance  of  two  inches,  expelling  the  excess  beyond  that  coating  the  walls.  The 
vaginal  smear  is  then  obtained  in  the  usual  manner  and  expressed  onto  the  slide.  With 
both  technics,  a  minimum  of  dry  smears  is  obtained  and  there  is  enough  time  to  make  the 
thin  type  of  smear  which  is  best  for  observing  histological  detail.  The  presence  of  blood 
in  the  vaginal  secretion  tends  to  obscure  the  cytological  details.  This  interference  can  be 
eliminated  by  the  use  of  a  10  per  cent  solution  of  acetic  acid  in  the  alcohol: ether  mixture 
described  above.  This  serves  to  lake  the  red  blood  cells  during  fixation.  A  thin  smear 
of  the  bloody  vaginal  secretion  is  placed  in  this  solution  for  5  minutes  and  then  trans- 

ferred to  the  standard  alcohol rether  mixture  until  stained.  These  slides  should  be  stained 
for  5  instead  of  2  minutes  (see  below).  Patients  can  be  taught  to  take  their  own  smears 
at  home,  the  slides  being  kept  in  the  fixative  until  the  series  is  complete.  The  metal  clips 
should  be  removed  after  the  slides  have  been  in  the  fixative  for  24  hours  to  avoid  rust  for- 

mation which  will  alter  the  staining  characteristics  of  the  smear. 
The  smears  can  be  stained  by  a  variety  of  methods  (1,  2,  3)  some  of  which  are  more  suit- 

able for  the  laboratory,  and  others  simple  enough  to  be  readily  carried  out  in  the  office. 
For  the  latter  purpose  the  following  single  differential  stain^  has  proved  extremely  satis- 

factory (2) : 

After  fixation  the  slide  is  placed  in  the  staining  solution  for  approximately  two  minutes. 
After  allowing  the  excess  stain  to  drain  back  into  the  original  bottle,  the  slide  is  dipped  ten 
times.in  80  per  cent  and  95  per  cent  alcohol.  It  is  next  either  dipped  ten  times  in  absolute 
alcohol  if  this  is  available,  or  gently  blotted  dry  with  filter  paper;  and  then  dipped  ten  to 
twenty  times  in  xylol  to  complete  dehydration.  Dehydration  is  generally  complete  if  the 
xylol  runs  off  the  smear  in  a  smooth  sheet.  Particular  care  to  insure  dehydration  must  be 
exercised  in  damp  weather.  It  is  then  mounted  in  damar  with  a  cover  slip  to  make  a  per- 

manent preparation,  which  it  is  convenient  to  label  with  name  and  date  by  means  of  a  glass 
marking  pencil.  This  single  differential  stain  provides  a  sharp  differentiation  of  cornified 
and  non-cornified  elements  with  good  nuclear  staining,  as  well  as  satisfactory  staining 
of  all  the  significant  elements  in  the  smear,  such  as  leucocytes,  erythrocytes,  sperm,  tricho- 

monas, bacteria  and  mucus.  Cornified  cells  take  on  a  brilliant  orange-red  coloration;  non- 
cornified  elements  assume  a  bluish-green  hue  of  varying  shades  and  intensities.    It  should 

^  This  Single  Differential  Stain  can  be  obtained  from  Wyeth  Inc.,  1600  Arch  St.,  Phila- 
delphia, 3,  Pa. 

Ethyl  alcohol  (50%)   
Biebrich  Scarlet  (water  sol.) 
Orange  G  
Aniline  blue  (water  sol.). .  .  . 
Fast  Green  FCF  
Phosphotungstic  acid,  c.p  
Phosphomolybdic  acid,  c.p.. 
Glacial  acetic  acid  

100  cc. 
0.3  gm. 
0.100  gm. 
0.025  gm. 
0.075  gm. 
0.25  gm. 
0.25  gm. 
1.0  cc. 
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be  pointed  out  that  the  excess  of  red  dye  is  often  not  completely  removed  from  the  thick 
portions  of  the  smear;  hence  these  areas  should  be  disregarded  and  observations  confined 
to  the  thinner  portions  of  the  smear. 
THE  BASIS  FOR  THE  USE  OF  THE  VAGINAL  SMEAR  AS  A  METHOD  FOR  STUDYINC! 

OVARIAN  FUNCTION 

The  A-aginal  epithelium  shares  with  the  endometrium  the  property  of  having 
its  structure  specifically  influenced  by  the  ovarian  hormones.  It  possesses  a 
three-zone  structure  which  alters  in  characteristic  fashion  with  the  changing 
pattern  of  the  ovarian  hormones  elaborated  dining  the  menstrual  cycle.  These 
changes  are  reflected  in  the  cells  which  are  being  constantly  shed  into  the  vaginal 
cavity.  The  influence  of  the  individual  hormones,  that  is,  the  estrogens  and 
progesterone,  can  be  differentiated  by  observations  on  the  menopausal  castrate. 
In  this  way,  the  cytological  changes  specifically  due  to  the  estrogenic  hormones 
(6)  can  be  recognized  both  with  respect  to  the  structure  of  the  vaginal  epithelium 
and  the  vaginal  secretion  which  results  from  its  desquamation.  The  cytological 
effects  resulting  from  the  combined  action  of  estrogens  and  progesterone  during 
the  second  half  of  the  menstrual  cycle  are  likewise  reproducible  in  the  meno- 

pausal castrate  (7).  The  vaginal  smear  may  therefore  be  regarded  as  a  method 
of  bioassay  of  the  ovarian  secreti(jns  in  the  particidar  patient  under  study  or 
treatment,  and  as  such  would  seem  to  possess  advantages  over  the  usual  methods 
of  bioassay  by  which  the  end  jjroducts  of  the  metabolism  of  the  ovarian  hor- 

mones are  first  extracted  from  urine  as  in  the  case  of  estrogens,  then  injected  into 
rats  or  mice  and  evaluated  on  the  basis  of  vaginal  smear  changes  in  the  injected 
animal. 

The  validity  of  this  substitution  for  the  animal  bioassay,  of  a  bioassay  directly 
on  the  subject  under  study  wiW  rest  on  the  accuracy  and  specificity  of  these 
cytological  indices  in  the  human.  A  strong  case  has  already  been  made  for  the 
specificity  of  the  cellvdar  changes  occurring  in  the  human  as  a  result  of  the  action 
of  estrogens  AA'hether  elaborated  by  the  ovary  or  exogenous.  The  increasing 
production  of  estrogen  shown  by  bioassays  to  occiu-  during  the  first  half  of  the 
cycle  and  to  culminate  in  the  ripening  of  the  follicle  midmenstrually,  is  paralleled 
by  the  expected  changes  in  the  growth  of  the  cells  and  degree  of  cornification 
exhibited.  In  the  menopausal  subject  increasing  doses  of  administered  estrogen 
are  accompanied  by  progressive  increases  in  cornification.  The  specificity  and 
quantitative  aspects  of  the  combined  influence  of  estrogens  and  progesterone 
during  the  second  half  of  the  cycle  is  on  somewhat  less  secure  grounds,  due  in 
large  measure  to  the  more  complicated  cytological  picture  seen  under  these 
circumstances.  Nevertheless,  with  experience  accurate  evaluations  of  the  nor- 

mality of  the  luteal  phase  can  be  made  as  judged  from  concurrent  endometrial 
biopsies.  It  is  anticipated  that  further  work  in  this  direction  will  provide  ad- 

ditional cytological  criteria  which  will  make  more  certain  the  evaluation  of  the 
luteal  phase. 

A  PROGRAM  OF  STUDY 
Familiarity  with  the  cytology  of  the  vaginal  smear  is  most  readily  acquired  by 

starting  with  the  simpler  staining  technics  and  selecting  for  study  the  simpler 
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cytological  reactions.  It  is  helpful  from  the  outset  to  set  up  certain  method- 
ological criteria  and  to  adhere  to  them  in  the  evaluation  of  the  vaginal  smear 

picture.    One  should  systematically  make  a  note  of  the  following  characteristics: 
1)  The  size  and  shape  of  the  epithelial  cells  and  their  staining  properties. 
2)  The  size  and  shape  of  the  nuclei  and  the  details  of  their  structure. 
3)  The  extent  of  cellular  desquamation. 
4)  The  distribution  of  the  cells  whether  discrete  or  in  clumps. 
5)  The  amount  and  character  of  the  accompanying  mucus. 
6)  The  extent  and  character  of  the  leucocytosis. 
7)  The  degree  of  cellular  destruction  as  indicated  by  free  nuclei. 
8)  The  presence  of  endometrial  cells. 
9)  The  presence  of  red  cells,  either  well_  preserved  or  shadow  forms,  and  fibrin. 

10)  The  bacterial  content. 
Certain  factors  complicating  the  interpretation  of  the  smear  should  also  be  borne 
in  mind.  Thus  cervical  erosions  or  endocervicitis  will  produce  a  persistent  leuco- 

cytosis, and  trichomonas  will  cause  irritative  phenomena  distorting  the  usual 
cytological  picture.  Trichomonas  can  with  practice  be  recognized  in  the  staining 
preparations  and  should  be  suspected  when  particularly  smudgy  smears  are 
encountered  which  are  rich  in  leucocytes  and  contain  many  relatively  small 
cornified  cells  with  large  nuclei  predominating,  instead  of  the  usual  small  pyknotic 
nucleus  of  the  cornified  cell,  and  with  considerable  perinuclear  vacuolization. 
The  classification  of  the  different  cell  types  found  in  the  vaginal  secretion  should 
then  be  made  following  the  criteria  already  described  in  publications  from  this 
laboratory.  The  investigator  should  then  make  a  collection  of  a  number  of 
series  of  vaginal  smears  which  will  serve  as  standards  of  reference. 

The  simplest  type  of  reaction  is  that  exhibited  by  an  amenorrheic  or  meno- 
pausal subject  with  an  atrophic  type  of  smear  in  whom  estrus  is  induced  by  the 

administration  of  an  estrogenic  hormone.  The  atrophic  smear  which  is  charac- 
terized bj'  a  predominance  of  small,  round  or  oval  cells  with  large  well-preserved 

nuclei,  the  "deep"  cells  of  Papanicalaou  and  Shorr,  will  undergo  a  progressive 
series  of  changes  which  reflect  the  influence  of  the  estrogen  on  the  development 
of  the  initially  atrophic  vaginal  epithelium  to  the  typical  three-layered  type 
characteristic  of  the  mid-menstruum.  This  epithelial  transformation  is  accom- 

panied by  the  desquamation  of  progressively  more  mature  cells  which  become 
larger,  more  quadrilateral  in  shape,  and  thinner  and  flatter.  The  nuclei  at  first 
large  and  well-preserved,  become  smaller  and  undergo  degenerative  condensa- 

tion. At  full  estrus  the  vaginal  smear  is  dominated  by  large  flat  discrete  cells 
with  cornified  cytoplasm  staining  red,  and  a  small  pyknotic  nucleus.  Following 
the  cessation  of  estrogenic  therapy,  a  series  of  regressive  changes  occur  with  a 
gradual  return  to  the  original  state.  Once  familiar  with  these  changes,  the 
clinician  is  in  a  position  to  deal  with  estrogenic  replacement  therapy  in  amenor- 

rhea and  to  employ  the  smear  in  the  management  of  the  menopausal  syndrome. 
He  will  also  be  reasonably  qualified  to  distinguish  the  several  types  of  amenorrhea 
and  to  recognize  certain  types  of  anovulatory  cycles. 

He  may  then  proceed  to  the  more  difficult  question  of  evaluating  the  normality 
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of  menstrual  cycles.  This  will  be  facilitated  by  the  collection  of  a  series  of  slides 
covering  a  whole  menstrual  cycle  from  patients  of  proved  fertility.  The  reliable 
evaluation  of  the  normality  of  the  luteal  phase  comes  only  after  considerable 
study,  although  extreme  deviations  from  the  normal  may  be  readily  appreciated. 
A  study  of  the  differences  between  the  passive  regression  of  the  vaginal  smear 
picture  after  an  induced  estrus  in  a  menopausal  castrate,  and  the  vaginal  smear 
picture  following  the  ovulatory  peak  of  the  normal  menstrual  cycle  will  provide 
considerable  help  in  the  evaluation  of  the  normal  cycle.  The  following  system 
of  dividing  the  menstrual  cycle  into  its  significant  episodes  is  favored  by  the 
writer  (5): 

A.  The  menstrual  phase — this  is  the  breakdown  phase  during  which  des- 
quamation usually  invoh^es  the  entire  functionalis  and  part  of  the  intermediate 

zone.    This  generally  lasts  -i-5  days. 
B.  The  postmenstrual  phase  (5-8  days) — during  which  there  is  a  gradual 

change  in  the  epithelium  and  vaginal  smear  under  the  influence  of  the  growing 
follicle. 

C.  The  preovulatory  phase  (2-3  days) — this  is  characterized  by  a  sudden 
spurt  of  estrogenic  activity  accompanied  in  the  smear  by  striking  and  usuallj^ 
progressive  increase  in  the  percentage  of  cornified  cells  and  a  gradual  clearing 
of  the  smear. 

D.  The  ovulatory  peak  (generally  1  day) — which  is  the  expression  of  the 
height  of  follicular  development  just  prior  to  ovulation.  The  secretion  is  thin, 
clear  and  leucopenic.  There  is  a  predominance  of  thin,  wafer-like  cornified  cells 
with  small,  pyknotic  nuclei. 

E.  The  postovailatory  reaction  (generally  1  day) — this  is  the  surest  available 
guide  for  determining  the  time  of  ovulation.  The  better  the  cycle  the  sharper 
are  the  cytological  changes,  Avhich  consist  of  leucocytosis,  clumping,  folding 
and  curling  of  the  cells,  and  generally,  a  reduction  in  the  cornified  elements. 

F.  The  luteal  phase  (10-14  days) — may  be  divided  into  the  early  luteal  phase 
lasting  3-4  days  during  which  con.siderable  cornification  is  likely  to  persist  due 
to  the  shedding  of  the  upper  cornified  layers  previously  built  up  under  the  influ- 

ence of  the  estrogenic  hormone;  and  late  luteal  phase  which  is  the  expression 
of  the  increased  growth  and  desquamation  of  the  luteal  epithelium  resulting 
from  the  combined  action  of  estrogen  and  progesterone.  The  smear  is  rich  in 
cells,  which  are  usually  present  in  thick  clumps  imbedded  in  a  thick  mucoid 
secretion.  Cornified  cells  are  significantly  reduced  in  number  and  the  non- 
cornified  elements  present  a  variety  of  shapes  and  sizes  with  small  nuclei  pre- 

dominating. The  average  size  of  the  non-cornified  cells  during  this  phase  is 
somewhat  smaller  than  the  non-cornified  cells  of  the  estrogenic  phase  of  the 
cycle.    They  frequently  show  a  characteristic  type  of  folding  with  sharp  edges. 

G.  Premenstrual  phase  (1-3  days) — this  smear  is  a  reflection  of  the  waning 
hormonal  production  and  is  generally  thinner,  less  rich  in  cells  which  are  less 
likely  to  clump  and  are  somewhat  larger  and  flatter  than  during  the  luteal  phase 
and  contain  somewhat  larger  nuclei.  There  may  be  a  moderate  increase  in 
cornified  cells,  and  erythrocytes  may  be  present. 
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Figure  1  is  illustrative  of  the  cytological  changes  occurring  in  the  menstrual 
cycle  of  a  patient  of  proved  fertility.  The  reader  will  find  in  the  appended 
bibliography  a  number  of  studies  which  may  be  consulted  for  fuller  details  of  the 
cytology  of  vaginal  smears  in  normal  and  pathological  states. 

Changes  in  the  Vaginal  Smear 
Picture  During  a  Normal  Ovulatory  Cycle 

Day  of  cycl* 
1  ,2  ,3  ,4,5,6,7.8  ,9  ,10,11 12,13,14,15,16,17.18 , 19 ,20.2 1 .22.23,24.25.26,27.28 1.2,3 

V  / — ^  A 
TE  486  A- 
Age  35  / M 

N  <;  P <  16  Days  > 

KEY 

%  Non-cornified  cells 
with  lorge  nuclei 

%  Non-cornified  cells with  small  nuclei 

%  Cornified  cells 

^  ■  Overt  flow 
RO  =  Post-ovulotory  reaction  in  smear 
M  -  Mid-menstruol  pain 

Fig.  1.  This  graph  represents  the  cellular  changes  seen  during  a  normal  ovulatory  cycle. 
The  classification  was  based  on  an  evaluation  of  200  epithelial  cells  in  each  smear.  Men- 

strual phase,  days  1-4;  postmenstrual  phase,  days  5-9;  preovulatory  phase,  days  10-12; 
ovulatory  peak,  "day  1.3;  postovulatory  reaction,  day  14;  early  luteal  phase,  days  15-16; late  luteal  phase,  days  17-27;  premenstrual  phase,  day  28.  (From  DeAllende,  Shorr  and Hartman  (5).j 

THE  .\PPLIC.\TION  OF  THE   VAGINAL  SMEAR  METHOD  TO  THE   MANAGEMENT  OF 
AMENORRHEA 

The  amenorrheas  are  customarily  classified  into  two  major  groups:  the  term 
"primary"  amenorrhea  is  applied  to  subjects  who  have  never  overtly  men- 

struated; amenorrhea  arising  after  the  initiation  of  menstruation  is  designated 
as  "secondaiy."  Tliis  classification  is  unsatisfactory  and  incomplete,  since  it 
provides  no  informal  ion  a-  To  the  factors  responsible  for  tlie  amenorrhea,  whether 
ovarian  or  pituitary,  and  fails  to  employ  a\'ailable  objective  criteria  for  dis- 

criminating between  varieties  of  amenorrhea  in  both  groups. 
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Amenorrhea  may  arise  from  the  faikire  of  the  anterior  pituitary  to  pro\-ide 
either  rhythmic  or  adequate  amounts  of  gonadotrophic  stimulation  to  ovaries 
capable  of  normal  response,  or  from  ovarian  defects  either  of  congenital  origin 
or  due  to  pathological  changes  occurring  at  any  time  post-natally. 

In  both  instances,  the  degiee  and  character  of  the  derangements  maj'  vary 
greatly.  Any  adequate  therapeutic  program  should  be  based  on  an  awareness 
of  all  these  factors.  Apart  from  the  actual  inspection  of  the  organs  involvetl, 
which  is  genei'ally  feasible  only  with  the  ovaries  except  when  x-ray  evidence  of 
pituitary  disease  is  ])resent,  the  most  informatiA'e  objective  criteria  are  pro- 

vided by  assays  of  urinary  gonadotrophins  and  a  study  of  the  vaginal  cycle. 
The  information  derived  from  the  study  of  the  urinary  gonadotrophins  is  at 
present  largely  quantitative  in  character  and  serves  to  establish  their  presence  or 
absence.  Thus,  a  high  urinary  titre  of  gonadotrophins  in  amenorrhea  would 
strongly  suggest  a  failure  of  ovarian  response,  a  circumstance  frequently  re- 

ported in  certain  types  of  "primary"  amenorrhea  for  which  genetic  ovarian 
defects  are  responsible.  Grossly  subnormal  gonadotrophin  excretion  would 
suggest  pituitary  deficiency  without  however  throwing  any  light  on  the  factors 
responsible  for  this  inadequacy,  that  is,  whether  nutritional  states,  emotional 
stress,  pathological  changes  in  the  pituitary,  or  specific  inhibitions  in  pituitary 
function  due  to  hormonal  disturbances  resulting,  for  example,  from  arrheno- 
blastomas  or  adrenal  cortical  adenomas. 

By  means  of  serial  studies  of  the  vaginal  secretion  it  has  been  po.ssible  to 
recognize  at  least  four  distinct  types  of  amenorrhea.  Since  the  vaginal  smear 
can  only  reflect  the  changing  patterns  of  ovarian  hormone  production,  it  can 
provide  only  indirect  evidence  of  pituitary  gonadotrophin  elaboration ;  hence,  the 
analysis  of  the  vaginal  smear  type  should,  wherever  possible,  be  reinforced  by 
the  estimation  of  pituitary  gonadotrophin  excretion  to  obtain  a  more  complete 
picture. 

The  follomng  description  of  the  distinctive  vaginal  smear  typas  found  in 
amenorrhea  is  based  on  a  previous  report  (8)  and  supplemented  by  additional 
infonnation  derived  from  my  subsequent  study  of  approximately  100  cases  in  the 
Endocrine  Clinic  of  the  New  York  Hospital. 

A.  The  alrophic,  acyclic  type:  This  is  characterized  by  a  uniformly  atrophic 
smear  in  which  the  predominance  of  deep  cells  indicates  vii  tual  al)s(>nce  of  esti'o- 
genic  hormone  production.  Most  cases  of  "i)riinaiy"  aiueuorrhea  exhibit  this 
type  of  smear.  Many  excrete  normal  or  excessive  amounts  of  pituitary  gonado- 

trophins warranting  the  inference,  frequently  supported  by  laparatomy,  that 
a  developmental  ovarian  anomaly  underlies  this  syndrome.  Other  cases  appear 
to  be  of  pituitary  origin.  The  atrophic,  acyclic  smear  also  occurs  in  "secondary" 
amenorrhea,  and  in  these  cases  is  generally  indicati\-e  of  a  j:)rofounfl  rlcprcssion 
of  pituitary  gonadotrophic  activity.  It  is  very  usual  in  the  syndrome  of  anorexia 
nervosa  with  amenorrhea.  It  is  fre(iuently  present  in  amenorrhea  secondary  to 
arrhenoblastoma,  \-irilizing  tumors  of  the  adrenal  cortex  and  Cushing's  syndrome 
due  to  adrenal  cortical  adenoma,  disturl)ances  in  which  there  is  an  excessive 
elaboration  of  steroidal  hormones  capable  of  inhibiting  pituitary  gonadotrophic 
function.    It  is  also  seen  in  the  menopause. 
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The  prognosis  as  regards  initiation  of  normal  ovarian  function  in  patients 
with  this  type  of  smear  picture  varies  with  the  underlying  condition.  Where 
congenital  ovarian  or  pituitary  defects  are  responsible  it  is  virtually  hopeless. 
In  instances  where  the  delay  in  the  onset  of  pituitary  gonadotrophic  func- 

tion may  have  been  due,  for  example,  to  a  previously  poorly  controlled  juvenile 
diabetes  or  to  hj^pothyroidism,  the  amenorrhea  may  respond  to  the  correction  of 
these  defects.  In  "secondary"  amenorrhea,  this  tj-pe  of  smear  picture  has  a 
variable  prognosis  though,  as  a  rule,  the  expectation  of  spontaneous  resumption 
of  menstruation  is  not  good,  and  worsens  in  proportion  to  the  duration  of  the 
amenorrhea.  In  long-standing  anorexia  nervosa  with  atrophic  acyclic  smears, 
the  amenorrhea  may  be  permanent  despite  an  improved  nutritional  and  psycho- 

logical state.  However,  we  have  observed  such  cases  spontaneously  resume  nor- 
mal menstruation;  hence  the  prognosis  although  not  good,  should  be  guarded. 

B.  The  subfunctional  acyclic  type:  This  group  exhibits  a  variety  of  vaginal 
smear  pictures  having,  however,  two  characteristics  in  common;  they  do  not 
vary  significantly  from  day  to  day,  and  they  all  reveal  appreciable  ovarian  in- 

sufficiency. The  cells  are  further  advanced  in  development  over  the  deep  cells 
characteristic  of  the  atrophic  smear,  and  may  approach  the  mature  squamous 
non-cornified  cell.  They  are  generally  smaller,  however,  and  large  undegener- 
ated  nuclei  predominate.  There  is  frequently  considerable  cytolysis,  free  nuclei 
and  bacteria.  Cornified  cells  are  conspicuously  absent  or  rare.  These  smears 
are  counterparts  of  the  types  predominating  during  the  menopause,  although 
occasionally  smears  are  encountered  similar  to  those  found  in  the  luteal  phase 
of  the  men.stmal  cycle. 

This  type  of  smear  is  characteristically  seen  in  "secondary"  amenorrhea. 
It  indicates  subnormal  rather  than  absent  ovarian  function  and  presupposes 
some  pituitary  gonadotrophic  activity,  subnormal  in  amount  and  acyclic  in 
character.  It  is  obviously  necessary  to  rule  out  the  existence  of  pathological 
ovarian  changes  which  might  make  the  ovary  incapable  of  responding  to  pituitary 
stimulation;  but  most  of  the  cases  appear  to  be  on  a  functional  basis  and  asso- 

ciated with  pituitary  hypofunction.  The  prognosis  for  spontaneous  resumption 
of  menstruation  appears  to  be  much  better  in  "secondary"  amenorrhea  of  this 
type  than  in  those  cases  with  atrophic,  acyclic  smears. 

C.  The  suhfunctiojial  cyclic  type:  In  contrast  with  the  preceding  types,  this 
group  presents  a  fluctuating  type  of  vaginal  smear  picture  with  recurring  epi- 

sodes of  cyclic  ovarian  activity  resulting  in  significant  estrogenic  hormone 
production  and  a  high  degree  of  cornification  in  the  vaginal  smear.  These 
periods  of  cornification  usually  last  from  1-2  weeks  and  are  followed  by  rapid 
regressions  to  smear  types  indicative  of  low  estrogen  production.  These  epi- 

sodes of  ovarian  activity  may  occur  at  fairly  regular  intervals  or  may  be  widely 
spaced.  In  the  regressive  phase  immediately  following  the  peak  of  cornification, 
red  blood  cells  are  occasionally  present  in  the  vaginal  secretion,  a  circumstance 
comparable  to  the  postovulatory  bleeding  not  infrequently  seen  during  regular 
menstnial  cycles.  The  regressive  stage  differs  in  cytology  from  the  luteal  phase 
of  the  normal  cycle,  hence  these  episodes  probably  represent  periods  of  anovula- 
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tory  ovarian  activity  which  have  not  been  prolonged  or  intense  enough  to  produce 
endometrial  changes  sufficient  to  result  in  ̂ vithdrawal  bleeding.  The  responsi- 

bility for  this  anovulatory  type  of  response  may  reside  in  the  ovary  or  originate 
in  the  absence  of  the  luteinizing  component  of  the  pituitary  gonadotrophins.  A 
third,  though  undoubtedly  much  less  common  cause  for  the  failure  to  bleed  may 
be  the  failure  of  the  uterus  to  respond  to  the  ovarian  hormones,  as  in  the  case 
cited  below.  Cycles  of  this  type  are  occasionally  encountered  in  the  natural 
menopause  and  after  hysterectomy;  and  when  they  occur  in  the  presence  of  a 
menopausal  syndrome,  they  are  accompanied  by  spontaneous  symptomatic 
relief.  The  existence  of  such  a  cycle  in  a  woman  of  36  with  primary  amenorrhea 
provided  the  explanation  for  her  normal  secondary  sexual  characteristics,  the 
absence  of  menstruation  being  due  to  congenital  atresia  of  the  uterus. 

This  type  of  amenorrhea  is,  with  few  exceptions,  limited  to  the  "secondary" 
group.  It  should,  however,  be  suspected  when  there  is  a  significant  develop- 

ment of  secondary  sexual  characteristics  in  "primary"  amenorrhea.  The  differ- 
entiation between  "primary"  amenorrhea  due  to  ovarian  or  pituitary  defects 

and  to  delayed  puberty  can  frequently  be  made  by  the  recognition  of  subfunc- 
tional  cyclic  ovarian  activity  in  the  vaginal  smear,  since  ovarian  activity  of  this 
character  often  precedes  the  menarche  by  many  months.  The  prognosis  for 
spontaneous  resumption  of  menstruation  by  patients  exhibiting  this  type  of 
smear  picture  is  quite  good,  particularly  if  the  cycles  occur  regularly;  however, 
I  have  observed  instances  of  this  type  of  amenorrhea  to  persist  for  several  years 
without  the  initiation  of  menstruation. 

D.  The  hyper  Junctional  acyclic  type:  This  is  the  least  common  type  and,  in 
my  experience,  has  been  confined  to  the  "secondary"  amenorrheas.  It  has  been 
encountered  almost  exclusively  in  patients  with  a  history  of  menorrhagia,  and 
generally  interrupts,  for  varying  lengths  of  time,  such  bleeding  episodes.  Amen- 

orrheas of  this  type  have  been  seen  to  persist  for  as  long  as  six  months.  The 
vaginal  smear  uniformly  shows  a  significant  degree  of  cornification,  with  no 
luteal  transitions  throughout  the  period  of  amenorrhea.  Such  reductions  in 
cornification  as  occur  from  time  to  time  are  brief  and  not  very  marked;  they  are 
apparently  insufficient  in  degree  or  duration  to  produce  bleeding  of  the  with- 

drawal type.  Eventually,  this  sustained  estrogenic  hormone  production,  pre- 
sumably from  a  persistent  functional  follicle  or  series  of  follicles,  is  terminated 

by  a  bleeding  episode  from  a  hyperplastic  endometrium.  A  similar  vaginal 
smear  picture  is  occasionally  seen  in  the  menopause,  when  the  uterus  has  been 
removed  but  the  ovaries  or  ovarian  remnants  remain.  One  such  patient  re- 

mained in  almost  constant  estrus  for  approximately  two  years. 
The  significance  of  this  type  of  amenorrhea  lies  in  its  inevitable  production  of 

endometrial  hyperplasia  and  its  consequences. 
This  classification  of  amenorrheas  by  vaginal  smear  types  can,  either  alone,  or 

supplemented  by  urinary  gonadotrophic  hormone  assays,  provide  a  valuable 
guide  to  therapy.  Our  present  therapeutic  measures  are  of  three  types  (1)  gen- 

eral or  correctional,  (2)  stimulative,  and  (3)  substitutional.  The  first  aims  to 
overcome  metabolic  and  psychological  disturbances  or  to  correct  specific  ab- 
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normalities  such  as  virilizing  tumors,  hypothyroidism,  etc.,  which  may  underlie 
the  failure  of  pituitary  gonadotrophic  activity.  The  second  procedure  attempts 
to  stimulate  ovarian  activity  by  administration  of  gonadotrophic  principles 
derived  from  the  anterior  pituitary,  from  pregnant  mare  serum  or  from  the  urine 
of  pregnant  women.  (It  is  also  in  a  larger  sense  substitutional  as  well,  since  it 
functions  in  the  place  of  a  dormant  pituitary.)  The  third  consists  in  the  ad- 

ministration of  estrogenic  and  progestational  hormones,  alone  or  in  combination, 
to  replace  the  deficiencies  in  endogenous  production  resulting  from  ovarian 
failure. 

"When  general  or  specific  correctional  measures  are  employed,  their  effects  on ovarian  function  can  be  readily  evaluated  by  means  of  the  vaginal  smear. 
Changes  in  ovarian  activity  can  be  detected  well  in  advance  of  overt  menstrua- 

tion. Furthermore,  once  menstrual  regularity  becomes  established,  the  experi- 
enced observer  should  be  able  to  determine  the  normality  of  the  newly  established 

menstrual  cycles.  In  a  subject  with  an  atrophic  acyclic  type  of  secondary 
amenorrhea  due  to  an  arrhenoblastoma,  definite  resumption  of  ovarian  activit}^ 
was  evident  in  the  vaginal  smears  ten  days  after  the  removal  of  the  tumor,  and 
the  second  menstrual  cycle  followed  the  resumption  of  menstruation  and  had  the 
characteristics  of  a  normal  ovulatory  cycle. 

Stimulative  therapy  with  gonadotrophins  is  admittedly  unreliable.  The  cir- 
cumstances underlying  the  variability  of  response  to  this  group  of  hormones 

must  be  complex.  An  important  determining  factor  may  be  the  variable  sus- 
ceptibility to  gonadotrophic  hormones  of  the  different  types  of  amenorrheas 

described  above.  A  second  factor  responsible  for  some  failures  may  be  the 
absence  of  adequate  criteria  for  estimating  individual  dosage  requirements.  The 
induction  of  bleeding  is  an  unreliable  index,  since  it  overlooks  partial  responses 
to  inadequate  dosage  in  a  potentially  susceptible  subject  and  also  provides  no 
information  as  to  the  quality  of  the  ovarian  response,  whether  ovulatory  or 
anovulatory,  which  led  to  the  bleeding.  Both  of  these  uncertainties  can  be 

I  resolved  by  the  aid  of  the  vaginal  smear  (8,  12).  Furthermore,  the  choice  of  the 
more  suitable  gonadotrophin,  whether  foUicle  stimulating  or  luteinizing,  and  the 

j  proper  timing  of  the  treatment  should  be  aided  by  knowledge  of  the  type  of 
I  spontaneous  ovarian  activity  exhibited  by  the  subject.  This  holds  particularh- 

for  the  subfunctional  cyclic  type  of  amenorrhea,  whose  vaginal  smear  picture 
warrants  the  interpretation  that  the  ovary  is  responding  to  the  follicle  stimu- 

lating but  not  to  the  luteinizing  component  of  the  pituitary  secretion,  and  would 
suggest  the  use  of  the  latter  type  of  gonadotrophin  at  the  height  of  the  foUicular 
response. 

At  present,  substitutional  therapy  is  the  more  generally  employed  for  the 
management  of  amenorrhea.  It  consists  in  the  cyclic  administration  of  estrogens 
alone  or  in  combination  with  progesterone  in  such  a  way  as  to  simulate  the 
concentrations  and  time  relationships  in  which  these  hormones  are  produced 
during  the  normal  menstrual  cycle.  This  is  done  with  the  reasonable  expectation 
that  the  effects  of  the  ovarian  hormones  on  the  uterus  and  other  secondary  sex 
structures  mil  be  reproduced  in  a  cyclic  manner  similar  to  that  occurring  during 
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a  normal  menstrual  cycle,  and  with  the  hope,  frequently  not  realized,  that  this 
type  of  therapy  ̂ \-ill  eventually  induce  spontaneous  pituitary-ovarian  cyclic 
activity  which,  once  initiated,  will  continue.  Whatever  the  Umitations  of  this 
type  of  therapy,  it  is  more  likely  of  success  if  adequate  replacement  is  achieved. 
Unfortunately  no  clearcut  recommendations  can  be  made  as  to  dosage  require- 

ments for  estrogenic  hormones  which  will  hold  for  every  patient,  nor  can  reliance 
be  placed  on  withdrawal  bleeding  as  proof  that  full  replacement  has  been  at- 

tained. It  would  be  convenient  indeed,  if  a  unit  of  dosage  could  be  selected 
which  would  provide  full  replacement  in  patients  where  the  induction  of  estrus 

Bange  of  Dosage  Req,uiped  for  Estr?us in  the  Human 

Estmdioi  f..  R.U.  . 
benzoate  ^"^(thous)  ̂  

5^^^t«>l(°)%   ,1      2     3      4  5 Fig.  2.  Range  of  dosage  required  for  estrus  in  the  human. 

is  our  goal;  but  this  is  unfortunately  not  the  case.  Human  requirements  vary 
just  as  greatly  as  they  do  in  animals.  Hence,  it  is  necessary  to  ascertain  the 
dosage  requirements  for  the  individual  patient.  This  variability  in  response 
to  estrogens  is  illustrated  in  figure  2  showing  the  approximate  distribution  curve  in 
the  human  arrived  at  by  means  of  the  vaginal  smear.  Differences  of  as  much  as 
1,000  per  cent  can  exist  between  individual  patients  as  to  the  requirement  of 
estrogen  for  the  induction  of  estrus.  The  employment  of  a  uniform  dosage  for  all 
patients  is,  therefore  uneconomical,  since  it  is  wasteful  when  excessive  and  ineffec- 

tive for  those  requiring  larger  amounts  of  hormone. 
The  problem  of  the  individual  dosage  requirements  for  induction  of  estrus  is 

further  complicated  by  the  availability  of  a  wide  variety  of  estrogenic  hormones 
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both  natural  and  synthetic  for  administration  by  various  routes.  The  multi- 
pUcity  of  units — international,  rat  and  milligrams — adds  to  the  confusion.  The 
vaginal  smear  provides  the  simplest  method  of  ascertaining  the  relative  potencies 
of  these  hormones  by  the  various  routes  by  which  they  are  given  (13).  The 
method  of  using  the  vaginal  smear  for  this  purpose  is  illustrated  in  figure  3  in 
which  the  relative  estrogenic  potencies  of  three  such  compounds  is  arrived  at  by 
comparison  of  their  abihty  to  induce  vaginal  cornification. 
When  it  is  decided  to  employ  cyclic  replacement  therapy  with  estrogenic 

hormones  in  a  case  of  amenorrhea,  it  is  our  practice  to  administer  the  hormone 
for  two  weeks  of  each  month  in  those  amounts  which  will  induce  estrus.  Under 

Relative  Potency  of  Synthetic  Estrogens  in  the  Human 
as  Measured  by  the  Vaginal  £>niear> 

Wg.  per  day  opolly 
030-0.45  5.0-10.0  2.0-5.0 Z9tl»OUS 

Fig.  3.  Relative  potency  of  synthetic  estrogens  in  the  human  as  measured  by  the  vaginal 

these  circumstances,  withdrawal  bleeding  will  usually  occur  approximately  five 
days  after  interruption  of  medication.  This  regime  is  then  repeated,  starting  on 
the  same  day  of  each  month,  for  as  long  as  may  be  deemed  desirable,  vvith  periods 
of  interruption  to  allow  for  determining  whether  there  is  evidence  of  the  looked- 
for  resumption  of  spontaneous  ovarian  activity.  For  one  type  of  amenorrhea, 
at  any  rate,  that  due  to  primary  ovarian  or  pituitary  defects,  the  success  of  this 
regime  in  developing  adequate  secondary  sexual  characteristics  is  unquestioned. 
When  more  complete  replacement  therapy  is  employed,  utilizing  in  addition, 

progesterone  intramuscularly  or  its  oral  equivalent,  anhydro-hydroxy-proges- 
terone,  the  progestational  hormone  is  usually  administered  for  a  period  of  5-7 
days  after  the  induction  of  estrus,  either  alone  or  in  conjunction  with  estrogens. 
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The  use  of  this  more  complete  regime  of  replacement  therapy  as  compared  with  ' 
the  reliance  on  estrogen  alone  shares  with  the  latter  method  the  same  uncertainty 
as  regards  permanent  benefit.  The  vaginal  smear  at  present  appears  to  offer  no 
help  in  estimating  the  amount  of  progesterone  which  should  be  administered. 
It  is  generally  assumed  that  a  dose  of  10  mg.  of  progesterone  intramuscularly  daily 
is  approx  mately  equi\-alent  to  the  amount  elaborated  daily  during  the  luteal 
phase  of  a  noimal  cycle.  Our  experience  would  indicate  that  when  anhydro- 
hydroxy-progesterone  is  employed  by  mouth,  the  dosage  should  be  ten  times 
as  great. 

Progesterone  or  its  oral  equi\-alent  can  also  be  used  alone  to  induce  ̂ ^■ithdrawal 
bleeding  in  certain  cases  of  amenorrhea.  Since  progesterone  cannot  stimulate 
the  endometrium  in  the  al:)sencc  of  estrogen,  only  those  cases  are  suitable  for  this 
tyi)e  of  treatm(>nt  which  are  already  producing  sufficient  endogenous  estrogen 
to  act  sj-nergistically  with  the  administered  progesterone  to  induce  endometrial 
growth.  These  cases  can  be  most  readily  selected  by  means  of  \'aginal  smear 
studies  which  can  also  pro\ide  information  for  the  subfunctional  cyclic  type, 
as  to  the  niost  appropriate  time  for  the  administration  of  the  hormone. 

It  is  beyond  the  scope  of  this  j)apei'  to  deal  in  greater  detail  with  the  thera- 
peutic problems  presented  by  amenorrhea.  Their  all  too  brief  treatment  had  as 

its  purpose  merely  to  point  out  the  many  \\  ays  in  w  hich  the  use  of  the  vaginal 
smeiar  will  permit  their  more  controlled  management.  j| 

THE  VAGINAL  SMEAR  IN  THE  MANAGEMENT   OF  THE  MENOPAUSE 

One  of  the  earliest  applications  of  the  vaginal  smear  method  was  its  use  in  the- 
management  of  the  menopausal  syndrome  (6,11).  The  prevailing  vaginal  smear 
types  at  the  menopause  while  presenting  considerable  variation,  almost  always 
indieilte  the  presence  of  significant  ovarian  insufficiency,  except  foi-  the  relatively 
rare  episodes  of  spontaneous  ovarian  activity  described  above  whicli  aie  accom- 

panied by  temp'orary  spontaneous  symptomatic  relief.  The  administration  of 
adeciuate  amoimts  of  estrogen  transforms  the  smear  to  the  estrus  type,  with  the- 
amelioration  of  the  menopausal  symptoms.  For  details  of  the  cytological  char- 

acteristics ot  the  meiio|)aiisal  smear  and  its  alterations  under  the  influence  of  es- 
trogen, the  reader  is  referred  to  the  study  by  Papanicalaou  and  the  writer. 

Many  misconceptions  lun'c  existed  as  to  the  rationale  for  the  use  of  the  vaginal 
smear  in  the  conduct  of  the  therapy  of  the  menopausal  syndrome.    In  the  first 
place,  no  sym]:)tomatic  e\  aliiat ions  can  be  made  on  the  basis  of  the  smear  since 
the  menopausal  smear  is  chai  act(  ristic  of  all  subjects  in  the  menopause  whether 
or  not  the  menopausal  syndrome  exists.    The  function  of  the  control  sm.ear  i 
is  merely  to  ser\'e  as  a  base  line  for  evaluating  the  therapeutic  progress  and. 
permit  the  correlation  between  the  degree  of  symptomatic  relief  and  the  level  of 
rei)laeement  therajn'  necessary  to  achieve  comfort.    Since  symptomatic  relief 
and  not  the  induction  of  ostrus  is  the  goal,  very  many  patients  can  be  adequately 
managed  by  sul),)ecti\-e  criteria  without  the  employment  of  the  vaginal  smear.,  j 
Howe\ei-,  this  index  pro\-ides  much  valuable  information  which  can  contribute-  ' 
to  the  physician's  under.standing  of  the  menopausal  syndrome  and  the  individual  i 
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patient  under  study,  and  has  other  advantages  which  recommend  its  use.  Among 
these,  is  the  opportimity  to  evahiate  the  relative  potency  of  the  wide  variety  of 
estrogenic  agents  now  available  by  different  routes  of  administration,  and  the 
aid  it  provides  for  ascertaining  whether  or  not  any  particular  sign  or  symptom 
occurring  in  a  patient  suspected  of  the  menopausal  syndrome  is  actualh'  spe- 
cificall}^  related  to  the  estrogenic  deficiency  of  that  period. 

It  has  already  been  pointed  out  in  a  previous  section  that  there  is  no  unit  of 
dosage  appUcable  to  all  patients,  and  that  one  patient  may  require  ten  times  the 
amount  of  hormone  needed  by  another  to  produce  the  same  biological  and 

Relation  of  Vaginal  Smeap  Changes 
to  Symptomatic  Effects  of  Estpogens 
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Fig.  4.  Relation  of  vaginal  snaear  changes  to  symptomatic  effects  of  estrogens. 

->-mptomatic  effect.  These  individual  differences  in  response  may  cloud  the 
treatment  of  the  menopausal  syndrome.  Symptoms  may  persist  to  a  significant 
degree,  for  example,  with  doses  ordinarily  deemed  adequate  to  abolish  discomfort. 
These  inadeciuate  responses  generally  arise  either  because  of  insufficient  dosage 
or  because  of  the  fact  that  the  symptoms  have  another  origin.  The  vaginal 
smear  is  useful  in  resolving  these  problems.  If  significant  symptoms  persist 
in  the  presence  of  an  estrus  smear  and  hence  with,  full  replacement  therapy,  it  is 
safe  to  regard  such  symptoms  as  not  part  of  the  menopausal  syndrome  but  of  a 
different  nature.  When  failure  to  relieve  symptoms  is  due  to  inadequate  dosage 
the  ̂ •aginal  smear  provides  the  simplest  method  of  insuring  that  the  dosage 
requirements  of  the  individuals  patient  are  met. 
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Finally,  attention  may  be  called  to  certain  inferences  -which  can  be  made 
from  the  correlation  of  the  vaginal  smear,  that  is,  the  biological  response,  and 
the  degree  of  symptomatic  relief  experienced.  The  following  diagram  illustrates 
the  variability  of  this  correlation.  Patients  may  be  divided  into  those  who 
obtain  symptomatic  relief  with  minimal  smear  changes,  that  is  with  minimal 
degrees  of  replacement  therapy  and  those  who  require  more  and  more  complete 
replacement,  up  to  full  estrus  to  alleviate  their  discomfort.  It  has  been  our 
experience  that  the  prognosis  in  terms  of  tempo  of  readjustment  to  the  meno- 

pausal state  is  inversely  proportional  to  the  degree  of  replacement  therapy 
needed  for  symptomatic  relief  as  revealed  by  the  vaginal  smear.  It  has  also 
been  our  experience  that  those  patients  with  the  most  profound  psychoneurotic 
elements  participating  in  the  genesis  of  their  menopausal  syndrome  are  most 
likely  to  fall  into  the  group  requiring  the  greatest  degree  of  replacement  therapy. 
It  is  also  helpful  to  be  able  to  follow,  by  means  of  the  vaginal  smear,  the  progress 
or  lack  of  progress  in  the  readjustment  process  by  noting  changes  in  the  degree 
of  replacement  therapy  required  in  the  course  of  treatment. 

Substitution  of  exactitude  for  rule-of-thumb  methods  in  the  treatment  of  the 
complicated  menopausal  picture  not  only  provides  for  the  most  economical 
method  of  dealing  with  this  syndrome  but  enriches  the  physician's  understanding 
of  it.  The  vaginal  smear  changes  which  occur  in  the  menopause  following  the 
administration  of  estrogenic  hormone  are  among  the  simplest  from  the  histo- 

logical point  of  view  and  should  present  little  difficulty  to  anyone  with  even  a 
moderate  histological  experience.  Even  those  who  might  find  the  study  of  the 
cycle  in  menstruating  women  a  rather  formidable  task  will  be  gratified  by  the 
ease  with  which  the  changes  from  the  initial  picture  of  ovarian  insufficiency  to 
that  of  estrus  can  be  recognized. 

THE  VAGINAL  SMEAR  IN  INFERTILITY  AND  MENORRHAGIA 

The  utilization  of  the  vaginal  smear  method  in  the  management  of  the  more 
complex  disturbances  of  menstrual  fimction,  such  as  infertility,  and  the  meno- 
metrorrhagias,  requires,  as  a  rule,  more  experience  than  is  necessary  for  its  use 
in  the  menopause  and  in  amenorrhea.  This  is  particularly  true  in  the  case  of 
infertihty,  due  to  the  difficulties  inherent  in  this  problem  and  to  the  present 
uncertainties  as  to  the  variations  in  the  vaginal  smear  picture  compatible  with 
normal  menstrual  function.  The  menorrhagias  present  somewhat  less  difficulty, 
and  tend  to  follow  more  readily  recognizable  patterns.  Both  of  these  conditions 
will  be  briefly  discussed  in  the  light  of  the  information  which  can  be  derived  at 
present  from  their  study  by  this  method. 

A)  Infertility  oj  Junctional  origin:  Daily  smears  throughout  one  or  two  con- 
secutive cycles  should  be  available  for  study,  utilizing  the  criteria  previously 

set  up  for  eA^aluating  the  normaUty  of  the  different  phases  of  the  cycle.  These 
cases  usually  fall  into  two  major  groups.  In  the  first,  unmistakable  evidence  is 
present  of  such  gross  abnormalities  of  ovarian  function  as  to  warrant  the  positive 
diagnosis  of  anoxiilatory  cycles.  Three  such  types  of  cycles  are  most  frequently 
encountered.  All  may  be  associated  ^\ith  menstrual  periods  occurring  regularly 
and  at  normal  intervals,  although  some  degree  of  irregularity  is  somewhat  more 
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usual.  The  first  is  characterized  by  a  uniform  vaginal  smear  picture  throughout 
the  cycle,  with  cytological  characteristics  indicative  of  gross  ovarian  insufficiency 
(5).  The  second  tj^pe  of  anovulatory  cycle  simulates  the  picture  seen  in  an 
atrophic  acyclic  amenorrhaic  subject,  in  whom  estrus  has  been  induced  by  the 
administration  of  an  estrogen  followed  by  a  sharp  regression  to  the  original 
atrophic  smear  on  the  cessation  of  treatment,  and  by  withdrawal  bleeding.  The 
bleeding  and  postmenstrual  phases  in  these  patients  (5)  are  usually  marked  by 
the  presence  of  many  deep  cells.  There  then  follows  a  rapid,  striking  increase 
in  cornified  cells,  which  may  comprise  as  much  as  70-80  per  cent  of  the  epithelial 
cells  in  the  smear.  After  reaching  this  peak,  the  vaginal  smear  regresses  within 
one  or  two  weeks,  occasionally  even  more  rapidly,  to  the  atrophic  type,  and 
bleeding  of  the  withdrawal  type  occurs.  The  inference  made  from  this  vaginal 
smear  pattern  is  that  follicular  growth  has  taken  place  with  abundant  estrogen 
production,  but  without  subsequent  luteal  transformation.  The  third  variety 
of  anovulatory  cycle  is  marked  by  a  persistently  high  degree  of  cornification 
throughout  the  cycle,  with  no  signs  of  a  posto\ailatory  reaction  or  a  luteal  phase. 
This  type  is  frequently  associated  with  excessive  bleeding,  and  will  be  discussed 
in  more  detail  below. 

Unfortunately,  these  are  not  the  most  usual  types  of  cycles  seen  in  patients 
\\ith  sterility  presumably  of  functional  origin.  It  is  more  common  to  see  border- 

line cases  which  one  cannot  with,  certainty  designate  as  normal  or  subnormal 
and  for  whose  evaluation  every  additional  type  of  information — endometrial 
biopsies,  temperature  curves,  urinary  assays  for  pregnandiol  excretion,  etc. — 
is  necessary.  Some  infertile  patients  will  present  extremely  normal  vaginal 
smear  cycles  as  well  as  secretory  endometrial  biopsies.  Occasionally  discrepan- 

cies exist  between  the  vaginal  smear  picture  and  the  endometrial  biopsy,  the 
latter  indicating  secretory  activity,  the  former,  significant  deviations  from  the 
normal  pattern.  When  this  occurs  in  an  infertile  patient,  it  is  at  present  difficult 
to  decide  which  index  is  the  more  reliable.  This  decision  ̂ nll  eventually  rest  on 
the  accuracy  with  which  the  luteal  phase  can  be  evaluated  quantitatively  on  the 
basis  of  the  histology  of  the  endometrium,  and  on  the  reliability  of  the  assump- 

tion that  the  presence  of  progesterone  in\'ariably  indicates  that  o\ailation  has 
taken  place. 
When  the  infertility  is  due  to  the  male  partner,  and  artificial  insemination  is 

decided  upon,  the  vaginal  smear  permits  the  selection  of  the  most  appropriate 
time  for  insemination,  which  should  take  place  within  a  day  or  two  of  the  ovula- 

tory peak.  It  is  helpful  to  analyze  the  cycle  previous  to  the  one  selected  for 
insemination,  so  as  to  determine  beforehand  the  approximate  date  of  ovulation, 
as  well  as  to  famiUarize  oneself  with  the  pattern  characteristic  of  the  patient. 
This  Avill  increase  the  accuracy  with  which  the  subsequent  ovulatory  peak  is 
selected.  Calculation  of  the  date  of  ovoilation  is  often  misleading,  since  this  may 
fluctuate  by  several  days  in  successive  cycles.  This  has,  of  course,  been  re- 

peatedly emphasized  in  relation  to  the  "rhythm"  type  of  contraceptive  control. 
The  utilization  of  the  vaginal  smear  should  reduce  the  number  of  inseminations 
necessary. 

B)  Meno-  and  metrorrhagia:  These  present  some  of  the  most  difficult  problems 
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to  deal  with,  both  from  the  standpoint  of  diagnosis  and  management.  In  all 
such  cases,  it  is  a  primary  responsibility  of  the  physician  to  rule  out  pathological 
factors  as  causative  agents.  The  usefulness  of  the  vaginal  smear  for  the  pur- 

pose of  diagnosing  neoplasms  of  the  genital  tract  was  pointed  out  by  Papani- 
calaou,  who  first  detected  the  presence  of  cancer  cells  in  the  vaginal  smear.  This 
work  was  subsequently  amplified  by  Papanicalaou  and  Traut  (15),  and  by  Meigs, 
Graham,  Fremont-Smith,  Kapnick  and  Rawson  (16).  This  aspect  of  the  vaginal 
smear  method,  while  of  particular  interest  to  the  gynecologist,  also  merits  the 
attention  of  the  clinician  who  would,  by  its  use,  be  less  likely  to  overlook  a  neo- 

plasm of  the  genital  tract  in  patients  under  treatment  for  supposedly  functional 
disturbances. 

What  is  said  here  relates  solely  to  bleedings  of  a  functional  character.  They 
are  very  variable  in  their  manifestations  and  in  their  significance,  both  as  regards 
well-being  and  menstrual  function.  Some  of  those  occurring  most  commonly 
will  be  discussed  briefly,  chiefly  with  respect  to  what  the  vaginal  smear  can 
reveal  as  to  their  etiology  and  suggest  by  way  of  therapy. 

Midmenstrual  bleeding  is  not  an  uncommon  occurrence.  When  it  is  on  a 
functional  basis,  it  is  almost  always  associated  with  the  postovulatory  reaction. 
It  may  be  overt  or  only  detectable  in  the  vaginal  smear.  This  type  of  bleeding 
may  possibly  result  from  a  temporary  failure  to  sustain  endometrial  integrity 
due  to  a  delay  in  the  elaboration  of  progesterone,  after  the  peak  of  endometrial 
proliferation  has  been  reached  at  ovulation  and  the  usual  postovulatory  reduction 
in  estrogenic  hormone  production  has  occurred.  This  type  of  postovulatory 
bleeding  is  also  occasionally  seen  in  subfunctional  cyclic  amenorrheas,  and  during 
the  menopause  at  periods  when  spontaneous  subfunctional  ovarian  activity 

occurs.  "Wlaen  patients  present  this  type  of  bleeding  during  their  period  of menstrual  activity,  the  possibility  of  some  type  of  ovarian  dysfunction  should  be 
suspected,  and  is  not  infrequently  revealed  by  studies  of  their  vaginal  smear 
cycle. 

Another  type  of  bleeding,  frequently  microscopic  but  occasionally  overt,  is 
seen  during  the  menopause  and  in  some  cases  of  amenorrhea.  This  bleeding  is 
associated  mth  extremel.y  atrophic  vaginal  smears  and  apparently  arises  from 
a  similar  atrophic  condition  of  the  endometrium.  In  these  cases,  extreme  care 
should  be  taken  in  studying  the  vaginal  smear  to  rule  out  the  possibility  of  bleed- 

ing originating  from  a  neoplasm.  This  type  of  bleeding  is  usually  abolished  by 
the  administration  of  estrogenic  hormone. 

More  common  and  distressing  are  the  debilitating  menorrhagias  which  occur 
throughout  the  period  of  menstrual  activity  and  have  a  high  incidence  during  early 
adolescence  and  in  the  climacteric.  Endometrial  biopsies  almost  invariably 
indicate  some  degree  of  endometrial  hyperplasia,  l)ut  fail  to  provide  specific 
information  as  to  the  factors  responsible  for  the  hyperplasia.  It  has  been 
possible  to  differentiate,  by  vaginal  smear  studies,  two  major  types  of  ovarian 
functional  disturbances  which  lead  to  hyperplasia  and  menorrhagia. 

In  the  first  type,  the  ̂ 'aginal  secretions  present  the  characteristic  picture  of 
significant  ox  arian  insufficiency^  with  absent  or  negligible  cyclic  ovarian  activity. 
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The  smears  are  generally  very  uniform  throughout  the  cycle  and  fail  to  reveal  a 
distinct  ovulatory  peak.  Cycles  of  this  character  are  associated  with  menor- 
rhagias  at  every  age  period;  they  are  responsible  for  an  overwhelming  majority 
of  the  functional  bleedings  of  adolescence  and  the  climacteric,  a  correlation 
which  would  be  anticipated  from  the  prevalence  of  ovarian  insufficiency  at  these 
periods.  Just  how  an  hyperplastic  endometrium  develops  as  a  result  of  chronic 
ovarian  insufficiency  remains  a  matter  of  speculation.  A  cumulative  growth 
of  the  endometrium  might  take  place  through  sustained  estrogenic  activity, 
even  though  of  a  low  order,  if  desquamation  should  be  incomplete  at  men- 

struation. This  failure  of  the  endometrium  to  shed  completely  may  arise  from 
the  absence  of  the  abrupt  reduction  in  ovarian  hormone  concentration  which 
occurs  premenstrually  and  during  menstruation  in  the  normal  cycle.  Although 
this  sharp  reduction  in  hormonal  content  is  probably  not  the  only  factor  responsi- 

ble for  the  breakdown  of  the  endometrium  at  menstruation,  it  is  without  doubt 
a  major  one.  The  withdrawal  bleeding  which  occurs  when  hormonal  support  is 
^^•ithdrawn  from  an  induced  proliferative  or  secretory  endometrium  is  generally 
interpreted  as  supporting  this  inference.  If  this  assumption  is  correct,  it  should 
be  possible  to  build  up  an  hyperplastic  endometrium  over  a  period  of  months  of 
subnormal  cycles. 

This  hypothesis  provides  a  rational  basis  for  the  treatment  of  menorrhagia 
associated  with  this  type  of  vaginal  cycle.  It  would  suggest  the  enhancement 
of  endometrial  development  by  the  premenstrual  administration  of  ovarian 
hormones,  followed  by  an  abrupt  discontinuation  of  therapy  two  or  three  days 
before  the  expected  flow.  The  withdrawal  of  hormonal  support  from  well- 
developed  epithelium  should  result  in  a  more  complete  breakdown  and  a  more 
normal  menstrual  flow.  Its  subsequent  regeneration  should  then  take  place 
from  the  same  histological  baseline  which  is  characteristic  of  the  normal  men- 

strual endometrium.  This  is  essentially  what  is  accomplished  by  a  curettage. 
The  premenstrual  enhancement  of  endometrial  development  can  be  accomplished 
by  means  of  estrogens,  progesterone,  or  a  combination  of  both  types  of  hormones. 
All  three  regimes  have  been  found  capable  of  controlling  this  type  of  menorrhagia; 
however,  the  use  of  progesterone  alone,  or  in  combination  with  estrogens,  is  more 
physiological  and  generally  more  reliable.  It  has  been  possible  to  restore  normal 
bleeding  at  regular  inter^'als  for  long  periods  of  time  to  patients  mth  this  type 
of  menorrhagia.  The  continued  study  of  the  vaginal  smear  will  not  infrequently 
reveal  spontaneous  alterations  of  ovarian  function  indicative  of  a  more  normal 
type  of  cycle,  at  which  time  further  treatment  becomes  unnecessa^s^  During 
adolescence,  this  regime,  by  bridging  the  gap  between  these  anoinilatory  cycles 
and  the  noiTnal  ovarian  activity  which  comes  ̂ \^th  sexual  maturity,  can  obviate 
the  necessity  for  more  drastic  measures. 

The  prolongation  of  the  period  of  bleeding  in  this  type  of  menorrhagia  also 
awaits  explanation.  Its  duration  may  be  dependent  to  some  measure  on  the 
slow  restoration  of  the  denuded  epithelium  due  to  a  delay  in  the  production  of 
the  amounts  of  estrogen  necessary  for  its  regeneration.  Some  support  for  this 
suggestion  is  provided  by  the  frequency  with  which  the  duration  and  amount  of 
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bleeding  can  be  curtailed  by  the  administration  of  estrogens  during  the  menstrual 
phase. 

The  second  major  type  of  menorrhagia  is  most  commonly  met  with  in  the 
third  and  fourth  decades.  Its  endometrial  picture  cannot  be  differentiated  from 
that  of  the  previous  type,  but  the  vaginal  cytology  reveals  an  entirely  different 
causal  mechanism.  It  is  characterized  by  sustained  and  excessive  estrogen 
production,  and  an  absence  of  evidence  of  luteal  activity.  It  may,  therefore, 
be  termed  the  hyperfundional  type,  as  opposed  to  the  hypofunciional  type  de- 

scribed above.  The  bleeding  episodes  are  often  associated  with  transient  brief 
reductions  in  the  extent  of  cornification,  a  circumstance  which  may  be  responsible 
for  the  initiation  of  the  bleeding  since  it  indicates  a  corresponding  reduction 
in  estrogen  concentration  below  that  previously  sustaining  the  endometrium. 
This  type  of  anovulatory  cycle  w  ith  persistent  estrogenic  hormone  production, 
may  be  associated  with  an  amenorrhea  of  several  months'  duration  which  ter- 

minates in  a  prolonged  bleeding  episode ;  or  the  periods  of  menorrhagia  may  occur 
with  a  fair  degree  of  regularity.  The  basis  for  this  type  of  menorrhagia  appears 
to  be  the  persistence  of  a  functional  follicle  or  series  of  follicles  which  fail  to 
undergo  luteal  transformation. 

The  most  reliable  present  form  of  treatment  is  ameliorative  in  character  and 
based  on  the  same  principles  which  underlie  the  treatment  of  the  hypofunctional 
type.  It  consists  of  the  premenstrual  induction  of  a  Avell-developed  secretory 
endometrium  by  the  administration  of  adequate  amounts  of  progesterone  or  its 
oral  equivalent,  and  the  interruption  of  therapy  two  to  three  days  before  the 
expected  flow.  The  effects  of  the  progesterone  are  readily  recognized  in  the 
vaginal  smear.  This  regime  usually  results  in  regular  menstruation  of  normal 
character  and  duration.  It  is  necessary  to  continue  treatment  until  the  vaginal 
smear  indicates  that  a  more  normal  type  of  ovarian  activity  is  taking  place,  at 
which  time  it  may  be  safely  discontinued. 

VAGINAL  SMEARS  IN  THE   USE  OF  ANDROGENIC  HORMONES 

The  androgenic  hormones  have  been  shown  capable  of  suppressing  menstrual 
function  in  the  human.  Their  action  is  two-fold.  In  proper  concentrations 
they  are  able  to  neutralize  the  peripheral  effects  of  the  estrogens  on  the  endo- 

metrium and  vaginal  epitheliimi  (9).  Their  second  effect  is  the  suppression  of  the 
gonadotrophic  activity  of  the  pituitaiy.  Both  of  these  effects  are  of  practical 
importance  in  the  management  of  certain  menstrual  disturbances.  The  use  of 
these  hormones  is  most  effectively  controlled  by  vaginal  smear  studies.  When 
androgenic  hormone  therapy  is  initiated  midmenstrually,  a  typical  sequence  of 
events  occurs  (10) ;  the  appearance  of  the  next  menstrual  period  is  accelerated  by 
several  days  and  it  is  likely  to  be  scantier  than  usual.  By  this  time,  the  neu- 

tralizing effects  of  the  androgens  on  the  vaginal  epithelium  are  usually  apparent 
in  the  smears.  With  the  continuation  of  treatment  for  an  additional  two  weeks, 
the  vaginal  smear  rapidly  assumes  an  atrophic  pictiu-e  indicating  that  complete 
neutralization  of  estrogens  has  been  achieved,  and  that  the  amounts  of  hormone 
given  are  sufficient  to  inhibit  pituitary  gonadotrophic  activity.    If  treatment  is 
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stopped  at  this  point,  the  next  menstrual  flow  will  be  delayed  and  will  usually 
take  place  about  a  month  after  the  last  injection.  The  interference  with  pitui- 

tary function  is  therefore  temporary. 
These  effects  of  the  androgens  on  menstruation  provide  the  basis  for  their  use 

in  therapy;  and  this  can  be  safely  done  provided  excessive  dosage  and  prolonged 
treatment  is  avoided,  since  these  hormones  are  capable  of  inducing  masculinizing 
effects  of  which  one,  the  lowering  of  the  voice,  may  be  irreversible.  It  is  fre- 

quently vised  when  it  is  deemed  desirable  to  interrupt  a  specific  episode  of 
menorrhagia;  although  once  this  has  been  achie^"ed,  reliance  should  thereafter  be 
placed  on  the  more  physiological  methods  descril)ed  above. 

Androgens  are  also  frequently  useful  in  the  management  of  endometriosis, 
particularly  in  young,  inoperable  cases  where  sterilization  is  undesirable.  The 
basis  for  this  therapeutic  measure  is  the  fortimate  tendency  of  ectopic  endometrial 
implants  to  poorly  survive  the  involution  which  can  be  achieved  by  the  andro- 

genic hormones.  The  same  criteria  described  above  for  the  use  of  the  vaginal 
smear  in  the  control  of  the  use  of  androgens  in  menorrhagia  is  applicable  to  the 
treatment  of  endometriosis. 

SUMMARY 

The  results  have  been  summarized  of  a  ten-year  experience  with  the  vaginal 
smear  as  a  diagnostic  procedure  and  a  therapeutic  guide  for  the  management 
of  a  variety  of  problems  arising  from  disturbances  in  female  sex  physiology. 
This  method  is  not  advocated  as  an  exclusive  approach  to  any  of  these  problems 
but  should  ideally  be  correlated  with  other  diagnostic  aids  such  as  the  endo- 

metrial biopsy  and  assays  of  the  urinary  hormones  arising  from  pituitary  and 
OA'arian  activity.  In  contrast  with  most  other  methods  for  evaluating  ovarian 
function,  the  vaginal  smear  is  much  more  accessible  to  the  clinician.  It  has  the 
further  advantage  of  cheapness,  simplicity  and  of  pei-mitting  a  continuous  rather 
than  an  episodic  study  of  ovarian  function.  The  methodology  has  been  simpli- 

fied so  that  it  may  be  carried  out  as  an  office  procedure.  A  variety  of  dis- 
'turbances  in  female  sex  physiology  have  been  described  in  the  management  of 
which  the  value  of  the  vaginal  smear  can  be  considered  quite  reasonably  estab- 

lished. Some  of  its  applications  such  as  in  the  menopause  and  in  the  amen- 
orrheas require  a  cytological  background  and  experience  no  greater  than  that 

which  the  physician  can  readily  acquire.  Those  which  involve  an  evaluation 
of  the  normality  of  the  menstrual  cycle  require  more  serious  study.  Such  a 
study  will  be  rewarding  and  will  greatly  enhance  the  understanding  of  the  com- 

plex phenomena  involved  in  normal  and  pathological  ovarian  activity  to  those 
willing  to  undertake  it.  Furthermore,  it  presents  a  ripe  field  for  further  in- 
vestigation. 
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MOENCKEBERG'S  SCLEROSIS 
A  Clinical  Entity 
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[New  York,  N.  Y.] 

The  clinical  characteristics  which  distinguish  Moenckeberg's  Sclerosis  from other  forms  of  arteriosclerosis  are  extreme  calcification  of  the  arteries  of  the 
lower  extremities  in  young  or  middle-aged  people  who  have  no  symptoms  or 
signs  of  impaired  circulation.  The  calcification  of  the  blood  vessels  is  usually 
discovered  by  accident  when  an  x-ray  is  made  for  arthritis,  fracture  or  some 
other  bone  or  joint  condition.  Physician  and  patient  are  frequently  so  surprised 
and  disconcerted  by  the  unusual  findings  that  treatment  of  the  condition  for 
which  the  x-ray  was  made  is  neglected,  and  measures  are  immediately  instituted 
to  improve  circulation  in  the  legs.  In  the  general  panic,  the  fact  that  the 
circulation  is  entirely  normal  is  completely  disregarded.  Actually  the  prognosis 
of  Moenckeberg's  Sclerosis,  as  pointed  out  by  Moschcowitz  (1),  is  favorable. 
Patients  who  have  been  observed  for  years  have  sho\Mi  no  tendency  to  develop 
impaired  circulation  or  other  serious  sequelae. 

Pathologically,  Moenckeberg's  Sclerosis  is  characterized  by  a  deposit  of 
calcium  in  the  media  of  the  arteries.  There  is  no  thickening  of  the  intimal 
layer,  which  is  the  most  striking  feature  in  true  arteriosclerosis,  and  the  blood 
vessel  lumen  is  therefore  not  narrowed.  The  surface  of  the  intima  remains 
uninjured  and  thrombosis  does  not  occur. 

Roentgenologically,  the  most  typical  cases  show  calcification  of  the  leg  arteries 
in  the  form  of  a  chain  of  rings,  like  a  goose  neck.  The  calcification  may  extend 
upward  beyond  the  pelvic  brim  and  may  be  found  in  the  brachial  artery. 

The  clinical  features  are  the  complete  absence  of  any  symptoms  or  signs  of 
impaired  circulation  in  the  extremities.  All  pulsations  are  easily  felt  and  are 
normal  in  size.  Oscillometric  and  temperature  studies  indicate  a  normal  blood 
flow.  No  thickening  of  the  blood  vessels  is  noted  on  palpation.  Up  to  the 
present  time  all  cases  of  Moenckeberg's  Sclerosis  that  we  have  seen  have  been 
in  the  male  sex.  The  clinical  course  is  benign,  and  no  case  followed  has  de- 

veloped thrombosis. 
The  disease  is  infrequent.  Only  13  instances  of  Moenckeberg's  Sclerosis  have 

been  observed  in  approximately  2600  cases  of  arteriosclerotic  peripheral  vas- 
cular disease  seen  by  the  senior  author  in  his  private  practice,  making  an  in- 

cidence of  1  case  in  200. 
The  following  histories  reveal  the  clinical  features  of  the  disease: 

Case  1.  Histonj:  M.  A.,  aged  27  years,  physician,  was  seen  in  August,  1937.  Two 
months  previously  the  patient  had  developed  an  ulcer  at  the  inner  side  of  the  right  ankle, 
following  a  poison  ivy  rash  which  involved  the  whole  right  leg.  X-ray  examinations  of  the 
legs  had  shown  extensive  and  marked  calcification  of  the  blood  vessels.  The  patient  had  no 
other  complaints.    His  urine  had  been  negative  for  sugar  on  several  occasions. 
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Examination:  There  was  a  complete  situs  inversus  of  the  chest  organs  and  the  gastro- 
intestinal tract.  All  extremity  pulses  were  patent  in  both  upper  and  lower  limbs.  The 

arteries  were  soft  on  palpation.  Oscillometric  readings  were  normal  at  both  ankles.  The 
only  abnormal  finding  was  a  punched  out  ulcer,  I5  inches  above  the  right  internal  malleolus. 
The  x-ray  examination  of  both  legs  revealed  extensive  and  marked  calcification  of  all  thigh 
and  leg  arteries. 

Course:  The  ulcer  subsequently  healed  with  cod  liver  oil  ointment  and  supportive  ban- 
daging.   In  1944  this  patient  was  in  good  health  and  had  had  no  trouble  with  his  legs. 

Case2.  History:  L.  K.,  aged  33  years,  dentist,  was  seen  in  September,  1943.  Hehadbeen 
an  army  officer  for  some  time.  A  few  weeks  prior  to  the  examination  he  noticed  some  weak- 

ness in  the  left  leg  while  standing.  The  rest  of  his  history  was  non-contributory. 
He  smoked  about  foUr  cigarettes  a  day.  He  was  studied  in  one  of  the  Army  hospitals. 
When  x-ray  examinations  of  the  lower  extremities  were  taken,  calcification  of  the  blood 
vessels  was  found.  Blood  examination  on  several  occasions  had  revealed:  Sugar  100  mg. 
per  100  cc,  uric  acid  4.4,  4.1,  4.3  mg.  per  100  cc,  calcium  10,  10.5  mg.  per  100  cc.  and  cho- 

lesterol 304,  224  mg.  per  100  cc.    The  basal  metabolism  was  normal. 
Examination:  All  foot  and  wrist  arteries  were  normally  patent.  Oscillometric  readings 

were  5  at  both  ankles.  The  findings  pertaining  to  his  joints  and  to  his  central  and 
peripheral  nervous  system  were  negative.  X-ray  examination  revealed  extensive  calcifica- 

tion of  the  lower  extremity  arteries. 
Case  3.  History:  A.  A.  W.,  aged  34  years,  attorney,  was  seen  in  September,  1938.  Two 

years  previously  the  patient  developed  continuous  pain  in  his  right  foot.  He  was  x-rayed 
and  calcification  of  the  blood  vessels  was  noted.  On  this  account,  he  was  treated  by  a 
specialist  for  vascular  diseases  with  intravenous  saline  injections,  hot  baths  and  postural 
exercises.  At  the  time  of  the  examination,  his  complaints  were  a  continuous  pain  in  his 
right  foot,  pains  in  the  arms  and  in  the  back  of  his  head.  He  never  had  had  intermittent 
claudication.  He  had  given  up  smoking  at  the  time  the  calcification  in  his  blood  vessels 
was  discovered.  It  may  be  of  interest  that  electrocardiograms  taken  prior  to  the  examina- 

tion were  normal .    The  rest  of  his  history  is  irrelevant . 
Examination:  The  patient  was  an  obese  apprehensive  young  man.  He  exhibited  an 

emotional  tachycardia  and  showed  some  thickening  of  the  radial  arteries.  Both  dorsalis 
pedis  arteries  were  absent  (normal  variation).  All  the  other  foot  pulses  were  normal. 
Oscillometric  readings  showed  4.5  at  both  ankles.  X-ray  examinations  of  the  legs  revealed 
marked  calcification  of  almost  all  thigh,  leg  and  foot  arteries. 

Case  4-  History:  H.  G.,  aged  41  years,  was  seen  in  April,  1943.  For  six  months  prior  to 
the  examination  he  had  had  pains  in  the  left  thigh,  sometimes  after  walking,  occasionally  at 
rest.  An  x-ray  examination  had  revealed  calcification  of  the  femoral  arteries.  The 
patient's  right  eye  had  been  almost  blind  since  1939,  when  he  suffered  a  detachment  of  the retina  due  to  an  exudative  choroiditis  following  osteomyelitis  of  the  upper  jaw.  The 
patient  smoked  fifteen  cigarettes  a  day.    He  had  no  other  complaints. 

Examination:  The  patient  was  a  well  nourished,  middle-aged  man.  His  right  eye  showed 
a  dense  cataract  and  was  blind.  Blood  pressure  was  125  systolic  and  82  diastolic.  All 
extremity  arteries  were  normally  patent.    Oscillometric  readings  were  4.5  at  both  ankles. 

X-rays  examinations  revealed  extensive  calcification  of  both  femoral  arteries  as  well  as 
the  posterior  tibial  and  peroneal  arteries. 

Labatory  Data:  The  urine  contained  a  trace  of  albumin  but  was  otherwise  normal.  Blood 
studies  revealed  cholesterol  199  mg.  per  100  cc,  sugar  153.8  mg.  per  100  cc,  calcium  9.0  mg. 
per  100  cc,  phosphorus  2.5  mg.  per  100  cc.  (Dr.  Nathan  Rosenthal).  In  view  of  the  high 
fasting  blood  sugar  level,  a  glucose  tolerance  curve  was  obtained  and  showed  133.2  fasting — 
186.0  (30  minutes)— 151.4  (60  minutes).  It  was  interpreted  as  normal  with  slightly  elevated 
figures  by  Dr.  Rosenthal.    Blood  Kahn  reaction  was  negative. 

Case  5.  History:  M.  B.,  aged  44  years,  physician,  was  seen  in  December,  1943.  Several 
months  prior  to  the  examination,  he  tore  the  semilunar  cartilage  of  his  left  knee  in  an  ac- 

cident.   For  many  years  previoush'  he  had  suffered  from  arthritis  of  the  left  knee.  The 
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patient  came  for  an  examination  because  x-rays  taken  on  the  occasion  of  the  accident  had 
shown  calcification  of  the  lower  leg  arteries  bilaterally. 

The  patient  was  a  heavy  smoker.  He  complained  of  precordial  discomfort  after  smoking. 
However,  repeated  electrocardiographic  examinations  had  been  normal  (Dr.  Boas)  and  he 
had  been  found  to  be  sensitive  to  tobacco  in  allergy  tests  done  by  Dr.  Harkavy.  He  had 
passed  a  kidney  stone,  supposedly  composed  of  uric  acid,  several  years  prior  to  examination. 
The  rest  of  his  medical  history  was  irrelevant.    He  had  never  had  intermittent  claudication. 

Examination:  The  patient  was  a  young-looking,  well  nourished,  middle-aged  man.  The 
physical  findings  were  normal  throughout.  All  ankle  and  wrist  pulses  were  present 
and  soft.    Oscillometric  readings  were  4  at  the  right  ankle  and  4.5  at  the  left  ankle. 

X-ray  examination  of  the  legs  showed  marked  calcification  of  both  posterior  tibial  ar- 
teries, more  pronounced  on  the  left  side,  and  some  calcification  of  the  dorsalis  pedis  arteries. 

Case  6.  History:  W.  E.  F.,  aged  44  years,  storekeeper,  was  seen  in  April,  1942.  For  7 
years  prior  to  the  examination,  he  had  had  pain  and  swelling  in  both  ankles  which  had  been 
treated  successively  with  arch  supports,  bed  rest,  hot  and  cold  applications,  intermittent 
venous  occlusion  and  massage,  with  only  fair  results.  His  ankle  pains  were  worse  in  the 
morning  and  improved  somewhat  after  walking.  He  had  had  an  occasional  pain  in  the  left 
shoulder.  An  ingrown  right  great  toe  nail  had  been  removed  a  few  years  previously.  The 
rest  of  his  history  was  irrelevant. 

Examiyialion:  The  patient  was  a  well  nourished  middle-aged  man.  Except  for  a 
palpable  spleen,  there  were  no  abnormal  findings.  Blood  pressure  was  105  systolic  and  75 
diastolic.  All  upper  and  lower  extremity  pulsations  were  normal.  The  vessels  were  soft  on 
palpation.  Oscillometric  readings  were  3.5  at  the  right  and  4  at  the  left  ankle.  Both  ankles 
were  enlarged,  warm  and  tender.  The  feet  were  moderately  inverted  and  the  arches  were 
flattened.  There  was  some  limitation  of  motion  of  the  right  ankle  joint.  The  urine  was 
normal . 

X-ray  examination  of  the  legs  showed  extensive  calcification  of  both  femoral  and 
posterior  tibial  arteries. 

Case7.  History:  B.  S.,  aged  44  years,  executive,  was  seen  in  July,  1939.  Formanyyears 
he  had  been  complaining  of  heaviness  in  his  legs  and  occasionally  of  cramps  in  the  calves  at 
night.  More  recently  he  had  had  an  inconstant  pain  on  the  right  heel  on  walking  and  throb- 

bing in  his  feet  on  standing.  X-rays  of  his  legs  had  shown  calcification  of  the  blood  vessels. 
Except  for  removal  of  the  cecum  and  appendix  25  years  previously  his  history  was  non-con- 
tributory. 

Examination:  The  patient  was  an  overweight,  gray -haired,  middle-aged,  very  apprehen- 
sive and  emotional  man.  The  general  physical  examination  was  negative.  Blood  pressure 

was  110  systolic  and  80  diastolic.  Except  for  a  healed  right  lower  rectus  scar,  the  abdomen 
was  negative.  All  pulsations  in  both  upper  and  lower  extremities  were  easily  felt.  The 
right  posterior  tibial  artery  appeared  to  be  slightly  narrower  than  the  left  on  several 
occasions.  Oscillometric  readings  were  5  at  both  ankles.  There  was  a  moderate  flattening 
of  the  foot  arches.  The  urine  showed  traces  of  albumin,  was  otherwise  normal. 
Laboratory  examinations  bj'  Dr.  Nathan  Rosenthal  showed  hemoglobin,  112  per  cent;  red 
blood  cells,  5,580,000;  white  blood  cells,  7,550;  platelets  270,000;  cell  volume  47.9  per  cent; 
and  plasma  volume  52.1  percent.  The  blood  picture  was  regarded  as  normal.  X-ray  exam- 

ination of  his  legs  always  showed  marked  and  extensive  calcification  of  the  arteries, 
both  of  the  thighs  and  the  legs. 

Case  8.  History:  J.  M.,  aged  45  years,  merchant,  was  seen  in  November,  1942.  For  10 
years  he  had  suffered  from  lower  back  pain.  Two  years  previously  he  developed  a  right- 
sided  sciatica  which  recurred  one  year  later.  For  three  months  he  had  cramps  at  night  in 
his  right  calf,  and  occasionally  painful  twitching  in  the  calf  muscles  lasting  from  a  few  sec- 

onds to  a  few  minutes.  X-ray  examination  had  shown  calcification  of  the  blood  vessels. 
He  had  been  treated  with  depropanex,  short  wave,  erythroltetranitrate,  liquor  and  pheno- 
barbital.  However,  the  night  cramps  had  not  improved.  The  rest  of  the  history  was  non- 
contributory. 
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Examination:  A  well  nourished  middle-aged  man,  whose  physical  status  was  entirely- negative.  Blood  pressure  was  115  systolic  and  70  diastolic.  All  pulses  were  patent  in  both 
upper  and  lower  extremities.  Oscillometric  readings  were  4  at  the  right  and  4.5  at  the  left 
ankle.  There  was  some  weakness  of  the  foot  arches.  Urine  examination  was  normal.  X- 
ray  examination  disclosed  extensive  calcification  in  all  lower  extremity  arteries  up  to  the 
level  of  the  lesser  trochanter.  The  upper  extremity  vessels  were  not  calcified.  The  blood 
count  was  normal.  Uric  acid  in  the  blood  was  4.4  and  5.0  mg.  per  100  cc,  cholesterol  264  and 
162  mg.  per  100  cc,  calcium  12  mg.  per  100  cc.  and  phosphorus  3.4  mg.  per  100  cc. 

Case  9.  History:  D.  C,  aged  46  years,  was  seen  in  March,  1944.  For  10  years  he  had  had 
lumbago  every  year.  Two  and  one  half  years  previously  he  had  developed  a  sciatica  in  his 
left  leg.  Despite  various  forms  of  treatment  (traction,  belt,  brace,  injections,  massage, 
baking,  chiropractic  handling,  x-rays)  he  continued  to  complain  of  numbness  in  the  left 
great  toe  and  persistent  drawing  sensation  in  the  left  calf.  He  had  never  had  intermittent 
claudication.    The  rest  of  his  history  was  irrelevant. 

Fig.  1.  Calcification  of  the  pelvic  arteries  (Case  10). 

Exavriiuilion:  Tlic  patient  was  a  well  nourislu-il  iniikllc-agcd  man.  Physical  status  was 
negative,  lilooil  pics.sun'  was  115  systolic  and  S(i  diastolic.  All  extremity  arteries  were 
open  and  soft.  Oscillometric  readings  showed  4  at  the  right  ankle,  3.5  at  the  left  ankle. 
There  was  hypcsthesia  of  the  left  leg.  The  reflexes  were  normal  and  equal.  Both  foot 
arches  were  somewhat  flattened.    Urine  was  normal. 

X-ray  examination  of  both  legs  showed  marked  calcification  in  the  blood  vessels,  particu- 
larly around  the  left  ankle. 

Case  10.  History:  M.  R.,  aged  46  years,  printer,  was  seen  in  April,  1943.  For  4  months 
he  complained  of  pain  in  his  right  knee  which  increased  when  he  started  to  walk  after  he  had 
been  sitting,  lie  hati  no  other  conii)laints.  He  smoked  an  occasional  cigarette.  X-ray 
examination  of  his  knees  had  been  taken  which  showed  no  joint  pathology  but  marked  cal- 

cification of  the  ])()i)]itoal  arteries. 
Examinalion:  The  patient  was  an  obese,  middle-aged,  slightly  gray-haired  man.  Phys- 

ical status  was  negative.  Blood  pressure  was  115  systolic  and  80  diastolic.  All  extremity 
pulsations  were  easily  felt.  Oscillometric  readings  were  5  at  both  ankles.  There  were  some 
varicose  veins  in  the  popliteal  fossa.  The  right  knee  was  somewhat  warm  and  swollen,  and 
had  a  point  of  tenderness  over  the  inner  condyle  of  the  femur.    X-ray  examination  showed 
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marked  calcification  of  the  pelvic  (figure  1)  and  lower  extremity  vessels  throughout.  His 
right  brachial  artery  also  was  calcified  (figure  2).  Blood  cholesterol  was  113  mg.  per  100 
cc,  calcium  9  mg.  per  100  cc,  phosphorus  7.8  mg.  per  100  cc.  (Dr.  N.  Rosenthal).  There 
were  traces  of  albumin  in  the  urine  which  otherwise  was  normal. 

Case  11.  History:  A.  S.,  aged  47  years,  was  seen  in  June,  1938.  For  20  years  he  had  pains 
in  both  feet,  more  on  the  left  side  during  the  day  and  night.  He  was  treated  for  varicose 
veins  and  had  also  been  given  intravenous  injections  and  other  medicines  by  mouth  without 
much  benefit.    He  had  no  other  complaints.    He  had  never  smoked. 

Fig.  2.  Calcification  of  the  brachial  artery  (Case  10). 

Examination:  The  patient  was  a  gray-haired  man  who  showed  normal  physical  findings. 
All  pulses  in  the  four  extremities  were  present  and  normal.  There  were  large  recurrent 
varicose  veins  with  a  positive  Trendelenburg  sign  on  both  sides.  Longitudinal  healed  scars 
could  be  seen  along  both  legs.  The  foot  arches  were  flattened.  Oscillometric  readings  were 
5  at  both  ankles.  X-ray  examination  of  the  legs  revealed  extensive  and  marked  calcification of  the  arteries. 

Case  12.  History:  W.  M.  H.,  aged  51  years,  insurance  agent,  was  seen  in  November,  1941. 
For  a  few  months  he  had  complained  of  pain  in  both  legs  on  standing  which  was  relieved  by 
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walking.  He  thought  his  left  calf  was  somewhat  swollen.  For  5  years  he  had  complained 
of  a  sticking  pain  in  his  left  arm  on  modrrate  exertion.  This  condition  was  diagnosed  and 
treated  by  a  heart  specialist  as  coronary  artery  disease.  There  were  slight  electrocardio- 

graphic changes.  The  patient  did  not  smoke.  The  rest  of  his  history  was  non-con- 
tributory. 

Examination:  The  patient  was  a  tall,  well  nourished,  middle-aged  man.  All  extremity 
pulses  were  normally  patent.  Oscillometric  readings  showed  5  at  the  right  ankle  and  4.5  at 
the  left  ankle.    There  were  bilateral  varicose  veins  and  some  flattening  of  the  foot  arches. 

Fig.  3.  Calcification  of  the  popliteal  artery  (Case  12). 

The  urine  showed  a  trace  of  alt)umiii  and  was  otherwise  normal.  X-ray  examination  dis- 
closed marked  calcification  of  jxiplitcal  and  lower  leg  arteries  (figure  3). 

Case  13.  History:  M.  I.  C,  .igcd  52  years,  furrier,  was  seen  in  July,  1944.  For  the  past 
3  years,  he  had  complained  of  constant  pain  in  his  right  hip,  day  and  night.  The  pain  in- 

creased on  standing,  and  was  relieved  on  walking.  For  several  weeks  he  had  had  cramps  in 
both  calves  at  night.  He  had  a  radical  operation  for  varicose  veins  27  years  ago.  The 
disease  recurred  4  years  post-operatively.  The  patient  never  had  intermittent  claudi- cation.   He  had  never  smoked. 

Examination:  Patient  was  an  obese  man.  Physical  status  was  negative.  Blood  pres- 
sure was  140  systolic  and  80  diastolic.    There  were  extensive  varicose  veins  bilaterally  with 
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a  positive  Trendelenburg  sign.  Healed  longitudinal  scars  were  noted  along  both  legs.  All 
extremity  arteries  were  normally  patent.  Oscillometric  readings  showed  4  at  both  ankles. 
Urine  examination  and  blood  count  were  normal. 

X-ray  examination  disclosed  extensive  calcification  in  the  blood  vessels  of  both  lower 
extremities  (figure  4). 

Case  14.  History:  A.  L.,  aged  54  years,  mechanic,  was  seen  in  March,  1943.  He  com- 
plained of  pains  in  his  right  great  toe,  })ains  in  the  knees,  pain  and  stiffnessjn  the  fingers 

particularly  in  the  morning.    He  had  been  treated  for  arthritis  for  7  years.    He  also  had 

Fig.  4.  Calcification  of  the  posterior  tibial  artery  (Case  13). 
suffered  for  many  years  with  chest  pain,  radiating  to  the  back.  This  increased  on  moderate 
effort,  and  he  could  not  walk  more  than  three  blocks  without  stopping.  He  smoked  2  cigars 
a  day.    The  rest  of  his  history  was  irrelevant. 

Examination:  The  patient  was  a  gray-haired,  undernourished,  middle-aged  man.  He 
had  a  marked  arcus  senilis.  Physical  examination  was  otherwise  negative.  Blood  pressure 
was  145  systolic  and  95  diastolic.  All  extremity  pulses  were  normally  patent.  The  oscil- 

lometric readings  were  5  at  both  ankles.  The  foot  arches  were  flattened.  The  urine  showed 
a  trace  of  albumin,  and  was  otherwise  normal.  X-rays  of  the  lower  extremities  disclosed 
slight  arthritic  changes  in  both  knees,  and  extremely  advanced  calcification  in  the  leg  ar- teries. 
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DISCUSSION  OF  THE  CLINICAL  MANIFESTATIONS 

The  common  features  in  the  14  cases  reported  were  the  absence  of  a  history  of 
intermittent  claudication  or  any  other  symptoms  suggestive  of  peripheral  arterial 
disease;  the  presence  of  normally  patent  arteries  in  all  four  extremities  and  of 
normal  oscillometric  readings;  the  presence  of  marked  and  extensive  calcifica- 

tion of  the  blood  vessels  in  the  lower  extremities.  The  blood  pressure  in  the 
entire  group  was  normal.  In  no  case  has  a  thrombosis  of  an  artery  occurred 
during  the  period  of  observation. 

Two  of  the  older  patients  (cases  12  and  14)  showed  symptoms  and  signs 
indicating  arteriosclerosis  of  the  coronary  arteries.  No  evidence  of  the  usual 
intimal  type  of  arteriosclerosis  was  present  in  the  other  12  cases.  Typical 
uncomplicated  Moenckeberg's  Sclerosis  is  seen  between  the  ages  of  25  and  40. 
In  this  group  of  14  cases,  the  ages  ranged  from  27  to  54  years.  With  advancing 
age,  patients  with  Moenckeberg's  Sclerosis  may  be  expected  to  develop  intimal 
arteriosclerosis  in  the  same  way  as  other  individuals.  It  is  not  surprising, 
therefore,  that  in  the  older  patients  of  our  group  evidence  of  intimal  arterio- 

sclerosis was  found.  The  occurrence  of  both  diseases  in  one  individual  appears 
to  be  due  to  coincidence ;  it  does  not  indicate  that  both  processes  have  the  same 
etiology  or  pathogenesis.  The  association  of  both  diseases  in  the  same  patient 
masks  the  distinctive  features  of  Moenckeberg's  Sclerosis.  It  is  perhaps  for 
this  reason  that  the  clinical  literature  concerning  this  disease  is  so  confused. 

Three  of  our  patients  complained  of  cramps  in  the  calf  muscles  which  oc- 
curred at  night  and  awakened  them  from  sleep.  The  cause  of  such  cramps  is 

not  clearly  understood.  However,  they  are  usually  promptly  relieved  by  oral 
administration  of  calcium  lactate  in  small  doses.  This  suggests  that  there 
may  be  some  disturbance  in  calciurn  metabolism  in  these  patients.  The  char- 

acteristic primary  calcification  of  the  blood  vessels  appears  to  point  in  a  similar 
direction. 

In  most  cases  calcification  was  not  noted  above  the  pelvic  brim.  In  case  10 
the  calcification  was  more  extensive,  involving  the  pelvic  arteries  and  also  the 
left  bi-achial  artery. 

REVIEW  OF  LITERATURE 

There  is  considerable  debate  at  the  present  time  as  to  the  true  nature  of 
arteriosclerosis.  For  the  past  100  years  there  have  been  two  schools  of  thought. 
One  group  maintains  that  arteriosclerosis  is  a  primary  degenerative  disease  of 
the  intima  of  the  large,  medium  and  small  arteries,  which  is  associated  with 
thickening  due  to  hyperplasia,  hyalinization  and  deposition  of  fatty  and  other 
materials  (2).  The  other  group  regards  arteriosclerosis  simply  as  a  primary 
deposition  of  fatty  material  from  the  blood  stream  into  the  arterial  wall  (3). 
Both  groups  agree  that  the  sequence  of  events  is  as  follows:  Lipoid  and  other 
material  appear  in  the  intima  and  media  of  these  arteries,  often  followed  by 
calcification.  Thickening  of  the  intima  usually  occurs,  causing  narro\\ang  of 
the  vessel  lumen  which  leads  to  interference  with  normal  circulation  in  various 
organs.    Subsequently,  the  media  and  adventitia  of  the  diseased  vessel  may 
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thicken  due  to  the  deposition  of  fatty,  calcified  and  other  material  and  to  prolifer- 
ation. 

It  occurred  to  Virchow  in  1856  that,  from  the  morphological  point  of  view, 
a  distinction  should  be  drawn  between  intimal  arteriosclerosis  and  media  "petri- 

fication" (4).  It  was  Moenckeberg  who  first  ventured  the  opinion  that  these 
two  processes  have  a  different  pathogenesis  and  perhaps  a  different  etiology  (5). 

Histologically,  Moenckeberg 's  Sclerosis  develops  in  three  stages  (6).  First, 
fine  granules  of  calcium  salts  are  found  near  the  internal  elastic  membrane  (7) 
and  in  the  connective  tissue  between  the  muscle  fibers  in  the  media,  often  in 
the  centre  of  the  media.  In  this  stage,  the  media  muscle  fiber  nuclei  may  be 
clearly  stainable.    This  indicates  that  the  primary  (;hange  is  not  a  degeneration 

Fig.  5.  Medial  calcification  of  femoral  artery. 

Fig.  6.  Medial  calcification  of  femoral  artery.  Note  retraction  of  the  intima  over  the area  of  calcification. 

of  the  muscular  layer  of  the  media  (8),  as  had  been  maintamcd  by  older  authors 
(9).  In  the  second  stage,  the  lime  salt  granules  extend  in  the  media,  coalesce 
and  soon  form  plates  and  welded  rings  surounding  the  whole  lumen  of  the 
artery  (figures  5  and  G).  The  muscle  fibers  degenerate,  but  their  nuclei  are 
stainable  for  a  comparatively  long  time.  The  disappearance  of  the  muscle 
fibers  at  this  stage  was  thought  to  be  due  to  atrophy  caused  by  pressure  (10). 
In  the  third  stage,  a  rojxuatix-c  inflammation  sets  in  around  the  foci  of  calcifica- 

tion, comparable  to  a  I'orcijiii  body  reaction,  and  tlic  adventitia  shows  changes in  the  form  of  hyaline  degeneration  of  the  connective  tissue  and  thickening  of 
the  vasa  vasorum  (6).  In  later  stages,  bone  may  form  at  the  site  of  former 
calcifications,  with  Haver's  canals  (11).  Fractures,  with  fibrous  union,  of  such 
arteries  have  been  reported  (12). 
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Several  authors  have  discussed  the  relationship  of  Moenckeberg's  Sclerosis  to 
arteriosclerosis.  The  discussion  has  been  led  by  pathologists,  and  a  wealth  of 
anatomical,  histological  and  statistical  material  has  been  brought  forward. 
In  pathological  material  Moenckeberg's  Sclerosis  is  often  encountered  in  in- 

dividuals affected  by  generalized  arteriosclerosis,  which  may  account  for  the 
fact  that  many  pathologists  regard  both  as  one  disease  (13).  Others,  though 
aware  of  the  different  anatomical  appearance,  leave  the  question  of  identity 
open  (14).  Only  a  few  pathologists  hold  that  they  are  two  pathogenetically 
and  etiologically  different  processes  (15). 

Little  has  been  presented  in  the  literature  describing  the  clinical  picture  of 
Moenckeberg's  Sclerosis.  Autopsy  reports  of  typical  cases  are  lacking.  Be- 

cause of  the  benign  course  of  the  disease,  opportuoities  for  post  mortem  studies 
in  the  early  stages  seldom  occur.  Unfortunately,  experimental  work  on  arterio- 

sclerosis has  not  helped  in  clarifying  the  nature  of  Moenckeberg's  Sclerosis. 
EXPERIMENTAL  WORK 

Intimal  changes  have  been  produced  in  herbivora  and  in  fowl  by  feeding  with 
cholesterol  and  by  other  experimental  methods  (16).  They  resemble  human 
arteriosclerosis,  but  differ  in  some  important  points  (17). 

A  picture  similar  to  Moenckeberg's  Sclerosis  can  be  produced  by  different 
agents.  Adrenalin  and  large  doses  of  \dtamin  D  produce  changes  most  closely 
resembling  human  media  calcification  (18).  Variations  in  experimental  technic, 
however,  may  produce  primary  intimal  changes  as  well  (19).  B.  Fischer  ob- 

served adrenalin  media  necrosis  and  calcification  associated  with  intimal  sclerosis 
in  the  same  aorta  of  the  rabbit,  when  he  cut  the  depressor  nerve.  Moenckeberg 
(20)  maintained  that  experimental  media  calcification  differs  from  human 
media  sclerosis.  Experimental  calcification  is  the  end  result  of  an  inflammatory 
reaction  around  foci  of  necrosis  within  the  media  musculature,  caused  by  the 
various  agents.  Intimal  thickening  is  often  associated  with  it.  Moenckeberg's 
Sclerosis,  however,  is  thought  to  be  a  primary  dystrophic  process  of  the  media 
ground  substance  (G);  histologically,  no  inflammatory  changes  preceding  the 
deposition  of  lime  salt  granules  have  been  found  (10).  These  degenerative 
changes  reminded  Moenckeberg  of  dystrophic  calcifications  in  other  organs 
and  tissues. 

Thus,  experimental  studies  have  not  contributed  to  the  understanding  of 
human  media  calcification. 

OBSERVATIONS  IN  MAN 

Autopsy  reports.  Among  130  autopsies,  Moenckeberg  found  media  calcifica- 
tion, not  associated  with  intimal  sclerosis,  in  33  per  cent.  In  view  of  the  rarity 

of  the  disease  in  our  experience,  we  hesitate  to  accept  this  figure  as  representative. 
In  INIoenckeberg's  cases,  the  process  was  located  more  often  in  the  femorals  than 
the  radials.    The  aorta  was  rarely  involved. 

In  contrast  to  the  frequent  involvement  of  the  coronary  arteries  by  intimal 
arteriosclerosis,  media  calcification  does  not  involve  these  arteries  (10).  Gener- 

ally, the  frequency  distribution  in  single  vessels  is  distinctly  different  for  media 
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calcification  as  compared  with  artei  iosclerosis,  since  most  cases  of  media  calcifica- 
tion involve  the  pelvic  and  extremity  arteries,  whereas  intimal  arteriosclerosis 

is  most  frequently  located  in  the  aorta,  cerebral,  renal  and  coronaiy  arteries. 
It  has  been  repeatedly  reported  that  the  arteries  near  the  great  joints  are  not 

involved  with  media  calcification.  Moenckeberg  confirmed  this  observation 
(21).  However,  in  our  series  a  few  cases  show  involvement  of  the  popliteal  and 
brachial  arteries  (figures  2  and  3). 

Clinical  observations.  Moenckeberg's  Sclerosis  is  often  mentioned  in  the 
clinical  literature,  but  it  is  difficult  to  gain  a  clear  picture  of  the  disease  from 
these  reports.  Many  clinicians  seem  to  think  Moenckeberg's  Sclerosis  is  a 
senile  degenerative  disease  (22);  others  state  it  occurs  mostly  in  conditions  of 
marasmus  or  cachexia  (23);  some  do  not  want  to  have  it  differentiated  from 
intimal  arteriosclerosis  (24);  and  a  few  leave  the  question  of  identity  open  (25). 

COMMENTS 
The  impression  gained  from  a  review  of  the  entire  clinical  and  pathological 

literature  is  that  there  is  utter  confusion  concerning  Moenckeberg's  Sclerosis. 
Perhaps  this  is  due  to  the  fact  that  the  disease  runs  a  benign  course.  There 
is  rarely  an  opportunity  to  study  the  pathological  changes  in  early  cases  Avhen 
the  picture  is  not  confused  by  superimposed  arteriosclerosis.  Furthermore, 
typical  instances  of  Moenckeberg's  Sclerosis  are  relatively  rare  and  since  they 
present  no  serious  complaints  they  are  seldom  admitted  to  hospitals,  where 
critical  study  of  the  problem  could  be  made.  In  fact,  most  cases  are  discovered 
by  accident  when  x-rays  are  made  to  investigate  some  other  condition.  We 
believe  that  the  clinical  picture  of  Moenckeberg's  Sclerosis  is  distinctive  and there  should  be  no  confusion. 

Diagnosis.  The  disease  occurs  in  young  and  middle-aged  males  who  present 
no  symptoms  or  signs  of  impaired  circulation  in  the  extremities  or  elsewhere. 
X-rays  of  the  lower  extremities  reveal  extensive  calcification  of  the  blood  vessels, 
occasionally  extending  into  the  pelvic  arteries  and  sometimes  calcification  in 
the  vessels  of  the  upper  extremities.  Clinical  evidence  of  arteriosclerosis  of 
the  cerebral,  coronary,  renal  arteries  and  the  aorta  is  absent.  Xo  consistent 
chemical  and  morphological  changes  in  the  blood  are  found.  In  a  number  of 
our  cases  a  striking  symptom  has  been  the  occurrence  of  cramps  in  the  calf 
muscles  during  sleep.  Such  cramps  were  readily  relieved  by  calcium  lactate 
in  small  oral  doses.  This  fact  together  with  the  pathological  reports  of  primary 
deposition  of  calcium  salts  in  the  media  of  the  arteries  suggests  some  disturbance 
of  calcium  metabolism  in  patients  with  Moenckeberg's  Sclerosis.  However, 
further  investigation  will  be  necessary  to  determine  if  this  is  true.  The  disease, 
characteristically  runs  a  benign  course  and  there  appears  to  be  no  tendency 
to  major  arterial  thrombosis.  The  prognosis  is  good  and  no  treatment  of  any 
kind  appears  to  be  indicated. 

SUMMARY 

1.  The  clinical  history  of  14  cases  of  Moenckeberg's  Sclerosis  has  been  pre- sented. 
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2.  Review  of  the  pathological,  clinical  and  experimental  literature  has  been 
made. 

3.  The  distinctive  clinical  picture  of  Moenckeberg's  Sclerosis  has  been  defined. 
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THE  BLOOD  IODINE  IN  THE  PERIOD  AFTER  THYROIDECTOMY' 
SOLOMON  SILVER,  MAJOR,  M.C.,  A.U.S.,  with  the  technical  assistance  of 

MARY  CATHERINE  TYSON,  M.D. 

It  is  a  great  privilege  for  me  at  this  time  to  make  a  small  contribution  to  the 
volume  of  the  Journal  of  The  Mount  Sinai  Hospital  honoring  my  friend  and  chief, 
Dr.  Eli  Moschcowitz.  It  is  a  particular  pleasure  to  put  these  facts  and  thoughts 
together  while  I  am  many  thousand  miles  away  from  home  and  my  friends  at 
the  hospital,  looking  forward  to  the  day  when  we  shall  all  return  to  civilian  life 
and  resume  our  hospital  activities. 

In  earlier  studies  (1)  dealing  Avith  iodine  metabolism  the  following  facts  were 
established : 

1.  All  the  normally  circulating  blood  iodine  can  be  extracted  with  ethyl 
alcohol  if  proper  precautions  are  taken.  The  distinction  between  "organic" 
and  "inorganic"  blood  iodine  based  on  alcohol  solubility  is  without  foundation, 
and  significant  quantities  of  "inorganic"  iodine  in  normal  blood  exist  only  as  an 
artifact  of  chemical  manipulations. 

2.  Practically  all  the  normally  circulating  blood  iodine  is  in  the  plasma.  The 
amount  present  in  washed  blood  cells  is  too  low  to  be  determined  by  present 
methods. 

3.  All  the  normally  circulating  blood  iodine  and  that  circulating  in  Graves' 
dLsease  is  in  the  plasma  in  a  form  which  resists  dialysis  and  is  probaWy  bound  to 
protein. 

4.  Dialysis  removes  from  the  blood  or  plasmja  all  iodine  added  or  ingested  in 
the  form  of  iodide  and  can  be  used  to  remove  ingested  iodide  known  to  the 
observer  or  unsuspected  by  him. 

5.  Dialysis  does  not  completely  remove  from  the  plasma  added  or  ingested 
iodine  in  the  form  of  di-iodotyrosine  or  thjn-oxine  or  some  other  organically 
bound  iodine  compounds. 

On  the  basis  of  these  observations  a  series  of  patients  suffering  from  Graves' 
disease  was  studied  before  and  after  medical  and  surgical  treatment  and  serial 
determinations  of  the  protein-bound,  plasma  iodine  were  made  in  an  attempt  to 
study  the  correlation  between  the  level  of  the  plasma  iodine  and  the  clinical 
phenomena  of  Graves'  disease,  particularly  in  the  postoperative  period.  So 
far  as  we  know  such  studies  have  never  appeared  in  the  literature  except  for 
isolated  single  case  reports  employing  methods  now  known  to  be  inadequate. 

Procedure:  Only  patients  with  obvious  Graves'  disease  were  used  in  this  study 
and  only  those  upon  whom  surgical  therapy  was  practiced  will  be  reported 
here.  Upon  admission  to  the  medical  service  a  period  of  stabilization  lasting 
several  days  was  carried  out.  During  this  period  several  determinations  of  the 
basal  metabolic  rate  were  performed  and  the  first  determination  of  the  blood 

'  This  paper  is  based  on  studies  carried  out  while  the  author  was  attached  to  the  medical 
service  and  laboratories  of  The  Mount  Sinai  Hospital,  New  York  City,  during  1941-1942. 
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iodine  was  done.  Iodine  was  then  administered  in  the  form  of  U.S. P.  Lugol's 
Solution,  ten  minims  three  times  a  day,  until  maximum  chemical  improvement 
was  obtained,  usually  about  18  days.  On  the  day  before  the  scheduled  operation 
the  basal  metabolic  rate  was  again  determined  and  then  a  second  determination 
of  the  plasma  iodine  was  made  immediately  upon  the  return  of  the  patient  from 
the  operating  room  and  again  24  and  72  hours  after  operation.  Only  those 
patients  for  whom  fairly  complete  data  was  available  are  included  in  this  report. 
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Fig.  I.  Chart  showing  average  plasma  iodine  levels  before  and  after  operation  in  the 
groups  of  cases  characterized  clinically  by  mild,  moderate  and  severe 

postoperative  reactions 
An  independent  study  was  made  of  the  clinical  course  of  each  patient  without 
reference  to  the  chemical  findings.  These  cases  were  then  classified  as  to  the 
severity  of  their  postoperative  reaction  into  groups  designated  as  mild,  moderate, 
and  severe.  This  classification  took  into  account  the  febrile  response,  the  pulse 
rate,  the  psychic  reaction  and  a  general  clinical  estimate  of  the  entire  status  of  the 
patient.  As  noted,  this  clinical  evaluation  of  postoperative  reaction  was  done 
by  one  of  us  (C.  T.)  without  any  knowledge  of  the  results  reached  in  the  chemical 
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studies.  The  reaction  indicated  as  "mild"  represented  a  very  favorable  post- 
operative course  with  minimal  reaction  and  rapid  convalescence.  The  "moder- 

ate" reaction  included  fever  to  about  100°  F.  or  101°  F.,  moderate  tachycardia 
and  a  more  prolonged  reactive  phase.  The  "severe"  group  was  those  in  whom  a 
fairly  stormy  postoperative  period  was  encountered  with  high  fever,  more  rapid 
pulse  rate,  some  agitation  and  u.sually  requiring  the  use  of  parenteral  fluids 
for  several  days.  Even  the  cases  listed  under  "severe"  did  not  approach  a  real 
crisis  and  no  deaths  occurred  in  this  series.  We  liave  not  had  the  opportunity 
to  carry  out  these  studies  in  the  presence  of  a  true  thyioid  storm. 

MeUwds:  Blood  was  drawn  from  the  antecubital  veins  by  suction  into  bottles 
containing  iodine  free  oxalate.  Plasma  was  obtained  by  sedimentation  or  centrif- 
ugalization.  All  determinations  wvyq  done  in  duplicate.  If  checks  within  10 
per  cent  were  not  obtained  new  determinations  -were  set  up.  This  required  the 
drawing  of  at  least  75  cc.  of  blood  for  each  deteiminaticn.  Ten  cubic  centi- 

meters of  plasma  were  use(l  for  each  determination.  The  plasma  was  dialyzed 
for  72  hours  against  running  water  in  Visking  cellophane  casings.  This  was 
done  even  if  no  iodine  was  known  to  have  been  ingested  and  was,  of  course, 
necessaiy  once  iodine  therapy  had  been  begun.  The  contents  of  the  cellophane 
casings  wei'e  then  analyzed  for  their  iodine  content  by  the  method  previously 
described.  The  experimental  background  for  the  validity  of  this  method  can  be 
found  in  tlie  publication  quoted.  The  normal  values  for  plasma  iodine  by  this 
method  do  not  exceed  8  gramma  per  100  cc.  of  plasma. 

DISCUSSION 

This  study  is  an  attempt  to  add  to  our  knowledge  of  the  events  in  the  period 
immediately  following  thyioidectomy.  Ever  since  the  earliest  attempts  at  the 
surgical  treatment  of  Graves'  disease,  surgeons  have  encountered  inexplicably 
severe  postoperative  reactions.  This  reaction  is  dramatically  impressive  and  has 
been  descril^ed  in  the  literature  as  a  "thyroid  storm,"  "thyroid  crisis"  or  "post- 
o])(  i;il i\ (■  toxic  reaction."  In  the  era  before  the  routine  use  of  preoperative 
iodine  medication  these  imfortunate  reactions  were  very  frequent  and  in  the 
hands  of  very  competent  surgeons  it  was  not  unusual  to  have  mortalities  varying 
between  10  and  20  per  cent.  Many  of  these  deaths  were  due  to  thyroid  crises 
which  began  within  24  hours  after  the  operation  and  often  ended  fatally  in  an- 

other 24  or  48  houis.  The  typical  history  of  a  thyroid  crisis  is  somewhat  as 
follows.  A  patient  is  suffering  from  severe  or  moderately  severe  Graves'  disease. 
The  preoperative  course  is  not  very  satisfactory.  The'  patient  fails  to  gain \\eiglit,  the  tachycardia  persists  and  the  basal  metabolic  rate  fails  to  decline 
during  iodin(>  medication.  Often  there  is  extreme  motor  and  psychic  unrest. 
Appetite  is  pool-  and  sleeplessness  is  prominent.  Frequentl.y  thei'e  is  diarrhea 
or  \  <)miting  or  both.  Mild  manic  states  may  supervene.  With  some  uneasiness 
the  surgeon  decides  to  operate  "to  stop  the  progress  of  the  disease"  or  he  is  in- 

duced to  opeiatc  "as  a  lifc-sax  ing  jjiocecUire."  The  operation  may  be  accom- 
plished without  incident  or  more  frecjuently  the  tachycardia  increases  and  the 

patient  is  returned  to  bed.    Soon  marked  restlessness  occurs  and  the  tachyardia 
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becomes  even  more  marked.  After  12  hours  or  so  the  temperature  has  begun  to 
reach  alarming  heights  and  then  severe  hyperpyrexia  (105°  to  108°F.)  appears. 
There  is  marked  restlessness  and  frequently  acute  mania.  The  patient  becomes 
incontinent  and  lapses  into  coma.  The  pulse  rate  may  reach  200  per  minute  and 
the  diastolic  pressure  approaches  zero.  Death  occurs  from  24  to  72  hours  after 
the  operation.  The  usual  treatment  is  the  use  of  sedatives  and  the  administra- 

tion of  iodine  by  the  intravenous  route.  All  observers  are  agreed  that  the 
prognosis  in  a  fully  developed  crisis  is  extremely  grave  and  it  is  doubtful  whether 
any  therapy  is  of  much  value  once  the  thyroid  storm  has  really  begun.  The 
only  therapy  so  far  which  seems  to  have  been  of  service  has  been  prophylactic. 
Operation  should  never  be  performed  as  an  emergency  procedure  and  should  be 
done  only  when  the  patient's  disease  has  been  held  in  check  by  medical  means 
and  iodine.  Most  clinicians  are  aware  of  this  now  and  the  incidence  of  post- 

operative thyroid  storms  has  diminished  almost  to  the  vanishing  point  in  many 
clinics. 

The  nature  of  the  thxjroid  storm:  Because  of  the  fact  that  these  reactions  usually 
followed  operative  procedures  upon  the  thyroid  gland  it  Avas  generally  believed 
that  the  crisis  represented  some  acute  augmentation  of  thyroid  activity  possibly 
as  a  result  of  mechanical  expression  of  thyroid  secretion  into  the  circulation 
during  operative  manipulation  or  absorption  from  the  wound  bed.  That  such 
an  inoculation  of  the  blood  stream  may  occur  has  been  suggested  by  the  recent 
studies  of  Lerman  (2)  who  found  a  positive  precipitin  reaction  for  thyroglobulin 
in  the  blood  from  the  thyroid  vein  only  after  trauma  to  the  gland.  On  the  other 
hand  crises  have  occurred  in  patients  w'lih  Graves'  disease  following  operations far  from  the  thyroid  gland,  such  as  pelvic  operations,  tonsillectomy  or  even 
the  injection  of  varicose  veins  of  the  legs.  In  fact,  not  infrequently,  we  observe 
such  thyroid  storms  while  the  patients  are  still  on  the  medical  wards  being  pre- 

pared for  surgery.  These  "medical  storms"  are  almost  always  ushered  in  by 
one  of  the  acute  upper  respiratory  infections  to  which  these  patients  are  so 
susceptible.  Although  the  obvious  stimulation  that  occurs  during  a  crisis  has 
led  most  observers  to  suspect  an  acute  intoxication  as  the  cause  of  the  symptoms 
this  view  has  not  been  the  only  one  entertained.  As  early  as  1925  Kessel  and 
Hyman  (3)  recommended  the  intravenous  use  of  thyroxine  to  combat  the  effects 
of  the  thyroid  storm  on  the  assumption  that  the  sudden  withdrawal  of  the  thyroid 
secretion  might  lead  to  acute  symptoms  in  patients  previously  established  on  a 
high  level  of  hormone.  In  1931  Bier  and  Roman  (4)  published  a  few  cases  in 
Avhich  they  reported  that  there  was  a  postoperative  drop  in  the  blood  iodine 
level  and  they  attributed  the  postoperative  reaction  to  this  and  called  it  "Hy- 
pothyroxaemischer  Schock."  Gutzeit  and  Parade  (5)  obtained  results  in  direct 
contradiction  to  those  quoted  above.  The  methods  for  the  determination  of 
iodine  available  to  all  these  authors  at  those  times  must  now  be  considered  too 
inaccurate  to  warrant  the  conclusions  drawn. 

We  are  aware  that  the  sudden  withdrawal  of  the  secretion  of  a  hyperfunction- 
ing gland  may  lead  to  acute  symptoms.  The  occurrence  of  tetany  following 

the  removal  of  a  parathyroid  adenoma  and  of  acute  adrenal  insufficiency  follow- 
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ing  removal  of  an  adrenal  cortical  tumor  are  well  known.  Howe-\-er,  in  these 
instances  the  symptom  complex  produced  is  that  which  is  well  recognized  as  due 
to  a  deficiency  of  the  particular  gland  studied.  In  the  case  of  the  thyroid  storm 
an  entirelj'^  new  clinical  picture  is  produced  which  has  no  relation  to  the 
phenomena  of  thyroid  insufficiency  as  we  have  come  to  know  them.  It  must  be 
stated  that  the  explanation  of  the  thyroid  storm  as  an  acute  thyroid  insuffi- 

ciency has  not  been  established. 
Others  have  sought  in  the  central  nervous  system,  particularly  in  the  dien- 

cephalon,  for  the  precipitating  factor  in  the  genesis  of  the  thyroid  storm.  Mor- 
phologically, at  least,  there  has  been  no  evidence  that  the  nervous  system  is 

primarily  involved.  Certainly  no  significant  changes  of  an  etiologic  nature 
have  been  demonstrated  in  the  brain  to  account  for  the  explosive  reaction  we  call 
a  .storm,  nor  in  fact,  have  any  significant,  constant  changes  which  have  etiologic 
importance  been  found  in  the  central  nervous  system  in  Graves'  disease.  We 
agree  with  Foss  and  his  co-workers  (6)  that  although  the  liver  and  the  heart  are 
involved  in  Graves' disease  neither  of  them  play  an  etiologic  role  in  the  develop- 

ment of  the  thyroid  storm. 

COMMENT 
A  study  of  the  protocols  reveals  the  following : 
1.  The  blood  iodine  is  uniformly  increased  in  untreated  Graves'  disease  of 

recent  or  old  origin,  and  Ls  a  u.seful  diagnostic  aid. 
2.  Treatment  with  iodine  tends  to  lower  the  level  of  the  plasma  iodine  coin- 

cident with  clinical  improvement  and  in  some  cases  such  treatment  restores  the 
iodine  level  to  normal. 

3.  There  is  an  increase  in  the  level  of  the  plasma  iodine  immediately  after 
thyroidectomy.  This  increase  begins  to  disappear  24  hours  after  operation  and 
reaches  normal  levels  in  uncomplicated  cases  72  hours  after  the  operation. 

4.  There  is  a  definite  correlation  between  the  severit}'  of  the  postoperative 
reaction  and  the  course  of  the  plasma  iodine  response.  The  more  severe  the 
reaction  the  greater  and  more  prolonged  was  the  rise  in  plasma  iodine. 

5.  These  studies  lend  support  to  the  concept  that  the  postoperative  reaction 
in  Graves'  disease  is,  in  part  at  least,  due  to  the  introduction  into  the  circulation 
of  exce.ssive  amounts  of  thyroid  hormone  as  a  result  of  the  surgical  procedure. 

SUMMARY 

Twenty-two  cases  of  Graves'  disease  were  studied.  The  plasma  iodine  (non- 
dialyzable)  fraction  was  found  to  be  elevated  in  all.  The  plasma  iodine  level 
decreased  after  treatment  with  iodine  coincident  with  clinical  improvement 
and  sometimes  reached  normal  levels  A  definite  correlation  was  found  between 
the  clinical  severity  of  the  postoperative  reaction  and  the  plasma  iodine  level 
in  the  postoperative  phase.  The  more  severe  the  postoperative  reaction,  the 
greater  and  more  prolonged  was  the  rise  in  plasma  iodine.  In  uncomplicated  and 
favorable  cases  the  iodine  level  at  the  end  of  24  hours  reached  or  fell  below  the 
preoperati\'e  value  and  at  the  end  of  72  hours  was  within  the  normal  range. 
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There  was  no  correlation  between  the  basal  metabolic  rate  and  the  initial  plasma 
iodine  level  or  between  the  initial  plasma  level  and  the  degree  of  postoperative 
reaction  but  it  seemed  that  patients  Avith  high  preoperative  iodine  levels  were 
more  often  subject  to  severe  postoperative  reactions  than  were  those  with  lower 
plasma  iodine  values.  It  is  suggested  that  the  postoperative  reaction  in  Graves' 
disease  may  be  directly  connected  with  the  increase  in  plasma  iodine  (protein 
bound)  which  follows  thyroidectomy.  No  real  thyroid  storm  was  encountered 
in  this  series. 
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POSSIBLE  POSTWAR  MALARIA  OUTBREAKS  IX  THE  UNITED 
STATES 

Facts  and  Fallacies 
I.  SNAPPER 

The  possibility  of  the  establishment  in  the  United  States  of  certain  exotic 
diseases  which  may  be  introduced  by  Army  and  Xavy  personnel  returning  from 
endemic  areas  abroad  has  long  since  had  the  attention  of  the  responsible  author- 

ities.   Among  these  diseases,  malaria  has  been  frequently  mentioned. 
From  a  historical  standpoint  it  cannot  be  denied  that  the  possibiUty  of  a  post- 

war extension  of  malaria  in  the  L'nited  States  exists  as  malaria  outbreaks  have often  followed  in  the  wake  of  wars.  At  the  moment  there  are  different  reasons 
for  concern.  They  consist  mainly  of  the  concentration  of  troops  for  training 
in  the  southern  areas  of  the  United  States  where  malaria  is  endemic  and 
especialh"  the  wide  distribution  of  American  troops  in  malarious  subtropical 
and  tropical  regions.  It  is  certain  that  a  considerable  number  of  returning 
soldiers  will  suffer  from  malaria  and  the  opinion  has  been  voiced  that  in  the 
United  States  where  a  malari:i-(  an ying  mosquito,  the  Aiioplich's  qiiadrimaculatus, 
prevails,  these  malaria  carriers  may  form  a  cause  for  severe  outbreaks  of  malaria. 
In  order  to  discuss  this  problem  it  will  be  necessary  to  analyze  different  factors 
which  are  contributory  to  the  causation  of  malaria  epidemics. 

Malaria  is  a  disease  caused  l)y  plasmoilia  li\ing  in  the  red  blood  cells  and 
transmitted  from  man  to  man  by  female  anopheline  mosquitoes. 
It  follows  that  a  malaria  ejiidemic  depends  upon  the  presence  of 

a.  a  large  number  of  proper  mosquito  vectors, 
b.  a  certain  number  of  people  parasitized  with  sexual  forms  of  the  malaria 

Plasmodia. 
For  the  problem  of  a  possible  postwar  extension  of  malaria  in  the  L'nited States,  the  significance  of  these  two  factors  a.  and  b.  has  to  be  discussed  separately. 

a.  Influence  of  the  mosquito  population  on  the  outbreak  and  severity  of  malaria 
epidemics 

The  characteristics  of  the  mosquito  population  form  far  the  most  important 
factor  which  decides  the  malariousness  of  a  certain  area.  Changes  of  the 
mosquito  population  followed  by  malaria  outbreaks  may  be  caused  by 

(1)  a  qualitative  factor,  i.e.,  the  introduction  of  a  new  anopheles  species 
which  is  a  more  active  vector  than  the  mosquitoes  previously  prevailing  in  an 
area. 

(2)  a  quantitative  factor,  i.e.,  a  change  in  the  pln'sical  conditions  of  the 
country  leading  to  improved  breeding  conditions  for  malaria  mosquitoes  and 
hereby  to  an  increase  of  the  malaria-carrying  mosquito  population. 

Ad  (1).  One  of  the  most  recent  and  clear-cut  examples  of  a  malaria  out- 
break due  to  the  introduction  of  a  new  and  acti\'ely  malaria  transmitting 
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Anopheles  species  is  the  serious  malaria  epidemic  which  raged  in  Brazil  in  1938 
due  to  the  introduction  of  a  new  malaria  carrier,  Anopheles  gambiae,  into  that 
country  (1,  2).  Previous  to  this  epidemic,  malaria  was  endemic  in  Brazil  in  a 
chronic,  not  too  dangerous  form,  transmitted  hy  three  different  anophelines,  all 
members  of  the  Nyssorhynchus  group.  Anopheles  cjambiae,  which  is  the  common 
malaria  vector  in  Africa,  reached  Brazil  in  1930.  The  mosquito  traveled  prob- 

ably on  board  of  one  of  the  French  destroyers  which  made  the  mail  run  of  about 
2,000  miles  between  Dakar  in  Africa  and  Natal,  the  State  capital  of  Rio  Grande 
do  Norte,  in  Brazil  in  less  than  100  hours.  In  1931,  an  organized  campaign 
resulted  in  the  eradication  of  .4.  gambiae  from  Natal  but  in  the  meantime  this 
mosquito  had  already  found  a  footing  in  the  interior  of  Rio  Grande  do  Norte. 
In  1937,  the  anopheles  reached  the  Assii  and  Apodi  valleys  of  this  province  and 
the  Jaquaribe  A-alle}'  in  the  State  of  Ceara.  Here,  breeding  conditions  were 
favorable  and  in  1938,  an  epidemic  of  malaria  developed  which  threatened 
large  areas  of  these  two  States  with  wholesale  devastation.  In  one  area  of  the 
State  of  Rio  Grande  do  Norte,  51,000  cases  of  malaria  occurred  among  243,700 
inhabitants.  This  form  of  malaria  was  remarkably  dangerous  because  in  the 
first  six  months  of  1938,  at  least,  14,000  deaths  were  recorded  on  100,000  cases. 
Whole  households  were  wiped  out.  In  the  most  heavily  stricken  areas  of  the 
Jaquaribe  valley  90  per  cent  of  the  population,  both  rural  and  urban,  were  ill. 
This  fulminant  epidemic  of  malaria  in  Brazil  ranked  with  the  classical  epidemics 
that  decimated  Mauritius  in  1867,  the  Punjab  in  1908  and  Ceylon  in  1935— 
all  comparable  in  their  disastrous  results  with  a  cholera  or  plague  epidemic. 
The  epidemic  in  Brazil  was  only  stopped  when  .4 .  gambiae  was  completely  erad- 

icated by  a  meticulous  anti-gambiae  campaign  organized  by  the  Rockefeller 
Foundation  in  cooperation  with  the  Brazilian  Government.  The  extent  of  this 
campaign  can  be  measured  by  the  money  spent  on  it,  amounting  to  $1,275,000 
in  1939  and  1940.  Since  then  malaria  in  Brazil  has  returned  to  the  chronic,  not 
too  dangerous,  endemic  form  which  has  existed  there  for  scores  of  years. 

Comparable  is  the  experience  in  British  and  Dutch  Guiana  which  are  situated 
in  the  northern  part  of  the  East  coast  of  South  America.  The  coastal  zone  of 
Dutch  Guiana  on  Surinam  consists  of  recent  deposits  of  clay,  shell  and  sand. 
It  is  covered  with  swampy  forests  and  near  the  coast  line  with  reed  swamps. 
The  vast  interior  of  the  country  consists  of  thick  forests  with  a  luxurious  jungle 
vegetation.  Between  the  coastal  area  and  the  interior  9.  gently  rolling  Savanna 
belt  is  situated.  In  Surinam  malignant  malaria  is  rampant  in  the  interior,  in 
the  so-called  bush  region.  The  vector  in  the  interior  is  the  A.  darlingi.  Every 
time  this  A.  darlingi,  for  unknown  reasons,  invades  the  coastal  area,  a  severe 
outbreak  of  malignant  malaria  follows  (3).  When  either  as  the  result  of  anti- 
mosquito  measures  or  spontaneously,  the  A.  darlingi  retreats  into  the  interior, 
the  common  mosquito  of  the  coastal  area,  A.  tarsimacidatus,  again  becomes  the 
dominant  vector  of  malaria  in  the  coastal  area  and  the  malaria  endemic  of  the 
coast  recovers  its  benign  and  chronic  character. 

Such  illuminating  experiences  explain  the  apprehension  of  the  public  health 
authorities  concerning  the  possibility  of  the  introduction  of  dangerous  malaria 
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vectors  into  the  United  States.    The  following  experience  illustrates  that  the 
strict  anti-mosquito  measures  taken  at  airports  when  airplanes  from  malarious  j 
regions  arrive  are  completely  justified.    On  October  9,  1941,  one  year  after  the  j 
eradication  of  A.  gambiae  in  Brazil  had  been  successfully  terminated,  a  female  ' 
A.  gambiae  was  found  on  a  flying  boat  which  had  arrived  at  Natal  after  a  21-hour 
flight  from  Lagos  in  West  Africa.    It  may  be  said  that  the  mosquito  quarantine  ] 
and  the  disinsectization  of  the  aeroplanes  in  the  United  States  airports  is  so  ' 
rigorously  maintained  that  for  all  practical  purposes  introduction  of  new  anoph- 
elines  into  the  United  States  seems  well-nigh  excluded. 

For  completeness  sake  it  may  be  added  that  these  measures  not  only  protect 
the  country  against  introduction  of  dangerous  malaria  vectors  but  at  the  same  i 
time  against  the  import  of  other  dangerous,  possibly  infected  insects.  The  { 
transfer  of  Aedes  aegypti  infected  with  yellow  fever  from  Africa  or  South  America  j 
into  the  United  States  might  well  result  in  a  calamity.  It  would  probably  lead  j 
to  the  reappearance  of  summer  epidemics  of  yellow  fever  in  the  southern  United  i 
States  where  Aedes  aegypti  is  permitted  to  breed  unrestrained.  ' 

Ad  {2).  Apart  from  the  introduction  of  a  new  malaria  mosquito,  the  increase 
of  the  indigenous  anopheles  population  by  a  change  in  the  physical  conditions  of 
the  country  has  often  been  a  cause  for  the  outbreak  of  dangerous  malaria  epi- 

demics. Here,  the  experience  of  the  malariologists  of  the  Netherlands  East 
Indies  may  be  mentioned.  In  this  territory  which  belongs  to  the  most  malarious 
regions  in  the  World,  a  few  coastal  areas  are  practically  malaria-free.  This 
holds  true  for  the  broad  zones  of  swampy  mangrove  forests  which  blur  the  bound- 

ary between  land  and  sea  on  certain  parts  of  the  muddy  shores  of  Sumatra  but 
especially  of  Borneo.  Forests  of  mangroves — tropical  trees  with  aerial  roots 
are  only  found  on  coasts  where  a  heavy  tide  is  running  and  in  these  deeph^ 
shaded  forests  the  extreme  differences  between  high  and  low  tide  prevent  the  i 
breeding  of  the  indigenous  malaria  mosquitoes.  This  explains  why  sea  coasts  | 
covered  by  mangrove  forests  are  often  relatively  malaria-free.  The  public  ' 
health  expert  who  travels  in  these  regions  may,  at  first  view,  be  unfavorably 
impressed  by  the  aspect  of  the  cities  intersected  by  muddy  canals  as  found  on 
the  mangrove  shores.  But  even  so,  such  cities  as  Bandjermasin  and  Martapoera 
on  Borneo  have  only  a  low  incidence  of  malaria  because  the  muddy  city  canals 
are  constructed  in  such  a  way  that  the  tide  has  free  entrance.  Hereby  these 
canals  are  prevented  from  becoming  breeding  places  for  malaria-carrying 
anophelines. 

However,  as  soon  as  the  mangrove  forests  are  felled,  and  dykes  are  constructed 
for  cultural  purposes,  swampy  areas,  which  cannot  be  reached  by  the  tide, 
result.  These  pools  form  an  excellent  breeding  place  for  the  indigenous  mosquito. 
Anopheles  sundaicus,  which  prefers  saltwater  pools  with  not  too  much  shade 
for  its  breeding  places.  The  ensuing  increase  of  the  Anopheles  sundaicus  pop- 

ulation is  immediately  followed  by  an  acute  malaria  outbreak. 
Man-made  malaria  is  also  found  in  Dutch  New  Guinea  where  A.  punctulatus 

moluccensis  and  A.  punctulatus  punctulatus  are  the  most  important  malaria 
vectors.    Both  are  obligatory  sunbreeders.    As  long  as  the  original  forests  of 
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New  Guinea  are  left  intact,  malaria  is  bad  enough,  partly  due  to  Anopheles 
bancrofti  which  breeds  in  the  shadow.  When,  however,  the  trees  are  felled 
without  simultaneous  careful  and  minute  drainage  of  the  soil,  the  two  sunbreeders 
mentioned  multiply  without  restraint.  These  strains  of  ̂ 4.  pundulatus  are 
more  effective  malaria  carriers  than  Anopheles  bancrofti  and  an  acute  malaria 
outbreak  results. 

In  the  same  way,  felling  of  forests  causes  malaria  in  hilly  areas  of  Malaya 
and  the  western  part  of  the  Netherlands  East  Indian  Archipelago  where 
Anopheles  maculatus  or  other  sunbreeders  act  as  malaria  vectors .  Often  man-made 
malaria  is  caused  inadvertently  and  new  experiences  are  collected  as  public 
health  in  the  tropics  develops.  The  following  example  illustrates  how  com- 

plicated these  conditions  may  be. 
The  Netherlands  East  Indies  had  always  been  free  from  plague  until  1911 

when  a  serious  epidemic  broke  out  on  the  island  of  Java.  Study  of  the  epidemi- 
ology of  the  plague  in  Java  showed  that  the  plague  bacillus  reservoir  in  Java 

consists  of  the  Malayan  house  rat,  Rattus  rattus  diardi,  which  builds  its  nest  in 
the  dark,  especially  in  horizontal  bamboos,  on  roofing  poles  and  ceilings,  in 
palm  leaf  thatched  roofs,  in  the  native  bamboo  bedsteads  (the  so-called  bale- 
bale),  in  piles  of  timber,  and  stores  of  food.  This  rat  species  fortunately  has 
no  tendency  to  migrate;  thus  the  epizootic  of  the  rats  is  held  in  bounds.  The 
importance  of  the  structure  of  houses  as  breeding  places  for  rats  is  indicated  by 
the  prevalence  of  plague  among  the  Indonesians  in  the  very  villages  and  cities 
where  the  Chinese  and  Europeans  who  live  in  houses  built  from  other  material 
remain  practically  free.  This  explains  why  extensive  schemes  for  the.  im- 

provement of  houses  and  careful  supervision  of  the  building  of  new  houses  have 
played  a  major  role  in  the  anti-plague  campaign  in  Java.  When  houses  were 
newly  built  or  improved,  the  use  of  hollow  bamboo  which,  as  mentioned  above, 
favors  the  breeding  of  rats,  was  strictly  forbidden.  The  following  principles 
Avere  used  for  the  improvement  of  the  houses. 

(1)  .  All  thatched  roofing  was  replaced  by  tiles  or  corrugated  iron. 
(2)  .  All  unsplit,  hollow  bamboo  was 

(a)  wherever  possible,  replaced  by  wood. 
(b)  where  wood  Avas  scarce,  wooden  stoppers  were  inserted  into  the 
ends  of  the  bamboo. 

(3)  All  parts  that  cannot  easily  be  seen  (i.e.  pieces  between  two  layers  of 
open  bamboo)  were  eliminated. 

(4)  The  square  ridge  pole  was  turned  in  at  an  angle  so  that  no  rat  nests  could 
be  built  upon  it. 

By  the  beginning  of  1940,  1,579,753  houses  had  been  improved  and  962,400 
houses  had  been  built  under  the  supervision  of  the  antiplague  service.  This 
campaign  for  the  construction  of  improved  houses  has  been  one  of  the  main 
factors  in  stopping  the  plague  epidemic.  However,  in  the  same  area,  where 
thanks  to  this  improvement  of  housing  conditions,  the  plague  mortality  de- 

creased, the  general  mortality  increased.  This  increase  of  the  general  mortality 
rate  was  due  to  a  malaria  epidemic  which  practically  always  followed  within  a 
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few  months  after  the  houses  had  been  improved.    The  improvement  of  the 
dweUings  transformed  the  A-ery  undesirable  huts  of  the  Indonesians  into  neat 
little  houses  Avith  tiled  roofs.    The  kitchen,  which  in  the  original  huts  was 
combined  with  the  living  room,  was  in  the  improA-ed  house  located  outside  the 
dwelling.    A  smoke-catching  device  provided  excellent  ventilation,  and  there 
was  not  the  slightest  doubt  that  the  new  houses  had  much  more  light  and  more 
air  than  the  old  native  dwellings.    I'nfortunately,  the  absence  of  smoke  in  the 
house  permits  mosquitoes  to  enter  the  dwelling.    Mosquitoes,  in  general,  abhor  j 
smoke.    At  the  same  time,  smoke  hides  the  odor  of  the  human  body;  and  when  1 
no  smoke  is  present,  the  human  body  odor  attracts  the  anophelines.    Careful  I 
counts  haA'e  shown  that  ten  times  as  many  mosquitoes  were  found  in  the  im-  ' 
proved  houses  than  in  the  old  imhygienic  Indonesian  huts.    Most  of  these  extra 
mosquitoes  were  proA'ed  to  be  the  dangerous  malaria  carrier.  Anopheles  aconitus, 
a  situation  which  explains  the  spread  of  malaria,  folloAving  the  improvement  of 
dwellings. 

This  unexpected  and  highly  undesirable  complication  of  the  house  improve- 
ment campaign  is  another  example  of  man-made  malaria.    It  shows  how  care- 

fully any  interference  with  the  customs  and  Avays  of  life  of  a  native  population 
must  l)e  A\eighed,  because  undesirable  side  effects  of  hygienic  improA^ements  , 
often  turns  up  \mexpectedly. 

EA'en  in  nontropical  regions  the  danger  of  manmade  malaria  exists.  In  the 
Netherlands  (4)  the  malaria  vector  is  .4.  labranchiae  atroparvus  Avhich  needs  for 
breeding  purposes : 

Brackish  AA'ater, 
A  horizontal  Avater  vegetation  and, 
NarroAv  Avater  sheds  Avith  a  maximum  Avidth  of  three  feet. 

This  explains  the  remarkable  experience  that  in  the  northwestern  part  of  the 
Netherlands  reclaiming  and  draining  of  pools  and  SAvamps  haA^e  often  resulted 
in  a  malaria  outbreak.    The  large  surface  area  of  the  original  pool  Avas  un-  i 
faA'orable  for  the  breeding  of  .4.  atroparvus.    The  narroAv  irrigation  ditches,  J 
hoAA'CA^er,  Avhich  remained  after  the  land  had  been  reclaimed,  formed  a  faA^orable  a 
breeding  ground  for  the  anopheles  and  a  malaria  outbreak  resulted.  i 

Other  examples  of  man-made  malaria  could  easily  be  cited.  As  far  as  the  ] 
United  States  are  concerned,  our  knoAvledge  of  the  breeding  habits  of  Anopheles  i( 
quadrimaculatus,  i.e.,  the  vector  of  malaria  in  the  United  States,  is  highly  satis-  n 
factor}^  For  a  campaign  against  this  special  mosquito,  drainage  is  the  all  ;,, 
important  factor  supplemented  by  filling  in  of  marshy  areas  and  extension  of  j| 
pumping  facilities.  In  all  artificial  irrigation  plots,  the  excess  of  Avater  must  be  if 
carefully  removed.  ImproA'ement  of  natural  channels  and  streams,  superAdsion 
of  artificial  ditches,  pits  and  culverts  are  efficient  means  of  the  campaign  against  j. 
Anopheles  qua(irimac}ilati(s. 

On  the  basis  of  this  knowledge  civilian  and  military  authorities  have  put  a  .,<, 
comprehensive  program  for  the  control  of  malaria  and  mosquitoes  into  effect 
throughout  the  United  States  (5).    The  Army  has  made  large  expenditures  in  ̂  
1942  to  control  malaria  among  troops  living  in  permanent  stations  in  the  Con- 
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tinental  United  State.s.  Thanks  to  this  program  the  malaria  rate  among  the 
troops  in  this  continent  has  gone  down  to  60  per  100,000  per  year — the  lowest 
rate  ever  recorded  by  the  Army  although  the  number  of  troops  training  in  the 
malarious  areas  of  the  southern  States  is  larger  than  ever.  This  campaign  has 
been  assisted  and  supplemented  by  extra-military  mosquito  control  work  of  the 
United  States  Public  Health  Service. 

It  may  thus  be  said  that  the  United  States  has  guarded  carefully  against 
danger  of  a  sudden  increase  of  the  anopheles  population  due  to  a  change  in  the 
physical  characteristics  of  the  country.  Considering  the  emphasis  that  has  been 
placed  on  the  control  of  malaria  in  this  country,  it  is  inconceivable  that  any 
constraction  or  reclamation  projects  would  be  permitted  which  would  be  con- 

ducive to  the  development  of  epidemics  of  man-made  malaria.  Even  so,  it 
must  be  recognized  that  in  any  locaUty  a  suitable  breeding  place  for  mosquitoes 
may  be  created  inadvertently  and  constitute  an  actual  or  potential  source  for 
the  local  spread  of  malaria. 

h.  Influence  of  the  number  of  human  malaria  carriers  on  outbreaks. 
It  is  generally  accepted  that  if  the  quota  of  the  population  which  is  parasitized 

with  sexual  forms  of  malaria  plasmodia  descends  to  below  one  to  two  per  cent, 
the  malaria  endemic  stops  automatically.  It  must  thus  be  discussed  whether 
the  reverse  is  also  true:  will  the  increase  of  the  malaria  carriers  in  the  United 
States,  which  will  result  from  the  return  of  the  Army  and  Navy  personnel  es- 

pecially from  the  Pacific  area,  give  rise  to  a  malaria  outbreak?  Fortunately, 
experiences  collected  all  over  the  World  indicate  that  the  introduction  of  virulent 
strains  of  malaria  plasmodia  from  other  areas  is  hardly  a  factor  of  importance 
for  the  causation  of  acute  malaria  outbreaks. 

There  exist  considerable  differences  in  the  virulence  of  different  malaria 
strains — not  only  in  the  estivo-autumnal  type  of  malaria  but  also  in  the  tertian 
type.  Malaria  in  the  Netherlands,  for  instance,  is  always  a  very  benign  form  of 
tertian  malaria.  It  is  characterized  by  an  exceedingly  long  incubation  period. 
In  Holland,  human  infection  by  A.  labranchiae  atroparvus  takes  place  in  August 
and  September  but  iever  only  develops  in  the  spring  of  the  following  year.  On 
the  other  hand,  tertian  malaria  in  the  Netherlands  East  Indies  is  very  virulent. 
It  must  be  considered  certain  that  repatriating  malaria  patients  from  the  Dutch 
territories  in  the  Far  Orient  continuously  introduced  virulent  tertian  strains 
into  the  Mother  Country  (Holland)  but  this  has  never  led  to  the  occurrence  of 
malignant  malaria.  Occasional  malaria  epidemics  in  the  Netherlands  could 
always  be  ascribed  to  increase  of  the  mosquito  population  due  to  reclamation 
projects,  building  of  new  city  boroughs,  etc. 

In  Dutch  Guiana  the  coastal  district  of  Nickerie  is  nowadays  free  from  malaria 
although  A.  tarsimaculatus  is  present  in  abundance.  Every  year  travelers  from 
the  interior  of  Surinam  return  to  Nickerie,  suffering  from  severe  tertian,  and 
often  from  estivo-autumnal  malaria,  but  notwithstanding  the  presence  of  the 
vector,  A.  tarsimaculatus,  major  outbreaks  of  malaria  have  not  occurred  sincp 
1926. 

On  the  island  of  Curagao  in  the  Caribbean,  no  malaria  occurs.    Still  a  pos- 
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sible  vector,  ,4.  pseudopimdipennis,  is  present  and  every  year  hundreds  of  people 
from  Surinam  immigrate  into  Curasao,  many  of  whom  are  malaria  carriers. 
Similarly  in  the  United  States,  malaria  vectors  have  been  identified  far  up  the 
Mississippi  and  Ohio  River  Valley  and  even  though  persons  with  malaria 
have  come  into  these  regions,  the  disease  has  not  succeeded  in  establishing  itself. 

In  Portugal  several  highly  malarious  areas  are  found,  especially  in  the  rice- 
growing  regions  of  the  covmtry  (6).  Every  year  thousands  of  laborers,  often 
even  the  inhabitants  of  entire  villages,  travel  long  distances  to  help  harvest  the 
rice  crop.  They  are  lodged  in  unhygienic  temporary  dweUings,  close  to  the 
rice  fields,  and  practically  all  of  them  become  infected  with  malaria.  After 
the  harvest  is  over  they  return  to  their  o-\vn  villages,  often  located  in  malaria-free 
parts  of  the  country.  Although  anophelines  capable  of  transmitting  malaria 
are  found  all  over  Portugal,  these  returning  malaria  carriers  do  not  cause  acute 
outbreaks  in  their  home  villages.  This  holds  true  even  for  Aveiro  in  north- 

western Portugal  near  the  mouth  of  the  Vouga  River  where  the  anopheles  popu- 
lation is  dense  but  where  anophelines  have  little  tendency  to  invade  human 

habitations. 
On  the  basis  of  these  and  other  comparable  experiences  the  danger  of  the 

introduction  of  vimlent  strains  of  malaria  in  the  United  States  as  the  result  of 
the  return  to  this  country  of  Army  and  Navy  personnel  harboring  these  parasites 
is  considered  to  be  negligible. 

SUMMARY 
Acute  malaria  outbreaks  may  be  favored  by  different  conditions. 
a.  Introduction  of  a  new  active  anophehne  carrier  has  often  proved  to  be  the 

causative  factor  of  a  malaria  epidemic.  The  United  States  is  well  protected 
against  this  contingency  by  the  strict  antimosquito  quarantine  which  is  or- 

ganized at  all  airports  where  airplanes  from  malarious  regions  arrive. 
b.  Changes  of  the  physical  characteristics  of  an  area  have  often  resulted  in 

improved  breeding  facilities  for  mosquitoes.  The  ensuing  increase  of  the  malaria- 
carrying  anopheline  population  has  then  been  followed  by  an  acute  malaria 
outbreak.  The  Army  and  Public  Health  authorities  of  this  country  have  by 
a  nationwide  campaign  reduced  the  mosquito  breeding  areas  to  a  minimum  and 
careful  legislature  bars  construction  or  reclamation  projects  which  could  lead 
to  improved  anopheles  breeding  facilities  and  to  outbreaks  of  man  made  malaria. 
Therefore,  the  country  is  well  protected  against  this  danger  too. 

c.  There  remains  the  fact  that  when  the  Armed  Forces  return,  the  number  of 
persons  carrying  sexual  forms  of  malaria  plasmodia  in  their  peripheral  blood- 

stream in  the  United  States  will  be  considerably  increased.  Experiences  col- 
lected all  over  the  World  indicate  that  in  case  the  two  factors  mentioned  under 

a.  and  h.  are  well  controlled,  an  increase  in  the  number  of  malaria  carriers  does 
not  cause  acute  malaria  outbreaks. 

It  may  thus  be  foreseen  that  as  long  as  the  public  health  measures  against 
malaria  are  carried  on,  the  United  States  does  not  need  to  fear  malaria  outbreaks 
resulting  from  the  return  of  Army  or  Navy  personnel  infected  with  malaria. 
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THE  ROENTGEN  DIAGNOSIS  OF  DILATATION  OF  THE  PULMONARY 
ARTERY 

MARCY  L.  SUSSMAN,  M.D.,  and  ARTHUR  GRISHMAN,  M.D.» 
[From  the  Department  of  Radiology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y.] 

The  roentgen  diagnosis  of  pulmonary  artery  dilatation  ordinarily  is  based  upon 
the  appearance  of  the  "pulmonary  artery  segment"  of  the  left  cardiac  contour 
which  is  caudad  to  the  "aortic  knob"  and  cephalad  to  the  left  auricle  or  auricular 
appendage,  the  latter  being  cephalad  to  the  left  ventricle.  Elongation  and  in- 

creased densitj^  of  this  segment  with  a  bulging  convexity  to  the  left  in  the  postero- 
anterior  view,  exaggerated  when  the  patient  is  rotated  into  the  right  anterior 
oblique  position,  is  the  main  finding.  An  enlarged  dense,  circular  shadow  seen 
through  the  "aortic  window"  in  the  left  anterior  oblique  position  particularly 
when  associated  with  a  thickened  left  main  branch,  as  well  as  an  exaggerated 
pressure  defect  on  the  oesophagus  seen  best  in  the  right  anterior  oblique  position, 
are  regarded  as  confirmatory  signs.  Assmann  and  Zdansky  (1)  state  that  in- 

creased width  of  the  right  hilum  is  an  indication  of  generalized  pulmonary  artery 
dilatation.  A  dilated  iiulmonary  artery  often  is  found  to  pulsate  more  actively 
than  usual  and,  when  the  jjulse  pressure  is  increased  and  particularly  when  pul- 

monic insufficiency  is  present,  the  pulsation  may  be  of  the  "collapsing  type" 
(hilar  dance). 
A  classification  of  the  conditions  wliich  may  be  associated  with  pulmonary 

artery  dilatation  has  been  made  l\v  Assmann  (1)  and  by  Roesler  (4).  Schwedel 
and  Epstein  (5)  discuss  the  value  of  the  roentgen  examination  in  evaluating  the 
size  of  the  artery  and  refer  to  the  fact  that  dilatation  of  this  vessel  may  follow 
right  ventricular  hypertrophy  and  dilatation.  Brown,  McCarthy  and  Fine  (2) 
emphasize  the  value  of  roentgen  kymography  in  the  study  of  this  vessel.  Parkin- 

son (3)  considers  prominence  of  the  pulmonary  artery  segment  to  be  an  indication 
of  right  ventricular  dilatation  in  emphysema.  The  present  authors  have  dis- 

cussed this  subject  as  well  as  the  cardiac  contours  in  mitral  disease  in  previous 
publications  (7). 

A  review  of  the  literature  discloses  that  there  has  been  no  emphasis  on  the 
disparity  in  many  cases  between  the  roentgen  and  the  anatomical  findings  nor 
has  there  been  evaluated  the  precise  contribution  of  the  pulmonary  artery  to  the 
contour  ordinarily  considered  to  represent  it.  There  has  been  only  occasional 
reference  to  the  fact  that  the  jnilmonary  artery  may  be  dilated  in  the  absence  of 
significant  roentgen  abnoinialities  (G)  although  Roesler  (4)  states  clearly  that 
"disease  of  the  pulmonary  artery  or  its  liranches  may  not  be  disclosed  by  roent- 

genologic study."  Per  contra,  prominence  of  the  ])ulmonary  artery  segment 
in  the  absence  of  anatomical  dilatation  has  been  widely  recognized  as,  for  ex- 

ample, in  thyrotoxicosis  and  in  the  heart  of  adolescent  asthenics.  In  some  of 
these,  functional  dilatation  has  been  postulated  hut  prooi  is  lacking. 

1  Fellow  of  the  Dazian  Foundation. 716 
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The  present  report  proposes,  through  case  demonstration,  to  emphasize  the 
unreUabiUty  of  the  roentgen  examination  in  the  positive  diagnosis  of  dilatation 
or  lack  of  dilatation  of  this  vessel.  The  angiocardiographic  method  provided 
the  means  for  precise  analysis  of  the  pulmonary  artery  segment  of  the  left  con- 

tour. These  cases  also  illustrate  that  there  is  no  necessary  correlation  between 
dilatation  of  the  pulmonary  artery  and  enlargement  of  the  right  ventricle. 

Fig.  1.  Leutic  dilatation  of  the  pulmonary  artery  (P.A.).  The  "pulmonary  artery  seg- 
ment" is  formed  hy  the  left  pulmonary  artery.  The  location  of  the  pulmonary  conus 

(P.C.)  and  right  ventricle  (R.\'.,)  are  indicated. 
Case  /.  Probable  luetic  involvement  of  the  Pulmonary  Artery  was  found  in  a  52  year  old 

man  who  was  observed  for  several  years  in  the  venereal  clinic.  He  had  no  subjective  com- 
plaints but  a  positive  Wassernian  was  discovered.  Radiographic  examination  of  the  chest 

revealed  moderate  enlargemoiit  of  the  heart  to  the  left.  The  aorta  seemed  of  normal  size. 
A  localized  bulge  of  the  pulmonarj-  artery  segment  was  seen.  Angiocardiography,  however, 
demonstrated  that  thi.s  ))iilgc  lepresented  the  lateral  margin  of  the  peripheral  portion  of  the 
left  main  branch.    The  markedly  dilated  main  artery  and  the  degree  of  dilatation  of  both 
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main  branches  were  unsuspected.  This  case  emphasizes  the  marked  discrepancy  that  can 
occur  between  the  radiographic  appearance  and  the  actual  extent  of  the  disease.  The 

Fig.  2a:  Idiopathic  dilatation  of  the  pulmonary  artery,  postero-anterior  and  right oblique  positions.    Note  prominent  pulmonary  artery  segment. 
b:  Angiocardiograph  in  the  left  oblique  position  (on  the  left)  and  a  tracing  of  the  angio- 

cardiograph  in  the  postero-anterior  position  (on  the  right). 

pulmonary  artery  and  most  of  its  left  main  branch  do  not  contribute  directly  to  the  contour 
upon  which  the  diagnosis  ordinarily  is  based.  There  did  not  appear  to  be  any  significant 
enlargement  of  the  right  ventricle. 
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Case  2.  Idiopathic  dilatation  of  the  Pulmonary  Artery.  The  patient  suffered  from  no 
cardiac  symptoms.  She  was  treated  and  observed  for  recurrent  neurodermatitis  of  mild 
degree  in  the  Skin  Clinic.  Physical  examination  revealed  a  short  faint  diastolic  murmur 
at  the  pulmonic  area.  Radiographic  examination  in  the  postero-antcrior  view  revealed  no 
prominence  of  the  pulmonary  artery  segment  although  the  left  pulmonary  artery  seemed 
of  an  unusual  shape.    The  right  anterior  oblique  view  revealed  a  considerable  degree^of 

Fig.  3.  Interatrial  septal  defect.  The  pulmonary  artery  segment  represents  the  left 
pulmonary  artery.  The  pulmonary  artery  itself  is  hidden  in  the  cardiac  shadow  and  is 
displaced  to  the  right. 

prominence  of  the  pulmonary  artery  segment;  there  was  no  left  auricular  enlargement. 
Angiocardiographic  examination  revealed  a  markedly  dilated  pulmonary  artery  without 
definite  evidence  of  right  ventricular  enlargement  although  the  ventricular  apex  was  per- 

haps slightly  rounded.  The  discrepancy  between  radiographic  appearance  in  the  postero- 
anterior  view  and  actual  size  of  the  pulmonary  artery  was  marked.  The  oblique  views, 
however,  were  accurate  in  their  indication  of  the  size  of  the  vessel. 

Case  3.  The  patient,  a  boy,  aged  6  years,  had  clinical  findings  suggesting  interatrial 
septal  defect.    Angiocardiography  indicated  the  presence  of  a  large  left  auricle  and  ventricle. 
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Moderate  enlargement  of  the  right  ventricle  and  right  auricle  were  present.  The  pul- 
monary artery  was  of  normal  size  or  might  be  regarded  as  slightly  hypoplastic.  Prominence 

of  the  pulmonary  artery  segment  which  appeared  in  the  conventional  postcro-anterior  view 

Fig.  4.  Isolated  pulmonic  stenosis.  Although  the  pulmonary  artery  is  moderately  di- lated it  is  the  apposition  of  the  left  pulmonary  artery  which  produces  the  elongated  convex 
pulmonary  artery  segment. 

Fig.  5.  ".\dolescent  Heart."  .\ngiocardiograph  (on  the  right)  shows  the  pulmonary artery  of  normal  size  but  so  disposed  as  to  produce  a  prominence  of  the  pulmonary  artery 
segment. 

apparently  was  due  to  upward  displacement  of  the  pulmonary  artery  segment  resulting 
from  enlargement  of  the  left  auricle  and  the  right  ventricle  but  not  to  pulmonary  artery 
dilatation. 

Ca.se  4-  This  patient,  a  girl  aged  S  years,  suffered  from  isolated  pulmonary  stenosis  which 
was  confirmed  by  angiocardiograpiiic  ex;iniination.    The  middle  segment  of  the  left  cardiac 
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contour  showed  marked  prominence.  Considerable  right  ventricular  enlargement  was 
found  by  angiocardiogram  but  only  a  moderate  degree  of  pulmonary  artery  dilatation 
beyond  the  stenosed  valve.  The  prominent  middle  segment  was  seen  to  be  produced  by 
the  left  pulmonary  artery  which,  in  this  case,  had  a  more  lateral  than  posterior  direction. 
The  precise  analysis  of  the  "pulmonary  artery  segment"  was  possibly  only  by  angiocardi- ography. 

Case  5.  "Adolescent  Heart."  This  patient,  an  18  year  old  female,  was  considered  for 
many  years  as  suffering  from  congenital  heart  disease.  Intensive  re-investigation  of  the 
case  failed  to  reveal  any  evidence  of  intrinsic  cardiac  disease.  The  patient  was  of  asthenic 
build  with  a  fiat  chest.  The  pulmonary  artery  segment  was  prominent  in  the  postero- 
anterior  view.  The  heart  appeared  somewhat  enlarged  to  the  left  but  oblique  and  lateral 
views  demonstrated  that  the  postero-anterior  diameter  of  the  heart  was  small. 

Prominence  of  the  pulmonary  artery  segment  in  aesthenic  individuals  is  quite  well 
known.  Angiocardiographic  examination  in  the  present  case  demonstrated  that  it  was  not 
due  to  pulmonary  artery  dilatation  but  to  the  high  position  and  unusual  course  of  the  ad- 

jacent left  pulmonary  artery.  The  latter  probably  is  to  be  attributed  to  the  abnormal 
configuration  of  the  chest. 

Fig.  7.  Idiopathic  dilatation  of  the  pulmonary  artery,  with  normal  size  right  ventricle. 

Case  8.  The  patient,  a  girl  aged  11  years  with  patent  ductus  arteriosus  proved  by  angio- 
cardiography and  subsequent  ligation.  Considerable  prominence  of  the  pulmonary  artery 

segment  was  associated  in  this  case  with  a  mild  degree  of  pulmonary  artery  dilatation.  In 
patent  ductus  arteriosus  with  a  short  ductus,  the  pulmonary  artery  is  drawn  upwards 
towards  the  isthmus  of  the  aorta.  This  explains  the  frequent  finding  of  a  prominent  pul- 

monary artery  segment  without  pulmonary  artery  dilatation.  Hence  prominence  of  the 
pulmonary  artery  segment  is  not  necessarily  an  indication  of  the  size  of  the  pulmonary 
artery  in  this  disease.  Furthermore,  since  right  ventricular  enlargement  usually  is  absent 
in  patent  ductus  arteriosus,  the  size  of  the  pulmonary  artery  gives  no  indication  of  the 
size  of  this  chamber. 

Case  7.  The  patient,  a  37  year  old  male,  was  completely  asymptomatic.  There  was  no 
relevant  past  history.  The  prominent  pulmonary  artery  segment  was  discovered  as  the 
result  of  an  x-ray  examination  made  for  employment.  No  significant  murmurs  nor  electro- 

cardiographic changes  were  present.  The  marked  prominence  of  the  pulmonary  artery 
segment  in  this  case  was  due  entirely  to  pulmonary  artery  dilatation  as  demonstrated  by 
angiocardiographic  examination.  The  right  heart  appeared  to  be  normal  although  the 
demonstration  was  not  clearly  made. 
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CONCLUSIONS 

Seven  cases  are  presented  in  which  the  "pulmonary  artery  segment"  of  the 
left  cardiac  contour  did  not  accurately  portray  the  size  of  the  pulmonary  artery. 
The  discrepancy  was  due  in  some  cases  to  the  fact  that  the  roentgen  shadow  of  the 
left  pulmonary  artery  merged  with  that  of  the  pulmonary  artery  and  its  contour 
constituted  the  "pulmonary  artery  segment."  In  others,  the  pulmonary  artery 
or  its  left  branch  were  displaced  as  the  result  of  an  enlargement  of  a  cardiac 
chamber  or  some  extracardiac  influence :  the  artery  was  not  dilated  at  all  or  only 
moderately  so.  In  one,  a  dilated  pulmonary  artery  produced  no  abnormality 
in  the  ''pulmonary  artery  segment." 

These  cases  also  demonstrated  that  prominence  or  convexity  of  the  pulmonary 
arterj^  segment  cannot  be  taken  as  a  definite  indication  of  right  ventricular 
enlargement.  This  conclusion  would  be  justified  only  in  the  presence  of  clinical 
evidence  of  cor  pulmonale. 
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PRECLINICAL  AND  SYMPTOMLESS  PULMONARY  TUBERCULOSIS 
MAX  TASCHMAN,  M.D. 

It  is  the  x-ray  that  has  made  it  possible  for  us  to  speak  of  preclinical,  symptom- 
free  or  symptom-poor  tuberculosis.  It  is  not  long  since  we  were  taught  that  the 
early  symptoms  of  tuberculosis  were :  a  cough  that  hangs  on,  fatigue,  unexplained 
weight  loss,  slight  fever,  blood  in  the  sputum.  It  is  not  long  since  a  diagnosis  of 
tuberculosis  was  greeted  with  suspicion  in  the  presence  of  repeated  negative 
microscopic  findings.  When  the  stethoscope  reigned  supreme,  the  finding  of 
subcrepitant  rales  at  one  or  both  apices  corroborated  the  diagnosis,  but  the 
absence  of  rales  cast  a  suspicion  of  doubt. 

If  speed  of  progress  bears  any  relation  toward  ultimate  perfection,  one  might 
theorize  that  we  are  on  our  way  toward  a  satisfactory  solution  of  some  per- 

plexing contemporary  problems  by  the  speed  of  change  in  some  of  our  ideas  and 
methods,  and  simultaneously  by  the  rapid  obsolescence  of  others. 

With  the  more  intensive  use  of  the  x-ray,  we  became  aware  that  sanatoria 
harbored  cases  that  were  not  early,  but  many  that  were  moderately  ad\'anced  or 
advanced. 
When  it  became  apparent  that  symptomatic  tuberculosis  was  not  the  early 

form — that  the  early  case  had  few,  if  any,  symptoms — that  the  symptomless 
patient  presenting  no  complaints  had  no  reason  to  consult  a  physician  volun- 

tarily— then  began  the  search  of  the  ideal  case  by  extensive  case  finding  surveys 
by  means  of  the  x-ray. 

During  the  past  decade  or  more,  extensive  case-finding  campaigns  have  been 
conducted  in  various  parts  of  the  nation.  Persons  in  all  walks  of  life,  chiefly 
between  the  ages  of  sixteen  and  thirty,  have  been  examined  by  the  x-ray.  In 
New  York  City,  several  years  ago,  an  intensive  and  extensive  campaign  was 
conducted  by  Dr.  Herbert  Edwards  (1)  Director  of  the  Bureau  of  Tuberculosis, 
involving  several  hundred  thousand  cases.  Among  them  were  groups  of  high 
school  bo.ys  and  oirls,  >'()ung  college  students,  skilled  and  unskilled  workers,  and 
on  down  to  the  scale  of  the  irredeemable  derelicts.  Long  ago  it  had  been  sus- 

pected, and  later  confirmed,  that  young  children  up  to  the  age  of  thirteen  or 
fourteen,  though  they  may  show  signs  of  primary  infection,  seldom  develop  the 
clinical  or  adult  tyix'  of  disease.  As  one  would  suspect,  the  smallest  number  of 
positi\  e  x-ra.\-  fiudiiijis  of  clinical  disease  were  found  in  the  high  school  group, 
about  three  in  a  tli(jusand,  and  the  largest  number,  about  four  and  a  half  per 
cent,  anions  the  derelicts  of  the  Bowery  "flop  houses"  and  municipal  shelters. 

A  great  stimulus  favoring  the  discovery  and  evaluation  of  the  preclinical  type 
followed  the  enactment  of  the  compensation  law  in  New  York  State  that  went 
into  effect  September  1,  1937,  declaiing  that  an  occupation  that  brings  one  in 
contact  with  the  tuberculous  is  an  industrial  hazard,  and  the  contraction  of 
tuberculosis  under  these  circumstances  is  an  occupational  disease.  Nurses  who 
acquired  tuberculosis  in  the  course  of  their  training  or  practice  in  hospitals,  be- 

came eligible  for  conii^ensation  l)enefits  if  the  source  of  their  illness  could  be 
724 
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traced  to  their  work.  Before  then,  systematic  x-raying  or  serial  chest  x-rays 
were  seldom  made  of  nurses.  Some  hospitals  had  a  single  x-ray  throughout  the 
entire  period  of  training ;  others  when  the  pupil  nurse  was  admitted  to  training 
and  when  she  was  graduated;  still  others  made  them  regularly  once  a  year,  and  a 
few  made  them  once  in  six  months.  There  was  no  uniformity  about  it.  What- 

ever the  method  these  institutions  pursued  was  wholly  voluntary.  Since  the 
advent  of  the  compensation  law,  serial  chest  x-rays  are  now  made  regularly  at 
least  every  six  months  of  all  nurses,  and  some  of  the  other  hospital  personnel  in 
most  of  the  tuberculosis  institutions  of  this  State.  Since  general  hospitals 
inadvertently  do  admit  tuberculosis  cases  for  one  reason  or  another,  estimated 
by  some  at  about  5  per  cent,  they,  too,  have  inaugurated  periodic  x-ray  chest 
examinations  of  hospital  personnel  who  come  in  close  contact  with  tuberculosis. 
Nurses  developing  tuberculosis  anywhere  in  a  tuberculosis  institution  or  in  a 
general  hospital,  can  claim  compensation  if  they  can  prove  exposure  to  tubercle 
bacilli.  At  present,  chest  x-raying  of  the  ward  personnel  in  general  hospital  is 
not  conducted  methodically  or  in  accordance  with  any  set  plaH,  and  there  is  a 
movement  on  foot  to  make  it  obligatory  for  all  general  hospitals  to  provide  chest 
x-ray  examinations  at  stated  intervals  at  least  once  every  six  months.  In  my 
experieHce,  nurses  who  develop  tuberculosis  in  any  type  institution,  when  they 
can  prove  exposure  to  an  open  case  of  pulmonary  tuberculosis,  almost  invariably 
win  their  claim  for  compensation. 

In  my  contact  with  nurses  who  developed  tuberculosis  as  an  occupational 
disease,  the  age  of  twenty  three  stands  out  as  particularly  hazardous.  I  can 
offer  no  valid  explanation  for  this.  A  few  were  younger  and  some  were  older; 
very  few  developed  the  first  adult  lesion  after  the  age  of  thirty-five.  In  my 
service  at  Riverside  Hospital,  where  only  graduate  nurses  are  employed,  an 
attempt  has  been  made  whenever  possible,  to  employ  nurses  only  who  are  thirty 
or  more  years  of  age. 

Young  girls  admitted  to  training  schools  with  a  negative  Mantoux  test,  sooner 
or  later  turn  positive  in  the  course  of  their  training.  The  number  of  positives 
is  progressive  with  each  year  of  training.  More  city  girls  are  positive  than  those 
from  rural  areas  when  they  enter  training.  Sensitivity  develops  sooner  in 
tuberculosis  institutions  or  in  general  hospitals  where  open  cases  of  tuberculosis 
are  treated.  Clinical  disease  may  develop  earl}'',  progress  rapidly,  and  terminate 
fatally.  A  small  infiltration  in  the  x-ray  film  may  appear  innocuous  but  may 
prove  serious.  For  this  reason,  nurses  with  a  negative  IMantoux  test  should  not 
be  accepted  in  the  wards  of  tuberculosis  hospitals.  In  general  hospitals,  where 
cases  of  open  tuberculosis  are  encountered,  young  nurses  admitted  with  negative 
Mantoux  tests  may  turn  positive  early  in  the  course  of  their  training,  and  if 
expo.sed  to  repeated  large  doses  of  bacilli,  may  develop  an  acute  form  of  tuber- 

culosis instead  of  a  simple  primary  complex.  As  a  rule  those  who  enter  traming 
with  a  positive  Mantoux  reaction  are  less  susceptible  to  the  development  of 
clinical  tuberculosis  than  the  negative  ones,  fortifying  our  old  conception  that 
early  chilcDiood  infection  does  confer  a  degree  of  immunity,  slight  as  it  is.  A 
positive  Mantoux  case  of  long  standing  may  show  more  resistance  when  an  initial 
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clinical  infiltration  is  discovered  in  the  x-ray  film  than  the  recent  positive  Man- 
toux  case.  In  the  sensitized  case  of  long  standing,  there  is  less  tendency  to  early 
breakdown  with  cavity  formation  and  spread  of  disease.  It  must  be  kept  in 
mind  that  primary  infection  may  occur  among  young  people  and  these  may 
emerge  rapidly  into  the  adult  form  with  serious  consequences. 

Some  colleges  realize  the  importance  of  detecting  the  preclinical  type  of 
tuberculosis  in  their  students.  Some  schools  demand  an  x-ray  film  or  the  report 
of  one  with  the  initial  application  for  admission.  This  precaution  is  the  excep- 

tion rather  than  the  rule.  Out  of  a  large  group  of  colleges  studied  recently,  only 
about  half  employ  routine  x-ray  examination  on  all  student  admissions.  Some 
schools  repeat  the  x-ray  and  some  only  recommend  a  film  annually.  There  is  no 
uniformity  regarding  this  procedure  in  our  higher  centers  of  learning. 

The  induction  of  large  numbers  of  young  men  and  women  into  the  armed 
services  during  the  past  two  or  more  years,  and  particularly  since  Pearl  Harbor, 
has  revealed  many  symptomless  cases  who  otherwise  might  have  gone  on  to 
advanced  disease. 

In  the  global  conflict  now  raging,  a  total  of  about  twelve  million  young  Ameri- 
cans, male  and  female,  all  at  an  age  peculiarly  susceptible  to  tuberculosis,  have 

been  inducted  into  the  armed  services  following  a  preliminary  negative  x-ray 
chest  film.  These  examinations,  to  my  knowledge,  have  been  conducted  with 
extreme  care,  and  it  is  doubtful  if  many  clinically  active  cases  escaped  detection 
prior  to  induction.  I  have  seen  some  rejections  who  showed  no  clinical  tuber- 

culosis whatsoever  but  only  scars  or  evidence  of  primary  infection.  I  mention 
this  only  to  confirm  the  extra  caution  that  was  exercised  in  the  selection  of 
recruits,  and  yet  active  pulmonary  tuberculosis  is  developing  daily  in  the  Army 
and  Navy  and  many  thousands  have  by  now  been  hospitahzed.  Preliminary 
sensitivity  tests  were  not  performed  since  the  exigencies  of  the  moment  made 
speed  for  mobilization  a  prime  consideration.  How  many  of  these  were  primary 
or  secondary  infections  only  the  future  can  tell.  This  large  scale  experiment 
may  in  time  yield  valuable  information  regarding  the  pathogenesis  of  the  disease, 
the  type  of  pathology  encountered,  the  stage  at  which  the  disease  was  recognized 
and  the  results  of  treatment.  Young  men  and  women  have  been  drawn  from 
all  walks  of  life,  from  city  and  rural  areas,  many  doubtless  from  city  areas  who 
had  previously  become  sensitized,  and  others  from  rural  areas  who  had  not. 
How  will  these  two  groups,  urban  and  rural,  sensitized  and  negative  reactors, 
respond  to  their  infection?  How  many  now  disabled  acquired  endogenous  and 
how  many  exogenous  infection?  How  many  of  them  were  diagnosed  "early" 
and  now  many  in  whom  the  disease  had  already  become  well  established  with 
cavity  formation  and  positive  sputum?  Since  follow-up  periodic  x-rays  in  war 
time  may  not  be  regarded  as  a  feasible  procedure,  diagnosis  had  to  wait  until  the 
symptoms  forced  the  patient  to  seek  help  and  by  this  time  physical  signs,  labo- 

ratory findings  and  the  x-ray  findings  were  sufficiently  advanced  to  establish  a 
diagnosis.  These  cases  are  not,  therefore,  the  early  cases  we  are  seeking.  I  have 
seen  several  of  these  service  men  who  are  now  under  treatment  for  tuberculosis. 
All  those  I  saw,  and  they  are  a  limited  number,  revealed  an  exudative  type  lesion 
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that  spread  rather  rapidly,  limited  more  or  less  to  part  of  a  single  lobe  and  showed 
very  little  fibrosis.  Evidence  of  cavity  was  already  distinct;  all  had  a  positive 
sputum  and  all  were  being  treated  with  pneumothorax  to  which  they  responded 
favorably.  The  pathology  as  viewed  in  the  x-ray  film  showed  little  chronicity, 
and  one  is  justified  in  asserting  that  the  process  was  a  rather  recent  one. 

In  a  study  conducted  on  student  nurses  at  Bellevue  Hospital,  H.  M.  Riggiiis 
and  J.  B.  Amberson  (2)  reported  positive  roentgenographic  pulmonary  findings 
six  times  as  frequent  in  tuberculin  negative  individuals  as  contrasted  with  the 
sensitized  ones. 

Similarly  J.  Heimbeck  reports  five  times  as  many  pulmonary  lesions  in  non- 
sensitive  tuberculin  cases  as  compared  with  the  sensitive  group  (3,  4).  Leopold 
Brahdy  (5)  reporting  on  five  training  schools  of  municipal  hospitals  in  New  York 
City,  states  that  clinical  tuberculosis  occurred  sLx  times  as  frequently  in  non- 
sensitized  cases  as  compared  to  the  sensitized  ones. 

That  negative  reactors  in  an  environment  highly  charged  with  tubercle  bacilli 
sooner  or  later  become  sensitized  is  a  commonplace  experience  and  a  logical 
expectation.  How  many  of  these  are  instances  of  primary  infection  requiring 
none  or  a  minimum  of  treatment;  how  many  of  them  Avithin  a  short  interval 
proceed  to  the  secondary  or  adult  stage  of  disease  with  uncertain  consequences ; 
how  many  after  a  period  of  sensitization  acquire  a  super  infection  by  the  endogen- 

ous route  from  a  primary  lesion  that  had  not  yet  healed  completely,  and  how 
many  by  an  exogenous  route  due  to  contact  or  with  the  hazards  of  their  employ- 

ment, are  some  of  the  questions  that  presently  baffle  the  keenest  intelligence  and 
for  which  no  ready  solution  is  at  hand. 

Preclinical  lesions  are  found  to  be  limited  in  over  90  per  cent  of  cases,  whereas 
patients  coining  to  physicians  with  symptoms  have  limited  lesions  in  only  about 
30  per  cent,  that  is,  70  per  cent  are  already  in  a  moderately  advanced  or  ad- 

vanced stage.  For  years  on  end,  a  peinsal  of  statistics  of  the  stage  of  disease 
on  admission  to  tuberculosis  institutions,  despite  the  advances  in  our  knowledge 
of  tuberculosis  made  in  the  interval,  reveals  the  same  sorry  tale — 30  per  cent  to 
35  per  cent  are  early  cases,  the  balance  fall  in  the  more  advanced  categories. 

CASE  REPORTS 
Case  1.  A.  S.;  a  thirteen  year  old  boy,  whose  mother  is  ill  with  extensive  pulmonary 

tuberculosis,  cavity,  positive  sputum,  and  is  receiving  pneumothorax.  One  brother  has 
tubercular  glands  in  his  neck,  and  two  sisters  show  evidence  of  tuberculosis  infection  by  a 
Mantoux  test,  but  in  them  x-ray  examination  of  the  lungs  was  negative.  The  accompany- 

ing illustration  (fig.  1)  reveals  an  early  infiltration  in  the  third  interspace  adjacent  to  the 
heart.  This  is  a  symptomless  case.  Of  significance  is  the  fan-shaped  distribution  of  the 
infiltration,  a  not  uncommon  occurrence  in  young  persons. 

Case  2.  S.  K.;  seen  by  me  for  the  first  time  on  November  18,  1939.  A  seventeen  year 
old  high  school  girl,  who  was  x-rayed  in  school  five  weeks  before  her  visit  to  me.  The 
x-ray  showed  a  "spot  on  the  lung."  Her  family  history  was  negative.  She  had  no  com- 

plaints, and  physical  examination  was  negative.  On  x-ray  examination  she  showed  a  fine 
exudative  lesion  in  the  second  left  space  anteriorly  and  behind  the  third  and  fourth  ribs 
adjacent  to  the  root  (fig.  2A).  She  was  put  to  bed  immediately;  repeated  sputum  examina- 

tions were  negative.    In  the  course  of  six  weeks  of  bed  rest,  a  slight  temperature  up  to 
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Fig.  1  (Case  1).    Kopntgeiiogram  showing  early  infiltration  in  third  interspace. 
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100°F.  developed,  and  in  another  x-ray  film  a  large  cavity  with  a  fluid  level  was  recognized 
in  the  left  lung  (fig.  2B).  This  case  is  instructive  in  revealing  poor  resistance,  rapid  de- 

struction of  the  lung;  yet  despite  the  cavity  with  fluid  level,  bacilli  failed  to  appear  in  the 
sputum.  Pneumothorax  was  advised,  but  patient  rejected  this  recommendation  and  dis- 

appeared from  observation. 
Case  3.  I.  D.  On  May  20,  1942  he  reported  for  induction  and  was  rejected  on  the  basis 

of  positive  x-ray  findings.  When  I  saw  him  he  had  no  symptoms  referable  to  lung  disease. 
On  May  29,  1942  he  was  x-rayed  and  showed  diffuse  infiltration  involving  the  right  upper 
lobe,  apex  to  third  rib,  with  two  small  areas  of  highlighting.    The  diagnosis  of  tuberculosis 

Fio.  3.  ((  ';isc  4).  A  (  Li  li  I  Roentgenogram,  taken  on  September  16,  1943,  showing  a lesion  in  the  right  apex  down  to  the  second  rib  in  front. 
B  (Right).  Roentgenogram,  taken  on  July  14,  1944,  showing  extensive  fibrosis,  sug- 

gesting previous  pathological  activity. 

was  made,  corroborated  by  a  sputum  examination.  In  June  1942,  he  received  his  initial 
pneumothorax,  This  has  been  continued  to  date.  After  resting  for  about  six  months,  he 
returned  to  wm  k  and  has  hocii  working  since  then. 

Case  4-  J  S  ,  a  slimi .  stout,  lioavily  built  man  was  rejected  by  the  Draft  Board  on  the 
basis  of  x-iay  tin<lini;s  slioiily  before  I  saw  him  in  Julj'  1943.  He  had  no  subjective  com- 

plaints, and  there  were  no  objective  findings.  X-ray  examination  disclosed  a  lesion  in  the 
right  apex  down  to  the  second  rib  in  front.  The  sedimentation  rate  was  normal,  a  differ- 

ential white  blood  cell  count  was  normal,  but  the  M.inloux  tuberculin  test  was  strongly 
positive.  Repeated  sputum  examinations  were  negaiixr  lie  continued  to  practice  his 
profession  of  the  law,  and  refused  to  take  any  rest.  An  \  lay  made  one  year  later  revealed 
a  marked  change  in  the  original  lesion  with  the  appearance  of  many  linear  fibrotic  strands. 
In  retrospect  it  may  be  stated  that  the  lesion  at  the  right  apex  was  not  entirely  stabilized, 



730 MAX  TASCHMAN 

that  he  ran  a  risk  by  not  taking  bed  rest  at  least  for  a  short  period.  It  appears  that  his. 
own  resistance  was  sufficient  to  overcome  whatever  handicap  was  present  in  the  lesion.  The 
subsequent  fibrosis  within  one  year's  time  would  corroborate  the  suspicion  that  the  original 
lesion  was  anatomically  active,  if  not  clinically  so.  Despite  the  character  of  the  lesion,  he 
failed  to  exhibit  any  clinical  symptoms  or  objective  findings  of  clinical  activity. 

Case  6.  H.  M.  was  first  seen  in  April  1943,  after  rejection  by  the  Draft  Board  because  of  a 
"spot  on  the  lung."  He  had  no  subjective  symptoms,  and  physical  examination  of  the 
chest  was  negative.  The  sedimentation  rate  was  normal.  X-ray  examination  showed  a 
fibrotic  deposit  in  the  left  first  space  near  the  axilla.  This  deposit  was  thoroughly  circum- 

scribed and  of  uniform  density.  Repeated  sputum  examinations  were  negative.  He  was  i 
advised  to  remain  under  observation  but  was  not  put  to  bed.  His  last  x-ray  examination 
on  March  9,  1944,  after  eleven  months  of  observation,  showed  little  change  in  the  original  I 
lesion,  suggesting  that  this  was  a  well  arrested  primary  lesion. 

Case  6.  T.  P.  was  seen  by  me  first  in  January  1943.  From  October  1941  to  December 
1942  he  was  confined  in  a  City  Tuberculosis  Institution,  where  he  exhibited  widespread  dis- 

seminated hematogenous  disease  with  a  positive  sputum.  Pneumothorax  was  attempted  on  j 
the  left  side  and  abandoned  owing  to  adhesions  and  prompt  development  of  fluid.  He  ob-  ' 
served  complete  bed  rest  all  during  his  stay  in  the  hospital.  The  exudative  lesions  disap- 

peared, replaced  by  many  fine  scars.  Evidence  of  the  hematogenous  infection  is  verified  by 
the  presence  of  many  fine  calcified  tubercles.  Sputum  had  been  negative  prior  to  discharge 
from  the  hospital  for  many  months.  Since  then,  he  has  been  under  observation  by  me  and  i 
right  along  has  denied  subjective  complaints.  Physical  signs  throughout  this  period  were 
negative.  Repeated  x-ray  examinations  showed  no  change  in  the  x-ray  findings.  In  July 
1944,  after  an  interval  of  almost  three  years  of  negative  sputum,  bacilli  appeared  in  the 
sputum.  This  examination  was  followed  by  two  subsequent  ones  which  were  likewise  posi- 

tive. The  interesting  feature  in  this  case  is  the  complete  absence  of  change  in  the  x-ray 
findings  absence  of  physical  signs  or  subjective  complaints.  This  case  illustrates  the  value 
of  sputum  examinations  in  addition  to  x-ray  studies,  and  that  in  this  case  x-ray  examination 
alone  could  not  have  been  depended  on  for  a  complete  evaluation  of  his  condition.  Patients 
who  develop  arrested  disease  should  remain  under  observation  not  only  for  x-ray  studies 
but  also  for  sputum  examinations. 

Case  7.  A.  D.,  one  sister  died  of  pulmonary  tuberculosis,  three  brothers  are  now  seri- 
ously ill  with  it.  I  saw  him  first  in  October  1942,  three  weeks  after  he  was  rejected  by  the 

Signal  Corps  on  the  basis  of  an  x-ray  film.  When  I  saw  him  he  had  no  symptoms  referable  j 
to  his  lungs.  Repeated  sputum  examinations  were  negative.  X-ray  studies  revealed  a  soft  ; 
infiltration  in  the  first  and  second  spaces  and  behind  the  second  rib  on  the  left  side  near  the 
axilla  (fig.  4A);  another  smaller  one,  at  the  left  apex  immediately  above  the  clavicle.  A 
Mantoux  test  was  4  plus,  erythrocyte  sedimentation  rate  (Cutler  method)  was  15.  He  was 
put  to  bed,  and  exercise  was  begun  six  months  later.  His  sedimentation  rate  dropped  to  11, 
and  an  x-ray  study  showed  fibrosis  in  the  left  second  space  (fig.  4B).  In  the  fall  of  1943  he 
went  back  to  college  for  a  few  months,  and  then  took  a  job  at  which  he  has  been  working 
full  time  ever  since.  His  last  x-ray  film  shows  a  typical  linear  fibrosis,  so  often  seen  as  an 
end  result  in  the  exudative  lesions  of  early  adult  tuberculosis. 

Case  8.  F.  F.,  consulted  me  in  September  1938,  complaining  of  morning  nausea,  stuffiness 
in  the  nose,  and  a  post  nasal  drip.  An  x-ray  film  of  the  chest  which  she  brought  along  with 
her  revealed  linear  fibrosis  at  the  right  apex  above  the  clavicle  in  the  first  and  second  inter- 

costal spaces,  fan-shaped,  radiating  from  the  root  (fig.  5A).  I  advised  her  to  remain  under  i 
observation.  Repeated  x-ray  examinations  showed  no  change.  She  was  treated  by  a 
rhinologist  for  nasal  obstruction.  Operation  advised  by  him  was  refused.  Sputum  was 
repeatedly  negative.  She  continued  working  and  gained  weight.  She  was  psychoneurotic 
and  complained  of  many  bizarre  symptoms  not  referable  to  her  chest.  Patient  married  in 
October  1940.  In  March  1942  an  x-ray  film  showed  no  change.  One  year  later,  in  April 
1943,  she  informed  me  that  she  went  through  a  pregnancy  and  that  her  baby  was  now  three 
months  old.    Pregnancy  and  confinement  were  normal.    In  the  meantime  she  developed 
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hay  fever,  and  skin  tests  revealed  reaction  to  various  pollens  and  grasses.  X-ray  examina- 
tion in  May  1943  revealed  a  slight  spread  in  both  lungs  (fig.  5B),  not  accompanied  by  sub- 

jective symptoms  or  objective  findings.  The  first  suggestion  of  a  change  in  x-ray  finding 
became  visible  following  the  birth  of  her  baby.  Because  this  change  made  exposure  of  baby 
to  her  risky,  I  advised  separation  and  admission  of  the  mother  to  a  sanatorium.  Fibrotic 
lesions  may  remain  stabilized  for  years  and  be  upset  by  an  intercurrent  episode.    In  this 

Fig.  4  (Case  7).  A  (Left).  Roentgenogram  showing  soft  infiltration  in  the  first  and 
second  spaces  and  behind  the  second  rib  on  the  left  side  near  the  axilla. 

B  (Right).  Roentgenogram  taken  six  months  later  showing  fibrosis  in  the  left  second 
space. 

case,  strain  of  pregnancy,  confinement  and  care  of  her  baby  may  explain  the  spread.  De- 
spite this  spread,  she  gave  no  complaints  and  physical  examination  was  negative.  The 

diagnosis  in  this  case  rested  entirely  on  the  x-ray  findings. 
Case  9.  A.  M.,  a  nurse,  22  years  of  age,  who  was  exposed  to  patients  suffering  from 

pulmonary  tuberculosis.  In  November  1937,  an  x-ray  film  revealed  a  soft  infiltration  in  the 
left  second  interspace.  She  was  put  to  bed  at  once,  and  artificial  pneumothorax  instituted. 
This  treatment  was  maintained  for  about  five  years.  She  made  a  complete  recovery. 
Diagnosis  in  this  case  was  made  on  the  basis  of  a  routine  x-ray  examination  (figs.  6A  and  B). 
She  had  no  subjective  symptoms  or  physical  signs.  This  case  illustrates  occupational 
tuberculosis  for  which  she  received  full  compensation. 
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Case  10.  B.  L.,  22  years  old.  Father  died  of  tuberculosis.  She  gave  a  history  of  fre- 
quent head  colds.    In  July  1942  she  was  placed  in  a  hospital  for  observation  and  there  x-ray 

Fig.  5  (Case  8).  A  (Top).  Roentgenogram  exhibiting  linear  fibrosis  at  the  right  apex 
above  the  clavicle  in  the  first  and  second  intercostal  spaces,  fan-shaped,  radiating  from the  root. 

B  (Bottom).  Roentgenogram  taken  five  years  later  showing  a  slight  spread  in  both lungs. 

studies  revealed  a  small  soft  infiltration  at  the  left  apex.  Repeated  sputum  examinations 
were  negative.  Physical  examination  of  the  chest  was  negative.  I  saw  these  x-ray  films 
and  they  differed  in  no  way  from  those  I  made  in  January  1944.    She  was  put  to  bed  and 
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kei)t  III  ((implctp  rest  for  about  six  months.  The  last  x-ray  studios  made  in  September 
1944  shows  ahiiost  complete  disappearance  of  the  original  lesion.  A  residue  of  a  few  fine 
scars  is  \-isil)ic  in  the  last  film. 

Case  11.  S.  S.,  consulted  me  on  January  30,  1942,  because  of  nervousness,  irritability 
and  general  fatigue.  She  had  no  pulmonary  comijlainfs  and  there  were  no  physical  signs 
in  her  chest.  The  thyroid  was  slightly  enlarged.  She  hail  a  tremor  of  the  fingers  and  an 
increase  in  the  superficial  reflexes.  X-ray  examination  of  the  chest  showed  a  large  "dumb- 

bell" deposit  in  the  left  upper  lobe  (fig.  7A).  This  lesion  looked  old,  fibrotic  and  stabilized. 
Suspicion  of  hyperthyroidism  was  entertained  and  later  proven  by  a  basal  metabolic  rate. 
She  was  put  to  bed  because  of  a  moderate  hyperthyroidism.    Sputum  was  persistently 

Fig.  6  (Case  9).  A  (Left).  Roentgenogram,  taken  on  April  27,  1943,  following  a  pneu- mothorax. 
B  (Right).    Roentgenogram,  taken  on  June  14,  1944,  following  re-expansion. 

negative.  After  resting  for  several  months,  she  went  back  to  her  work.  Her  post  nasal 
drip  was  due  to  suppurative  pansinusitis  and  she  was  operated  for  this  condition  success- 

fully. Later  she  became  pregnant  but  aborted  at  the  end  of  the  third  month.  I  saw  her 
last  in  February  1944,  when  she  statcii  that  she  was  pregnant  again,  had  put  on  weight  and 
retained  it.  X-ray  examination  in  January  1944,  showed  a  definite  change  in  the  shape  and 
size  of  the  original  infiltration  (fig.  7B).  This  would  suggest  that  what  we  considered 
stabilized  and  fibrosed  was  not  entirely  so.  Further  improvement  has  since  occurred  and 
there  is  a  possibility  that  without  treatment  the  original  lesion  might  have  broken  down 
and  given  rise  to  clinical  symptoms.  Indeed,  she  is  not  "out  of  the  woods"  yet,  and  was advised  to  remain  under  observation. 

Ca.se  12.  Y.  D.  C,  a  young  girl  eighteen  years  old,  whose  two  brothers  and  father  died 
of  pulmonary  tuberculosis.    I  saw  her  first  in  December  1942,  after  rejection  for  a  position 
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on  the  basis  of  pre-employment  x-ray  examination  which  revealed  a  lesion  in  the  left  chest. 
I  saw  this  film  and  a  lesion  was  seen  above  the  left  clavicle  and  in  the  first  left  interspace. 
She  gave  no  complaints  and  the  physical  examination  was  negative.  A  Mantoux  tuberculin 
test  was  4  plus  but  the  erythrocyte  sedimentation  rate  (Cutler  method)  was  6.  An  x-ray 
made  by  me  showed  a  large  infiltration  in  the  left  first  interspace  and  above  the  left  clavicle. 
She  was  put  to  bed  for  about  six  months,  and  the  last  x-ray  made  in  October  1943,  showed 
marked  improvement  in  the  infiltration  which  seems  to  be  stabilized.  She  has  since  gone 
back  to  work  and  disappeared  from  observation. 

Fig.  7  (Case  11).  A  (Left).  Roentgenogram,  taken  on  January  13,  1943,  showing  a  j 
large  "dumbbell"  deposit  in  the  left  upper  lobe.  ' B  (Right).  Roentgenogram  taken  two  years  later  showing  a  definite  change  in  shape 
and  size  of  the  original  infiltration,  the  isthmus  between  the  two  larger  lesions  disappeared. The  lesions  have  contracted  and  exhibited  more  fibrosis  and  calcification. 

PKIMARY  COMPLEX  ' 
This  is  characterized  by  the  deposit  of  tubercle  bacilli  in  any  part  of  the  lung 

and  simultaneous  enlargement  of  the  regional  lymph  nodes.  Allergy  as  revealed 
b}^  the  skin  test  (Mantoux)  becomes  positive  in  about  four  to  six  weeks  following 
the  lung  invasion.  The  inflammation  in  the  hilar  nodes  recedes  simultaneously 
with  that  in  the  lung,  but  progresses  when  the  lesion  in  the  lung  does  likewise.  i 
The  primary  complex  can  heal  so  thoroughly  that  years  later  a  skin  test  may 
prove  negative. 

The  calcified  node  of  Ghon  is  present  in  about  twenty  per  cent  of  all  adults. 
A  second  primary  complex  can  occur  years  later,  even  in  the  fourth  or  fifth 
decades,  and  repeats  the  same  cycle  as  the  first  with  fibrosis  and  calcification  m 
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the  lung  and  hilar  nodes.  Once  the  original  infection  heals,  it  undergoes  no 
further  change  in  size  and  this  characteristic  is  pathognomonic  and  distinguishes 
it  from  the  secondary  or  adult  type  of  infection.  A  Ghon's  node  remains  station- 

ary in  size  over  the  years.  The  primary  tubercle  may  not  calcify  completely  but 
may  undergo  fibrosis  only,  or  it  may  calcify  in  part  and  remain  partly  caseous  to 
become  the  source  of  infection  (endogenous)  at  any  time.  It  may  show  very 
little  lime  or  only  a  few  fine  fibrous  linear  strands  in  the  midst  of  a  "shower" of  lime  dust. 

The  primary  complex  is  benign  and  attended  by  a  negative  sputum,  but  at 
times  the  gavage  may  be  positive,  and  exceptionally  a  primary  complex  can 
become  serious  through  caseation  and  bronchogenic  spread  and  assume  all  the 
characteristics  of  severe  adult  disease. 

The  primary  pulmonary  lesion  may  leave  only  fine  scars  such  as  thickening 
of  the  apical  cap,  thickening  of  any  portion  of  the  pleura,  or  in  inaccessible 
portions  of  the  lung  such  as  the  mediastinal  surfaces,  the  diaphragmatic  base,  or 
the  posterior  sulci.  Occasionally  one  sees  a  calcified  plaque  just  below  the  level 
of  the  diaphragm  in  the  usual  postero-anterior  plate  indicating  the  low  position 
of  the  primary  tubercle.  The  knowledge  of  the  differentiation  between  the 
primary  and  adult  type  of  disease  and  the  characteristic  reaction  of  the  allergic 
pulmonary  tissue  to  the  invader  evolved  gradually.  In  all  these  studies,  the 
x-ray  has  played  the  leading  role. 

With  the  formation  of  the  primary  complex,  bacilli  may  leave  the  hilar  glands, 
find  their  way  by  way  of  the  lymph  stream  into  the  circulation,  enter  the  right 
heart  and  become  deposited  in  the  lung  itself.  Many  instances  of  calcified  small 
discrete  nodules  at  the  apices  which  act  so  benignly  owe  their  origin  to  this  early 
infection.  This  hematogenous  route  also  explains  many  miliary  infections  of  the 
lesser  circulation  which  heal  and  many  infections  in  the  kidneys  and  bones  with 
negative  clinical  chest  x-ray  findings. 

At  times,  before  the  original  lesion  in  the  lung  heals,  tubercle  bacilli  lodged  in 
a  lymph  gland  involved  in  the  primary  infection  enter  another  area  of  the  lung. 
These  secondary  lesions  either  recede  or  break  down  as  in  the  adult  form  of 
disease  (intermediate  endogenous  superinfection) .  Adult  type  cases  are  observed 
in  whom  no  outside  source  of  infection  could  be  traced  and  in  whom  a  fresh 
infection  occurred  long  after  the  primary  one  (endogenous  infection).  In  some 
cases  a  generalized  miliary  infection  with  or  without  involvement  of  the  meninges 
takes  place  resulting  fatally,  or  if  limited  to  the  lesser  circulation,  recovery  not 
infrequently  follows  leaving  behind  the  telltale  evidence  in  the  x-ray  film — the 
so-called  "snowfall  appearance."  At  autopsy,  not  infrequently,  the  miliary  form 
of  disease  can  be  traced  to  a  caseous  node  that  had  never  undergone  complete 
healing  and  that  had  persisted  in  this  condition  for  forty  or  fifty  years.  Years 
ago  it  was  believed  that  adults  developed  clinical  pulmonary  tuberculosis  only 
from  bacilli  within  the  body  (endogenous  infection).  Later  on,  definite  proof 
was  established  that  many  adults  develop  tuberculosis  not  only  from  bacilli 
within  but  also  from  without  the  body  (exogenous  infection). 

Young  people  with  a  negative  skin  reaction  require  no  further  attention. 
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Those  with  a  positive  reaction,  confirming  the  presence  of  a  priniarj-  infection 
or  worse,  should  ahvays  have  the  benefit  of  an  x-ray  examination  and  this  should 
be  repeated  periodically,  .\mong  adults,  especially  in  large  urban  communities 
where  the  number  of  reactors  is  always  large,  screening  can  be  limited  to  ex- 

amination with  the  x-ray  alone. 
Clinical  tuberculosis,  the  secondary  or  adult  form,  fa^-ors  the  subapical  portion 

or  the  mid-portion  of  the  lungs.  A  very  small  lesion  can  be  overlooked;  it 
must  be  looked  for  with  the  greatest  care  and  diligence.  "Soft"  films  are  pref- 

erable for  this  purpose.  "Hard"  films  will  over-ray  a  small  soft  lesion.  A  small 
lesion  may  be  concealed  behind  a  rib  or  behind  the  clavicle.  Under  such  circum- 

stances the  x-ray  taken  at  a  different  angle  may  reveal  it.  Special  stereoscopic 
apical  plates  are  a  great  aid  in  this  connection.  The  important  point  is  to  dis- 

cover it  before  it  has  grown  to  any  size,  before  it  has  caseated  and  softened,  and 
before  bacilli  make  their  appearance. 

Considerable  patience,  experience,  skill  and  judgment  are  required  to  differ- 
entiate between  x-ray  shadows  and  in  the  interpretation  of  their  significance. 

Exact  diagnosis  is  not  always  possible;  considerable  time  and  observation  sup- 
ported by  thorough  physical  examination,  complete  history  and  laboratory  pro- 

cedures, may  be  required  before  a  competent  judgment  can  be  established.  It 
should  be  realized  that  our  knowledge  of  this  field  is  far  from  complete.  All 
laboratory  facilities,  such  as  gastric  lavage,  cultures,  animal  inoculations,  and  on 
occasion  even  bronchoscopic  drainage  for  study  of  bronchial  secretions,  must  be 
utilized  in  order  to  reach  a  conclusion.  In  many  of  these  cases  the  erythrocyte 
sedimentation  rate,  the  differential  white  blood  count,  the  monocyte  lymphocyte 
(Medlar)  index  may  throw  no  light  on  the  matter.  Obviously,  the  temperature 
and  pulse  rate  in  these  cases  are  always  normal,  and  these  patients  having  no 
symptoms,  have  no  complaints.  The  chief  reliance  at  present  is  placed  on  the 
interpretation  of  the  shadows  cast  by  the  x-ray  and  their  significance. 

In  the  adult  type  of  tuberculosis,  difTerentiation  must  be  made  from  lobular 
pneumonitis,  from  unresolved  or  slowly  resolving  pneumonia,  from  lobar  pneu- 

monia, from  lobular  atelectasis,  infarction,  encapsulated  eifusion,  localized  bron- 
chiectasis, primary  or  secondary  neoplasm,  abscess,  foreign  body,  anatomical 

malformation  of  the  ribs,  callus  formation,  mycotic  infection,  and  in  recent  years 
from  atypical  pneumonia.  In  some  women  the  .shadow  cast  by  the  nipple  may 
be  mistaken  for  an  infiltration.  Calcified  cervical  glands  just  above  the  clavicle 
may  cast  fine  apical  shadows  resembling  calcified  tubercles  inside  the  lung. 
Stereoscopic  apical  plates  will  assist  in  the  differential  diagnosis. 

In  the  preclinical  type,  almost  complete  dependence  for  diagnosis,  prognosis 
and  treatment  is  placed  on  serial  x-ray  films.  If  a  lesion  does  not  change  after 
many  months,  especially  if  it  looks  fibrotic,  it  probably  requires  no  further  atten- 

tion than  a  checkup  with  an  x-ray  every  four  to  six  months.  It  should  be  kept 
in  mind,  however,  that  a  small  soft  lesion  can  also  remain  static  for  a  year  or 
more  and  then  break  down  rapidl3\  Such  cases  are  very  trying  and  difficult  to 
interpret  and  suggest  that  there  is  much  more  to  be  kno\A-n  about  this  subject 
before  Ave  can  diagnose  all  such  lesions  properly  and  apply  the  most  rational 
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treatment.  A  lesion  that  shows  a  tendency  to  grow  or  to  caseate  is  the  one 
that  requires  prompt  and  immediate  attention,  and  to  discover  one  of  them  is 
almost  synonymous  with  saving  a  life.  Amberson  and  Riggins  (6)  reported  a 
five  year  study  among  student  nurses  at  Bellevue  Hospital.  Of  492  nurses  ob- 

served, not  a  single  death  took  place.  Such  is  the  advantage  of  early  diagnosis 
and  prompt  treatment  and  m  a  measure  compensates  for  the  greater  hazard  to 
which  they  are  exposed  by  virtue  of  occupation.  Stiehm  (7)  reported  that  in 
fourteen  years  at  Wisconsin  University,  an  average  of  ten  tuberculosis  cases  were 
found  annually,  but  with  the  introduction  of  case  finding  by  x-ray,  during  the 
first  year  of  its  application  as  a  routine  measure,  the  number  of  tuberculosis 
cases  rose  to  43,  a  rise  of  330  per  cent  over  the  ten  year  average.  P.  K.  Tel- 

ford (8)  states  that  "a  large  number  of  minimal  cases  remain  minimal  and  many 
of  them  do  so  in  spite  of  violation  of  the  standard  rules  of  treatment."  J.  A. 
Miller  (9)  says  "in  the  great  majority  of  cases  these  lesions  are  latent  and  innoc- 

uous and  will  always  remain  so  under  ordinary  conditions  of  life."  It  is  im- 
portant, after  finding  these  minimal  lesions,  to  differentiate  between  the  primary 

and  secondary  lesions,  between  the  potentially  active  and  inactive,  treat  the 
active  lesions  promptly  and  fully,  leave  the  inactive  lesions  alone  and  keep  the 
doubtful  lesions  under  observation  with  serial  x-ray  studies  for  one  or  more  years 
if  necessary  before  final  disposition  is  made  and  before  a  final  prognosis  is  pro- 

nounced. One  is  sorely  perplexed  when  a  positive  sputum  appears  in  a  case  in 
which  the  nodules  appear  thoroughly  calcified  with  no  e\ddence  of  fresh  exudation 
or  infiltration  and  with  no  evidence  of  endobronchial  tuberculosis.  In  such 
cases  it  is  hazardous  to  render  a  complete  opinion  on  a  single  film  and  at  a  single 
examination . 

I  have  had  several  experiences  in  which  nodular  cases,  apparently  thoroughly 
arrested,  shed  a  few  bacilli  intermittently  and  finally  ceased  altogether.  If 
bacilli  persist,  a  tomogram  may  disclose  a  tiny  cavity.  If  this  is  negative, 
bronchoscopy  is  indicated  to  exclude  endo-bronchial  tuberculosis.  A  peri- 

bronchial tubercular  gland  may  discharge  some  of  its  contents  into  the  lumen  of  a 
bronchus. 

Since  a  large  number  of  young  people  now  reach  adulthood  insensitive  to 
tuberculin,  a  primary  infection  occurring  in  them  may  not  behave  as  it  does  in 
childhood;  it  may  not  heal  so  readily.  Instead,  it  may  progress  rapidly  to  the 
adult  type  of  disease,  break  down  with  cavity  formation  and  progress  alarmingly. 
Particularly  is  this  possible  in  young  girls  coming  from  rural  areas,  many  of 
whom  are  insensitive  to  tuberculin,  who  enter  a  nurses'  training  school  and  work 
in  a  hospital  where  they  come  m  close  contact  with  many  open  cases  of  advanced 
tuberculosis.  Under  the  conditions  governing  their  employment,  they  are  neces- 
jsarily  exposed  frequently  to  repeated  and  large  doses  of  bacilli.  On  the  other 
thand,  a  tuberculin  positive  case  shows  more  resistance  to  exogenous  infection, 
I  and  when  infection  does  occur  the  response  to  it  is  the  one  we  are  accustomed  to 
associate  with  the  adult  type  of  tuberculosis. 

A  primary  infection  occurring  in  an  adult  must  be  differentiated  from  a  sec- 
ondary infection.    When  a  person  is  known  to  have  had  a  negative  skin  test 
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and  develops  a  small  pulmonary  lesion,  one  is  justified  in  calling  it  a  primary 
lesion  if  with  it  there  is  associated  a  typical  reaction  in  the  hilar  glands.  The 
important  thing  to  remember  is  that  most  primary  infections  resolve  without  any 
treatment  and  leave  behind  as  evidence  of  its  former  existence — the  infection  of 
Ghon  and  calcified  hilar  glands.  It  would  be  erroneous  to  institutionalize  such 
persons  and  deprive  them  of  their  earning  power,  besides  injuring  their  morale, 
and  in  view  of  the  prejudice  still  prevalent  in  the  community  in  regard  to  tuber- 

culosis, injure  their  opportunities  for  obtaining  future  employment. 
It  must  be  borne  in  mind  that  a  secondary  infection  produces  practically  no 

change  in  the  hilar  lymph  nodes.  For  this  reason,  in  all  hospital  personnel  at 
least,  not  only  is  it  advisable  to  have  routine  x-ray  films  repeated  semiannually 
but  also  routine  preemployment  tuberculin  tests  so  as  to  distinguish  the  sensitive 
from  the  insensitive  cases.  This  will  assist  in  differentiating  primary  from  sec- 

ondary lesions.  Tubercle  bacilli  falling  on  virgin  soil  produce  a  different  reaction 
than  on  an  allergic  soil ;  moreover,  the  treatment  and  the  prognosis  are  far  differ- 

ent in  the  two  categories. 
TREATMENT 

The  treatment  of  the  "early"  case  diagnosed  by  x-ray  findings  alone  is  emi- 
nently satisfactory.  There  are  no  symptoms  to  treat  since  there  are  none  present. 

Physical  signs,  of  course,  are  absent.  All  laboratory  tests  may  prove  negative. 
A  positive  sputum  vitiates  a  diagnosis  of  "early"  disease  since  it  indicates  a 
breakdown  or  ulceration  of  tissue  and  places  the  case  in  a  different  category 
which  may  demand  the  additional  assistance  of  artificial  pneumothorax.  In  the 
typical  case,  bed  rest  will  hasten  absorption  of  the  exudate  with  replacement 
fibrosis  in  about  six  to  nine  months.  The  fibrosis  tends  to  become  linear  and 
not  circular  as  in  a  primary  infection.  Rehabilitation  may  be  commenced  after 
this  period  with  the  hope  of  returning  the  patient,  preferably  back  to  his  former 
occupation. 

If  the  initial  x-ray  film  reveals  beginning  cavity  formation  but  a  negative 
sputum  after  a  thorough  search,  bed  rest  alone  still  remains  the  treatment  of 
choice.  In  the  event  that  the  sputum  turns  positive,  pneumothorax  is  indicated. 
On  the  other  hand,  in  the  presence  of  a  spread  of  the  original  lesion  or  an  increase 
in  the  size  of  the  cavity,  even  in  the  absence  of  a  positive  sputum,  pneumothorax 
is  likewise  indicated.  In  this  connection  the  greatest  care  must  be  exercised  not 
to  confuse  a  tubercular  cavity  with  an  ordinary  abscess  even  though  small. 
Usually  a  tubercular  cavity  is  associated  with  a  positive  sputum.  In  a  very  small 
cavity  or  before  the  cavity  is  established,  difficulty  in  finding  bacilli  may  be  en- 

countered and  one  may  have  to  go  to  great  lengths  in  the  search  for  them  from 
gavage,  to  culture,  animal  inoculation,  and  even  bronchoscopic  aspiration. 

X-ray  studies  are  indispensable  in  evaluating  the  results  of  treatment,  estab- 
lishing criteria  for  the  choice  of  a  particular  form  of  treatment  or  possible  change 

in  treatment  and  for  prognosis.  After  arrest  of  the  disease  has  been  attained, 
periodic  x-ray  examination  are  indicated  for  the  ensuing  several  years  as  a  form 
of  insurance,  for  recurrence  is  always  possible. 
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The  cost  of  treating  the  early  case  is  small  by  comparison  with  the  more 
advanced  form  which  may  require  an  added  pneumothorax  or  some  type  of  more 
drastic  surgery.  In  the  latter,  disability  may  extend  over  a  period  of  months 
or  years. 

The  cost  of  the  investment  rises  with  the  advancing  stage  of  disease,  and  the 
anticipated  dividend  return  varies  inversely  with  the  stage.  From  the  view- 

point of  community  mterest,  failure  to  discover  the  early  case  represents  an 
avoidable  heavy  burden  on  everyone.  To  the  individual  victim  it  may  represent 
the  difference  between  normal  living,  with  economic  independence  and  self 
respect,  to  more  or  less  chronic  invalidism  and  dependence  with  ultimate  termina- 

tion in  an  untimely  end. 
The  task  implied  in  the  solution  of  the  difficult  problem  confronting  us  is 

beyond  the  capacity  of  any  single  physician,  patient  or  group,  and  its  solution 
resides  in  the  voluntary  acceptance  of  responsibility  by  an  intelligent  collective, 
social  consciousness. 

The  stabilized  symptomless  lesion,  be  it  remembered,  does  not  always  remain 
as  innocent  as  it  looks.  It  may  remain  so  for  years,  but  under  provocation, 
change  its  tempo. 

The  preclinical  lesion  deserves  treatment  promptly.  Delay,  even  of  a  few 
weeks,  may  convert  a  favorable  into  an  unfavorable  outlook.  Those  who  cannot 
provide  treatment  for  themselves  should  be  institutionalized  without  delay  and 
not  be  obliged  to  remain  on  a  waiting  list.  To  refuse  admission  promptly  to 
such  a  patient  may  prove  in  the  end  an  invitation  to  disaster.  Beds  must  at  all 
times  be  available  to  those,  Avho,  out  of  necessity,  must  have  them. 

PREVENTORIUM   FOR   TRE.\TMENT    OF   PRECLINICAL   PULMONARY  TUBERCULOSIS 
In  the  past,  preventoria  for  children  received  considerable  attention.  In  its 

day  and  in  its  way,  considerable  benefit  was  derived  through  these  institutions. 
Children  who  were  below  par  physically  and  those  who  came  from  a  tuberculous 
milieu  were  admitted  to  them,  and  the  physical  and  educational  benefits  pro- 

vided by  them  justified  their  existence.  With  the  knowledge  that  clinical 
pulmonary  tuberculosis  is  uncommon  in  older  children,  interest  in  them  began 
to  lag. 

Now  the  time  has  come  when  the  idea  of  the  preventorium  can  be  expanded 
and  put  to  a  more  consti-uctive  use  than  ever  before.  May  I  here  enter  a  plea 
for  a  practical  use  of  the  preventorium?  It  can  be  used  for  the  care  of  pre- 

clinical cases  with  the  hope  of  preventing  clinical  disease.  This  is  a  true  function 
of  a  preventorium,  as  its  name  implies,  to  treat  the  disease  before  it  manifests 
clinical  symptoms.  A  sharp  distinction  must  be  drawn  between  this  type  of 
ease  and  the  one  that  presents  a  positive  sputum.  The  latter  should  never  be 
admitted  to  a  preventorium.  This  type  institution  should  under  no  circum- 

stances house  a  positive  sputum;  likewise,  when  a  patient  m  it  develops  a  positive 
sputum,  transfer  to  a  sanatorium  should  be  effected  immediately.  A  sharp  dis- 

tinction must  be  drawn  between  the  preventorium  and  the  sanatorium.  The 
sanatorium  is  qualified  to  employ  more  advanced  technical  methods  in  a  more 



740 MAX  TASCHMAN 

advanced  type  of  disease.  In  this  manner  all  positive  cases  could  be  segregated 
from  the  negative  ones.  Moreover,  the  cost  of  care  in  the  preventorium  would 
be  minimal  since  treatment  would  be  simple  and  consist  mainly  of  bed  rest  alone. 
The  size  of  the  medical,  nursing  staff  and  general  personnel  could  be  held  down 
to  a  minimum.  Laboratory  facilities  could  be  few  and  inexpensive;  the  one 
essential  requirement  would  be  an  efficient  x-ray  outfit.  Psychologically,  the 
trauma  to  the  individual  would  be  minimal  for  he  would  know  that  his  outlook 
for  complete  recovery  is  ideal,  that  he  is  not  contagious  to  others;  he  would  be 
free  from  the  social  stigma  which  still  prevails  currently,  his  chances  for  future 
emplojonent  would  be  better,  and  in  young  girls  the  outlook  for  marriage  would 
not  be  retarded. 

SUMMARY 

(1)  The  x-ray  has  brought  more  progress  than  any  other  discovery  in  the 
history  of  tuberculosis.  It  is  the  one  indispensable  instmment  and  has  relegated 
the  stethoscope  to  a  position  of  subsidiary  importance. 

(2)  The  preclinical  case  is  made  evident  by  the  x-ray  only.  The  preclinical 
case  presents  neither  signs  nor  symptoms;  since  he  has  no  reason  to  go  to  the 
doctor,  the  doctor  must  go  to  him. 

(3)  The  number  of  cures  of  preclinical  cases  can  rise  to  staggering  figures. 
(4)  The  number  of  reactors  has  steadily  diminished  in  recent  years.  This  is 

not  an  unmixed  blessing.  A  first  infection  in  a  non-sensitized  young  adult,  under 
certain  circumstances,  can  lead  to  serious  consequences.  Among  pupil  nurses, 
tubercular  lesions  are  more  frequent  in  young  non-sensitized  individuals  when 
expo.sed  to  open  tuberculosis  than  the  positive  reactors. 

(5)  Tuberculosis  in  many  states  of  the  Union  has  been  made  a  compensable 
disease. 

(6)  All  yoving  people  between  the  ages  of  16  and  30  should  be  x-rayed  annually, 
regardless  of  social,  occupational  or  financial  status.  Those  with  suspicious 
lesions  should  be  kept  under  close  observation. 

(7)  Preventoria  should  be  established  for  the  treatment  of  preclinical  cases. 
The  preventorium  is  an  ideal  institution  for  this  purpose,  to  prevent  progression 
of  the  preclinical  to  the  clinical  stage  of  disease ;  the  preventorium  should  under 
no  circumstances  house  a  positive  sputum  case.  i 

Establishment  of  the  preventorium  would  complete  the  triad  of  institutions  t 
for  the  tuberculous,  (a)  The  preventorium  to  treat  the  preclinical-negative 
sputum-stage  of  the  disease,  (b)  The  sanatorium  for  the  positive  sputum  case, 
requiring  possibly  pneumothorax  or  other  adjuvant  procedure,  such  as  pneumoly- 

sis, (c)  The  hospital  for  cases  of  advanced  disease  requiring  thoracoplasty  or 
other  advanced  type  of  chest  or  general  surgery  or  of  other  technical  procedures, 
or  of  specialists  in  branches  of  internal  medicine,  as  diabetes,  heart  disease, 
chronic  nephritis,  etc.,  and  of  a  well  equipped  laboratory  which  is  more  prop- 

erly the  possession  of  a  large  hospital  in  the  city,  than  of  a  sanatorium  located 
at  a  distance. 

I 
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THE  PREOPERATIVE  AND  POSTOPERATIVE  CARE  OF  THE 
DIABETIC  PATIENT  REQUIRING  SURGERY 

EDWARD  TOLSTOI,  M.D: 
[From  The  New  York  Hospital  and  the  Department  of  Medicine,  Cornell  University  Medical College] 

The  diabetic  patient  requiring  surgical  intervention  presents,  in  the  main,  the 
following  problems: — 

(1)  The  prevention  of  ketosis  and  coma. 
(2)  Good  clean  healing  of  the  operative  area. 
(3)  Is  a  glycosuria  harmful? 
(4)  The  prevention  of  insulin  shock. 
Because  of  the  availability  of  insulin,  their  solution  should  not  be  difficult. 

However,  because  of  the  tradition  that  glycosuria  is  harmful,  the  surgeon  still 
approaches  the  diabetic  patient  with  very  much  concern.  Furthermore,  this 
somewhat  fearful  approach  is  also  due  to  the  fact,  that  most  of  the  subject  matter 
on  the  preoperative  and  postoperative  care  of  the  diabetic  patient,  has  dealt  with 
general  principles  rather  than  specific  details  of  management  thus  failing  to  place 
exact  procedures  into  sharp  focus. 

It  is,  therefore,  the  purpose  of  this  paper  not  only  to  reiterate  the  fundamentals, 
but  also  to  present  the  details  explicitly,  for  the  preoperative  and  postoperative 
care  of  the  diabetic  needing  surgical  procedures.  In  addition  I  shall  discuss, 
briefly,  the  question  of  glycosuria  and  wound  healing  as  many  believe  that  the 
two  are  intimately  related. 

Principles.  1.  The  -prevention  of  ketosis  and  coma.  This  can  best  be  accom- 
plished by  adequate  doses  of  insulin  and  glucose. 

2.  The  prevention  of  dehydration  and  loss  of  base.  As  a  general  rule  in  surgery 
the  maintenance  of  the  water  balance  of  the  body  has  gained  wide  acceptance. 
This  is  even  more  important  in  the  diabetic  because  of  his  tendency  to  lose  base 
and  fluid  when  he  develops  an  actual  or  relative  insulin  insufficiency.  Such  a 
want  may  occur  under  the  following  circumstances : — 

(a)  Willful  omission  of  insulin. 
(b)  The  development  of  infections. 
(c)  Such  complications  as,  hyperthyroidism,  acromegaly,  Cushing's  syndrome, 

and  adrenal  tumor  (pheochromocytoma). 
I  want  to  emphasize  that  such  insulin  insufficiency  is  not  merely  synonomous 

with  a  glycosuria.  There  is  a  difference.  Patients  whose  insulin  doses  are  in- 
adequate will  experience  frequency,  polyuria  and  dehydration.  They  will  lose 

weight,  and  often  reveal  an  acetonuria.  On  the  other  hand,  the  patient  whose 
insulin  needs  are  met  amply,  may  and  even  does  excrete  sugar — often  in  con- 

siderable quantity — yet,  he  will  not  experience  frequency,  thirst,  nor  polyuria 
and  his  weight  will  not  fall.  It  is  obvious,  then,  that  adequate  doses  of  insulin 
are  most  important,  and  as  a  safety  valve  against  loss  of  base  the  administration 
of  salt  is  very  useful. 

742  J 
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Procedure.    A.  Elective  Surgery. 
(1)  The  day  before  the  operation  the  patient  is  given  1.0  gram  (15  grs.)  of 

salt  every  two  hours.  This  is  followed  by  a  glass  of  water  (200-250  cc).  The 
salt  may  be  administered  in  capsules  or  tablets. 

(2)  The  patient  is  given  his  usual  ambulatory  diet  as  well  as  his  usual  quantity 
of  insulin. 

(3)  The  urine  is  tested  for  sugar  and  acetone  either  at  each  voiding  or  group 
urines  may  be  examined.  The  u.sual  routine  groupings  are  from  7  to  11  A.M., 
11  A.M.  to  4  P.M.,  4  to  9  P.M.,  and  9  P.M.  to  7  A.M.  The  result  of  the  exam- 

ination may  reveal  (a)  a  sugar  free  urine,  (b)  a  glycosuria  of  variable  concen- 
trations, (c)  a  glycosuria  and  a  ketonuria.  It  is  obvious  that  the  first  possibility 

requires  no  therapy.  The  occurrence  of  a  glycosuria  only,  without  any  of  the 
symptoms  of  diabetes  or  acetone,  also  may  go  untreated.  However,  a  glycosuria 
with  a  ketonuria  demands  energetic  treatment  and  the  use  of  regular  insulin  is 
imperative.  The  quantity  prescribed  is  governed  by  the  glycosuria.  For  a  four 
plus  specimen  (yellow-red)  20  to  25  units  are  given;  for  a  two  to  three  plus  speci- 

men (green  with  yellow  sediment)  15  units,  and  if  following  this  routine  the 
subsequent  specimens  are  sugar  free  200  cc.  of  orange  juice  are  given.  This 
technique  is  to  be  continued  as  long  as  ketone  bodies  are  detected  in  the  urine. 
Usually,  the  ketone  bodies  will  disappear  rather  rapidly  and  the  administration 
of  orange  juice  will  protect  the  patient  from  insulin  reactions.  As  a  result  of  this 
technique  the  patient  will  be  well  hydrated  as  both  the  salt  and  glycogen  deposits 
\vi\\  bind  water. 

Since  in  the  diabetic  patient  insulin  is  such  an  efficient  agent  for  the  utilization 
of  carbohydrates — namely  their  oxidation  and  their  storage  as  glycogen,  I  have 
used  it  not  infrequently  for  increasing  the  glycogen  reserves  in  the  preoperative 
patient.  This  was  done  whether  the  urine  wa,s  sugar  free  or  revealed  a  four  plus 
glycosuria.  The  technique  is  simple.  The  day  prior  to  the  operation  the  patient 
is  given  1 5  units  of  regular  insulin  every  three  hours  and  this  is  followed  by  200- 
250  cc.  of  orange  juice.  Whenever  this  routine  was  followed  there  was  usually 
a  three  to  four  plus  glycosuria  at  each  voiding  but  no  ketonuria.  This  procedure 
is  used  in  conjunction  with  the  usual  routine  of  the  patient's  diet  and  insulin 
dosage,  and  not  in  place  of  it.    No  pre-operative  blood  sugars  were  done. 

(4)  The  question  of  anaesthesia  is  governed  by  the  general  situation  rather 
than  the  diabetes  per  se.  Prudence,  however,  dictates  the  avoidance  of  the 
hepatotoxic  anaesthetics.  Ether,  nitrous  oxide,  cyclopropane  or  any  local 
anaesthetic  may  be  employed. 

(5)  During  the  operation  the  patient  receives  an  infusion  of  1000  cc.  saline 
:  and  5  per  cent  glucose  to  which  are  added  25  units  of  insulin.    This  is  given 
slowly.  In  patients  past  sixty  or  those  younger  in  whom  there  is  evidence  of 
myocardial  weakness,  because  of  vascular  or  rheumatic  disease,  the  above  solu- 
[tion  is  to  be  given  by  hypodermoc lysis.  If  the  operator  prefers  to  use  the 
intravenous  route,  it  is  important  to  observe  the  venous  pressure  so  as  not  to 

:  overload  the  right  heart. 
(6)  When  the  operation  is  over,  a  retention  catheter  is  introduced  into  the 

urethra  and  either  clamped  or  attached  to  a  receptacle  at  the  bed  side. 
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(7)  Specimens  are  then  taken  every  two  to  three  hours  and  tested  for  sugar 
and  acetone.  No  treatment  is  instituted  if  only  a  one  or  two  plus  glycosuria  is 
found.  If  the  specimen  shows  a  four  plus  concentration,  15  units  of  regular 
insulin  are  given.  This  may  appear  as  a  low  dose,  but  it  is  safer  as  it  will  aid  the 
glycogen  deposition,  but  is  not  large  enough  to  induce  hypoglycemia.  If, 
howeA'er,  both  sugar  and  acetone  are  present  then  the  routine  outlined  above  is 
employed.  Briefly,  this  calls  for  20  units  regular  insulin  for  a  4  plus  specimen 
and  15  units  for  a  three  plus  specimen.  The  specimen  should  be  taken  every  tAvo 
to  three  hours  and  orange  juice  should  be  given  as  soon  as  the  ketone  bodies 
vanish  even  though  the  specimen  still  has  a  one  to  two  plus  glycosuria.  If  the 
patient  is  unable  to  take  fluids  by  mouth  he  should  receive  fluids  by  hypodermo 
clysis — 5  per  cent  glucose  in  saline  1000  cc. 

(8)  After  a  24  to  36  hour  period  the  catheter  is  removed  and  the  urine  is 
examined  at  each  voiding.  The  treatment  follows  the  above  pattern.  In  case 
the  patient  cannot  void  he  should  be  catheterized  and  if  acetone  reappears  he 
should  be  treated  as  energetically  as  directed  in  the  section  above. 

(9)  In  most  cases  the  patient  will  be  permitted  to  have  fluids  by  mouth  4S 
hours  or  e^ven  sooner  after  the  operation.  In  certain  gastrointestinal  procedures 
it  may  be  desirable  to  withhold  solid  food  for  longer  periods  or  forbid  anything  by 
mouth,  the  patient's  fluid  balance  is  maintained  by  clysis  2000  to  3000  cc.  daily 
of  5  per  cent  glucose  in  saline  and  each  infusion  is  covered  with  20  to  25  imits  of 
regular  insulin.  Care  must  be  exercised  at  all  times  not  to  o\'erload  the  right 
heart  by  giving  the  fluid  too  rapidly  or  too  much  at  one  time. 

When  the  immediate  emergency  is  over  and  the  patient  is  permitted  food,  he  is 
allowed  about  one-half  to  three-quarters  of  his  preoperative  diet  and  sufficient 
protamine  insulin  to  keep  him  free  from  the  symptoms  of  diabetes  as  well  as  free 
from  ketonuria. 

For  example,  if  the  patient's  preoperative  diet  was  approximately  protein  70 
gm.,  fat  70  gm.,  and  carbohydrate  250  gm.,  and  he  managed  to  be  free  from  any 
and  all  symptoms  of  diabetes  with  30  imits  of  protamine  insulin  though  showing: 
a  glycosuria,  his  postoperative  diet  may  begin  with  protein  50  gm.,  fat  50  gm., 
and  carbohydrate  150  gm.,  as  Avell  as  20  units  of  protamine  insulin.  Both  of 
these  components  are  gradually  increa.sed  as  his  appetite  improves,  until  our 
criteria  for  satisfactorj^  control  have  been  attained.  These  have  been  reported  in 
detail  elsewhere  (1). 

B.  Emergency  Surgery.  No  diabetic,  irrespective  of  the  severity  of  the 
diabetes  should  be  denied  emergency  surgical  procedures.  Furthermore,  no 
operation  need  be  delayed.  This  should  be  axiomatic.  To  insure  the  welfare 
of  such  patients  it  is  important  more  than  at  any  time,  to  aim  for  rich  glycogen 
stores  in  the  liver.  This  view  point  is  now  well  accepted,  ha\ang  been  emphasized 
by  McKittrick  and  Root  in  1940  (2)  and  reiterated  by  Root  in  1942  (3).  To 
attain  this  aim  the  patient  is  given  an  infusion  of  5  per  cent  glucose  in  1000  cc 
of  saline  to  which  25  units  of  insuhn  have  been  added,  or  the  insulin  may  be  give 
at  the  beginning  of  the  infusion,  subcutaneously.  This  is  repeated  immediatel 
after  the  operation.    A  retention  catheter  is  then  introduced  and  the  directio 
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given  above  are  followed.  It  will  be  seen  that  at  no  time  during  the  treatment, 
an  effort  was  made  to  maintain  the  urine  free  from  sugar.  As  a  matter  of  record 
it  will  be  noted  that  as  soon  as  a  specimen  was  sugar  free,  orange  juice  was  given. 
This  not  only  served  as  a  buffer  against  an  insulin  reaction,  but  also  made  glucose 
available  in  the  blood  stream,  thus  creating  a  situation  which  was  conducive  to 
glycogen  deposition,  namely — glucose  and  insulin.  Because  of  this  effort  to 
maintain  an  intermittent  or  continuous  hyperglycemia  and  the  resulting  gly- 

cosuria the  question  may  be  posed  justly  as  to  what  extent  such  a  hj^perglycemia 
influenced  the  healing  of  the  operative  area.  This  was  observed,  and  the 
following  cases  are  illustrative  of  the  results  as  well  as  the  technique  followed. 

Case  1.  A  56  year  old  female  was  admitted  for  a  breast  amputation.  She  had  a  mild 
diabetes  for  8  years.  She  took  no  insulin.  She  was  operated  June  8,  1940  and  on  the 
morning  of  operation  she  was  given  1,000  cc.  5  per  cent  glucose  in  saline  by  vein,  and  25 
units  of  regular  insulin.  Another  similar  infusion  of  1.500  cc.  and  25  units  of  insulin  were 
given  in  the  afternoon.  A  catheterized  specimen  late  that  evening  revealed  a  4  plus  glyco- 

suria and  20  of  regular  insulin  were  given. 

Qualitative Date Time Reaction Treatment 
6/  9/40 2:00  A.M. 4  plus 20  units  regular  insulin 

10:00  A.M. 3  plus 

15  " 

4:00  P.M. 2  plus 

10  " 

7:30  P.M. 0 200  cc.  orange  juice 

6/10/40 4:00  P.M. 0 200  cc.  orange  juice 
8:00  A.M. 2  plus 10  units  regular  insulin 

12:15  P.M. 4  plus 20  units  regular  insulin 
3:00  P.M. 4  plus 20  units  regular  insulin 
6:30  P.M. 2  plus 10  units  regular  insulin 

No  acetone  was  present  in  any  of  the  specimens.  The  patient  selected  her  own  food 
which  consisted  of  small  quantities  of  fruit  juices,  cereals,  eggs,  toast,  tea,  coffee  and  milk. 

On  June  11, 1940,  three  days  postoperative  she  was  given  a  diet  of  protein  75  gm.,  fat  75 
gm.,  carbohydrate  200  and  30  units  of  protamine  insulin.  From  this  time  on,  the  specimens 
were  grouped  and  examined,  but  were  not  covered  with  regular  insulin  even  though  a  glyco- 

suria was  present.  Of  the  25  urine  examinations  during  the  following  nine  days,  19  showed 
a  four  plus  reaction  for  sugar;  4  showed  a  three  plus,  and  2  showed  a  one  plus.  On  the 
12th  day  after  the  operation  there  was  a  slough  in  the  thinnest  portion  of  the  flap.  It  was 
about  1.5  by  1.0  cm.  From  this  area  serosanguinous  fluid  was  aspirated.  There  was  no 
evidence  of  infection.    The  patient  was  up  and  about.    The  final  result  was  satisfactory. 

Comment.  It  is  reasonable  to  state  that  this  patient  had  a  hyperglycemia 
during  her  entire  postoperative  period  and  her  wound  showed  no  evidence  of 
infection  or  poorer  healing  than  in  other  instances  of  radical  mastectomy. 

Case  2.  Patient  is  a  35  year  old  female,  who  had  diabetes  for  over  ten  years.  Her 
diabetes  was  moderately  severe  and  it  was  difficult  to  control  her  at  all  times  with  50  to  60 
units  of  regular  insulin.  This  was  the  situation  before  the  introduction  of  protamine 
insulin.  She  was  then  treated  with  protamine  insulin  40  to  50  units,  and  though  she  re- 

vealed a  glycosuria  during  the  day,  she  was  symptom  free  and  maintained  her  weight, 
showing  a  gain  at  times.  There  was  no  period  of  her  diabetic  life  during  which  she  was 
sugar  free  even  for  short  intervals.    She  was  admitted  to  the  hospital  for  a  myomectomy. 
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The  day  prior  to  the  operation  the  patient  was  given  1.0  gm.  of  salt  every  two  hours.  This 
was  taken  with  a  glass  of  water,  father  anaesthesia  was  used  and  at  the  end  of  the  operation 
a  retention  catheter  was  introduced.  She  was  operated  on  June  7, 1941.  For  the  following 
two  days  specimens  were  taken  every  two  hours  and  insulin  given  as  indicated.  On  the 
third  postoperative  day  the  catheter  was  removed  and  she  was  then  given  a  diet  of  P60  F60 
C150,  as  well  as  25  units  of  protamine  insulin.  The  following  table  reveals  the  quantity  of 
glucose  excreted  during  the  next  eight  days. Glucose  in  the  urine  in Date grams  per  24  hours 

6/10/41 61.0 
6/11/41 131.0 
6/12/41 128.0 
6/13/41 114.0 
6/14/41 138.0 
6/15/41 71.0 
6/16/41 117.0 
6/17/41 100.0 

The  patient's  wound  healed  nicely  in  spite  of  this  glycosuria.  On  discharge  both  the diet  and  insulin  were  increased.  I  have  been  following  the  patient  since  then  at  monthly 
intervals  and  although  she  continues  to  reveal  a  glycosuria  she  is  symptom  free  and  has 
gained  weight. 

Comment.  It  i.s  apparent  in  this  case  that  the  postoperative  glycosuria  did 
not  affect  the  heahng  adversely.  There  were  no  evidences  of  infection  and 
healing  took  place  by  primary  tinion. 

Case  3.  Patient  is  a  37  year  old  female  who  has  had  a  moderately  severe  diabetes  for  the 
past  5  years.  She  managed  her  own  case  by  taking  from  32  to  33  units  of  protamine  insulin 
and  eating  anything  she  wished,  concentrated  sweets  included.  She  was  admitted  for  a 
uterine  suspension  and  appendectomy.  The  detailed  procedures  are  best  illustrated  in  the 
following  table. 

1.  7/12/43,  1 .0  gm.  of  salt  at  10:00  A.M.,  2:00,  4:00,  6:00,  8:00  and  10:00  P.M.  each  dose 
was  taken  wjth  a  glass  of  water. 

2.  7/13/43,  operation  under  general  anaesthesia  at  the  end  of  which  a  retention  catheter 
was  inserted  and  clamped.  The  specimens  were  then  examined  and  treatment 
applied  as  shown  below. 

Qualitalive Time Sugar Acetone Treatment 
1:30  P.M. 4  plus 2  plus Insulin  25  units  regular 
3:15  P.M. 4  plus 3  plus 5:30  P.M. 4  plus 2  plus 7:30  P.M. 2  plus 0 

10  " 

9:15  P.M. 4  plus 0 

20  " 

r/i-}/44 
1:15  A.M. ,  0  minus 0  minus 200  cc.  orange  juice 
3:15  A.M. 0 0 
5:15  A.M. 0 0 
7:15  A.M. No  specimen examined 
9:15  A.M. 0 0 200  cc.  orange  juice 

11:30  A.M. 3  plus 

tr.* 

Insulin  15  units  regular 
1:15  P.M. 4  plus 

1  plus* 

Insulin  20  units  regular 
3:15  P.M. 2  plus 0 

10  " 

5:30  P.M. 0 0 200  cc.  orange  juice 
*  Patient  was  receiving  salicylates  and  this  may  have  been  a  false  reaction. 
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Date Vol.  Urine Sugar Qualitative Quantitative gms./24  hrs. Insulin 
7/15/43 1445 4  plus 30.2 Protamine  35 
7/16/43 735 3  plus 8.7 
7/17/43 1750 4  plus 62.5 " 
7/18/43 1775 4  plus 88.7 
7/19/43 625 4  plus 26.0 
7/20/43 900 4  plus 37.5 
7/21/43 1400 4  plus 28.0 
7/22/43 1315 3  plus 

20.0 
7/23/43 1250 2  plus not  done 

The  patient  was  discharged  on  the  13th  postoperative  day.  Her  wound  healed  without 
any  complications.  Since  her  discharge  from  the  hospital  she  has  been  taking  35  units  of 
protamine  insulin  daily.  She  has  not  been  too  careful  with  her  diet.  On  follow  up  visits 
she  has  always  shown  a  4  plus  glycosuria— a  casual  specimen.  However,  she  has  been  free 
from  symptoms  of  diabetes  and  ketosis.  Furthermore  she  has  maintained,  and  at  times 
shown  a  gain  in  weight. 

Comment.  The  postoperative  glycosuria  did  not  retard  the  heaUng  of  the 
patient's  wound. 

DISCUSSION 

The  above  examples  demonstrate  clearly  that  a  postoperative  glycosuria  did 
not  retard  the  healing  of  the  wound,  and  as  there  were  no  evidences  of  infection, 
the  obvious  deduction  is  that  it  was  not  conducive  to  infection.  In  the  second 
patient  the  glycosuria  was  of  considerable  degree  yet  her  wound  healed  by 
primary  union  and  her  hospital  stay  was  not  prolonged.  Since  these  facts 
contradict  the  prevailing  concepts,  a  review  of  the  available  data  is  desirable,  to 
determine  the  basis  as  well  as  the  validity  of  such  existing  view  points.  At  the 
outset  it  must  be  stated  that  a  glycosuria  which  lacks  the  protection  of  insulin  is 
deleterious.  This  is  a  fact  that  has  been  borne  out  by  years  of  experience.  How- 

ever, glycosuria  per  se  in  the  insulin  treated  patient — particularly  protamine 
insulin — is  not  harmful.  This  has  been  shown  in  the  treatment  of  both  our 
medical  (4)  and  surgical  diabetic  patients.  It  is  far  from  my  intention  to  con- 

demn efforts  to  maintain  the  urine  free  from  sugar  at  all  times  postoperatively. 
My  contention  is  that  it  is  unnecessary,  and  it  also  involves  the  element  of  risk 
- — a  hypoglycemic  reaction. 

The  view  points  concerning  the  etiology,  pathological  physiology  and  treat- 
ment of  diabetes  mellitus  and  its  complications  have  been  changing  constantly. 

In  this  evolutionary  period  many  beliefs  and  theories  have  been  replaced  by 
others,  which  for  scientific  reasons  proved  more  tenable.  However,  tradition 
takes  deep  roots  even  in  scientific  medicine  and  some  beliefs  still  prevail  though 
they  are  inferential.  Hypotheses  have  been  repeated  so  often  by  moulders  of 
medical  pubhc  opinion,  that  they  have  been  accepted  as  facts,  without  too  much 
inciuiry  or  challenge. 

From  the  very  discovery  of  diabetes,  glycosuria  was  considered  deleterious, 
not  only  because  of  its  immediate  concomitants  such  as  dehydration  and  base 
loss,  but  also  as  a  contributing  factor  directly  or  indirectly  to  complications 
such  as  susceptibility  to  infections,  atherosclerosis,  retinal  changes,  cataract 
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formation  and  others.  This  postulate  arose  in  the  preinsulin  era  when  the  dia- 
betic patient  was  mahiourished,  dehj^drated,  desiccated  and  it  was  never  clearh^ 

defined  whether  the  compHcations  mentioned  were  due  to  the  glycosuria  or  the 
malnutrition.  True,  both  were  so  closely  bound  up  in  the  diabetic  picture 
that  a  clear  definition  was  difficult.  But  it  seems,  that  it  was  not  even  looked 
for  as  everyone  accepted  the  situation  as  axiomatic.  There  was  evidence  in  the 
literature  that  hyperglycemia  per  se  was  not  a  contributory  factor  to  infections. 
In  1911  Handsman  (5)  found  that  blood  glucose  concentration  up  to  1000  mg. 
per  cent  was  neither  a  better  medium  for  staphylococci  nor  was  blood  less  bac- 

tericidal against  staphylococci  than  normal  blood.  This  was  telling  experi- 
mental evidence,  which  clearly  contradicted  a  reiterated  assumption,  yet  no  one 

accepted  this  demonstrable  fact  seriously  and  the  prepossessed  idea  that  gly- 
cosuria was  conducive  to  infection,  was  perpetuated  in  publications,  text  books 

and  by  word  of  mouth.  Handsman's  conclusions  Avere  confirmed  by  others  ((3). 
With  the  discovery  of  insulin  the  hypothesis  that  glycosuria  was  harmful  gained 
ground.  The  diabetic  patient  thrived  so  beautifully  on  insulin  that  all  the 
excellent  results  \\  ere  at  once  attributed  to  the  better  control  of  the  glycosuria. 
Little  was  said  about  the  patient's  nutritive  state,  for  many  patients  improved 
their  physical  status  even  though  they  revealed  a  glycosuria  during  a  good  part 
of  the  24  hour  period.  Could  it  not  be  stated,  and  with  justification,  that  the 
decrease  in  complications  were  due  to  the  patient's  gain  in  weight  and  hydration, 
since  he  was  not  free  from  glycosuria?  In  other  words,  was  it  not  his  gain  in 
weight  and  better  nutritive  status  which  made  him  less  susceptible  to  infection? 
Such  a  view  was  not  entertained,  and  glycosuria  as  a  harmful  actor  dominated 
the  field. 

In  193G  with  the  introduction  of  protamine  insulin  my  associates  and  I  showed 
by  carefully  controlled  observations  that  even  very  severe  diabetics  can  maintain 
their  weight,  and  be  free  from  the  symptoms  of  diabetes,  even  though  on  certain 
days  they  excreted  as  much  as  100  gm.  of  glucose  in  24  hours.  In  the  presence 
of  such  glucose  loss  they  were  in  positive  nitrogen  balance  and  were  remarkably 
free  from  localized  or  general  infections  during  the  six  week  period  of  observation 
on  the  metabolism  ward.  They  were  well  nourished  and  not  dehydrated.  This 
work  was  extended  to  the  ambulatory  cases  and  we  observed  that  as  long  as  our 
patients  were  well  nourished  and  free  from  symptoms  of  diabetes  they  had  im 
more,  nor  more  severe  infections  than  other  patients,  even  though  they  always 
revealed  a  4  plus  qualitative  glycosuria  when  reporting  for  their  visits.  These 
were  patients  treated  with  protamine  insulin.  Naturally,  after  a  prolonged 
period  of  observation  we  felt  that  glycosuria  per  sc  in  protamine  treated  patients 
is  not  as  harmful  as  the  impression  carried  over  from  the  perinsulin  era  attributed 
to  it. 

There  is  no  cause  for  the  surgeon  to  fear  glycosuria  in  the  insulin  treated 
patients.  Both  clinical  and  experimental  evidence  support  this  thesis.  Dia- 

betic patients  imderwent  a  variety  of  major  procedures  and  made  uneventful 
recoveries  even  though  they  revealed  considerable  sugar  in  the  urine  post- 

operatively.   Green  and  his  associates  (7)  studied  the  relation  of  the  incidence 
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of  delayed  healing  of  clean  and  infected  wounds  to  the  height  of  the  blood  sugar 
and  degree  of  glycosuria  in  324  patients  with  diabetes,  and  found  no  relationship 
between  the  height  of  the  blood  sugar  and  degree  of  glycosuria,  to  the  healing  or 
infection  in  clean  wounds.  This  is  an  impressive  number  of  patients  and  their 
report  is  convincing.  These. authors  did  state,  however,  that  "delayed  healing 
of  wounds  occurs  approximately  4  per  cent  more  frequently  among  diabetics 
than  among  nondiabetics  of  the  same  age  and  sex."  This  is  certainly  a  very 
small  figure  and  though  considered  significant  it  should  not  influence  our  attitude 
toward  the  diabetic  patient  requiring  surgeiy. 

SUMMARY  AND  CONCLUSIONS 

(1)  The  problems  confronting  the  surgeon  who  must  operate  on  the  diabetic 
patient  were  presented. 

(2)  The  principles  involved  and  detailed  therapeutic  measures  were  described. 
(3)  The  relationship  of  glycosuria  to  wound  healing  was  discussed.  Per- 

sonally treated  cases  and  experimental  data  were  presented  as  well  as  clinical  and 
experimental  evidence  from  the  literature  to  show  that  glycosuria  in  insulin 
treated  cases  was  not  deleterious,  and  that  wounds  healed  by  primary  union  in 
its  presence. 

(4)  The  obvious  conclusions  are: — (a)  That  no  diabetic  need  be  denied 
surgery;  (b)  Surgical  procedures  need  not  be  delayed  because  of  diabetes;  (c) 
That  postoperative  glycosuria  does  not  inhibit  wound  healing,  nor  is  it  conducive 
to  infections. 
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PSYCHOSOMATIC  DISORDERS  OF  THE  GASTRO-INTESTINAL 

TRACTi EDWARD  WEISS,  M.Dj 
[Philadelphia,  Pa.] 

Psychosomatic  disturbances  of  gastro-intestinal  function  occur  in  healthy 
people  subjected  to  unusual  emotional  stress;  they  are  among  the  commonest 
manifestations  of  emotional  stress  in  neurotic  people.  Of  269  neurotic  patients 
encountered  in  a  medical  out-patient  department  Friess  and  Nelson  (1)  found 
that  41.5  per  cent  mentioned  gastro-intestinal  symptoms  as  their  chief  com- 

plaint.   The  abdomen  is,  indeed,  the  sounding  board  of  the  emotions. 
It  is  the  special  point  of  this  paper  that  psychosomatic  techniques  of  diagnosis 

and  treatment  must  become  an  integral  part  of  the  practice  of  medicine  in  order 
to  fulfill  their  promise  and  meet  the  challenge  of  present  day  medical  problems. 
The  enormous  number  of  psychoneurotic  and  psychosomatic  problems  turned 
up  by  the  Selective  Service  process  and  encountered  in  military  medicine  indi- 

cates where  the  emphasis  must  be  placed  in  the  future  practice  of  medicine.  It 
is  my  belief  that  just  as  the  last  World  War  established  psychiatry  on  a  firm 
scientific  basis  so  will  World  War  II  see  the  final  integration  of  psychiatry  into 
medicine,  in  other  words,  psychosomatic  medicine. 

Just  as  in  a  consideration  of  somatic  disease  it  is  necessary  to  make  a  definitive 
diagnosis  before  we  can  hope  to  apply  scientific  treatment  so  in  psychological 
medicine  it  is  equally  necessary.  Hence  just  as  in  general  medical  teaching  we 
have  always  emphasized  the  etiologic,  anatomic  and  functional  diagnosis  so 
in  psychological  medicine,  as  pointed  out  by  Levine  (2),  it  is  necessary  to  make 
a  clinical,  dynamic  and  genetic  diagnosis  before  one  can  stand  on  safe  ground 
in  regard  to  psychotherapy.  In  this  connection  I  would  emphasize  that  psy- 

chosomatic medicine  does  not  mean  to  study  the  soma  less  but  only  means  to 
study  the  psyche  more.  Clinical  material  will  be  cited  to  illustrate  this  point 
of  view. 

THE  ORGANIC  TRADITION  IN  MEDICINE 

It  is  highly  necessary  to  speak  of  the  present  practice  of  general  medicine  in 
this  regard.  It  seems  extraordinary  that  so  little  progress  has  been  made  in 
overcoming  the  organic  tradition  in  medicine.  This  applies  especially  to  the 
gastro-intestinal  tract  which,  above  all  other  systems,  reflects  emotional  dis- 

turbances. As  Alvarez  recently  stated  in  an  interesting  book  entitled,  Nervous- 
ness, Indigestion  and  Pain:  (3)  "Every  gastroenterologist  who  hopes  to  be  worthy 

of  the  name  and  would  like  to  keep  from  making  one  serious  blunder  after  another 
should  be  learning  all  he  can  about  the  psychiatry  of  the  apparently  sane. 

'  Part  of  a  paper  read  before  the  Second  Brief  Psychotherapy  Council,  Chicago  Institute 
for  Psycholoanalysis,  Jan.  15, 1944  and  presented  at  the  Army  Air  Forces  Medical  Meeting, 
Mitchell  Field,  New  York,  February  28-29,  1944. 

From  the  Department  of  Medicine,  Temple  University  Medical  School,  Philadelphia,  Pa. 
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Like  me,  he  may  not  have  wanted  to  get  into  this  field  of  medicine,  but  he  can- 
not stay  out  of  it  and  be  a  safe  internist." 

Since  we  are  speaking  of  the  gastro-intestinal  disorders  it  is  pertinent  to  add 
that  vitamins  are  the  order  of  the  day.  Not  only  are  vitamins  administered 
in  the  relatively  few  conditions  for  which  it  has  been  proved  that  they  are 
specifically  indicated  but  in  addition  every  obscure  illness,  physical  or  psycho- 

logical, gets  its  complement  of  vitamins.  The  eagerness  of  the  profession  to 
find  a  physical  answer  to  all  medical  problems  and  the  gullibility  of  the  public, 
which  also  wants  to  swallow  a  magic  pill  to  abolish  any  and  all  ills,  find  a  com- 

mon answer  in  vitamins.  The  vita  half  of  the  tenn  is  not  without  significance 
in  this  connection.  Drug  houses  and  department  stores,  candy  stores  and 
slot  machines,  peddle  vitamins  to  the  extent  of  many  millions  of  dollars  annu- 

ally— 250,000,000  in  1943,  I  am  told — money  which  would  go  a  long  way  in 
psychosomatic  medicine.  Apparently  w-e  must  exhaust  our  credulity  in  regard 
to  this  cause  of  illness  as  we  have  with  "foeal  infection"  and  "autointoxication." 

THE  PSYCHOSOMATIC  APPROACH  TO  DIAGNOSIS  AND  TREATMENT 

If  we  are  to  be  successful  in  teaching  physicians  to  deal  effectively  with  emo- 
tional problems  in  illness  and  disease  they  must  be  given  a  basic  training  and 

experience  in  psychopathology  running  parallel  with  their  training  in  tissue 
pathology. 

Like  a  wise  and  experienced  gross  pathologist  who  makes  shrewd  guesses 
from  the  gross  appearance  of  the  organs  so  may  the  experienced  clinician  make 
shrewd  guesses  from  gross  distortions  of  the  personality.  But  he  is  in  a  much 
happier  position  if  he  knows  the  underlying  structure  of  the  personality.  Such 
knowledge  is  now  available,  and  gradually  our  medical  schools  are  teaching  it. 
Moreover  this  knowledge  must  become  an  integral  part  of  medical  thinking 
and  an  automatic  part  of  the  management  of  patients.  In  other  words,  the 
practice  of  medicine  must  really  become  psychosomatic  and  then  the  term  will 
no  longer  be  necessary.  So  far  as  general  medicine  is  concerned  brief  psycho- 

therapy must  complement  psychosomatic  diagnosis. 
Therefore  from  the  moment  that  the  general  physician  meets  his  patient  he 

must  be  trying  to  differentiate  or  evaluate  somatic  disease  and  distinguish  the 
early  or  borderline  psychoses.  Then  he  must  be  able  to  establish  positive  data 
in  regard  to  the  personality  structure  of  the  patient — the  relationship  of  symp- 

toms to  conflict,  the  discovery  of  the  secondary  gain,  and  an  understanding,  if 
possible,  of  the  choice  of  symptom.  Only  in  this  way  can  be  stand  on  safe 
ground  in  regard  to  diagnosis  and  treatment.  He  must  be  able  to  know,  for 
example,  that  if  he  attempts  minor  psychotherapy  in  an  adolescent  or  in  a  pa- 

tient with  a  tic  he  is  dealing  with  as  dangerous  a  situation  as  though  he  at- 
tempted minor  .surgery  on  an  infected  upper  lip.  As  Lindeman  (4)  expre.s.sed 

it  "poor  psychiatry  is  as  dangerous  to  the  social  life  as  a  poor  surgeon  is  to  the 
physical  life." 

As  a  basis  for  the  present  paper  a  study  was  made  of  100  consecutive  patients 
encountered  in  the  practice  of  internal  medicine  who  were  considered  to  be  psy- 
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chosomatic  gastro-intestinal  problems.  Forty -four  Avere  classified  as  neurosis 
Avith  gastro-intestinal  symptom  formation;  thirty  as  somatic  disease  plus  symp- 

toms in  part  of  emotional  origin;  fourteen  as  vegetative  neuroses.-  Seven  cases 
fell  in  the  group  of  psychoses  with  gastro-intestinal  symptoms  and  five  were 
labeled  as  hypochondriasis. 
Among  the  neurotic  cases  with  gastro-intestinal  sjTnptoms  twenty-one  were 

listed  as  anxiety  states,  sixteen  as  conversion  neuroses,  five  as  compulsive  neu- 
roses and  two  phobias. 

INCIDENCE  OF  "FUNCTIONAL"  DISORDERS 
Thus,  as  is  well  known,  every  variety  of  personality  from  the  well  adjusted 

to  the  psychotic  may  have  psychosomatic  disturbances  of  the  gastro-intestinal 
tract.  As  in  other  surveys  (5)  the  percentage  of  somatic  disease  represents 
about  one  third  of  all  cases  seen.  This  leaves,  so  far  as  the  gastro-intestinal 
field  is  concerned,  about  two-thirds  of  the  cases  in  which  the  gastro-intestinal 
symptoms  appear  to  be  chiefly  of  psychogenic  origin.  There  are  many  varia- 

tions in  this  regard  depending  upon  the  bias  of  the  observer.  For  example  in 
the  purely  organic  approach  of  diagnosis  by  exclusion,  a  study  of  a  consecutive 
series  of  15,000  patients  with  chronic  dyspepsia  examined  in  the  Mayo  Clinic 
showed  a  total  of  18  per  cent  to  be  the  result  of  gross  organic  diseases  of  the 
stomach  and  duodenum.  In  commenting  upon  this  material  Eusterman  (6) 
stated  that  these  and  a  few  other  rare  lesions,  would  account  for  about  21  per 
cent  of  the  cases  of  chronic  gastric  disturbances.  But  he  added  that  in  private 
general  practice  the  percentage  might  not  exceed  10.  He  concluded  that  gas- 

tric disturbances  arising  reflexly  from  abdominal  viscera  other  than  the  stomach 
are  responsible  for  from  30  to  40  per  cent  of  all  cases  and  that  in  his  opinion  the 
neuroses  constitute  about  25  per  cent  of  the  total.  Interesting  also  in  this  con- 

nection was  an  effort  to  test  the  accuracy  of  the  diagnosis  of  nervous  indigestion. 
Wilbur  and  Mills  (7)  studied  the  records  of  354  patients  who  after  examination 
at  the  Mayo  Clinic  received  the  diagnosis  of  functional  or  nervous  indigestion 
or  its  equivalent  and  who  were  reexamined  at  the  clinic  more  than  seven  years 
later.  In  303  cases  no  evidence  of  organic  disease  was  found  in  the  follow-up 
examination.  The  results  suggest  a  diagnostic  accuracy  of  at  least  85.6  per 
cent  for  functional  dyspepsia  in  that  series.  There  were  thirty-nine  cases  in 
which  organic  disease  of  the  gastro-intestinal  tract  was  found  at  subsequent 
examination,  but  in  nineteen  of  the  thirty-nine  a  final  diagnosis  of  duodenal 
ulcer  was  made  and  this  represented  the  most  common  diagnostic  error  in  the 
series.  I  need  not  comment  on  whether  this  represents  a  serious  error  in  view 
of  recent  psychosomatic  studies  regarding  the  etiology  of  peptic  ulcer. 

Thus  when  chronic  dyspepsia  is  approached  even  from  a  purely  organic 
standpoint  the  incidence  of  functional  disorders  is  at  lea.st  25  per  cent.  I  have 
commented  previously  on  the  inadequacy  of  this  type  of  investigation  which 

2  A  distinction  is  made  between  somatic  disease  with  emotional  factors,  such  as  struc- 
tural alterations  of  the  gall  tract  with  stone  formation,  and  the  vegetative  neuroses.  In 

the  latter  are  included  cardiospasm,  peptic  ulcer  and  ulcerative  colitis. 



PSYCHOSOMATIC  DISORDERS  OF  GASTRO-INTESTINAL  TRACT  753 

represents  diagnosis  by  exclusion.  Diagnosis  of  "functional  illness"  must  be 
established  not  simply  by  exclusion  of  organic  disease  but  on  its  own  charac- 

teristics as  well.  In  other  words,  neurosis  has  its  own  distinctive  features  to  be 
discovered  by  personality  study.  Only  in  this  way  can  serious  errors  in  diagnosis 
and  treatment  be  avoided.  If  this  is  true  then  it  must  naturally  follow  that 
personality  studies  are  just  as  important  in  the  problems  of  chronic  dyspepsia 
as  laboratory  investigations.  This  applies  not  only  to  problems  in  which  evi- 

dence of  structural  disease  has  been  excluded  but  also  to  patients  who  present 
evidence  of  physical  disease  and  emotional  factors.  Just  as  Ave  cannot  limit 
ourselves  simply  to  the  exclusion  of  organic  disease  in  the  so-called  purely  func- 

tional group,  so  even  more  importantly  is  there  the  necessity  for  study  of  the 
emotional  life  in  patients  who  present  evidence  of  an  organic  lesion.  The 
"either-or"  concept  in  medicine  must  be  displaced  by  the  idea  of  how  much  of 
the  problem  is  psychological  and  how  much  of  it  is  physical  and  what  is  the  re- 

lationship between  the  two. 
PSYCHOSOMATIC  DISTURBANCES 

Of  a  great  number  of  clinical  syndromes  among  the  psychosomatic  disturb- 
ances of  the  gastro-intestinal  tract  I  can  select  only  a  few  for  special  comment. 

For  the  most  part  I  will  choose  the  commonest  problems  in  order  to  develop 
my  thesis  that  psychosomatic  thinking  must  become  an  integral  part  of  the 
practice  of  medicine. 

Constipation.  Constipation  and  headache  are  among  the  most  frequent  symp- 
toms confronting  physicians  in  their  daily  practice.  Probably  the  most  fre- 

quently assigned  cause  of  headache  is  constipation  and  it  is  obvious  why  this 
should  be  so.  On  the  assumption  that  "obstruction"  or  "accumulation" 
leads  to  absorption  of  toxins  from  the  gastro-intestinal  tract  which  may  prove 
poisonous,  and  that  a  symptom  of  such  poisoning  is  headache,  a  great  many 
sufferers  from  headache  are  addicted  to  the  laxative,  enema,  or  colonic  irriga- 
'tion  habit.  We  cannot  say  that  there  is  no  such  cause  of  headache  but  cer- 

tainly it  is  overemphasized  both  by  the  laity  and  the  medical  profession  and 
also  exploited  by  drug  houses,  from  the  standpoint  of  advertisements  for  laxa- 

tive preparations,  and  by  institutes  for  colonic  irrigations.  Every  physician 
jias  had  the  experience  of  observing  patients  who  are  constipated  for  many  days 
ind  do  not  have  headaches.  They  are  also  familiar  with  the  headache  victim 
svhose  headache  disappears  magically  just  as  soon  as  the  bowels  move — too 
50on  for  a  physiological  mechanism  to  be  responsible. 

Illustrative  Case.  M.  F.,  a  white  girl,  aged  19,  was  first  seen  in  the  spring  of  1942.  She 
iomplained  of  constipation  of  several  years  duration,  headaches,  ulcers  in  the  mouth,  and 
atigue.  She  had  never  been  seriously  ill  and  there  were  no  other  symptoms  of  importance 
ixcept  that  she  had  had  enuresis  until  she  was  16.  Hor  father  and  mother  had  never  been 
compatible  and  the  patient  had  always  been  awaro  of  tension  in  the  household.  Finally 
he  parents  separated  and  the  four  children,  of  which  our  patient  was  the  youngest,  re- nained  with  the  mother.    At  this  time  the  enuresis  ceased. 
The  general  physical  examination  showed  no  evidence  of  disease  and  it  quickly  became 

apparent  that  more  important  than  the  symptoms  complained  of  was  a  high  degree  of  social 
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anxiety  in  a  hysterical  person  which  had  interfered  with  her  social  development.  From 
a  genetic  standpoint,  insecurity  in  personal  relationship  was  of  course  related  to  the  in- 

security of  childhood  and  the  constipation  apparently  was  a  reflection  of  the  tension  growing 
out  of  social  situations.  One  such  situation  which  seemed  to  cause  the  most  trouble  was 
an  attempt  to  compete  with  a  pretty  cousin.  Anticipation  of  such  competition  would 
bring  about  headache  and  constipation  which  were  aggravated  by  erroneous  ideas  regarding 
bowel  obstruction  and  toxic  poisoning. 

The  origin  of  the  symptoms  was  made  clear  and  when  she  was  reassured  about  the  insig- 
nificance of  the  constipation  and  encouraged  by  the  physician,  who  assumed  the  r61e  of  a 

friendly  parent  in  trying  to  give  her  a  little  more  self  confidence  and  urging  her  to  culti- 
vate new  interests  and  friends,  she  improved  remarkably  and  blossomed  out  into  a  friendly 

creature  who  in  turn  "found  everybody  more  friendly."  Incidentally  constipation  no longer  was  a  problem. 
During  a  period  of  a  year  and  a  half  her  progress  continued  and  then  suddenly  new 

symptoms  appeared.  She  suffered  from  vertigo  and  had  pain  in  the  epigastrium.  It  was 
not  difficult  to  ascertain  that  she  was  forced  again  to  compete  with  a  very  attractive  young 
woman  in  a  new  circle  of  boys  and  girls  in  which  she  felt  insecure.  Once  more  a  single  in- 

terview succeeded  in  pointing  out  the  source  of  anxiety  and  permitted  once  again  the  op- 
portunity for  more  reassurance  and  the  acquisition  of  more  self  confidence. 

Here,  without  mentioning  psychotherapy,  the  physician  assumed  the  parental  ' 
role,  taking  the  attention  of  the  patient  away  from  the  symptom  and  attaching 
it  to  life  circumstance.  It  would  be  fine  for  this  young  woman  to  have  the 
advantages  of  psychoanalysis  but  since  that  is  clearly  out  of  the  question  we 
must  get  along  with  less.  There  is  no  question  that  transference  played  the 
important  role  and  was  deliberately  utilized.  Re-education  regarding  the 
workings  of  the  body  and  some  insight  regarding  the  growing  pains  of  delayed 
emotional  development  were  the  basis  of  the  brief  and  in  this  case  superficial 
psychotherapy  although  of  course  psychotherapy  does  not  have  to  be  super- 

ficial just  because  it  is  brief.  There  is  no  question  either  that  the  patient  re- 
mains dependent  on  the  physician  and  will  have  to  return  from  time  to  time 

as  she  encounters  new  situations.  Is  it  not  better,  however,  to  treat  a  patient 
with  constipation  in  this  manner  rather  than  to  make  this  young  woman  de- 

pendent upon  laxatives  or  enemas  and  perhaps  start  her  on  a  career  of  gastro- 
intestinal invalidism.  So  often  we  find  the  criticism  leveled  at  the  psychother- 

apist that  he  does  not  cure  people — they  remain  dependent  upon  him.  No 
one  expects  the  diabetic  specialist  to  cure  his  patient — when  he  regulates  the 
diet  and  adjusts  a  dosage  of  insulin  and  carries  his  patient  along  successfully 
everybody  is  satisfied.  Why  cannot  the  psychotherapist  be  permitted  the 
same  privilege  of  administering  reassurance  and  enlightenment  in  regulated 
dosages  knowing  full  well  that  in  the  greatest  number  of  instances  he  cannot 
hope  to  achieve  cure  but  instead  strives  to  make  the  patient  a  healthier,  hap- 

pier and  more  efficient  individual. 
The  Male  Climacteric.  Only  a  little  less  abused  than  \'itamins  are  the  endo- 

crine products  in  the  present  day  practice  of  medicine.  With  the  increased 
interest  of  the  medical  profession  in  endocrinology  and  the  exploitation  of  this 
interest  by  pharamaceutical  houses  in  marketing  endocrine  products,  a  new- 
flood  of  lurid  literature  has  crossed  the  physician's  desk  on  what  is  termed  the 
male  climacteric,  or  even  less  aptly  the  male  menopause.    Anything  that  hap- 

I 



PSYCHOSOMATIC  DISORDERS  OF  GASTRO-INTESTINAL  TRACT 755 

pens  to  a  man  of  50  that  cannot  be  accounted  for  on  the  basis  of  physical  dis- 
ease is  now  apt  to  be  blamed  on  gonadal  insufficiency  and  he  then  gets  a  series 

of  expensive  injections  of  testosterone.  It  is  the  exact  counterpart  of  the  prob- 
lem in  the  female  whose  functional  illness  around  the  age  of  45  is  blamed  on 

menopause  and  treated  with  estrogens.  How  to  separate  fact  from  fiction  in 
these  problems  is  indeed  difficult  but  I  submit  that  we  have  not  yet  reached  the 
stage  of  an  accurate  manipulation  of  instinctual  balance  with  endocrine  prod- 

ucts. Perhaps  the  time  will  come  but  it  is  not  yet  here.  Meanwhile  I  recom- 
mend scientific  psychotherapy  in  addition  to  or  in  place  of  endocrin  therapy. 

The  male  climacteric  is  said  to  be  characterized  by  nocturnal  urinary  fre- 
quency, fatigue,  indecision,  hot  flushes,  and  decreased  libido.  Other  symptoms 

such  as  vertigo,  mood  changes,  headaches,  gastrointestinal  symptoms,  a  feel- 
ing of  inadequacy  in  undertaking  new  duties,  and  a  tendency  to  seclusion  are 

sometimes  included  as  a  part  of  the  syndrome. 
Most  of  these  symptoms  have  been  conspicuous  in  the  psychoneuroses.  Cer- 

tainly they  often  arise  from  emotional  conflict,  and  can  be  effectively  treated 
by  psychotherapy. 

Illustrative  Case.  R.  K.,  a  white  man  of  53  was  first  seen  in  1935.  He  had  an  acute  re- 
spiratory illness  from  which  he  made  a  quick  recovery.  The  illness  afforded  the  oppor- 

tunity of  getting  acquainted  with  the  patient.  He  had  always  been  a  teacher  in  a  small 
town  and  had  one  son,  who  had  referred  the  patient  to  me. 

I  did  not  hear  from  him  again  until  1940,  five  years  later,  when  he  stated  that  he  had 
been  listless  and  tired  for  the  past  several  months  and  had  had  some  attacks  attended  by 
sweating  and  nausea  but  no  vomiting.  In  addition  there  were  some  dizzy  spells  in  the 
morning  and  one  rather  severe  attack  occurred  in  a  physician's  office  two  weeks  before. Reviewing  his  history  he  stated  that  he  had  been  well  for  the  past  five  years,  had  been 
working  hard,  smoking  moderately,  taking  an  occasional  drink.  For  the  last  two  or  three 
years  there  had  been  a  gradual  diminution  in  his  sex  desires —  "it  had  never  meant  much  to 
him." 

The  physical  examination  was  negative  except  for  slight  elevation  of  the  blood  pressure 
which  had  not  been  noted  five  years  previousl3^  There  was  slight  tremor  and  on  further 
questioning  the  patient  stated  that  he  had  become  a  little  more  intolerant  to  heat  and 
somewhat  irritable. 

In  my  note  of  that  visit  I  observed  the  following  familiar,  differential  diagnostic  problem 
with  which  I  was  concerned  at  the  time,  namely — anxiety  neurosis,  so-called  neurocircu- 

latory asthenia,  mild  hyperthyroidism  and,  in  relation  to  the  whole  problem,  the  question 
of  the  male  climacteric. 

Ordinary  laboratory  studies  were  negative  and  basal  metabolism  was  within  normal 
limits. 

The  son  told  me  that  his  father  had  been  getting  more  irritable  during  the  past  year 
and  suggested  that  he  was  worried  about  the  future.  On  that  basis  I  began  the  discussion 
using  the  illustration  of  "body  language" — that  dizziness  and  vertigo  may  be  the  body's physical  expression  of  insecurity.  He  said  that  since  the  new  governor  had  come  into  office 
a  bill  had  been  passed  forcing  the  retirement  of  teachers  at  the  age  of  62  and  in  his  case  this 
would  provide  only  a  small  pension  which  would  be  insufficient  for  him  and  his  wife  to 
live  on.  He  had  invested  all  of  his  money  in  his  son's  education  and  wondered  whether  the 
son  would  be  willing  and  able  to  take  care  of  them.  As  he  discussed  this  problem  he  became 
very  emotional  and  it  was  obvious  that  this  was  the  point  that  was  disturbing  him.  I 
spoke  about  the  son's  future  and  the  fact  that  he  wouldn't  let  his  father  down  and  then  re- 

assured him  as  to  the  absence  of  organic  disease. 
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He  remained  well  for  more  than  three  years.  Then  he  began  to  lose  weight,  and  became 
worried  and  fretful.  The  physical  examination  showed  frequent  irregularity  in  the  heart 
rate,  and  the  electrocardiogram  indicated  early  evidence  of  myocardial  disease.  Other- 

wise the  examination  was  negative  and  basal  metabolism  was  still  within  normal  limits. 
The  patient  was  smoking  heavily.  His  wife's  illness  and  the  necessity  for  looking  after 
her  himself  "had  been  too  much  for  him."  But  his  son  had  entered  the  service  and  this  had 
reactivated  his  insecurity. 

Comment:  Here  was  an  average  man  reacting  to  stress  and  strain  by  present- 
ing some  of  the  psychic,  sexual  and  vasomotor  disturbances  that  are  sometimes 

associated  at  this  period  of  life  and  are  now  often  referred  to  as  the  male  cli- 
macteric. Whether  they  should  be  is  not  so  much  the  question  except  in  so 

far  as  it  bears  upon  treatment.  In  general  it  may  be  said  that  too  much  is 
apt  to  be  blamed  on  the  menopause,  just  as  in  the  woman,  and  treatment  is 
apt  to  be  restricted  to  endocrine  products.  In  this  case  very  simple  psycho- 

therapy did  a  great  deal.  It  was  the  kind  of  psychotherapy  that  any  physician 
should  administer  and  it  doesn't  have  to  be  called  psychotherapy.  It  is  simply 
a  normal  part  of  the  physician-patient  relationship  but  it  depends  upon  a  knowl- 

edge of  psychopathology.  Here  too  we  see  the  necessity  for  equal  attention 
to  tissue  pathology  as  we  watch  this  middle-aged  man  developing  degenerative 
heart  disease  which  of  course  will  also  enter  into  the  question  of  his  emotional 
problems  to  produce  indissoluble  psychosomatic  relationships. 

Anxiety  States.  Anxiety  states  with  gastro-intestinal  symptoms  are  the  com- 
monest of  all  psychosomatic  problems.  The  most  frequent  rationalization  of 

anxiety  in  gastro-intestinal  problems  is  cancerphobia  and  in  a  way  it  represents 
a  crude  index  to  the  severity  of  the  neurosis.  The  intensity  of  the  fear,  the 
degree  of  reassurance  necessary  to  abolish  it,  and  hence  the  frequency  with 
which  it  returns,  and  the  capacity  for  enlightenment,  serve  as  clues  to  the  dif- 

ferential diagnosis  so  that  usually  it  is  not  too  difficult  to  tell  whether  one  is 
dealing  with  a  simple  anxiety  state  or  a  border  line  psychosis.  In  the  ordinary 
case  the  cancerphobia  frequently  makes  its  appearance  at  the  end  of  a  medical 
examination  when  the  patient  laughingly  states  after  reassurance:  "I  am  so 
relieved  because  I  thought  I  might  have  a  cancer."  Brief  psychotherapy  finds 
its  greatest  usefulness  in  the  milder  anxiety  states  and  where  conversion  mecha- 

nisms are  concerned  an  approach  based  on  "organ  language"  often  permits  a 
ready  access  to  significant  psychological  material.  One  of  the  difficulties  that 
I  have  experienced  is  that  too  much  mental  catharsis  in  severe  anxiety  states 
proves  disturbing  rather  than  helpful  to  the  patient. 

DEPRESSION  AND  ̂ GASTRO-INTESTINAL  MANIFESTATIONS 
jNIuch  has  been  written  on  this  subject  but  the  general  physician  cannot  too 

often  be  reminded  of  the  necessity  for  recognizing  the  mood  disturbance  under- 
lying the  gastro-intestinal  symptoms.  This  is  very  often  true  in  the  so-called 

"colitis"  cases.  An  irritable  colon,  dependent  upon  emotional  factors,  is  the 
usual  mechanism  as  it  also  often  is  in  the  so-called  non-calculous  gall  bladder 
disease.    Suicides,  totally  unlooked  for  by  the  general  physician,  are  sometimes 
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the  sorry  aftermath  of  a  long  period  of  bowel  treatment  and  gall  bladder  drain- 
age. 

Hypochondriasis.  Five  of  my  patients  were  classified  under  this  heading  and, 
as  was  to  be  expected,  were  the  least  amenable  to  brief  psychotherapy.  An 
interesting  example,  reported  elsewhere,  (8)  illustrates'  an  important  aspect  of 
this  problem. 

Illustrative  Case.  A  very  obese,  hypochondriacal,  middle-aged,  white  woman  had  been 
obsessed  for  several  years  with  the  idea  that  she  had  cancer  of  the  throat  and  despite  the 
reassurance  of  many  physicians  who  had  studied  her  carefully,  she  continued  to  believe 
"that  there  must  be  some  physical  basis  for  the  pain  and  burning  sensation  in  the  back  of 
the  throat."  She  also  had  a  great  fear  of  infection,  was  meticulously  clean  about  her  home, and  was  forever  washing  her  hands.  She  was  very  insistent  about  having  something  done 
for  her  throat  and  she  herself  would  make  topical  applications  of  irritating  solutions  until, 
on  many  occasions,  bleeding  occurred.  Even  this  did  not  satisfy  her  need  for  suffering 
so  that  she  finally  succeeded  in  persuading  a  dentist  to  remove  her  perfectly  good  teeth. 
She  encountered  less  difficulty  in  sacrificing  her  tonsils.  Both  operations  gave  temporary 
relief  but  the  symptoms  returned  worse  than  ever.  She  was  so  fixed  upon  her  physical 
symptoms  that  it  was  impossible  to  accomplish  more  than  the  most  superficial  investiga- 

tion of  her  life  situation.  The  only  digression  she  would  make  from  a  discussion  of  her 
physical  symptoms  was  to  upbraid  her  local  physician  for  fancied  mistreatment  and  in- 

sulting behavior.  He  had  sent  her  to  me  for  a  general  diagnostic  survey  but  continued  to 
supervise  her  care.  She  spent  a  great  deal  of  time  criticizing  him  for  a  lack  of  interest  in 
her  condition  and  for  the  "contemptuous  way"  in  which  he  treated  her.  Nevertheless, 
it  was  obvious  that  underneath  the  surface  hostility  there  was  a  very  positive  attachment 
to  her  physician  which  was  indicated  by  her  continuation  under  his  care  and  by  such  state- 

ments as  "she  had  great  faith  in  his  scientific  ability;  on  occasions  he  had  been  very  kind 
to  her;  and  her  children  and  her  husband  were  devoted  to  him." 

She  was  a  very  religious  person  and  went  to  church  every  morning  seeking  help  for  her 
illness.  On  one  occasion  she  went  to  seek  help  in  making  a  decision  on  two  related  ques- 

tions, first  whether  finally  to  quit  her  physician  and  seek  anol  licr  and  secondly,  whether  for 
financial  reasons  it  would  be  better  to  give  up  a  health  in.suraiicc  |iiili<  y  w  liich  provided 
nursing  service  in  case  of  a  confining  illness.  She  had  carried  tlii.s  costly  policy  for  a  long 
time  without  realizing  benefits  and  now  her  funds  were  low.  On  the  particular  morning 
in  question  she  prayed  for  help  in  making  these  two  decisions.  As  she  left  church  she  noted 
that  it  had  been  raining  and  while  ordinarily,  because  of  her  overweight,  she  took  special 
precautions  in  descending  stairs,  "she  was  not  as  careful  as  she  should  have  been"  and  on reaching  the  third  of  three  steps,  slipped  on  a  wet  spot,  fell  and  fractured  her  left  ankle. 
As  she  explained  to  me  on  the  telephone  the  next  day,  "she  got  her  answer  quicker  than  she 
thought."  She  seemed  in  a  cheerful  frame  of  mind  as  she  told  me,  with  evident  satisfac- tion, that  her  physician  had  immediately  responded  to  the  call  after  this  accident. 

Comment:  Aside  from  the  purposefulness  of  the  accident  the  marked  ambiva- 
lence for  her  local  physician  was  the  striking  feature  of  this  case.  Just  as  many 

neurotic  people  take  up  much  time  in  criticism  of  some  member  of  the  family, 
just  so  did  this  woman  express  herself  toward  her  physician.  On  the  surface 
she  was  markedly  hostile  and  yet  she  continued  under  his  care  and  obviously 
held  him  in  great  respect  and  even  with  some  evidence  of  underlying  affection. 
He  found  the  patient  a  very  disturbing  factor  in  his  practice  and  confessed  to 
me  that  when  it  was  necessary  to  see  her  "it  made  a  wreck  out  of  him."  When 
the  psychological  background  of  the  relationship  was  explained  to  him,  he  found 
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matters  a  little  easier,  but  needless  to  say,  was  pleased  when  the  patient  finally 
made  up  her  mind  to  place  herself  under  the  care  of  an  older  physician  who  had 
"taken  care  of  her  in  childhood."  Because,  to  conclude  the  story  related  above, 
once  the  fracture  had  healed,  she  was  back  once  more  with  her  old  throat  com- 

plaint and  criticism  of  her  local  physician. 
The  ambivalent  relationship  to  her  physician,  so  excessive  in  this  particular 

instance,  is  a  very  important  element  in  the  doctor-patient  relationship,  as  yet 
not  understood  in  general  medicine. 

VEGETATIVE  NEUROSES 

Cardiospasm.  Much  has  been  written  about  the  vegetative  neuroses  else- 
where (9)  so  that  I  will  confine  myself  to  a  brief  statement  regarding  cardio- 
spasm which  I  have  had  a  special  opportunity  to  study  through  the  kindness  of 

the  Chevalier  Jackson  clinic  at  the  Temple  University  Hospital.  Although 
a  rare  disorder  it  has  many  important  relationships  to  other  functional  disturb- 

ances of  swallowing  and  to  the  feeding  process  in  general.  Moreover,  if  evi- 
dence were  forthcoming  in  favor  of  the  psychogenic  origin  of  even  some  cases  of 

cardiospasm  it  would  aid  in  establishing  the  important  concept  of  the  role  of 
psychogenesis  in  the  determination  of  physical  disease.  An  article  on  the  sub- 

ject has  been  published  in  a  recent  issue  of  the  journal,  Psychosomatic  Medicine 
(10),  to  which  I  will  only  add  that  these  severe  organs  neuroses  do  not  respond 
very  satisfactorily  to  brief  psychotherapy.  Like  anorexia  nervosa  they  repre- 

sent severe  personality  disorders  and  while  I  think  it  is  highly  desirable  to  study 
them  psychologically  we  cannot  hope  to  alter  very  much  the  profound  psycho- 

logical disorder  which  in  turn  is  associated  with  a  pronounced  physical  disorder. 
It  is  truly  a  condition  in  which  psychosomatic  diagnosis  and  treatment  are  es- 

sential. To  treat  such  patients  by  psychological  methods  only  is  not  enough 
nor  is  it  enough  to  treat  them  only  by  means  of  dilatation  of  the  lower  end  of  the 
esophagus,  which  is  the  usual  procedure.  Both  methods  are  necessary  in  the 
average  case. 

SOMATIC  DISEASE  PLUS  EMOTIONAL  FACTORS 

The  most  complicated  of  all  p.sychosomatic  problems  of  the  gastro-intestinal 
tract  and  the  most  important  from  the  standpoint  of  the  difficulties  that  one  may 
get  into  are  the  physical  disorders  complicated  by  emotional  problems.  Peptic 
ulcer  and  its  complications  of  perforation  and  hemorrhage,  gall  tract  disease 
with  calculous  formation,  ulcerative  colitis  and  diverticulitis,  not  to  forget 
cancer  \vith  its  insidious  development  are  some  of  the  common  problems.  Even 
more  complicated  are  the  associations  between  the  gastro-intestinal  tract  and 
the  cardiovascular  system.  The  following  case  will  illustrate  some  of  these 
problems. 

Illustrative  Case.  H.  G.,  a  white  man  of  50,  first  consulted  me  in  1929.  He  complained 
of  pain  in  the  epigastrium.  This  had  made  its  first  appearance  about  three  years  before 
when  he  noticed  a  pressure-like  sensation.  No  abnormality  was  detected  in  the  physical 
examination  except  a  few  bad  teeth.    These  were  removed  and  the  patient  was  advised  to 



PSYCHOSOMATIC  DISORDERS  OF  GASTRO-INTESTINAL  TRACT 
759 

stop  smoking  and  his  digestion  improved.  He  was  not  heard  from  again  until  1935  when  "he complained  of  fullness  after  meals.  Again  no  abnormalities  were  detected  except  slight 
elevation  of  the  systolic  pressure.  At  the  same  time  he  spoke  of  being  short  of  breath 
on  exertion  but  only  after  breakfast.  This  again  seemed  to  be  a  pressure-like  sensation 
rather  than  dyspnea.  However,  because  of  this  symptom,  special  attention  was  paid  to 
the  cardiovascular  system  but  clinical,  x-ray  and  electrocardiographic  examination  did 
not  reveal  any  abnormality.  When  a  short  time  later,  x-ray  of  the  gastro-intestinal  tract 
showed  a  typical  duodenal  ulcer  deformity  and  the  possibility  of  additional  esophagitis — 
on  the  basis  of  a  rather  spastic  esophagus  with  evidence  of  hyperactive  peristalsis — atten- 

tion was  directed  away  from  the  cardiovascular  system. 
The  patient  was  a  very  reserved  and  passive  individual  with  pronounced  feelings  of  in- 

feriority. He  had  a  neurotic  and  nagging  wife,  and  two  daughters,  one  of  whom  was  hys- 
terical. In  addition  he  had  had  financial  difliculties  and  it  was  felt  that  all  these  factors 

entered  into  his  digestive  problem.  A  dream  of  being  in  a  department  store  where  he  could 
not  find  his  way  and  nobody  could  help  him  led  to  a  discussion  of  his  fear  of  losing  his 
job  and  the  fact  that  he  was  "up  against  it." With  superficial  psychotherapy  and  certain  general  medical  measures,  such  as  diet  and 
sedation,  he  improved  somewhat  but  continued  to  have  the  pressure-like,  choked-up  feel- 

ing, especially  in  the  mornings.  Between  1938  and  1941  he  was  much  improved  although 
the  symptoms  never  left  completely.  In  1941  he  returned — the  symptom  was  less  pro- 

nounced but  the  blood  pressure  was  elevated  and  the  electrocardiogram  showed  changes. 
X-ray  showed  that  the  duodenal  ulcer  had  completely  healed  and  there  was  no  further  evi- 

dence to  suggest  esophagitis.  Attention  once  more  was  focused  on  his  cardiovascular 
system  as  well  as  upon  his  psychological  problems. 

His  daughter's  marriage  had  ended  in  divorce,  his  wife  was  becoming  more  and  more 
difficult  and  for  the  first  time  he  confessed  that  he  had  been  "sexually  frustrated"  for  years. 
In  a  resigned  voice  he  said  "what's  the  difference"  but  showed  considerable  hostility  in  his feelings. 

In  1942  he  had  a  slight  attack  of  congestive  heart  failure  and  was  sent  to  the  hospital 
where  he  made  a  good  recovery.  After  this  he  remained  at  home  for  several  weeks  but  he 
was  very  depressed  and  complained  of  headache  and  nausea.  His  blood  pressure  had  been 
steadily  rising  over  the  years  and  he  now  showed  persistent  hypertension.  His  daughter 
wrote  to  me  that  he  was  so  disconsolate  that  they  did  not  know  what  to  do  with  him  at 
home  and  urged  me  to  give  him  a  "pep  talk."  On  his  next  visit  to  me  I  talked  to  him  on 
the  necessity  for  cultivating  a  fighting  spirit.  He  walked  out  of  the  office  apparently 
feeling  better  and  when  he  got  home  his  family  remarked  on  his  improved  spirits.  That 
night,  after  retiring  to  his  room  at  the  usual  time,  the  family  heard  a  thump  on  the  floor  and 
ran  up  to  find  that  he  had  collapsed.  Apparently  he  had  died  instantly.  Fortunately  for 
my  peace  of  mind  he  had  not  exerted  himself  after  his  visit  to  me.  The  family  assured  me 
that  he  had  done  nothing  unusual.  If  he  had  I  would  have  felt  that  it  was  a  very  mis- 

guided "pep  talk"  indeed. 
SUMMARY 

A  very  passive,  inhibited  man  with  pronounced  feelings  of  inferiority,  com- 
plained of  indigestion  and  pressure  under  the  sternum.  He  was  studied  care- 

fully to  exclude  heart  disease.  Duodenal  ulcer  and  esophagitis  were  demon- 
strated. Emotional  factors  seemed  important.  The  ulcer  healed,  but  hyper- 

tension developed;  progressive  myocardial  changes  occurred,  and  sudden  death 
happened  to  follow  a  "pep  talk"  for  depression. 

This  case  once  more  emphasizes  the  importance  of  angina  pectoris  as  a  cause 
of  death  and,  also,  the  difficulties  in  diagnosis  that  are  sometimes  encountered. 
Because  of  the  negative  cardiovascular  findings  and  the  positive  gastro-intes- 
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tinal  findings  it  was  decided  in  the  early  years  of  his  illness  that  a  digestive 
disturbance,  in  which  emotional  factors  entered,  was  wholly  responsible  for  his 
illness.  Later,  however,  when  there  was  evidence  that  the  ulcer  had  healed  and 
there  was  no  longer  any  suspicion  of  esophagitis  and,  at  the  same  time,  positive 
evidence  of  cardiovascular  disease  appeared,  the  diagnosis  was  reversed  although 
we  could  never  be  certain  that  some  functional  disturbance  of  the  gastro-in- 
testinal  tract  on  an  emotional  basis  was  not  also  present.  By  chance  an  in- 

terview dealing  -with  brief  psychotherapy  coincided  with  sudden  death  from 
heart  disease. 

I  would  have  liked  to  deal  with  many  other  clinical  syndromes  but  time 
permits  only  the  briefest  mention  of  a  few. 

Hypoglycemia..  Hypoglycemia  in  relation  to  gastro-intestinal  symptoms  is  a 
frequent  diagnosis  nowadays.  I  will  only  mention  in  passing  that  "low  blood 
sugar"  like  "low  blood  pressure"  is  often  held  responsible  for  a  state  of  fatigue 
when  the  hypoglycemic  state  is  so  often  only  a  part  of  the  mechanism  of  the 
psychosomatic  reaction — the  psychological  response  to  emotional  stress.  Oc- 

casionally indeed  it,  is  a  primary  defect,  as  in  island  tumors  of  the  pancreas,  but 
usually  it  is  only  a  secondary  symptom. 
Many  patients  with  fatigue  and  gastro-intestinal  symptoms  have  low  fever 

of  obscure  origin  and  all  of  the  attention  is  centered  on  finding  the  cause  of  the 
fever,.  Foriinerly  such  patients  were  often  thought  to  have  early  tuberculosis 
and  frequently  spent  long  periods  in  sanatoria.  Now  chronic  brucellosis  is  apt 
to  be  held  responsible. 

In  dealing  with  patients  of  this  kind  we  must  map  out  a  program  of  investi- 
gation, prosecute  it  actively  and  then  within  a  certain  limited  time,  having 

assured  ourselves  that  there  is  no  organic  disease  present,  say  to  the  patient, 
"you  do  not  have  organic  disease,  the  slight  fever  is  not  important,  throw  your 
thermometer  away  and  let  us  get  after  the  cause  of  the  fatigue  because  that  is 
your  important  problem." What  is  more  important  than  whether  we  term  the  fever  itself  psychogenic  is 
to  realize  that  the  fever  is  not  the  most  important  part  of  the  problem  but 
simply  represents  one  phase  of  a  disturbance  in  the  constitutional  make-up  of 
the  individual  of  which  the  disturbance  in  the  emotional  life  represents  another 
and  more  important  phase.  More  important  because  the  patient  frequently 
derives  great  benefits  from  an  improvement  in  the  life  situation  brought  about 
by  brief  psychotherapy. 

Polysurgical  Addiction.  The  chronic  gastro-intestinal  invalid  with  a  battle- 
scarred  abdomen  of  polysurgical  addiction  (11)  is  fortunately  not  quite  so  com- 

mon now  because  surgeons  are  becoming  a  little  more  wary  of  operating  for 
exploratory  reasons.  "The  unconscious  will  to  remain  sick"  is  a  very  impor- 

tant consideration  in  medicine  and  in  this  kind  of  patient  is  of  paramount 
importance.  Such  patients  are  eager  to  be  operated  upon  and  in  their  in- 

sistence upon  the  continuous  and  excruciating  nature  of  the  pain  from  which  they 
suffer  one  can  easily  understand  how  a  very  sympathetic  surgeon  may  be  pre- 

vailed upon  to  operate.    This  is  particularly  true  when  such  patients  meet 
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surgeons  who  are  not  loath  to  operate.  Thus,  we  can  say  that  a  willing  and  even 
eager  patient,  who  derives  a  certain  satisfaction  from  being  hospitalized  and 
and  operated  upon,  and  a  surgeon  who  is  ever  ready  to  wield  a  knife  is  a  very 
unfortunate  combination.  A  great  many  patients  with  numerous  scars  on  the 
abdomen  serve  as  testimony  to  this  combination. 

The  question  of  psychological  preparation  for  surgery  is  one  of  the  major 
problems  in  medicine.  Surgeons  are  always  so  careful  to  prepare  their  patients 
physically  for  surgery;  they  would  never  think  of  performing  a 'major  operation 
without  knowing  that  the  cardiovascular-renal  system  has  been  surveyed  but 
they  almost  never  give  any  consideration  to  the  kind  of  personality  that  exists 
in  the  individual  who  is  about  to  be  operated  upon;  how  much  anxiety  is  there, 
and  what  the  effects  of  a  surgical  traumatic  experience  may  be  as  far  as  the 
personality  structure  is  concerned.  We  recently  had  in  the  hospital  ward  a 
woman  with  an  enlarged  thyroid  gland  which  was  I'emoved  because  of  "smother- 

ing" sensations.  No  effort  was  made  to  study  her  psychologically.  The  ana- 
tomical problem  loomed  large  in  the  clinical  picture  but  the  patient  was  very 

apprehensive  prior  to  operation  and  after  operation  became  completely  psy- 
chotic. I  wonder  whether  perhaps  she  was  not  better  off'  with  the  lump  in  her neck.    Similar  instances  in  abdominal  surgery  are  all  too  common. 

CONCLUSION 

Psychosomatic  diagnosis  complemented  by  brief  psychotherapy  must  become 
an  integral  part  of  the  practice  of  medicine.  This  does  not  mean  to  study  the 
soma  less ;  it  only  means  to  study  the  psyche  more.  Gastro-enterology  especially 
must  incorporate  this  approach.  Recent  experiences  in  military  medicine 
emphasize  the.se  points. 

So  far  as  gastro-intestinal  problems  are  concerned  this  kind  of  an  approach 
will  permit  the  physician  to  realize  that  the  abdomen  is  the  sounding  board  of 
the  emotions;  from  a  dynamic  standpoint  he  will  learn  that  bed  and  board  are 
as  indissolubly  linked  in  the  emotional  life  of  the  adult  as  are  sustenance  and 
sensuality  in  the  life  of  the  infant;  and  from  a  genetic  standpoint  he  will  dis- 

cover that  the  real  social  disease  is  in  the  atmosphere  of  the  home  where  the 
foundation  is  laid  for  many  of  the  gastro-intestinal  ills  of  mankind 
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MAN  HIMSELF  THE  CHIEF  PROBLEM  IN  CARDIOLOGY^ 
PAUL  D.  WHITE,  M.D. 

Man  enters  into  cardiology  in  three  ways.  In  the  first  place,  the  patient 
himself  is  an  individual  who  is  born  with  or  later  acquires  individual  character- 

istics of  cardiac  and  vascular  tissues,  not  only  in  structure  and  function  but  also 
in  their  reactions  to  environmental  conditions  and  strains.  It  is  of  this  that  I 
shall  speak  chiefly.  Secondly,  the  patient  is  a  human  being  of  a  certain  variable 
amount  of  nervous  sensibility  and  intelligence  who  may  or  may  not  feel  or  be 
able  to  relate  what  is  wrong  with  him.  And  thirdly,  last  but  not  least,  the  doctor 
is  likewise  a  human  being  of  variable  innate  ability  and  energy  and  acquired 
training,  who  may  or  may  not  possess  the  art  of  obtaining  from  the  patient  all 
the  information  by  word  of  mouth,  by  physical  examination,  and  by  laboratory 
tests  that  may  be  needed  to  complete  the  picture,  to  solve  the  problem,  and  to 
institute  proper  treatment.  All  the  book  knowledge  in  the  world,  all  the  most 
elaborate  equipment,  and  all  the  skill  in  the  use  of  that  equipment  may  fail  in 
securing  answers  to  many  of  our  most  interesting  and  important  questions  in 
cardiology,  both  in  the  individual  patient  and  in  the  science  at  large. 

And  so  at  the  threshold  of  your  new  institute  I  would  like  to  see  you  utilize 
and  emphasize  in  fullest  degree  not  only  the  beautiful  physical  arrangements 
that  you  have  prepared  but  the  even  more  important,  though  sometimes  seemingly 
intangible,  technics  of  dealings  of  doctors  with  patients  and  of  study  of  symptoms 
and  mental  reactions  that  have  been  even  at  the  present  day  but  partly  explored. 
Patient  training,  experience,  and  by  direct  apprenticeship  the  passing  on  of  the 
so-called  art  of  medicine  will  continue  to  bear  the  richest  fruit.  Actually  such 
is  not  art  but  science  in  the  truest  sense  of  the  word,  that  is,  the  knowing  how- 
to  get  information  by  word  and  thought,  to  secure  the  cooperation  of  the  in- 

dividual, and  to  have  him  accept  and  persist  in  the  proper  treatment.  Such 
cooperation  secured  is  of  inestimable  value  in  the  follow-up  of  patients,  including 
examination  post  mortem,  which  in  the  rush  and  hurry  of  today  is  so  often 
neglected  and  replaced  by  quick,  poorly  controlled  studies  that  flash  into  our 
vision  for  a  moment  and  disappear  as  quickly.  After  thirty  years  of  experience 
in  this  field,  I  have  become  convinced  of  the  importance  of  the  special  technics 
of  the  dealings  of  doctors  with  their  patients  which  can  be  better  taught  than  is 
as  yet  the  custom. 

Now  let  me  turn  again  to  the  patient  himself  as  an  individual  human  being 
who  is  endowed  with  heart  and  blood  vessels  that  may  be  normal  or  diseased. 
The  first  of  several  points,  and  I  believe  the  most  important,  that  I  would  stress 
is  the  range  of  the  normal.  By  all  odds,  this  fundamental  knowledge  which 
should  be  our  richest  inheritance  in  cardiology  is  oui'  Achilles  heel.  We  remain 
woefully  ignorant  about  the  normal  in  structure  and  function,  not  in  some 
specific  instance  perhaps,  but  in  the  limits  of  normality.    Plerein  two  factors 

*  Presented  at  the  inauguration  of  the  Institute  Nacional  de  Cardiologia,  Mexico  City, April  19,  1944. 
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play  the  major  role:  1)  inheritance  which  predetermines  to  a  large  extent  size 
and  shape  of  heart,  its  electrocardiographic  pattern,  its  autonomic  nerve  control, 
blood  pressure  level  and  reaction,  and  the  degree  of  myocardial  and  coronary 
reserve;  and  2)  environment  which  can  alter  appreciably  by  the  interaction  of 
various  factors  of  strain  or  their  absence  the  inborn  characteristics  just  men- 

tioned. Let  me  give  you  some  examples.  Identical  twins  have  almost  exactly 
the  same  size  and  shape  of  roentgen  heart  shadows  and  heart  weights  as  they 
have  the  same  size  and  shape  of  nose,  and  their  electrocardiograms  are  closely 
similar.  It  is  probable  that  there  is  more  or  less  of  a  characteristic  family  cor- 

onary tree,  which  may  be  in  part  responsible  for  the  common  affliction  or  even 
commoner  escape  of  many  families  from  angina  pectoris  and  myocardial  in- 

farction— here  alone  is  a  fascinating  field  for  study.  There  is  even  a  family 
pulse  rate. 

Just  as  families  tend  to  show  similarities  of  structure  and  function  so  strangers 
of  the  same  body  build  resemble  each  other  in  a  cardiovascular  way,  though  not 
so  closely  as  do  identical  twins.  It  is  not  a  matter  solely  of  height  and  weight 
or  body  surface;  there  are  other  measurements,  for  example,  length  and  width 
and  depth  of  thorax  and  of  abdomen,  girth,  and  length  and  size  of  arms  and 
legs,  size  of  bones,  and  other  physical  characteristics  that  need  appraisal  in 
our  search  for  adequate  correlations,  which  we  still  lack,  of  heart  size  and  func- 

tion with  the  individual  man  himself.  Here  indeed  is  rich  soil  for  anatomical  and 
physiological  research  on  which  much  of  our  superstructure  of  medical  knowledge 
and  practice  must  rest. 

Moreover  just  as  there  are  family  and  body  type  similarities  as  applied  to  the 
heart  and  circulation  so  there  are  certain  resemblances  acquired  as  the  result 
of  certain  extrinsic  factors.  Let  me  cite  a  few.  The  trained  athlete  in  training 
tends  to  have  a  slow  heart  rate  at  rest,  often  in  the  50 's  and  the  40 's,  and  even 
in  the  30's  in  the  case  of  a  few  long  distance  runners.  The  resident  of  very 
high  altitudes  develops  certain  physiologic  and  even  anatomic  characteristics 
as  the  result  of  the  low  oxygen  pressure:  a  compensatory  polycythemia,  cyan- 

osis, clubbing  of  the  fingers,  a  barrel  chest,  and  pulmonary  emphysema.  I 
have  found  in  a  few  men  who  have  swum  under  water  vigorously  for  years  a 
physiologic  fullness  of  heart  size  with  prominence  of  right  ventricle  akin  to  the 
porpoise  heart  by  which  term  I  have  designated  this  condition  in  man.  Res- 

idence in  the  tropics  is  said  to  lower  the  blood  pressure,  perhaps  because  of  the 
inertia  inherent  in  such  life.  Thus  the  physiologic  acquisition  of  certain  modifica- 

tions of  cardiovascular  structure  and  function  is  also  a  field  of  study  that  prom- 
ises well.  In  such  a  study  climate  and  altitude,  work  and  sport,  food  and  habits 

all  m:iy  need  scrutiny.  The  whole  world  is  full  of  nature-made  experiments 
which  can  be  studied  as  they  are  or  modified  by  man  for  further  analysis. 
Now  let  us  turn  t(j  heart  disease  and  pathologic  states  of  the  circulation  to 

.see  how  these  same  principles  may  apply  thereto.  At  the  beginning  of  life 
are  the  various  congenital  defects.  There  is  not  as  a  rule,  so  far  as  I  know,  a 
particular  body  build  that  carries  with  it  congenital  heart  disease  except  for 
the  rare  arachnodactyly  which  is  attended  most  often  by  an  auricular  septal 
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defect.  It  is  true,  of  course,  that  cei'tain  anomalies  such  as  the  tetralogy  of 
Fallot  and  high  degrees  of  patency  of  the  ductus  arteriosus  may  retard  growth 
and  normal  development,  and  that  there  is  something  of  a  family  tendency  to 
congenital  defects. 

On  the  other  hand,  rheumatic  fever  and  rheumatic  heart  disease  have  a  very 
clear  limitation  to  certain  individuals;  they  do  not  occur  in  all  persons  exposed 
to  or  made  sick  by  the  hemolytic  streptococcus.  There  seems  always  to  be  a 
relatively  small  group  of  persons  who  react,  as  if  in  an  allergic  way,  to  the 
streptococcus  by  developing  rheumatic  fever.  It  is  an  inherited  predisposition, 
not  active  during  the  first  few  years  of  life  but  at  its  peak  from  5  to  12.  Un- 

favorable environment  and  climate  act  in  a  less  important  way  by  effecting 
the  exposure  of  the  susceptible  person  to  a  greater  number  of  virulent  bacteria 
under  conditions  of  poorer  general  health.  Although  the  obvious  point  of 
first  attack  in  the  ultimate  control  of  rheumatic  heart  disease  is  that  of  excluding 
so  far  as  possible  contact  of  susceptible  persons  with  the  hemolytic  strepto- 

coccus, the  individual  himself  should  not  be  forgotten.  It  is  even  possible  that 
in  the  long  run  some  method  may  be  found  to  desensitize  him  so  that  he  may 
encounter  his  hereditary  enemy  with  safety. 

Subacute  bacterial  (infective)  endocarditis  likewise  does  not  attack  everyone 
with  congenital  cardiovascular  defects  or  the  lesser  rheumatic  valve  lesions. 
Here  again  there  may  be  some  individual  difference  either  in  lack  of  resistance 
to  the  Streptococcus  viridans  or  in  a  tendency  to  thrombus  formation  on  s'cai'red 
valves  or  congenital  defects.  It  hardly  seems  as  if  bad  luck  alone  would  be  re- 

sponsible. More  study  of  the  host  as  well  as  of  the  invading  organism  and  its 
ravages  is  certainly  in  order  in  this  dread  disease. 

Cardiovascular,  that  is,  primarily  aortic,  syphilis  is  another  type  of  circulatory 
disease  that  needs  a  word  about  the  individual's  so-called  susceptibility.  Many 
persons  with  syphilis  never  have  any  involvement  of  the  aorta;  others  though 
but  lightly  infected  have  very  vulnerable  aortic  walls;  it  is  true  that  in  .such  cases 
strenuous  effort  favors  the  development  of  dilatation,  aneurysms,  and  eventual 
rupture,  while  antisyphilitic  treatment  and  avoidance  of  strain  favor  longevity. 
It  has  also  been  noted  that  in  some  regions,  Arabia  for  example,  syphilis,  though 
almost  universal,  seems  to  be  so  attenuated  that  there  occurs  little  serious 
involvement  of  the  aorta. 

The  cor  pulmonale  of  high  degree  in  chronic  form  is  most  common  among  stone 
cutters;  there  it  would  seem  that  the  environment,  that  is,  the  job,  is  inherited 
rather  than  the  susceptibility,  although  even  here  fellow  workers  vary  con- 

siderably in  their  lung  involvement.  In  lesser  degree  chronic  pulmonary  fibrosis 
is  a  cause  and  that  may  be  in  part  at  least  attributed  to  an  indi'vidual  or  family 
tendency  to  acquire  chronic  or  recurrent  lung  infections.  The  acute  cor  pul- 

monale dependent  on  massive  pulmonary  embolism  occurs  more  frequently  in 
patients  who  have  defective  local  circulations  in  their  legs  with  a  tendency  to 
easy  thrombosis  in  the  veins. 

One  of  the  most  striking  instances  of  all  of  individual,  in  reality  familial, 
tendency  to  heart  disease  deserves  especial  emphasis,  namely  the  essentia^ 
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hypertensive  state.  Precisely  the  same  living  conditions  will,  in  one  man  or 
woman  be  endured  with  equanimity  and  normal  blood  pressure,  while  another 
will  become  hypertensive.  Overweight,  nervous  strain,  and  excessive  tobacco 
will  aggravate  existing  hypertension  or  the  tendency  thereto,  but  they  are  not 
the  fundamental  causes.  An  inherited  tendency  to  arteriolar  spasm  from 
causes  not  yet  clear  seems  to  be  the  answer.  Heavy  sedation  if  given  before 
the  establishment  of  extensive  arteriolar  sclerosis  will  reduce  the  pressure  as  a 
rule  to  normal  or  almost  normal  levels,  but  since  living  in  a  state  of  deep  sleep 
is  impracticable,  an  extensive  lumbodorsal  splanchnic  sympathectomy  has  been 
developed  by  Smithwick  successfully  to  control  the  pressure  in  the  majority 
of  the  young  hypertensives.  But  just  what  is  this  inherited  fault  in  man  and 
can  it  be  bred  out  of  the  human  race  or  in  some  other  way  prevented?  This 
is  a  matter  of  major  importance  in  all  countries  and  demands  your  attention. 

Finally,  we  come  to  another  of  the  great  cardiovascular  hazards  of  our  day 
and  doubtless  in  unrecognized  form  of  past  history  too,  namely  coronary  heart 
disease.  Here  again  two  men  living  exactly  the  same  life  will  differ  widely. 
One  will  develop  angina  pectoris,  myocardial  infarction  or  electrocardiographic 
changes  in  middle  age;  the  other  will  live  to  be  very  old  without  any  of  this. 
Why?  There  are  a  few  clues  but  we  haven't  got  very  far  along  the  trail.  In 
the  first  place  and  most  importantly  the  male  rather  than  the  female  is  an  early 
victim ;  of  100  cases  under  the  age  of  40  years  analyzed  a  few  years  ago  by  Dr. 
Glendy,  Dr.  Levine,  and  myself,  96  were  men  and  only  4  were  women.  What 
is  there  in  the  masculine  constitution  or  active  principle  that  is  responsible? 
Incidentally,  in  further  corroboration  of  this  fact  it  is  common  but  neglected 
knowledge  that  the  more  robust  (not  necessarily  fat)  and  masculine  men,  often 
outstanding  athletes,  are  the  more  prone  to  develop  coronary  heart  disease  at 
an  earlier  age.  There  are  very  likely  two  other  important  factors  that  play 
a  role  in  individuals  or  families:  1)  the  fullness  of  the  coronary  arterial  tree 
with  respect  to  richness  of  branches  and  anastomotic  or  potential  collateral 
circulation,  and  2)  the  metabolism  and  deposition  of  the  cholesterol  fats  which 
at  least  in  many  cases  appear  to  be  the  basic  material  behind  the  development 
of  a  crippling  degree  of  coronary  atherosclerosis. 

Before  concluding,  there  are  two  other  conditions,  not  heart  disease  themselves 
but  frequently  confused  therewith  or  functionally  involving  the  circulation, 
that  should  be  mentioned.  The  arrhythmias,  in  particular  extrasystoles  and 
the  paroxy.smal  tachycardias,  appear  to  show  either  a  familial  predisposition  or 
at  least  a  familial  consciousness  thereof  due  to  a  high  degree  of  sensibihty,  or 
perhaps  both.  Even  auricular  fibrillation  has  been  noted  in  several  members 
of  the  same  family,  with  or  without  heart  disease. 

The  other  condition  is  neurocirculatory  asthenia,  also  called  effort  syndrome 
or  DaCosta's  syndrome,  which  more  than  any  of  the  various  ills  already  men- 

tioned is  dependent  on  the  inborn  or  inherited  constitution  of  the  individual 
who  pre.sents  characteristic  symptoms  of  disorder  of  the  autonomic  nervous 
system  under  relatively  little  strain.  I  am  not  speaking  of  the  acute  temporary 
state  due  to  excessive  strain  in  the  relatively  normal  stable  person.    A  common 
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finding  in  neurocirculatory  asthenia  is  the  associated  anxiety  psychoneurosis 
and  the  family  history  of  functional  nervous  disorders.  It  is  this  same  type  of 
person  who  shows  an  exaggerated  reaction  to  real  heart  disease,  for  example, 
a  sense  of  impending  death  in  coronary  insufficiency  in  addition  to  angina  pec- 

toris which  is  the  real  symptom  of  that  condition,  or  even  faintness  or  syncope 
therewith,  a  reaction  which  once  induced  Parry  actually  to  write  a  book  on  the 
subject  which  he  called  misleadingly  the  "syncope  anginosa".  Good  judgment 
and  long  experience  permit  an  adequate  appraisal  of  the  relative  responsibilities 
of  the  disease  processes  themselves  and  of  the  sensitiveness  of  the  individual 
in  the  production  of  symptoms,  but  better  instruction  of  the  medical  student 
and  young  physician  than  now  exists  should  be  instituted  in  this  very  important 
subject. 
And  so,  in  conclusion,  let  me  plead  for  close  attention  to  the  factor  of  man 

himself  in  your  study  of  the  cardiovascular  system  and  its  diseases,  man  himself 
as  a  narrator  of  his  own  story,  as  an  organism  with  symptoms  that  are  sometimes 
more  delicate  evidence  of  disease  than  any  produced  by  the  most  sensitive 
apparatus  as  yet  invented,  as  an  intelligent  being  who  can  cooperate  with  us, 
not  only  in  his  own  treatment  but  also  in  our  clinical  researches  and  a  long  follow- 
up,  and  as  a  vital  factor  through  inherited  and  acquired  characteristics  in  the 
development  of  the  various  kinds  of  heart  disease  themselves.  The  study  of 
heredity  alone  promises  much  yield  and  this  is  but  one  of  many  opportunities 
in  the  analysis  of  man  himself. 
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Ovarian  tumors  which  exert  a  hormonal  influence  have  recently  received 
considerable  attention  in  the  literature.  Theca  cell  tumors  of  the  ovary  belong 
to  this  group.  A  feminizing  effect  such  as  atypical  uterine  bleeding  and  breast 
enlargement  is  produced  by  this  tumor. 

Smce  Loeffler  and  Priesel  (1,  2)  originally  described  six  cases  in  1932,  and 
classified  them  as  "Fibroma  theca  cellulare  Xanthomatodes  ovarii,"  many 
additional  cases  have  been  noted.  Previously,  some  of  these  tumors  were 
reported  as  fibromas  or  fibrosarcomas.  In  a  review  of  ovarian  fibromas,  Geist 
and  Gaines  (3)  found  three  belonging  to  the  theca  cell  group. 

The  histogenesis  of  this  tumor  has  been  stressed  by  Geist  (4,  5).  He  main- 
tained that  the  theca  cell  tumors  arose  from  the  unused  theca  cells  of  the  ovarian 

parenchyma.  Another  tumor  belonging  to  this  group  of  feminizing  tumors  is  the 
granulosa  cell  tumor  which  Geist  claimed  was  a  distinct  entity  similarly  originat- 

ing from  unused  granulosa  cells  of  the  ovarian  parenchyma.  Novak  (6)  main- 
tains a  common  origin  for  both  tumors  in  the  embryonic  ovarian  mesenchyme. 

He  includes  both  under  the  designation  of  "feminizing  mesenchymoma  of  the 
ovary." Clinically  it  has  been  noted  that  theca  cell  tumors  usualty  occur  after  the 
menopause.  A  case  has  been  reported  in  a  92  year  old  woman  by  Patterson 
and  McCullagh  (7).  They  are  always  unilateral,  not  very  large,  not  associated 
with  ascites  and  usually  benign.  However,  three  cases  of  malignant  theca  cell 
tumors  have  been  reported  by  Loeffler  and  Priesel  (1,  2),  Huber  (8),  Geist  and 
Gaines  (3).  The  coincidental  occurrence  of  uterine  fibromyomata,  dermoid 
cysts  and  serous  cyst  has  been  noted.  The  symptoms  produced  are  those  of 
hyperestrinism,  such  as  uterine  bleeding  and  enlargement  of  the  breasts.  The 
uterus  becomes  enlarged  and  soft  and  the  endometrium  becomes  hyperplastic. 
The  symptoms  all  regress  after  removal  of  the  tumor. 

To  explain  this  symptom  complex,  Melnick  and  Kantor  (9)  suggested  that 
these  theca  cell  tumors  were  able  to  produce  estrogen.  Geist  and  Spielman  (10) 
did  assay  one  such  tumor  and  were  able  to  demonstrate  one  mouse  imit  of 
estrogen  in  each  0.75  gm.  of  tissue  extracted,  an  abnormally  high  estrogen 
content. 

Pathologically  on  gross  appearance  these  tumors  have  a  glistening  thin 
capsule  and  are  firm  and  fibrous,  though  some  show  a  tendency  to  cystic  de- 

generation. They  vary  in  size  from  a  peach  to  a  grapefruit,  the  surface  having 
a  yellow  tint.  These  tumors  cut  with  considerable  resistance  resembling  a 
fibroma.  The  cut  surface  is  noted  to  be  composed  of  varying  sized  i.slands 
ha\'ing  a  diagnostic  yellow  hue  and  separated  by  dense  white  hyaline  connective 
tissue.  Small  or  larger  cystic  areas  are  occasionally  noted  resulting  from  lique- 

faction necrosis. 
Microscopically  two  features  are  characteristic,  first  a  large  amount  of  con- 
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nective  tissue  showing  a  tendency  toward  hyaline  degeneration  and  secondly  a 
large  number  of  fat  containing  epithelioid  cells  arranged  in  islands  or  strands 
surrounded  and  invaded  by  the  connective  tissue  (4).  The  intracellular  or 
extracellular  lipoid  is  double  refractile  in  polarized  light,  consisting  of  cholesterol 
ester.  It  is  probable  that  this  lipoid  is  the  estrogen  which  in  excess  causes 
the  feminizing  syndrome.  Since  these  tumors  vary  in  their  lipoid  content,  the 
symptoms  vary  accordingly. 

The  following  case  demonstrates  that  even  21  years  after  the  menopause, 
a  feminizing  tumor  may  activate  an  organ  that  has  been  dormant  and  clinically 
atrophic  for  many  years. 

History:  L.  M.,  (Adm.  #516884),  aged  72  years,  widowed  11  years,  was  admitted  to  The 
Mount  Sinai  Hospital  on  February  20,  1944,  with  the  chief  complaint  of  vaginal-bleeding, 
occurring  21  years  after  the  menopause.  The  patient  had  4  children,  the  youngest  30  years 
of  age,  and  one  spontaneous  miscarriage  at  4?  months,  about  35  years  ago.  Until  her 
menopause,  the  menstrual  history  was  normal.  A  diagnostic  curettage  was  performed  17 
years  ago,  because  of  vaginal  bleeding.  No  pathological  report  was  available,  and  patient 
was  told  no  further  therapy  was  indicated.  There  was  a  recurrence  of  this  bleeding  four 
years  ago,  when  the  patient  bled  for  1  week  and  again  6  weeks  ago,  when  bleeding  lasted 
for  one  day  and  was  followed  by  staining  for  5  days  duration.  The  present  episode  of 
vaginal  bleeding  began  5  days  ago,  and  had  become  rather  profuse.  The  remaining  history 
reveals  that  the  patient  had  a  cholecystectomy  25  years  ago,  and  also  has  been  known 
to  be  a  mild  diabetic  for  several  years.  The  diabetes  has  been  controlled  by  diet  without 
being  supplemented  by  insulin. 

Examination:  The  general  physical  examination  revealed  an  elderly,  well  developed  but 
thin  woman,  weighing  105  lbs.,  not  acutely  ill  and  showing  no  evidence  of  excessive  blood 
loss.  The  blood  pressure  was  130  systolic  and  80  diastolic.  The  heart  and  lungs  were 
normal.  The  breasts  were  somewhat  heavier  than  normal.  On  abdominal  palpation, 
no  abdominal  masses  were  felt.    The  extremities  were  normal. 

The  gynecological  examination  revealed  the  following :  A  normal  parous  introitus.  The 
cervix  appeared  normal,  but  blood  was  seen  coming  from  the  cervical  canal.  The  uterus 
was  retroposed,  slightly  enlarged  and  irregular.  To  the  right  and  behind  the  uterus  was 
a  firm  round  mass  about  8  cm.  in  diameter. 

Course:  The  provisional  diagnosis  of  Theca  cell  tumor  or  granulosa  cell  tumor  was 
made.  Carcinoma  of  the  fundus  of  the  uterus  was  also  a  possible  diagnosis.  However, 
because  of  the  very  prolonged  history  of  intermittent  vaginal  bleeding  with  comparative 
good  health  of  patient,  an  ovarian  tumor,  exerting  hormonal  influence  was  considered  the 
more  likely  diagnosis. 

A  laparotomy  was  performed  on  February  21,  1944.  The  findings  were  as  follows:  The 
uterus  was  somewhat  enlarged  and  contained  a  few  small  fibromyomata.  The  right  ovary 
was  enlarged  four  times  its  normal  size,  and  containing  a  cystic  portion  at  one  pole  and  a 
solid  portion  at  the  other  pole.    The  left  ovary  was  atrophic. 

In  view  of  the  findings  a  supra-cervical  hysterectomy  and  bilateral  salpingo-oophorect- 
omy  was  performed.  The  cervix  was  left  in  situ,  because  inspection  of  the  endometrial 
cavity  revealed  no  carcinoma. 

The  post-operative  course  was  uneventful.  The  diabetes  was  controlled  by  protamine 
insulin  and  regular  insulin  in  decreasing  doses,  so  that  when  patient  was  discharged  from 
the  hospital  on  the  13th  post-operative  day,  insulin  therapy  had  been  discontinued. 

The  abdominal  wound  healed  by  primary  union  and  pelvic  examination  on  discharge 
showed  a  freely  movable  cervical  stump  and  normal  parametria. 

The  patient  was  seen  six  months  after  operation  feeling  well.  There  was  no  recurrence 
of  the  vaginal  bleeding,  and  the  breasts  resumed  their  normal  size. 
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The  Pathological  Report  (#P-27633),  by  Dr.  Otani  was  as  follows:  "Adenomyosis  and small  fibromyomata  of  the  uterus  with  hyperplastic  endometrium.  Theca  cell  tumor  with 
cystic  degeneration  of  right  ovary.    Atrophic  left  ovary. 

"The  gross  specimen  consists  of  a  supracervically  amputated  uterus  with  left  adnexa attached.  The  right  tube  and  ovary  are  separately  received.  Uterus  has  previously 
been  opened.  The  external  surface  is  smooth  and  shiny.  The  endometrial  surface  is 
somewhat  granular.  The  cavity  measures  4.5  cm.  in  length  and  4  cm.  across  at  the  height 
of  the  fundus.  The  endometrium  measures  up  to  2-3  mm.  in  thickness  and  appears  to  have 
minute  cysts  within  it.  The  wall  is  somewhat  bulky,  of  even  calibre  and  on  section  shows 
definite  cystic  structures  within  the  wall  predominantly  close  to  the  endometrial  surface. 
There  are  in  addition  seedling  intramural  fibroids.  The  left  tube  measures  about  12  cm. 
in  length,  the  fimbriated  end  is  freely  patent.    The  left  ovary  is  small,  firm,  gyrated,  some- 

FiG.  3.  Microscopic  section  (X  20)  showing  adenomyosis  of  uterine  muscle. 

what  yellowish  in  color.  It  measures  2.3  x  1.5  x  1  cm.  and  has  previously  been  incised.  On 
section  it  has  a  very  definite  j^ellowish  overcast  to  the  major  portion  which  is  not  distinctly 
demarcated  from  the  surrounding  purplish  stroma  which  contains  a  few  corpora  albicans. 
Separately  received  is  the  right  tube  and  ovary.  The  fimbriated  end  is  freely  patent.  The 
tube  segment  measures  about  8  cm.  The  tube-ovarian  ligament  is  smooth,  thin.  The 
ovary  has  previously  been  opened  and  incised.  It  is  enlarged  to  about  8  cm.  in  diameter, 
in  its  present  collapsed  state.  The  external  surface  is  everywhere  smooth  and  shiny  and 
there  are  areas  of  bright  orange  tissue  shining  through  the  surface.  The  opened  ovary 
shows  a  cystic  portion  completely  sniootli  walled  with  yellow  orange  tissue  shining  through 
the  cj'st  wall.  There  is  a  solid  iiortion  to  the  tumor  mass  measuring  roughly  4.5  x  2.5  cm. 
This  area  is  moderately  soft  and  composed  of  grayish  white  and  yellow  tissue." 

The  microscopic  structure  of  the  ovary  (fig.  1)  is  typical  of  a  theca  cell  tumor  showing 
the  fat  containing  epithelioid  cells  distributed  in  an  irregular  interlacing  manner  and 
separated  by  bands  of  connective  tissue  and  hj'aline  placques.  The  endometrium  of  the 
uterus  (fig.  2)  shows  the  effect  of  estrin  stimulation.  The  glands  are  numerous,  some 
cystic  and  lined  by  columnar  epithelium. 



772 SEYMOUR  WIMPFHEIMER 

The  uterine  muscle  showed  small  bluish  cystic  areas  which  on  microscopic  examination 
proved  to  be  adenomyosis  (fig.  3) . 

SUMMARY 
A  case  of  theca  cell  tumor  of  the  ovary  is  reported  in  a  72  year  old  woman, 

21  years  after  the  menopause.  The  feminizing  effect  produced  uterine  bleeding 
and  enlargement  of  the  breasts.  The  hormone  effect  was  strong  enough  to 
stimulate  the  endometrium  and  adenomyotic  areas  which  had  been  dormant 
for  many  years. 

REFERENCES 
1.  LoEFFLER,  E.,  AND  Priesel,  A.:  Beitr.  z.  path.  Anat.  u.z.  allg.  Path.  90:  199,  1932. 
2.  Loeffler,  E.,  and  Priesel,  A.:  Wien.  med.  Wchnschr.  84  :  400,  1934. 
3.  Geist,  S.  H.,  and  Gaines,  J.  A. :  Am.  J.  Obst.  &  Gynec.  35: 39, 1938. 
4.  Geist,  S.  H.:  J.  Mt.  Sinai  Hosp.  4:  821,  1938. 
5.  Geist,  S.  H.:  Ovarian  Tumors.    New  York,  Paul  B.  Hoeber,  Inc.,  1942,  pp.  268-277. 
6.  Novak,  E.:  Gynecological  and  Obstetrical  Pathology.    Philadelphia,  W.  B.  Saunders 

Co.,  1941,  pp.  344-356. 
7.  Patterson,  J.  H.,  and  McCullogh,  W.  McK.:  J.  Obst  &  Gynec.  Brit.  Emp.  43:  1186, 

1936. 
8.  HuBER,  Herbert:  Zentralbl.  f.  Gynak.  61: 14,  1937. 
9.  Melnick,  P.  J.,  AND  Kantor,  A.JD.:  Am.  J.  Obst.  &  Gynec.  27:41,1934. 

10.  Geist,  S.  H.,  and  Spielman,  F.,  J.  A.  M.  A.  104 : 2173, 1935. 



PEPTIC  ULCER  IN  ADOLESCENCE:  ITS  RELATION 
TO  PITUITARY  DYSFUNCTION 

ASHER  WINKELSTEIN,  M.D.i 

A  great  deal  has  been  written  about  the  incidence  of  peptic  ulcer.  Its  actual 
frequency,  as  well  as  the  distribution  between  the  sexes  and  among  the  several 
age  groups,  has  attracted  much  attention  and  aroused  considerable  dispute. 
A  study  of  the  data  on  this  phase  of  the  ulcer  problem  suggests  the  following 
conclusions:  1)  Peptic  ulcer  occurs  in  5  to  10  per  cent  of  the  adult  male  popula- 

tion; 2)  duodenal  ulcer  is  several  times  more  frequent  in  the  male  sex;  3)  peptic 
ulcer  is  not  only  less  frequent,  but  a  milder  disease  in  females;  4)  it  is  chiefly 
a  disease  of  the  third  and  fourth  decades  of  life;  5)  there  are  separate  groups 
occurring,  (a)  in  infancy,  (b)  in  the  puberty-adolescent  period,  (c)  at  the  meno- 

pause, and  (d)  in  old  age. 
Elsewhere  we  have  discussed  the  relation  of  the  ductless  glands  (particularly 

those  secreting  the  sex  hormones)  to  peptic  ulcer  (1).  Herein  we  wish  to 
present  some  specific  observations,  hitherto  not  noted,  on  the  puberty -adolescent 
group  of  peptic  ulcers.  During  the  past  few  years  we  have  collected  a  group 
of  24  of  these  cases  (Table  1).  They  presented  some  unusual  and  striking 
features.  All  had  duodenal  ulcers.  Gastric  ulcer  was  not  encountered  in  a 
single  instance.  This  agrees  Avith  the  general  impression  that  gastric  ulcer  is 
found  in  older  patients.  Most  of  the  cases  fell  between  12  and  15  years  of  age. 
Three  were  17  and  one  was  11  years  old.  The  symptoms  were  quite  severe  in 
most  of  the  group.  Five  experienced  massive  hemorrhages.  There  were  three 
perforations.  Eleven  with  severe  symptoms  were  subjected  to  partial  gastrec- 
tomy. 

The  infrequency  of  the  disease  at  this  age,  the  severity  of  the  symptoms,  and 
a  familial  tendency  to  ulcer  in  this  group  has  been  pointed  out  by  other  ob- 

servers (2).    In  our  group,  four  had  a  familial  incidence. 
The  most  striking  feature,  however,  remains  to  be  brought  out.  This  is  the 

fact  that  simultaneously  with  the  onset  and  early  course  of  the  symptoms,  these 
boys  grew  rapidly,  in  most  cases  to  an  abnormal  height.  Ten  of  them  grew 
to  six  feet;  nine  to  five  feet  eleven  inches,  and  five  to  five  feet  nine  inches.  All 
of  them  were  not  only  the  tall,  but  the  thin  type. 

The  significance  of  this  association  of  rapid  growth  with  peptic  ulcer  in  this 
group  of  adolescent  boys  is  at  present  conjectural.  It  may  just  be  a  coincidence. 
It  will  be  necessary  to  collect  a  large  series  of  peptic  ulcer  cases  in  the  puberty- 
adolescent  period  in  order  to  establish  the  statistical  validity  of  this  special 
group  of  cases. 

There  is  also  the  possibility  of  a  ductless  gland  relationship.  At  the  adoles- 
cent period  the  sex  hormones  come  into  play,  and  the  growth  hormone  is  elab- 

orated by  the  anterior  pituitary  gland.    In  the  course  of  previous  experience 

1  From  the  Gastro-Intestinal  Division  of  the  Medical  Department,  The  Mount  Sinai Hospital,  New  York. 773 
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-with  this  ductless  glandular  phase  of  the  subject,  we  had  noted  the  following 
(3):  1)  In  certain  experiments  in  dogs,  ulcerations  about  abdominal  wall 
gastric  pouch  orifices  increased  (as  well  as  the  acid  secretion  in  the  pouches) 
during  lactation.  During  oestrus,  acid  secretion  lessened  and  the  ulcerations 
healed.  These  observations  indicated  a  possible  relation  of  the  anterior  pitui- 

tary gland  (involved  in  lactation)  to  the  increased  acidity  and  ulceration.  2) 

TABLE  1 
Record  of  some  clinical  features  in  25  young  males  with  duodenal  ulcer 

NAME ONSET AGE HEIGHT RELEVANT  FINDINGS 

B.  G  14 19 

6'0" 

Moderate  symptoms 
G.  K  15 19 

5'9" 

Perforation  at  18 
N.  K 15 25 

5'11" 

Moderately  severe  symptoms 
B.  L  15 29 

5'9" 

Pyloric  obstruction.    Partial  gastrectomy 
W.  B 12 17 

5'11" 

Perforation  at  17 
F.  S  12 17 

5'9" 

Moderate  symptoms 
L.  A  15 23 

5'9" 

Eunuchoid  features.    Moderate  symptoms 
R.  F  14 19 

5'11" 
Repeated  hemorrhage.    Partial  gastrectomy.  Father 

has  ulcer 
0.  V 17 23 

5'9" 

Moderate  symptoms.    One  brother  with  ulcer 
P.  M 

13 
30 

6'0" 

Moderate  symptoms 
J.  R  14 18 

6'1" 

One  brother,  1  sister,  1  uncle  with  duodenal  ulcer. 
Moderate  symptoms 

0.  G  14 16 

6'0" 

Both  father  and  patient  had  partial  gastrectomy 
G.  U 14 

30 
5'11" 

Partial  gastrectomy  for  perforating  ulcer 
G.  G.  H.  .. 13 22 

5'11" 
Hemorrhage.    70  Free  HCL.    Partial  gastrectomy. 

"Ulcer  facies" M.  V  12 52 

6 '2" 

Repeated  hemorrhages.    Partial  gastrectomy 
H.  B  11 21 

5'11" 
Obese.    Polycythemia.    Symptoms  moderate 

J.  S  12 16 

5'11'' 

Symptoms  rather  severe.    Marked  hyperchlorhydria 
F.  N  13 25 

6'2" 

Severe  ulcer  symptoms.    Perforation  and  hemorrhage 
J.  K  17 33 

6'1" 

Perforation.    Later  partial  gastrectomy 
S.  A  15 36 

5'11" 

Severe  symptoms.    Partial  gastrectomy 
S.  S  17 30 

5'11" 

Moderate  symptoms 
0.  s  12 40 

6'0" 

Gastro-enterostomy   at    12.    Two    partial  gastrec- 
tomies. Exodus 

D.  K 12 44 

6'0" 

Severe  symptoms.    Hemorrhages.    Two  partial  gas- trectomies 
A.  K  13 24 

6'0" 

Gastro-enterostomy,  then  partial  gastrectomy 

The  fact  that  peptic  ulcer  is  predominantly  a  male  disease;  3)  that  it  is  mild 
in  the  female ;  4)  that  in  the  female  it  often  commences  at  the  natural  or  artificial 
menopause  (anterior  pituitary  predominance?);  5)  that  ulcer  in  the  female  has 
its  severest  manifestations  at  or  after  the  menopause,  and  6)  that  estrogens 
may  relie^-e  menopause  ulcer  symptoms. 

The  bearing  of  these  observations  on  the  adolescent  ulcer  group  herein  de- 
scribed is  patent.  Both  the  rapid  growth  (modified  giantism)  and  the  peptic 

ulcer  may  be  associated  with  some  abnormality  in  the  functions  of  the  anterior 
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pituitary  gland.  It  would  be  of  interest  to  study  the  androgens  and  anterior 
pituitary  secretions  quantitatively  in  these  patients.  Possible  lines  of  therapy 
also  suggest  themselves.  For  example,  estrogen  (or  androgen)  administration 
to  inhibit  the  anterior  pituitary  activity  seems  indicated. 

With  the  exception  of  the  height  and  thinness,  we  have  noted  no  particular 
stigmas,  such  as  acromegaly'.  Careful  anthropometric  observations,  photo- 

graphs and  sella  turcica  radiographs  could  be  collected. 
Of  course  the  possibility  of  the  psychologic  factor  as  an  etiologic  agent  enters 

into  the  problem.  During  adolescence,  emotional  disturbances  are  common. 
We  have  not  been  impressed  with  this  feature  in  our  group,  with  the  exception 
of  one  boy  who  harbored  a  terrific  resentment  against  his  parents. 
We  are  not  implying  in  this  communication  that  peptic  ulcer  in  general 

may  be  a  pituitary  disease.  It  is  our  opinion  that,  as  emphasized  chiefly  by 
Eli  Moschcowitz  (4),  in  most  of  the  adult  group  it  is  probably  a  psychosomatic 
disease.  However,  peptic  ulcer  may  not  be  a  unitary  disease.  For  example,  in 
the  adolescent  group  a  pituitary  factor  does  indeed  suggest  itself.  However,  our 
chief  purpose  in  presenting  this  interesting  association  of  rapid,  excessive  growth 
with  peptic  ulcer  in  a  group  of  adolescent  boys  is  to  stimulate  further  investi- 
gation. 

SUMMARY  AND  CONCLUSIONS 

Peptic  ulcer  is  predominantly  a  disease  of  young  adult  males. 
A  group  of  adolescent  boys  with  duodenal  ulcer  has  been  encountered. 
The  disease  is  quite  severe  in  this  group. 
Rapid  growth  to  abnormal  height  at  the  onset  of  the  disease  was  noted. 
This  suggests  a  possible  association  between  the  anterior  pituitary  gland 

and  peptic  ulcer  in  adolescent  boys. 
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THROMBO-ANGIITIS  OBLITERANS  AND  DIABETES  MELLITUS  IN 
THE  SAME  PATIENT 

Two  Cases 

HERMAN  A.  ZAZEELA,  M.D.,  and  LEONARD  A.  WEINROTH,  M.D. 
{From  the  Peripheral  Vascular  Disease  Clinic,  The  Mount  Sinai  Hospital, 

New  York,  N.  Y.] 

Thrombo-angiitis  obliterans  and  diabetes  mellitus  are  rarely  seen  together 
in  the  same  individual.  In  the  text  books  on  peripheral  vascular  disease  written 
by  Buerger  (1)  and  by  Homans  (2),  the  association  of  the  two  diseases  is  not 
mentioned.  In  contrast,  considerable  sections  of  both  books  are  devoted  to  the 
discussion  of  the  frequent  association  of  arteriosclerotic  peripheral  vascular 
disease  and  diabetes.  L.  S.  McKittrick,  who  has  had  considerable  experience 
with  diabetes  and  its  compUcations  states,  "We  have  never  seen  the  combination 
of  diabetes  and  thrombo-angiitis  obliterans"  (3).  During  the  past  22  years, 
Silbert  has  studied  in  the  Peripheral  "N^ascular  Disease  Clinic  at  The  Moimt Sinai  Hospital  and  in  his  private  practice  over  1400  patients  suffering  from 
thrombo-angiitis  obliterans.  In  this  group  only  two  patients  were  encountered 
in  whom  both  thrombo-angiitis  obliterans  and  diabetes  were  present  (4). 

On  the  contrary,  arteriosclerosis  and  diabetes  are  commonly  seen  in  the  same 
individual.  There  has  been  no  agreement  on  the  explanation  for  this  frequent 
association.  The  high  blood  cholesterol  usually  found  in  diabetic  patients 
has  been  regarded  by  many  investigations  as  the  important  factor  favoring  the 
early  onset  of  diabetes.  However,  Moschcowitz  believes  that  in  the  adult  form 
of  diabetes,  arteriosclerosis  is  the  cause  rather  than  the  result  of  the  disease. 
He  states  that  it  acts  by  causing  insufficiency  of  the  islands  of  Langerhans 
through  a  mechanism  of  arterio-capillary  fibrosis  (5).  Most  observers  do  not 
agree  with  this  view  of  the  pathogenesis. 

The  presence  of  arteriosclerosis  in  the  patient  with  diabetes  frequently  gives 
rise  to  symptoms  of  impaired  circulation  in  the  lower  extremities.  When  periph- 

eral vascular  disease  is  found  in  a  diabetic,  it  is  usuallj^  safe  to  assume  that 
it  is  arteriosclerotic  in  nature.  Thrombo-angiitis  obliterans  has  some  dis- 

tinguishing characteristics,  but  often  it  can  be  differentiated  from  arterio- 
sclerotic peripheral  vascular  disease  only  by  exclusion.  It  is  a  fair  assumption 

that  when  there  is  evidence  of  generalized  arteriosclerosis  in  the  body,  the 
peripheral  vascular  disease  in  the  extremities  is  on  the  same  etiological  basis. 
Not  only  must  arteriosclerosis  be  absent  from  the  peripheral  vessels,  but  it 
must  be  searched  for,  and  excluded  in  other  parts  of  the  body  before  a  diagnosis 
of  thrombo-angiitis  obliterans  can  be  made.  Thus,  the  presence  of  coronary 
sclerosis,  by  inference,  would  imply  that  the  peripheral  vessels  were  sclerotic, 
even  though  x-rays  of  the  lower  extremities  failed  to  reveal  evidence  of  calcifica- 

tion of  the  vessels.  The  following  table,  based  upon  a  chart  published  in  1935 
by  Silbert  (6)  lists  the  criteria  for  the  differential  diagnosis  between  thrombo- 

angiitis obliterans  and  arteriosclerotic  peripheral  vascular  disease  (Table  I). 
776 
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Before  the  diagnosis  of  thrombo-angiitis  obliterans  and  diabetes  in  the  same 
patient  can  be  accepted,  it  is  necessary  that  the  following  two  criteria  are  present. 
First,  the  vascular  disease  should  precede  the  onset  of  the  metabolic  disease  by 
several  years,  and  second,  the  vascular  disease  should  occur  before  the  age 
of  forty. 

Several  authors  have  reported  the  association  of  thrombo-angiitis  obliterans 
and  diabetes  in  a  small  number  of  patients.  In  our  opmion  none  of  these 
reports  can  be  accepted  because  all  of  the  patients  failed  to  fulfill  one  or  both 
of  the  above  criteria.    In  most  of  the  cases,  the  age  of  onset  was  over  forty. 

TABLE  I 
THROMBO-ANGIITIS  OBLIT. AKTEMOSCLEROTIC  PERIPH.  VASC.  DISEASE 

Intermittent  claudication  Present Present 
Symptoms  of  coronary  sclerosis . . Absent May  be  present 
Age  of  onset  Under  45 Often  over  45 
History  of  smoking  Always Not  always 
Pulses   Absent Absent 
Involvement  of  upper  extremities Frequent Rare Blood  pressure  Often  low Frequently  elevated 
Fundi  Negative May  have  sclerotic  vessels 
Hair  Normal Frequently  gray 
Arcus  senilis  Absent Frequently  present 
X'-ray  of  extremities  No  calcification Calcification  often  present 
Electrocardiogram  Negative May  show  myocardial  damage 
Urine  Usually  negative Frequently  albumin  and/or  gly- 

cosuria 
Red  blood  cell  count  Often  above  nor- Usually normal mal 
Hemoglobin  Often  above  nor- Usually normal mal 
Blood  volume  Often  below  nor- Usually normal mal 
Basal  metabolism  Usually  low Usually  normal 
Prognosis  Relatively  good Relatively  poor 

Davidson's  (7)  patient  was  65  years  old,  and  Delbet's  (8)  patient  was  61  years 
old  at  the  time  of  the  onset  of  the  vascular  disease.  Of  the  cases  reported  by 
Adams  (9),  by  Horton  and  Allen  (10),  and  by  Helm  and  Horton  (11),  ten  cases 
in  all,  only  one  was  less  than  forty  at  the  time  the  vascular  disease  began.  In 
this  patient,  who  was  38,  the  onset  of  the  vascular  disease  coincided  with  the 
onset  of  the  diabetes.  In  a  number  of  the  remaining  patients  all  of  whom  were 
above  forty,  calcification  of  the  blood  vessels  was  present.  The  case  reported 
by  Collens  and  WUensky  (12),  had  hypertension  and  calcified  blood  vessels. 

The  first  patient  presented  here  has  been  observed  in  the  wards  and  clinics 
of  The  Mount  Sinai  Hospital  since  1930.  He  has  diabetes  mellitus,  and  also 
presents  all  of  the  requirements  for  a  typical  case  of  thrombo-angiitis  obliterans. 
In  addition,  careful  search  has  revealed  no  evidence  of  arteriosclerotic  involve- 

ment elsewhere. 
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CASE  REPORTS 
Case  1.  History:  H.  L.  (Adm.  *334613)  now  45  years,  was  first  seen  by  us  13  years  ago 

when  he  was  32  years  old.  He  is  an  American  born  Hebrew,  and  a  chauffeur  by  occupation. 
At  his  first  visit  to  the  Peripheral  Vascular  Clinic  of  the  Out-Patient  Department,  he  com- 

plained of  a  painful  ulcer  on  the  left  big  toe.  About  two  weeks  later,  he  was  admitted  to  a 
medical  ward  of  the  hospital  because  the  ulceration  was  too  extensive  for  out-patient  treat 
ment.    In  the  hospital,  the  following  history  was  elicited  : 

He  first  noted  intermittent  claudication  at  the  age  of  22  (making  the  total  duration  of  his 
illness  23  years,  at  the  present  time). 

For  6  years,  he  had  noted  intermittent,  red,  linear,  tender  swellings  on  the  lower  extrem 
ities — evidently  recurring  phlebitis  migrans. 

For  2  years,  he  had  noted  redness,  swelling  and  pain  in  the  toes  of  his  left  foot. 
During  the  past  6  months,  transient  ulcers  had  appeared  on  the  third,  fourth  and  fifth 

toes  of  the  left  foot. 
During  the  month  prior  to  admission,  the  left  big  toe  had  become  red,  painful,  swollen 

and  progressively  ulcerated. 
He  smoked  about  20  cigarettes  daily. 
Examination:  Patient  was  a  tall  thin  individual.  The  eyes,  including  the  retinal  vessels 

were  normal.  The  heart  was  not  enlarged.  The  sounds  were  regular  and  of  good  quality 
and  there  was  a  short  systolic  murmur  at  the  apex.  Electrocardiogram  was  reported  to  be 
normal.  Both  radial  pulses  were  equal  and  apparently  not  sclerotic.  Blood  pressure  was 
120  systolic  and  80  diastolic.  The  examination  was  negative  otherwise,  until  the  lower 
extremities  were  reached.  Both  femoral  and  both  popliteal  arteries  pulsated  normally 
In  the  right  foot,  only  the  peroneal  pulse  could  be  felt,  all  the  other  arterial  pulses  being 
absent.  In  addition,  the  left  foot  was  purplish-red,  with  an  area  of  sloughing  gangrene  near 
the  tip  of  the  first  toe,  and  with  bluish  discoloration  of  the  two  adjoining  toes.  The  oscillo 
metric  readings  were  as  follows:  right  calf — 3.0,  right  ankle — 2.0,  left  calf — 2.5,  loft  ankle — 0.5. 

Laboratory  data:  Hemoglobin  was  84  per  cent.  The  blood  count  including  the  dif 
ferential  count,  and  the  bleeding  time,  the  coagulation  time  and  tlie  sedimentation  rate  were 
all  normal.  The  urine  was  examined  repeatedly  and  reported  normal.  At  no  time  was  the 
presence  of  glycosuria  noted.  Blood  urea  and  total  proteins  were  normal.  Both  Wasser 
mann  and  Kahn  tests  were  negative.  There  is  no  record  of  the  blood  sugar  at  this  time 
The  diagnosis  made  in  the  hospital  was  thrombo-angiitis  obliterans  with  gangrene  of  the 
toe. 

Course:  Treatment  consisted  of  300  cubic  centimeters  of  5  per  cent  sodium  chloride,  in 
jected  intravenously,  every  other  day,  and  sterile  bland  applications  to  the  ulcer.  In  ad- 

dition, smoking  was  stopped  completely.  His  course  was  uneventful,  except  for  a  tran- 
sient, superficial  phlebitis  of  the  left  thigh.  At  the  end  of  5  weeks,  he  was  discharged  from 

the  ward,  and  advised  to  remain  in  bed  except  when  visiting  the  clinic.  He  was  advised 
also  to  use  crutches  until  the  ulcer  was  healed  completely,  and  above  all,  not  to  resume 
smoking. 

Treatment  thereafter  was  continued  in  the  Peripheral  Vascular  Clinic  of  the  Out-Patient 
Department  of  the  hospital.  He  received  intravenous  injections  of  5  per  cent  sodium 
chloride  several  times  a  week,  the  ulcer  was  treated  with  sterile  bland  dressings,  and  he  was 
cautioned  repeatedly  about  smoking.  The  ulcer  was  healed  completely  within  six  months 
and  several  months  later,  he  reported  that  he  was  able  to  walk  six  to  eight  blocks.  Eighteen 
months  after  the  onset  of  treatment,  he  stated  that  he  was  able  to  walk  "indefinitely.' His  progress  during  the  fourteen  years  that  he  has  been  under  our  observation  and 
treatment  is  shown  in  Table  II. 

Glycosuria  was  noted,  first  in  1936,  when  routine  urine  examinations  revealed,  first  1  per 
cent,  and  later  2.5  per  cent  glucose.  There  was  no  change  in  the  peripheral  vascular  disease 
insofar  as  could  be  determined  by,  his  ability  to  walk,  palpation  of  pulses  or  oscillometric 
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readings.  However,  two  years  later,  he  complained  of  loss  of  weight,  and  the  urine  was 
found  to  contain  10  per  cent  glucose.  He  was  then  referred  to  the  Metabolism  Clinic.  A 
blood  examination  revealed  that  his  blood  glucose  was  170  mg.  per  cent. 

A  diet  of  carbohydrate — 150  grams,  protein — 70  grams,  and  fat— 70  grams  was  ordered, 
together  with  10  units  of  protamine  zinc  insulin.  On  this  regime,  his  urine  became  negative 
and  the  blood  glucose  decreased  to  125  mg.  He  has  been  followed  in  the  Metabolism  Clinic 
up  to  the  present  time.  He  maintains  his  weight  on  the  above  diet.  Glycosuria  is  usually 
absent,  although  it  has  been  found  on  several  examinations,  the  highest  reported 
being  1.9  per  cent.  The  blood  glucose  has  not  been  reported  above  136  mg.  per  cent.  The 
insulin  dose  was  changed  several  times,  varying  from  10  to  30  units.  His  blood  cholesterol 
was  found  to  be  215  mg.  per  cent  on  one  examination,  and  220  mg.  per  cent  on  another  ex- 

amination. At  the  present  time,  the  urine  contains  no  glucose  and  the  daily  insulin  dose  is 
20  units. 

TABLE  II 

DATE FUNCTION 

PULSES OSCILLOiCETEE 
Left  Foot Right  Foot Ankle 

Anter.  1 
Pos

ter
. 

I 
 tib.

 

1  
Dor

sal
 

1 
 ped

. Per
on.

 

Ant
er.

 
tib.

 

Pos
ter

. 
1 
 tib.

 

Dorsal 

ped. 

Per
on.

 Left Right 

1930  In  bed 0 0 0 
Open Open 

0 
Open Open 

1.5 
2.0 

Sept.  1930  Ulcer 0 0 0 
Open 

0 0 
Open Open 

1.5 2.0 

April  1931  Uses  crutches 0 0 0 Open 0 0 
Open Open 

1.5 
4.0 Feb.  1932  Walks  indefi- 0 0 0 

Open 
0 0 

Open Open 

2.5 
3.5 nitely 

April  1934  Walks  indefi- 0 0 0 Open 0 0 
Open Open 

3.0 4.0 nitely 
Dec.  1936  Walks  well 0 0 0 Open 0 0 

Open Open 
3.5 3.5 

Jan. 1939  No  note 0 0 0 
Open 

0 0 
Open Open 

3.5 
4.0 

May  1942  Walks  any  dis- 0 0 0 
Open 

0 0 
Open Open 

3.0 3.5 
tance 

Sept.  1944  Walks  any  dis- 0 0 0 
Open 

0 0 
Open Open 

3.0 3.0 
tance 

For  the  past  few  years  this  patient  has  been  employed  full  time  as  a  bus  driver.  He  is 
able  to  work  and  walk  about  as  well  as  the  average  male  of  his  age.  He  has  not  smoked  for 
the  past  14  years.  The  peripheral  pulses  which  were  open  in  1930,  namely,  the  left  peroneal, 
and  the  right  dorsalis  pedis  and  the  right  peroneal  remain  open  to  this  date.  While  no  new 
pulsation  has  appeared  in  either  foot,  the  oscillometric  reading  at  each  ankle  has  doubled 
during  the  14  years  of  observation.  He  visits  the  vascular  clinic  about  once  a  month,  and 
the  metabolism  clinic  about  once  in  six  weeks. 

Case  2.  History:  M.  G.  (Adm.  3323021)  a  Russian  born  Jewish  male  who  is  now  51  years 
old,  is  the  second  patient  in  whom  the  rare  association  of  diabetes  mellitus  and  thrombo- 

angiitis obliterans  has  been  found.  He  was  admitted  to  The  Mount  Sinai  Hospital  in  1922, 
at  which  time  he  was  29  j-ears  old.  He  complained  of  a  painful  ulcer  on  the  left  great  toe 
for  the  five  weeks  preceding  his  admission.  He  stated  that  he  had  been  smoking  about  15 
cigarettes  a  day  for  a  great  many  years. 

Examination:  The  relevant  findings  upon  physical  examination  were  a  discolored  great 
toe  (left)  with  a  small  ulcer  on  the  inner  aspect.  On  the  left  side,  the  popliteal, 
the  posterior  tibial,  the  anterior  tibial  and  the  dorsalis  pedis  arteries  were  closed.  In  the 
right  foot,  all  the  arteries  were  closed  except  the  posterior  tibial  which  could  be  palpated. 
The  blood  pressure  was  120  systolic  and  77  diastolic. 
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Laboratory  data:  Eight  urine  examinations  were  made.  These  were  all  negative  for 
sugar,  acetone  and  diacetic  acid.  Four  blood  sugar  determinations  were  made.  These 
were  all  within  normal  limits. 

Course:  The  diagnosis  was  thrombo-angiitis  obliterans.  Treatment  consisted  in  the 
injection  of  the  left  posterior  tibial  nerve  with  alcohol  for  the  relief  of  pain.  Three  weeks 
after  admission  he  was  discharged  with  the  notation  that  he  was  improved. 

The  following  year,  1923,  he  was  again  admitted  with  the  complaint  that  the  pain  in  the 
left  great  toe  had  recurred  during  the  preceding  two  weeks.  The  ulcer  on  this  toe  was  still 
present.  The  treatment  on  this  admission  consisted  of  intravenous  injections  of  5  per  cent 
sodium  chloride  in  addition  to  bed  rest  and  sedatives.  After  a  period  of  three  weeks  he  was 
discharged  with  the  notation  that  the  pain  had  disappeared  completely  and  the  ulcer 
healed.  For  the  next  six  months  he  was  treated  in  the  Out-Patient  Department  of  the  hos- 

pital and  felt  quite  well. 
However,  the  original  ulcer  recurred,  and  in  addition,  an  ulcer  developed  on  the  third 

toe  of  the  left  foot.  He  was  readmitted  to  the  hospital  on  May  12,  1924,  where  a  peri- 
arterial sympathectomy  was  performed.  Sixteen  days  later,  he  was  discharged  "improved' 

and  advised  to  continue  treatment  in  the  out-patient  department. 
TABLE  III 

DATE FUNC- TION 

PULSES OSCILLOMETER 

Left  foot Right  foot Ankle 
Anter. tib. Poster, tib. 

Dorsal, 

ped. 

Peron. Anter. 
tib. 

Poster, tib. Dorsal 

ped. 

Peron. Left Right 

Feb.  5,  1935  .... Good 0 
Open 

0 
Open 

4.0 
Oct.  19,  1937  .  . . Good 0 

Open 
0 

Open 
3.5 

Nov.  7,  1939.  .  . . Good 0 
Open 

0 
Open 

4.0 

Dec.  2,  1941.  . . . Good 0 
Open 

0 
Open 

3.0 
Dec.  7,  1943.  . . . Good 0 

Open 
0 

Open 

2.5 

May  9,  1944  .... Good 0 
Open 

0 
Open 

2.5 
Nov.  5,  1944 .... Good 0 

Open 
0 

Open 

2.5 

Within  six  weeks  he  was  readmitted  to  the  hospital,  his  fourth  admission.  In  addition 
to  the  two  ulcers,  there  was  a  painful  swelling  of  the  entire  left  foot.  After  an  attempt  at 
conservative  treatment,  a  mid  thigh  amputation  was  performed.  He  made  an  uneventful 
recovery  from  the  operation  and  was  discharged  from  the  hospital  after  a  stay  of  about  35  \ 
days.  The  specimen  was  sectioned  in  the  pathology  laboratory  and  reported  "thrombo- 

angiitis obliterans." 
Thereafter,  he  was  treated  in  the  Out-Patient  Department.  He  stopped  smoking ! 

entirely  and  received  intravenous  injections  of  5  per  cent  sodium  chloride.  There  were  no  i 
complaints  referable  to  his  peripheral  vascular  system.  On  July  13,  1926,  a  peroneal  pulse 
appeared  over  the  external  malleolus  of  the  remaining  extremity.  This  was  in  addition  toj 
the  posterior  tibial  pulse  which  was  found  on  the  first  examination.  The  oscillometric  read- 

ings on  the  right  leg  at  this  time  were,  calf— 4.5,  ankle— 3.5.  On  April  15,  1931,  about  five] years  later,  it  was  noted  that  the  same  two  pulses  were  present  and  that  the  oscillometric  I 
reading  at  the  ankle  was  5.0.  Repeated  examinations  during  the  ensuing  years  up  to  thej 
present  time  revealed  no  change  in  his  vascular  status.  He  required  no  treatment  during] 
these  years,  coming  to  the  clinic  only  for  check-up  examinations.  He  has  been  getting 
about  fairly  well  on  his  artificial  appliance  (Table  III) . 

Diabetes  mellitus  became  evident  in  April  1943,  when  the  urine  was  found  to  contain 
per  cent  sugar.    The  blood  sugar  was  reported  164  mg.  per  100  cubic  centimeters.  He 
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treated  by  diet  alone,  without  insulin.  The  urine  became  sugar-free,  and  the  blood  sugar 
fell  to  142  mg.  within  a  short  time. 

DISCUSSION 

In  1918,  Willy  Meyer  and  Adolph  Bernhard  (13)  studied  the  glucose  metabolism 
in  a  series  of  15  patients  suffering  from  thrombo-angiitis  obliterans.  In  11  of 
these  cases  the  fasting  blood  sugar  was  normal.  In  3  of  the  cases,  the  fasting 
blood  sugar  was  between  120  and  140  mg.  per  cent  and  in  one  case  it  was  168 
mg.  per  cent.  Two  hours  after  the  ingestion  of  100  grams  of  glucose,  six  of  the 
fifteen  cases  had  an  elevated  blood  sugar,  ranging  from  138  to  215  mg.  per  cent. 
Curiously,  the  patient  whose  fasting  blood  sugar  had  been  168  mg.  per  cent 
was  found  to  have  only  126  mg.  per  cent  two  hours  after  the  ingestion  of  the 
glucose.  On  the  basis  of  these  findings,  Willy  Meyer  beheved  that  thrombo- 

angiitis was  a  metabolic  disease  and  proposed  the  name  of  "glycophUia"  for  it. 
However,  these  findings  have  not  been  confirmed.  On  the  contrary,  Fried- 

lander  and  Silbert  (13),  who  studied  a  group  of  53  thrombo-angiitis  obliterans 
patients  found  the  fasting  blood  sugar  to  be  normal.  Glucose  tolerance  tests 
on  the  patients  "failed  to  show  any  striking  abnormality."  We  were  unable 
to  find  any  other  reports  on  the  glucose  metabolism  in  thrombo-angiitis  obliterans 
in  the  literature.  In  view  of  these  facts,  Meyer's  theory  of  disturbance  of  sugar 
metabolism  can  not  be  accepted. 

There  are  several  factors  which  both  thrombo-angiitis  obliterans  and  diabetes 
mellitus  have  in  common,  and  it  seems  strange  that  the  combination  of  the 
two  diseases  is  so  rare.  Both  disorders  occur  more  frequently  in  Jews  than 
in  non-Jews.  The  blood  cholesterol  is  frequently  elevated  in  both  diseases. 
Also,  impotence  is  a  frequent  complaint,  and  obesity  a  frequent  finding  in  both 
diseases.  The  rarity  of  association  of  thrombo-angiitis  and  diabetes  despite 
these  common  factors  suggests  the  possibility  of  an  antagonism  between  the 
two  disorders.  However,  nothing  has  been  found  as  yet,  to  reveal  any  such 
antagonism. 

Since  thrombo-angiitis  obliterans  is  known  to  involve  the  abdominal  blood 
vessels  in  advanced  cases  of  the  disease,  the  two  cases  reported  here  might 
represent  such  involvement  of  the  pancreatic  vessels.  However,  this  appears 
to  be  unlikely  for  in  neither  case  was  the  peripheral  arterial  involvement  very 
extensive.  Moreover,  the  fact  that  the  peripheral  involvement  in  both  cases 
lad  been  arrested  for  many  years  prior  to  the  onset  of  the  diabetes  speaks 
strongly  against  the  possibility  of  disease  of  the  pancreatic  vessels.  It  is  char- 
icteristic  of  thrombo-angiitis  obliterans  to  involve  the  distal  blood  vessels  of 
;he  extremity  first.  The  disease  then  spreads  up  the  leg  and  thigh  if  not  ar- 
•ested,  and  the  abdominal  vessels  are  usually  the  last  to  be  involved.  In  his 
)Ook,  Buerger  (1)  cites  necropsy  reports  of  several  cases  with  involvement  of 
ntra-abdominal  vessels.  All  of  these  cases  had  extensive  involvement  of  the 
)eripheral  vessels,  necessitating  the  amputation  of  one  or  more  extremities. 
Uso,  diabetes  was  not  reported  present  in  any  of  the  cases  cited.    The  evidence 
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is  therefore  insufficient  to  warrant  the  conclusion  that  the  pancreatic  vessels 
were  involved  by  thrombo-angiitis  obliterans  in  the  two  cases  reported  here. 

SUMMARY 

Two  cases  are  reported  in  which  both  thrombo-angiitis  obliterans  and  diabetes 
melUtus  are  present. 

Neither  causal  relationship  nor  antagonism  has  been  found  to  explain  the 
rare  association  of  these  two  diseases  in  the  same  individual. 
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LIFE'S  LATER  YEARS 
Studies  in  the  Medical  History  of  Old  Age 
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Part  7' 
THE  MEDIEVAL  PERIOD  (109&-1438) 

"But  amonge  all  other  thynges  there  is  nothynge,  the  which  so  strongly 
doth  cause  a  man  to  look  oldely,  as  feare  and  desperacioun.  For  because 
in  that  passion  and  efectyon,  all  the  naturall  hete  of  the  body  doth  resort 
inwarde  and  forsaketh  the  outward  partes,  and  ye  most  chefely,  when  the 
manes  complexyon  is  disposed  to  the  same,  and  that  is  the  cause  that  many 
beyng  toste,  turmoyled,  and  vexed  with  this  worldly  stormes  so  vaynly,  theyr 
heer  waxe  hore,  or  whyte." 

Arnold  of  Villanova — The  Conservation  of  Youth  and  Defense  of  Age. 
{Drummond's  translation — 1^44  A.  D.) 

The  social  and  political  chaos,  which  preceded  and  followed  the  fall  of  the 
Roman  Empire,  brought  about  spiritual  confusion,  disillusionment,  and  hope- 

lessness in  the  minds  of  men.  To  the  suffering  multitudes,  as  well  as  to  their 
rulers,  the  Christian  Church  brought  a  message  of  comfort,  and  the  hope  of  a 
better  life  in  the  hereafter  for  the  faithful.  Its  preachment  of  sympathy  for 
the  sufferer  and  of  care  for  the  poor,  the  sick,  and  the  old,  led  to  the  establish- 

ment of  ecclesiastical  hospitals  and  nursing  orders.  Medicine  during  the  Dark 
Ages  in  Western  Europe  found  its  only  home  in  the  monasteries  where  the  works 
of  the  great  Greeks  and  Romans  were  copied  and  preserved;  but  rigid  adherence 
to  accepted  rules  and  blind  respect  for  authority  suppressed  all  striving  for  new 
knowledge. 

The  supercilious  attitude  of  the  church  toward  the  human  body  was  officially 
expressed  in  the  book  of  Pope  Innocent  III,  "De  Contemptu  Mundi  sive  de  Miseria 
Humanae  Conditionis."  Chapter  X  of  the  treatise  treats  of  the  brevity  of  life. 
Chapters  XI  and  XII  take  title  from  Horace's  opening  line,  "De  incomniodis 
senectutis"  (1).  The  description  of  old  age  enlarges  that  of  Horace  in  stating 
that  the  aged  are  "easily  provoked,  stingy,  avaricious,  sullen  and  quarrelsome, 
quick  to  talk,  slow  to  hear,  but  not  slow  in  wrath,  praising  former  times,  de- 

spising modems,  censuring  the  present,  commending  the  past."  The  moral  of 
this  discourse  is,  "Young  man,  be  not  proud  in  the  presence  of  a  decaying  old 
man;  he  once  was  that  which  you  are,  he  now  is  that  which  you  in  turn  will  be." 
Coffman  points  out  how  this  epitomizes  the  change  from  Augustan  paganism 

1  This  is  the  seventh  in  a  series  of  articles  dealing  with  the  Medical  History  of  Old  Age. 
Upon  completion  of  their  publication,  the  installments  will  be  collected  and  reprinted 
in  a  single  volume,  constituting  one  of  the  Monographs  of  The  Mount  Sinai  Hospital 
Press.— Ed. 
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to  medieval  asceticism  and  the  supplanting  of  the  carpe  diem  of  Roman  stoicism 
by  the  memento  mori  theme  of  medieval  Christianity  (2).  Another  feature  of 
Church  policy  inimical  to  medicine  was  a  series  of  edicts  listed  by  Garrison  (3), 
whose  object  was  primarily  aimed  at  m,alpractice  by  mcnks,  but  had  the  general 
effect  of  not  only  discouraging  clerical  medicine,  but  also  of  placing  their  odium 
on  the  whole  medical  profession. 

The  Medical  School  of  Salerno,  P.rst  of  its  kind  in  Western  Europe  flourished 
in  the  eleventh  and  twelfth  centuries.    If  not  founded  by  the  clergy  it  was  at 

Fig.  1.  Arnold  of  Villanova  (1238-1311).  (Reproduced  from  print  in  the  collection  of the  Home  for  Agedjand  Infirm  Hebrews,  N.  Y.) 

least  under  church  auspices.  This  institution  of  learning  gradually  came  to 
form  the  focal  point  of  Monastic,  Greek,  Jewish  and  Arabic  medical  learning, 
and  exerted  a  wide  influence  in  Italy  and  other  parts  of  Western  Europe.  The 
Salernitan  masters  covered  many  fields  of  medicine  in  their  writing,  of  which 
the  most  famous  is  the  Regimen  (Sanitatis)  Salernitanum  or  Flos  Medicinae 
(1260-1300),  a  popular  work  in  poetic  form,  written  for  the  King  of  England, 
the  purpose  of  which  was,  in  the  words  of  the  subtitle  of  the  English  translation 
of  Sir  John  Harington  (4),  "the  perfect  preserving  of  the  body  of  Man  in  continual 
health." This  famous  medical  work,  known  to  have  had  a  wide  currency  in  manuscript 
form  and  to  have  gone  through  some  200  editions  after  the  invention  of  printing, 
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follows  the  precepts  of  healthful  living  as  laid  down  by  Avicenna,  Maitnonides 
and  other  Arab  writers,  quoted  in  the  previous  sections.  In  discussing  the 
various  herbs  and  their  properties,  the  unknown  author  exclaims: — 

who  can  write  thy  worth  (0  soveraigne  Sage!) 
Some  aske  how  man  can  die,  where  thou  dost  grow; 
Oh  that  there  was  a  medicine  curing  age, 
Death  comes  at  last,  though  death  comes  ne're  so  slow." 

The  importance  of  age  in  the  indications  for  phlebotomy  is  twice  stressed. 

"Of  seventy  from  seventeene,  if  bloud  abound, 
The  opening  of  a  veine  is  healthful! found." 

"Too  o!d,  too  young,  both  letting  bloud  displeases, 
By  years  and  sicJsnesse  ma/se  your  computation." 

A  famous  commentary  on  this  poem  was  written  by  Arnold  of  Villanova  (1238- 
1311),  the  distinguished  Spaniard,  whose  fame  spread  far  and  wide  as  the  result 
of  his  sound  medical  ability,  his  books  on  medical  subjects  and  his  chemical 
investigations.  In  his  famous  "Parables  of  the  Healing  Art",  he  discusses  the 
value  of  drug  therapy  and  inveighs  against  the  indiscriminate  use  of  drugs  in 
a  manner  more  modern  than  medieval. 

"J  conscientious  and  thoughtful  physician  will  never  hurry  with  drug 
therapy,  when  necessity  does  not force  him  since  even  wealily  acting  remedies 
may  he  harmful,  if  the  body  has  no  need  of  them. 

With  children  and  older  people  one  must  hesitate  before  administering 
drug  remedies,  even  in  youth  the  frequent  taking  of  drugs  is  of  doubtful 
value. 

People  who  frequently  talie  drugs  in  youth,  will  complain  early  of  the 
troubles  of  old  age."  (5) 

At  the  request  of  King  James  of  Spain,  Arnold  published  in  1290  a  treatise 
entitled,  "De  Conservatio  Juventutis  el  Retardatione  Senectutis"  (6).  The  English 
translation  by  Dr.  Drummond  did  not  appear  until  1544,  over  250  years  later  and 
was  called  "The  Conservation  of  Youth  and  the  Defense  of  Age"  (7).  Arnold's 
theory  of  old  age  was  based  on  the  old  Galenical  pathology,  as  set  forth  by  the 
Arabian  school.  Health  depends  on  the  equilibrium  between  the  four  temper- 

aments, hot,  cold,  wet  and  dry,  and  the  four  humors,  blood,  phlegm,  yellow  bile, 
black  bile.  In  old  age  cold  and  dry  humors  predominate  and  deplete  the  body. 
To  overcome  this  the  warm  and  moist  humors  must  be  stimulated.  Arnold 
presents  a  regimen  for  each  humor  and  temperament,  and  attention  to  these 
prevents  old  age.  In  general,  his  advice  is  eminently  rational.  Moderation  in 
all  things  is  advised.  Life  is  to  be  regularly  divided  between  moderate  excercise, 
physical  repose,  waking  and  sleeping,  mental  work  and  some  kind  of  amusement. 
Intellectual  diversions  are  stressed,  such  as  music,  story-telling,  theaters,  travel- 
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ling.  He  advocates  well  ventilated  homes,  proper  clothing  and  frequent  bathing. 
His  drug  therapy,  largely  vegetable  remedies  and  medicinal  wines,  is  secondary 
to  hygienic  measures  of  a  general  nature. 

Of  old  folys  that  is  to  say  the  longer  they 
lyue  the  more  they  ar  gyuen  to  foly. 

fi 

Howe  belt  I  «oup,  and  fast  dcclyne  ^ 
Dayly  to  my  graur,  and  •rpulture 
Aod  though  my  lyfe  f'st  do  fnclytit?                         ̂   'I 
To  |>jy  the  trybutc  ol  nature  C( 
Yet  Kyll  rctnayne  I  and  endure 
In  my  oldt  synnet,  and  them  nat  hate  jj^ 
Nought  yongr,  won  olde,  such«  ii  my  Kate.  ^ 

Fig.  2.  This  wood-cut  showing  an  old  man  with  one  foot  actually  in  the  grave  is  taken  j,, 
from  a  contemporarj'  English  translation  of  Sebastian  Brant's  famous  satirical  and  didactic 
poem  "Das  Narrenschiff"  (The  Ship  of  Fools)  published  in  1494.  ™ 

of 

In  Arnold  of  Villanova  we  see  an  inquiring  mind,  a  keen  observer,  and  a  prac-  tki 
tical  physician,  who,  while  still  imbued  with  Arabian  theory,  was  not  afraid  Jli 
to  set  forth  his  own  \'iews  and  to  defend  them.    Something  of  this  same  spirit  pii 
of  independence  stirred  Maimonides  when  he  ventured  to  criticize  Galen,  and  is  aii( 
indeed,  an  outstanding  characteristic  of  Roger  Bacon  (c.  1214-c.  1294),  largely  tar 
unappreciated  in  his  own  day,  but  described  by  Garrison  as  "comparative  philol-  lai 
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ogist,  mathematician,  astronomer,  physicist,  physical  geographer,  chemist  and 
physician."  His  chief  contribution  to  science  was  as  a  practical  experimenter 
whereby  he  anticipated  many  modern  inventions.  He  is  important  in  this 
narrative  of  the  development  of  our  knowledge  of  geriatrics  for  his  book  on  old 
age,  and  his  contribution  to  the  development  of  eye-glasses. 

"Very  rarely  does  it  happen  that  anyone  pays  sufficient  heed  to  the  rule 
of  Health.  No  one  does  in  his  youth,  but  sometimes  one  in  J,ooo  thinks  of 
these  matters,  when  he  is  old  and  approaching  death,  but  he  cannot  apply  a 
remedy  because  of  his  weakened  powers  and  lack  of  experience,  "therefore 
fathers  are  weakened  and  beget  weak  sons,  then  by  neglect  of  rules  of  health, 
the  sons  weaken  themselves  and  thus  the  son's  son  has  a  doubly  weak  con- 

stitution, the  shortening  of  life  of  this  kind  is  accidental  and  therefore  a 
subject  to  remedy,  if  from  birth  a  man  followed  a  proper  rule  of  life  he  would 
reach  the  limit  set  by  God  and  nature. {Opus  Majus)  (8) 

"7/  a  man  looks  at  letters  or  other  small  objects  through  the  medium  of  a 
crystal  or  a  glass  or  of  some  other  transparent  body  placed  above  the  letters, 
and  it  is  the  smaller  part  of  a  sphere  whose  convexity  is  towards  the  eye  and 
the  eye  is  in  the  air,  he  will  see  the  letters  much  better  and  they  will  appear 
larger  to  him.  For  in  accordance  with  the  truth — all  conditions  are  favour- 

able for  magnification — 'Therefore  this  instrument  is  useful  to  the  aged  and 
to  those  with  weak  eyes.  For  they  can  see  the  letter,  no  matter  how  small, 
sufficiently  enlarged.'' 

{Opus  Majus,  Burke's  translation,  p.  574)  (9) 
Roger  Bacon  is  celebrated  inter  alia  for  the  invention  of  gunpowder,  the 

result  of  his  great  interest  in  alchemy.  This  primitive  chemistry,  had,  as  the 
name  implies,  its  origin  in  ancient  Egypt,  (Land  of  Kemi,  Black  Land,  hence 
also  the  terni  Black  Art,  meaning  alchemy  or  magic),  and  has  its  theoretical 
foundation,  according  to  Davis,  (11)  the  great  historian  of  chemisty,  in  the 
doctrine  of  the  two  contraries.  This  concept  also  appeared  in  China  (12)  in 
the  third  and  fourth  century,  B.C.,  in  a  state  of  matiu'ity  that  leads  Davis  to 
conclude  that  it  was  probably  an  importation  into  that  country. 

"The  positive  and  active  principle  was  identified  with  the  sun,  the  male,  dry, 
light  and  fiery;  the  negative  and  passive  principle  with  the  moon,  female,  moist, 
heavy  and  cold.  When  men  became  interested  in  the  chemical  properties  of 
metals,  they  of  course  supposed  them  to  be  the  result  of  the  confluence  of  the 
two  groups  of  opposite  forces  and  qualities,  or  in  other  words,  of  the  combination 
of  the  two  contrary  prinicples.  Zozimos  and  the  Alexandrians  of  about  the 
third  century  A.D.  called  the  fiery  principle  Sulphur  and  the  negative  principle 
Mercury,  and  supposed  all  metals  to  be  combinations  of  the  Sulphur  and  Mercury 
principles.  Jahir  taught  the  doctrine  in  the  eighth  century.  Albertus  Magnus 
and  Roger  Bacon  continued  it.  Becker  in  the  seventeenth  century  gave  the 
name  of  terra  pinquis  (fat  earth)  to  the  sulphur  principle.  Stahl  shortly  after- 

wards renamed  it  phlogiston  (the  fiery  entity)  and  the  doctrine  dominated 
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chemistry  until  the  time  of  Lavoisier.  Alchemy,  understood  as  the  pursuit 
of  transmutation  and  the  elixir,  does  not  seem  to  have  been  practised  by  the 
Alexandrians  but  first  appeared  among  the  Arabs  of  about  the  eighth  century" 
(13).  The  alchemists  of  that  time  believed  that  if  the  two  contraries  could  be 
made  to  unite  or  combine,  that  the  Real  Gold,  the  Philosopher's  Stone,  the 
Pill  of  Immortality  and  the  Grand  Elixir  could  be  produced.  This  brief  outline 
helps  us  to  comprehend  how  the  research  activities  of  a  group  of  medieval  thinkers 
in  their  efforts  to  solve  the  riddle  of  life  and  death,  laid  the  foundations  for  a 
modem  science,  full  of  rich  promise  today  for  an  eventual  clarification  of  the 
same  problem. 

In  his  book  "The  Care  of  Old  Age  and  Preservation  of  Youth,"  Bacon  attempts 
to  convey  to  the  lay  reader  the  knowledge  necessary  to  attain  the  ideal  mentioned 
in  the  quotation  from  his  Opus  Majus.  This  geriatric  w^ork,  known  only  in 
Latin  manuscript  for  centuries,  finally  was  translated  by  Dr.  Richard  Browne  of 
London  in  1683  (10).  Bacon  depended  largely  on  the  Arabs  for  his  opinions  and 
quoted  constantly  from  Isaac  Bemiramis,  Haly  Abbas,  Avicenna,  Averroes, 
Rhazes,  and  Johannes  Damascenus,  as  well  as  Aristotle,  Pliny  and  Galen.  The 
outline  of  the  book  as  well  as  its  substance  depends  largely  on  the  Moslem 
prototypes.  The  infirmities  of  old  age,  their  nature  and  prevention,  proper 
regimen  to  be  followed  by  the  old,  all  these  topics  are  covered,  together  with 
chapters  on  diet  and  wines.  The  final  paragraph  of  the  final  chapter  furnishes 
an  excellent  summary  of  the  spirit  as  well  as  the  content  of  the  entire  work. 

"Whence  in  conclusion  it  is  made  manifest,  that  Mirth,  Singin^^,  Look- 
ing on  Humane  Beauty  and  Comeliness,  Spices,  Electuaries,  warm  Water, 

Bathings,  some  things  lying  in  the  Bowels  of  the  Sea,  some  living  in  the 
Air,  others  taken  from  the  noble  Animal,  well  temfered  and  prepared,  and 
many  pjore  such  things  are  Remedies  whereby  the  Accidents  of  A^e  in 
Toung  Men,  the  Infirmities  of  Old  Age  in  Old  Men,  the  Weakness  and 
Diseases  of  Decrepit  Age  in  very  Old  Age,  may  be  restrained,  retarded  and 
driven  away." 

While  the  scientist  of  the  Middle  Ages  worked  with  crucible  and  alembic,  the 
people,  both  rich  and  poor,  found  solace  not  only  in  the  religion  that  played  so 
large  and  dominating  a  role  in  their  lives,  but  also  in  romantic  tales  of  high  ad- 

venture, in  part  stimulated  by  the  Crusades.  While  many  stories  had  to  do 
with  love  and  battle,  some  told  of  the  quest  for  the  fountain  of  Juventa,  celebrated 
in  Greek  folklore  as  the  spring  formed  in  the  metamorphosis  of  the  nymph 
Juventa  by  Jupiter,  and  capable  of  rejuvenating  those  who  bathed  in  it  (14) 
Many  of  these  medieval  tales  are  based  on  the  life  of  Alexander  the  Great,  whose 
adventures  formed  part  of  the  literature  of  all  countries.  Poems  of  the  Middle 
Ages,  French,  German  and  Italian,  are  consecrated  to  the  hero  and  in  each  of 
these  is  found  the  discovery  of  the  fountain.  The  oldest  Roman  d 'Alexandre  is 
the  work  of  Lambert-li-Cora  de  Chatendun  and  Alexandre  de  Bernay  in  1184  A.D 

The  famous  Sir  John  Mandeville  discovered  the  place  in  1372  and  located  it 
in  a  narrow  valley  between  a  bare  rock  and  a  verdant  hill  near  the  city  of  Polo- 
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nibes  (?)  and  described  it  as  follows: — "It  has  the  odor  and  taste  of  spices,  and 
at  each  hour  of  the  day  exhales  new  perfumes,  and  whoever  drinks  this  fountain 
is  cured  of  every  malady  he  has,  and  seems  always  to  be  young;  all  call  it  the 
Fountain  of  Juventa."  The  vain  quest  of  Ponce  de  Leon  in  Florida  is  well 
kno^\^l,  and  in  many  of  the  early  tales  of  discoveries  in  the  New  World,  the  foun- 

tain was  definitely  located.  De  Soto  is  said  to  have  had  it  as  an  object  of  his 
wide  travels. 

In  a  strange  parallel  the  mystic  religion  of  the  epoch  took  up  the  same  idea  in 
attributing  to  the  blood  of  the  Saviour  the  merits  of  the  marvelous  water.  This 
is  explained  in  the  Legend  of  the  Holy  Grail  of  Robert  de  Baron  written  toward 
the  end  of  the  twelfth  century.  The  Grail  is  the  cup  used  at  the  Last  Supper 
by  Jesus  and  his  disciples.  In  it  Joseph  of  Arimathea  collected  the  blood  flowing 
from  the  wounds  of  the  Sa^'iour.  Put  into  prison,  Christ  appeared  to  him  and 
said,  "I  shall  not  take  you  with  me;  stay  here  until  they  think  you  are  dead,  but 
have  no  fear;  you  shall  suffer  no  pain,  and  thou  shalt  not  die."  The  divine 
blood  thus  became  the  fount  of  immortality  and  inspired  many  of  the  artists  of 
the  Middle  Ages.  Frescoes,  engravings,  tapestries  and  paintings  are  based  on 
the  theme  of  the  pagan  fount  and  its  religious  counterpart.  Of  them  all,  the 
most  famous  is  the  painting  of  Lucas  Cranach,  the  Elder,  now  in  the  Berlin 
Museum,  executed  in  1546,  and  showing  in  lively  fashion  the  magical  trans- 

formation of  weak  old  ladies  into  gay  and  flirtatious  young  women.  Curiously 
enough,  the  only  men  shown  are  those  waiting  to  receive  the  rejuvenated  females 
(Fig.  3). 

In  sharp  contrast  with  Arabist  medical  lore,  the  efforts  of  alchemists,  and  the 
romantic  strivings  of  the  medieval  poets  and  painters,  stands  the  marvelous 
insight  and  objectivity  of  Geoffrey  Chaucer  (1340-1400)  whose  Canterbury 
Tales  give  an  intimate  and  revealing  picture  of  the  life  of  his  time.  Coffman  has 
traced  Horace's  lines  on  old  age  through  fourteen  centuries  to  their  enriched 
reappearance  in  the  Reeve's  Prologue.  Chaucer's  use  of  a  classic  inspiration  for 
his  own  original  purpose  is  a  characteristic  fore-runner  of  the  spirit  of  the 
Renaissance,  when,  starting  afresh  with  the  originals  of  the  classics,  men  once 
more  began  to  think  as  Hippocrates  had  done,  1800  j^ears  earUer. 

ik  am  old,  me  list  not  pley  for  age; 
Gras-titne  is  doon,  my  fodder  is  now  forage, 
This  whyte  top  wryteth  myne  olde  yeres, 
Myn  herte  is  also  mowled  {a)  as  myne  heres, 
But — if  I  fare  as  dooth  an  open-ers;  {b) 

That  ilke  fruit  is  ever  long  the  wers, 
Til  it  be  roten  in  mullok  {c)  or  in  stree  (d). 
IVe  olde  men,  I  drede,  so  fare  we; 
Til  we  be  roten,  can  we  nat  be  rype; 
We  hoppen  ay,  why  I  that  the  world  wol  pype. 
For  in  oure  wil  ther  stiketh  ever  a  nay  I, 
To  have  an  hoar  heed  and  a  grene  tayl. 
As  hath  a  leek; for  thogh  our  might  be  goon, 
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Our  wil  desireth  folie  ever  in  oon. 
For  whan  we  may  nat  doon,  than  wol  we  speke; 
Tel  in  oure  asshen  olde  is  fyr  y-reke  (e) . 
Foure  gledes  (f)  han  we,  whiche  I  shal  devyse, 
Avaunting,  lying,  anger,  coveityse; 
Thise /oure  sparkles  longen  un-to  elde. 
Oure  olde  lemes  niowe  wel  been  unwelde  {g). 
But  wil  ne  shal  nat  faillen,  that  is  sooth. 
And  yet  ik  have  alwey  a  coltes  tooth. 
As  many  a  yeer  as  it  is  passed  henne. 
Sin  that  my  tappe  of  lyf  bigan  to  renne. 
For  sikerly,  whan  I  was  bore,  anon 
Deeth  drogh  the  tappe  of  lyf  and  leet  it  gon; 
And  ever  sith  hath  so  the  tappe  y-ronne, 
'Til  that  almost  al  empty  is  the  tonne. 
The  streem  of  lyf  now  droppeth  on  the  chimbe;  (h) 
The  sely  (i)  tonge  may  wel  ringe  and  chime 
Of  wrecchednesse  that  passed  is  ful  yore; 
With  olde  folk,  seve  dotage,  is  namore.^^  (/j) 

(1)  CoFFMAN,  G.  R.:  Old  Age  from  Horace  to  Chaucer:  Some  Literary  Affinities  and 
Adventure  of  an  Idea.  Speculum,  9:  249,  1934.  This  account  of  Pope  Innocent 
III  is  based  on  Cofifman's  essay. (2)  For  a  scholarly  treatment  of  the  memento  mori  theme  in  medieval  life,  see  F.  Parkes 
Weber,  Aspects  of  Death  and  Correlated  Aspects  of  Life  in  Art,  Epigram  and 
Poetry,  3rd  ed.,  New  York,  P.  B.  Hoeber,  1920. 

(3)  Garrison,  F.  H.:  History  of  Medicine,  ed.  4,  Philadelphia,  Saunders,  p.  168,  1929. 
(4)  The  School  of  Salernum,  Regimen  Sanitatis  Salernitanum,  The  English  Version,  by 

Sir  John  Harington,  New  York,  P.  B.  Hoeber,  1920.  All  quotations  in  the  text 
are  from  this  translation. 

(5)  The  Second  Doctrine-Aphorisms  11,  12,  13;  translated  from  "Des  Meisters  Arnold  von Villanova,  Parabel  dcr  Heilkunst,  aus  dem  lateinischen  uebersetzt,  erklaert  und 
eingcleitet",  Paul  Diepgen,  Klassiker  der  Medizin,  Leipzig,  1922. (6)  Contained  in  Arnoldus  de  Villa  Nova,  Opera  omnia,  Basiliae,  Conrad  Waldkirch,  1585, 
(Streeter  Collection,  New  York  Academy  of  Medicine). 

(7)  The  Conservation  of  Youth  and  the  Defense  of  Old  Age  (1290);  Arnoldus  Villanova 
(d.  1311  I,  trans,  by  Dr.  Jonas  Drummond,  A.  D.  1544,  with  additions  from  the 
Brcviariuni  of  .\nioklus,  edited  by  C.  L.  Dana,  The  Elm  Tree  Press,  Woodstock, 
Vt.  1922.    The  writei-  is  indebted  to  Dr.  Dana's  excellent  introduction. 

(8)  Woodruff,  E.  Winthrop:  Roger  Bacon,  A  Biography,  London,  James  Clarke  &  Co., 
1938,  p.  111. 

(9)  Ibid,  p.  142.    Foi- 1  ho  early  history  of  eye-glasses,  the  development  of  which  has  meant 
so  much  fill  1  he  comfort  and  happiness  of  the  old,  see  Garrison's  full  account, 
op.  cit.  p.  ISl  ei  sccj. 

(a)  grown  mouldy 
(b)  medlars 
(c)  rubbish 
(d)  straw 
(e)  spread  about 

(f)  burning  coal 
(g)  unwieldy 
(h)  rim  of  the  barrel 
(i)  innocent 
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Authors'  Abstracts  of  Papers  Published  Elsewhere  by  Members  of  The MotJNT  Sinai  Hospital  Staff 

Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  col- 

umn brief  abstracts  of  their  articles  appearing  in  other  journals. 

Angina  Pectoris  and  the  Syndrome  of  Peptic  Ulcer.  H.  Levy  and  E.  P.  Boas.  Arch.  Int. 
Med.,  71:  301,  March,  1943. 

The  symptoms  of  peptic  ulcer  and  anginal  symptoms  may  occur  suddenly  and  simultane- 
ously. Acute  peptic  ulcer  may  be  associated  with  coronary  thrombosis.  Repeated  attacks 

of  angina  pectoris  at  rest,  finally  eventuating  in  coronary  thrombosis,  may  occur  at  the 
hours  characteristic  of  pain  from  ulcer.  When  symptoms  of  angina  pectoris  and  peptic 
ulcer  coexist,  successful  treatment  for  symptoms  of  ulcer  may  cause  remission  of  the  anginal 
syndrome.  Epigastric  localization  of  anguinal  pain  may  be  conditioned  by  a  preexisting 
peptic  ulcer.  It  is  suggested  that  neurogenic  mechanisms  mediated  by  the  vagus  nerve 
are  concerned  in  these  associations. 

Dynamics  of  Intracapsular  Cataract  Extraction;  Experimental  Studies  with  Reference  to  the 
Suspensary  Ligament,  Hannover's  Canal  and  Petit's  Space.    J.  Goldsmith.  Arch. Ophth.,  29:  380,  March,  1943. 

A  new  theory  (colloidal)  is  propounded  for  the  formation  of  cataracts.    The  zonular 
fibers  on  the  orbiculus  ciliaris  are  transformed  into  a  continuous  membrane  by  an  inter- 
fibrillar  cement  substance  (an  original  observation) .    A  complete  study  was  made  with  the 
corneal  microscope  of  the  internal  and  external  dynamics  of  the  intracapsular  cataract 
extraction  on  fresh  human  eyes.    The  gross  and  microscopic  anatomy  of  the  anterior  seg- 

ment of  the  human  eye  is  described.    Radiographic  and  anatomic  proof  is  offered  for  the 
existance  of  Hannover's  Canal  and  Petit's  Space  as  separate  and  independent  chambers. 
The  hyaloid  is  shown  to  be  entirely  independent  of  the  suspensory  ligament  anatomically, 
embryologically,  radiographically,  and  histochemically.    The  experiments  demonstrate 
that  the  intracapsular  cataract  extraction  can  be  undertaken  in  a  great  number  of  cases 
with  a  minimal  amount  of  trauma. 

Paresis  of  Accommodation  following  Sulfadiazine  Therapy .    J.Laval.    Am.  J.  Ophth.,  26: 
303,  March,  1943. 

A  young  college  student  was  given  sulfadiazine  over  a  period  of  five  days  during  which 
time  she  ingested  II5  grams  (173  grains)  for  influenzal  rhinitis  and  pharyngitis.  Two  weeks 
later  when  she  returned  to  school  she  noticed  that  it  was  quite  difficult  to  read.  Examina- 

tion three  months  later  revealed  an  accommodative  power  which  was  five  diopters  less  than 
the  average  for  her  age.  By  prescribing  glasses  to  correct  her  weakness  of  accommodation, 
the  symptoms  were  alleviated  and  complete  comfort  was  obtained. 

Lipid  Nephrosis.  Observations  Over  a  Period  of  Twenty  Years.  H.  Schwartz,  J.  L.  Kohn 
AND  S.  B.  Weiner.  Amr  J.  Dis.  Child.,  65:  355,  March,  1943. 

A  diagnosis  of  lipid  nephrosis  was  made  in  forty  children,  admitted  to  The  Mount  Sinai 
Hospital,  over  a  period  of  twenty  years.  Twenty-two  of  the  patients  are  known  to  have 
died.  Eight  patients  were  followed  for  seven  to  twenty  years.  Four  of  these  children  now 
have  hypertension  and  increased  urinary  sediment  counts  (Addis).  Two  others  have 
increased  urinary  sediment  counts  only. 793 
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The  temporary  beneficial  effect  of  an  acute  infection,  such  as  measles,  during  the  edema- 
tous phase,  is  discussed.  The  histologic  changes  in  twelve  necropsies  is  described;  three 

of  these  cases  had  been  ill  from  two  to  four  years.  The  remainder  for  lesser  periods.  One 
could  not  predict  from  the  clinical  course  the  pathologic  changes  in  the  kidneys. 

It  is  concluded,  therefore,  that  most  children  with  the  classic  clinical  picture  of  lipid 
nephrosis  have  a  glomerular  involvement  but  perhaps  in  a  different  form  from  that  seen  in 
chronic  or  subacute  glomerular  nephritis. 

Treatment  of  tuberculosis  of  the  oral  cavity  by  carbon  dioxide  snoiv.  J.  Berberich.  Am. 
Rev.  Tuberc,  47:  3,  290,  March,  1943. 

Carbon  dioxide  snow  treatment  was  successfully  applied  in  more  than  200  cases  of  pro- 
gressive tuberculous  ulcers,  tuberculous  granulations  and  granulomata  of  the  mouth, 

pharynx  and  larynx.  Proliferative  forms  of  tuberculosis  react  to  this  treatment  only  after 
a  curettage  has  been  performed.  This  treatment  is  painless  and  no  disadvantages  are  ob- 

served. After  an  interval  of  two  weeks  the  procedure  is  repeated  and  perhaps  after  another 
two  weeks'  interval,  it  may  be  repeated  again.  Two  freezing  applications  are  usually  suf- ficient. The  treated  parts  become  clean  very  quickly,  fresh  granulations  appear  and  after 
two  weeks  a  smooth,  fine  scar  develops.  In  addition,  the  inhalation  of  lime  water  (cal- 

cium hydroxide)  is  highly  recommended  in  cases  of  ulceration  with  pain  and  difficulty  on 
swallowing;  the  pains  are  quickly  relieved. 

The  Use  of  Detergents  in  the  Cleansing  and  Local  Treatment  of  Burns.  N.  Rosenberg.  Sur- 
gery, 13:  3,  385,  March,  1943. 

According  to  Rosenberg,  most  workers  are  of  the  opinion  that  vigorous  cleansing  methods 
have  no  place  in  the  preliminary  treatment  of  burns  because  (a)  anesthesia  is  required,  (b) 
shock  is  thereby  increased  and  (c)  injury  to  remaining  healthy  tissue  results.  In  many 
burns  the  tanning  or  coagulation  method  of  local  treatment  seems  to  possess  advantages, 
but  infection  arising  from  beneath  the  eschar  speaks  for  the  inadequacy  of  preliminary  pro- 

cedures. Certain  of  the  synthetic  detergents,  employed  in  one  of  several  combinations,  act 
as  cleansing  agents  in  the  local  treatment  of  burns.  Their  unique  properties  which  make 
them  superior  to  other  cleansing  agents  are  (a)  their  abilitj^  to  penetrate  and  "solubize" 
substances  such  as  greases,  oils  and  fats  as  well  as  particulate  matter,  (b)  their  lack  of  ir- 

ritating or  tissue  damaging  properties,  (c)  their  antiseptic  nature  and  (d)  the  fact  that  after 
all  greases,  including  the  normal  skin  oils  are  removed,  the  subsequent  take  of  dye  or  tanning 
agent  is  rendered  easier  and  a  proper  eschar  is  more  readily  formed.  In  clinical  tests  with 
a  number  of  detergent  mixtures,  performed  both  on  controls  with  normal,  intact  skin  and 
on  25  patients  with  relatively  mild  second  degree  burns,  the  properties  listed  were  substanti- 

ated. More  than  three  fourths  of  the  burns  when  first  observed  in  the  emergency  service  of 
a  metropolitan  hospital  were  covered  with  grease,  oil,  fats  or  ointments.  Burns  covered 
with  grease  and  oil,  the  result  of  military  engagements,  represent  a  problem  in  which  the 
application  of  these  new  cleansing  agents  may  be  of  specific  benefit. 

The  Indications  for  Jejunal  Alimentation  in  the  Surgery  of  Peptic  Ulcer.  R.  Colp  and 
L.  J.  Druckerman.  Ann.  Surg.,  117:  3,  387,  March,  1943. 

The  authors  describe  their  experience  with  jejunostomy  in  a  series  of  51  patients  suffer- 
ing from  recurrent  chronic  peptic  ulcer.  It  was  used  as  a  preliminary,  palliative,  comple- 

mentarj'  and  supplementary  measure  in  the  surgery  of  gastroduodenal  ulceration.  The 
technique  of  jejunostomy  and  jejunal  alimentation  is  discussed.  The  indications  and 
clinical  applications  are  fully  described  as  well  as  the  evaluation  of  results. 

Hemangiopericytoma  of  the  Omentum.    A.  P.  Stout  and  C.  Cassel.    Surgery,  13:  578, 
April,  1943. 

The  case  reported  is  one  of  a  rare  form  of  vascular  tumor  occurring  in  the  omentum 
where  tumors  of  a  similar  nature  have  not  been  previously  described.    The  patient,  aged 
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92,  died  of  unrelated  causes,  having  had  a  symptomless  right  para-umbilical  mass,  the  size 
of  a  large  kidney,  for  about  sixty  years.  The  tumor  was  composed  of  capillaries  surrounded 
bj'  cells  believed  to  be  proliferated  Zimmermann's  pericytes.  These  cells  are  normally 
found  wrapped  about  capillaries  and  have  contractile  properties  which,  it  is  supposed, 
serve  to  narrow  the  calibre  of  the  capillary  lumen.  The  epithelioid  cells  of  the  glomus 
tumor  are  also  pericytes. 

Chronic  Partial  Intestinal  Obstruction  due  to  Intussusception  of  an  Appendix  Epiploica. 
M.  S.  Harte.  Surgery,  13:  4,  555,  April,  1943. 

A  case  history  is  presented  of  a  patient  suffering  from  chronic  partial  intestinal  obstruc- 
tion caused  by  the  intussusception  of  an  epiploic  appendix  into  the  sigmoid  which  clinically 

was  indistinguishable  from  an  obstructing  neoplasm.  The  author  discusses  the  possible 
causes  of  this  unusual  condition. 

Erythema  Infectiosuni.  L.  Chargin,  N.  Sobel,  and  H.  Goldstein.  Arch.  Dermat.  & 
Syph.,  47:  467,  April,  1943. 

The  authors  report  an  outbreak  of  erythema  infectiosum  in  a  New  York  City  orphanage  in 
which  80  of  137  children  housed  in  the  institution  when  attacked.  There  were  80  primary 
attacks  and  90  relapses.  Girls  were  more  predisposed  to  the  disease  than  boys.  In  64  per 
cent  of  the  children  the  eruption  was  limited  to  the  face,  in  2  per  cent  to  the  body  and  in  33 
per  cent,  the  face  and  body.  Infants  and  children  between  1  and  4  years  appeared  to  be 
immune.  Extensive  laboratory  and  epidemiologic  studies  failed  to  throw  any  light  on  the 
causation.  Not  a  single  case  occurred  in  the  public  school  attended  by  the  children.  The 
disease  is  apparently  not  transmitted  by  carriers.  The  incubation  period  is  from  1  to  12 
days.   The  facial  eruption  is  characteristic  and  offers  no  diagnostic  difficulties. 

Histaminase  in  the  Treatment  of  Allergy  in  Children.  M.  M.  Peshkin,  H.  G.  Rapaport, 
W.  Messer,  I.  Feuer,  a.  Sicular,  and  A.  Berger.  J.  Pediat.,  22:  4,  426,  April,  1943. 

Forty -eight  allergic  children  between  ages  of  3  and  16  years,  suffering  with  various  allergic 
disorders  were  given  orally  50  units  of  histaminase  daily  for  2  to  20  weeks,  or  an  average  of 
9  weeks  per  patient.  Histaminase  proved  ineffectual  as  a  prophylactic,  phylactic  or  ad- 

junctive therapeutic  agent  in  all  children  treated. 

Hypertension  in  People  over  Forty.  A.  M.  Master,  S.  Dack,  and  H.  H.  Mark.s.  J.  A. 
M.  A.,  121:  16,  1253,  April,  1943. 

The  incidence  of  hypertension  in  persons  over  40  has  become  increasingly  important  be- 
cause of  the  greater  number  reaching  this  age.  The  authors  surveyed  15,000  people  repre- 

senting a  cross  section  of  the  population  in  middle  and  later  life.  In  each  decade  from  the 
5th  to  the  9th,  a  large  proportion  of  persons  were  found  to  be  hypertensive.  This  was  true 
particularly  of  systolic  hypertension.  Among  men  a  majority  were  hypertensive  beginning 
with  the  age  of  60  for  most  of  the  limits  and  among  women  this  occurred  in  some  instances  as 
early  as  the  age  of  50.  It  was  found  that  regardless  of  the  classification,  the  incidence  of 
hypertension  rose  with  each  decade  of  life  up  to  the  8th  decade  and  in  the  case  of  systolic 
hypertension  up  to  the  9th  decade.  The  incidence  of  hypertension  was  higher  in  women 
and  arose  precipitously  between  40  to  60  years  of  age,  faster  than  in  men.  Systolic  hyper- 

tension increased  more  rapidly  than  diastolic  hypertension,  resulting  in  increased  pulse 
pressure  with  age.  The  presence  of  hypertension  at  the  age  of  40  and  over  is  so  common 
that  a  mild  degree  and  perhaps  a  "moderate"  degree  can  no  longer  be  considered  abnormal. 
Limitation  of  normal  blood  pressure  at  these  ages  should,  therefore,  be  raised. 

Grenz  Rays  in  their  Application  to  Periodontal  Disease.    R.  H.  Brodsky.    J.  Am.  Dent.  A., 
30  :  560,  April,  1943. 

A  new  and  successful  therapy  in  the  treatment  of  periodontal  lesions  has  been  introduced 
by  the  author  and  used  for  more  than  seven  years.    Grenz  radiation  is  applied  directly  to 
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the  gingival  tissue  in  addition  to  the  usual  conservative  methods  of  therapy  for  the  so-called 
pyorrhoeal  and  associated  conditions.  The  Grenz  ray,  discovered  by  Dr.  GustaveBucky, 
lies  in  the  wave  length  about  half  way  between  the  ultra-violet  and  the  x-rays.  It  has  been 
used  extensively  in  Europe  for  certain  conditions,  particularly  dermatologic  and  endocrine, 
and  had  been  conclusively  demonstrated  to  be  perfectly  safe  in  doses  much  greater  than  are 
employed  in  the  treatment  of  diseases  of  the  gums.  For  mucous  membrane  therapy,  the 
x-rays  are  too  hard  and  too  penetrative,  while  the  ultra-violet  rays  are  entirely  too  shallow. 
The  Grenz  ray  will  penetrate  to  a  depth  of  3  mm.  of  mucous  membrane,  and  can  be  so  regu- 

lated that  90  per  cent  of  the  rays  can  be  absorbed  where  desired.  Many  teeth  which  other- 
wise would  have  been  removed,  have  thus  been  saved. 

Presence  of  Variovs  Grains  of  Factors  Inhibiting  Tumor  Growth.  R.  Lewisohn,  D.  Laszlo, 
C.  Leuchtenberger,  R.  Leuchtenberger,  and  Z.  Dische.  Proc.  Soc.  Exper.  Biol.  & 
Med.,  52:  269,  April,  1943. 

Groups  of  7  mice  are  matched  with  respect  to  tumor  size  7  to  10  days  after  inoculation 
with  sarcoma  180.  If  one  of  these  groups  is  injected  intravenously  with  saline  twice  daily 
for  2  consecutive  days,  the  tumor  sizes  and  tumor  weights  of  the  injected  animals  and  con- 

trols will  agree  after  48  hours.  If  a  group  is  similarly  injected  with  a  standard  yeast  extract, 
the  tumor  growth  in  this  group  is  significantly  inhibited. 

It  was  found  that  4  intravenous  injections  of  0.1  cc.  of  standard  yeast  extract  (corre- 
sponding to  5.25  mg.  solids)  produced  a  significant  inhibition  of  tumor  growth  if  the  mice 

were  fed  a  normal  diet.  If,  however,  the  mice  were  fed  a  polished  rice  diet,  4  injections  of 
1.75  mg.  solids  of  the  same  standard  preparation  produced  a  similar  inhibition.  A  number 
of  experiments  indicated  that  the  increased  inhibition  was  not  due  to  dietary  deficiency  nor 
caloric  restriction.  One-tenth  of  a  cubic  centimeter  of  an  aqueous  extract  of  the  rice,  corre- 

sponding to  2.4  mg.  solids,  inhibited  tumor  growth  to  about  the  same  extent  as  did  the 
standard  preparation. 

Similar  feeding  experiments  were  done  with  pearled  barley,  malted  barley,  wheat  flour, 
wheat  germ,  oats,  corn  meal,  and  soya  beans.  The  pearled  barley  and  soya  beans  increased 
the  inhibitory  effect;  the  wheat  flour,  oats,  and  corn  meal  did  so  to  a  lesser  extent;  while  no 
effect  followed  the  feeding  of  malted  barley  and  wheat  germ. 

Extracts  of  pearled  barley  produced  inhibition  similar  to  that  effected  by  the  standard 
preparation  when  groups  of  mice  were  held  on  a  normal  diet;  a  malted  barley  extract  was 
ineffective. 

The  Shwartzjyian  Phenomenon  in  the  Genesis  of  Pulmonary  Abscess.  J.Cohen  and  S.  E. 
MooLTEN.  Arch.  Path.,  35:  517,  April,  1943. 

Previous  studies  have  demonstrated  that  pure  cultures  of  the  anaerobic  microorganisms 
recovered  from  the  usual  mixed  flora  of  putrid  abscess  of  the  lung  in  man  are  incapable  of 
reproducing  the  lesion  in  animal  experiments.  Exceptionally  certain  anaerobic  bacilli 
have  been  found  which  are  pathogenic  in  pure  culture.  One  such  bacillus  is  described  in 
the  present  report  with  special  reference  to  the  mechanism  of  its  action  when  it  is  intro- 

duced intratracheally  into  the  lung  of  a  rabbit.  Culturally  and  otherwise  it  resembled  B. 
necrophorus.  From  the  point  of  view  of  morphology  the  lesion  caused  by  it  appeared  to  be 
specific.  In  the  genesis  of  this  lesion,  studied  in  various  stages,  the  primary  incident  was 
seen  to  be  lobular  atelectasis,  which  provided  an  anaerobic  environment  for  the  survival  of 
the  bacterium.  I'orced  inhalation  of  a  mixture  of  oxygen  and  carbon  dioxide  largely  pre- vented the  development  of  the  lesion.  Dense  leukocytic  infiltration  and  necrosis  quickly 
followed  the  primarj'  atelectasis  and  formed  a  sharply  demarcated  consolidation  ending  in 
abscess  with  or  without  empyema.  The  factors  in  the  production  of  necrosis  by  this  anaer- 

obe were  studied  by  application  of  the  principles  of  the  Shwartzman  phenomenon.  Earlier 
experiments  had  shown  that  pure  cultures  of  the  usual  anaerobic  bacilli  found  in  putrid 
abscess  of  the  lung  failed  to  produce  potent  skin-preparatory  toxins  for  the  phenomenon, 
although  active  in  producing  potent  provocative  toxins.    Conversely,  the  exceptional 
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anaerobic  bacilli  which  were  pathogenic  in  pure  culture  were  capable  likewise  of  producing 
potent  skin -preparatory  toxins.  In  the  experiments  reported  here,  the  capacity  to  produce 
a  necrotizing  lesion  in  the  lung  of  the  rabbit  was  abolished  by  subculturing  the  anaerobe  in 
the  presence  of  bile.  Nevertheless  the  capacity  to  produce  potent  skin-preparatory  and 
lung-preparatory  toxins  endured,  as  proved  by  the  production  of  necrotic  lesions  in  pre- 

pared sites  in  the  skin  and  the  lungs,  respectively,  by  injecting  potent  provocative  toxins 
intravenously  at  a  suitable  interval,  in  accordance  with  the  requirements  for  elicitation  of 
the  Shwartzman  phenomenon.  The  lesions  thereby  produced  in  the  lungs  were  identical 
with  those  produced  in  a  primary  manner  by  virulent  cultures. 

Primary  and  Secondary  Sexual  Characteristics.    W.  A.  Shonfeld.    Am.  J.  Dis.  Child.,  65: 
535,  April,  1943. 

A  method  of  measuring  the  size  of  the  penis  and  testes  is  described  which  was  found  to  be 
both  clinically  and  statistically  reliable  and  valid.  The  measurements  taken  were  the 
length  and  circumference  of  the  fully  stretched  flaccid  penis  and  the  volume  of  each  testis. 
The  length  of  the  penis  was  measured  on  the  dorsal  surface  with  an  ordinary  centimeter 
ruler  and  its  circumference  with  a  special  set  of  gauges.  The  volume  of  the  testes  was  de- 

termined by  comparing  them  with  standard  models  of  known  volume.  Fifteen  hundred 
normal  boys  and  men  varying  in  age  from  1  day  to  25  years  were  studied  as  to  range  of  size 
of  the  penis  and  testes,  size  and  shape  of  the  prostate  and  extent  of  maturation  of  the 
secondary  sexual  characteristics;  these  variables  were  all  correlated  with  chronologic  age. 
The  measurements  of  the  penis  and  testes  are  graphically  presented,  showing  the  trend  of 
growth.  During  the  first  two  years,  there  is  only  slight  growth  of  the  testes  and  increase  in 
the  circumference  of  the  penis,  while  the  length  of  the  penis  continues  to  grow  until  about 
4  or  5  years  of  age.  After  this  initial  slight  growth  there  is  no  appreciable  change  through- 

out prepubescence  until  the  onset  of  pubescence,  when  there  is  a  rapid  spurt  reaching  its 
maximum  during  the  post-pubescent  period.  The  variation  as  to  the  age  at  the  pubescent 
spurt  and  the  rapidity  of  its  development  is  so  great  that  there  is  a  wide  range  of  normal 
between  10  and  18  years  of  age.  The  actual  measurements  and  their  percentile  distributions 
are  charted.  The  secondary  sexual  characteristics  have  been  correlated  with  the  size  of 
the  testes  and  penis  and  graphically  presented  by  subdividing  biologic  maturity  into  six 
arbitrary  subdivisions.    The  age  distribution  of  each  of  these  groups  was  also  studied. 

The  Chemistry  and  Mechanics  of  Hydrochloric  Acid  Formation  in  the  Stomach.  F.  Hol- 
lander. Gastroenterol.,  1:  401  April,  1943. 

This  is  a  detailed  formulation  of  the  author's  hypothesis  concerning  the  mechanism  of formation  of  gastric  HCl,  and  includes  a  comprehensive  and  critical  review  of  the  literature 
relating  to  each  major  phase  of  the  process.  Evidence  is  weighed  on  various  questions, 
with  the  following  conclusions:  1)  HCl  is  formed  by  the  parietal  cells,  not  by  the  mucosa 
acting  in  toto  as  a  membrane  of  specific  permeability.  2)  Free  acid  first  occurs  either  in  the 
cytoplasm  immediately  adjacent  to  the  intracellular  canaliculus,  or  in  the  canalicular  wall. 
3)  As  it  is  formed  at  this  site,  the  parietal  secretion  is  an  isotonic  (or  slightly  hypertonic) 
solution  of  HCl,  which  may  contain  HBr  and  HI  when  these  are  present  in  the  blood  stream, 
but  nothing  else.  4)  The  immediate  source  of  the  CI  is  the  blood  and  lymph,  not  a  special 
depot  elsewhere  in  the  body.  5)  The  duration  of  the  entire  process,  starting  with  blood  CI 
and  ending  with  the  ejection  of  acid  into  the  gastric  cavity,  is  less  than  1  minute.  6)  The 
immediate  source  of  H-ion  is  either  water  or  acid  buffer  salts  of  the  parietal  cytoplasm. 
The  acid  is  formed  by  the  hydrolysis  of  the  neutral  chlorides,  the  residual  alkali  being  neu- 

tralized immediately  by  intracellular  buffers  and  returned  to  the  general  circulation  via  the 
interstitial  fluid.  7)  In  order  to  account  for  the  complete  separation  of  HCl  from  the  react- 
ants  and  other  cell  constituents,  it  is  hypothesized  that  the  wall  of  the  intracellular  canali- 

culus is  a  membrane,  irreciprocally  permeable  to  halide-ion  and  water  only.  Stimulation 
of  the  parietal  cell  forces  water  into  the  canaliculus,  and  this  takes  H-ion  and  Cl-ion  along 
with  it,  thus  effecting  a  membrane  hydrolysis  of  the  neutral  chloride  and,  simultaneously, 
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a  separation  of  the  HCl.  8)  Isotonicity  is  attained  coincidentally  with  fluid  transfer  across 
the  membrane,  i.e.,  the  process  constitutes  a  "steady  state."  9)  Concerning  applicability 
of  the  all-or-none  law,  there  is  as  yet  insufficient  evidence.  10)  Fatigue  of  the  parietal  cells 
does  not  occur  so  long  as  an  adequate  supply  of  water  and  CI  is  maintained.  11)  The 
energy  requirements  are  analyzed  into  chemical,  electrical,  n^echanical  and  osmotic  work — 
the  latter  being  zero.  12)  Ko  evidence  has  been  adduced  regarding  the  mechanism  by 
which  this  energy  is  provided,  but  several  possibilities  are  suggested. 

Tumors  of  the  Brain  in  Children  and  in  Adolescents.  A  Clinical  and  Anatomic  Survey  of 
Ninety-two  Verified  cases .  J.  H.  Globus,  J.  M.  Z  UCKER,  AND  J.  M.  RUBINSTEIN.  Am. 
J.  Dis.  Child.,  65:  604,  April,  1943. 

Ninety-two  verified  cases  of  tumor  of  the  brain  encountered  in  children  and  adolescents 
are  surveyed  clinically  and  anatomically. 

While  on  the  whole,  expanding  intracranial  lesions  in  persons  of  these  age  groups  (from 
infancy  to  16  years  of  age)  behave  clinically  in  a  way  similar  to  those  occurring  in  older 
persons,  they  exhibit  some  clinical  departures  which  deserve  attention. 

Among  these  deviations  is  the  frequent  absence  of  papilledema  associated  with  tumors 
localized  in  the  pons,  a  situation  which  causes  severe  internal  hydrocephalus  and  hence 
should  be  a  more  common  cause  of  choked  disks. 

There  is  also  the  greater  incidence  of  manifestations  of  vegetative  dysfunction,  expressed 
in  retarded  or  accelerated  development  of  secondary  sex  characters.  These  manifestations 
are  of  course  readily  explained  by  the  greater  incidence  in  children  of  suprasellar  tumor 
(craniopharyngioma),  which  by  direct  pressure  causes  anatomic  and  hence  physiologic  dis- 

turbance in  the  tuber  cinereum,  the  seat  of  the  centers  controlling  vegetative  activity. 
The  same  holds  true  for  pinealoma,  which  exercises  its  influence  on  the  hypothalamus 
indirectly  by  blocking  the  iter  and  thus  causes  hydrocephalus,  which  in  turn  causes  the 
excessive  thinning,  stretching  and  disruption  of  the  floor  of  the  third  ventricle,  including 
the  tuber  cinereum.  Indeed,  older  persons  do  not  altogether  escape  such  an  effect,  al- 

though, as  regards  sex  characters,  regression  is  the  more  common  disturbance  in  them. 
In  line  with  the  foregoing  manifestations  is  the  occasional  symptom  of  abdominal  dis- 

tress or  obstipation,  both  conditions  probably  being  central  in  origin. 
Another  striking  feature  for  which  no  explanation  is  yet  available  is  the  low  incidence  of 

tumors  in  children  between  the  ages  of  6  and  10  years. 
As  to  the  types  of  tumor  prevalent  in  children  and  adolescents,  it  seems  that  the  autoch- 

thonous blastomatous  tumors  predominate,  an  observation  which  supports  the  view  that 
cerebral  neoplasms  in  the  majority  of  instances  probably  originate  from  embryonal  rests. 
The  best  examples  of  such  tumors  are  craniopharyngioma,  pinealoma,  ependymoma  and 
hemangioendothelioma . 

Trauma  to  the  head,  although  recorded  in  a  few  cases  as  marking  the  onset  of  symptoms 
of  intracranial  involvement,  is  found  to  be  of  no  significance  as  a  precipitating  or  accelerat- 

ing cause  of  growth  of  the  tumor. 
Surgical  intervention  accomplishes  much  for  patients  with  a  tumor  of  the  hemangioma- 

tous  group  and  holds  out  fair  promise  for  some  with  craniopharyngioma,  but  with  the  latter 
growth  the  surgical  results  are  best  when  they  are  of  a  more  conservative  character. 

The  value  of  roentgen  therapy  cannot  be  estimated  with  any  degree  of  accuracy  on  the 
basis  of  the  small  numbers  of  cases  available  for  this  study  in  which  this  treatment  was 
used,  but  there  is  evidence  that  it  deserves  further  trial  and  study. 

Fat  and  Vitamin  A  Absorption  in  Sprue  and  Jejuno-Ileitis.  D.  Adlersberg  and  H.  So- 
BOTKA.  Gastroenterol.,  1:  357,  April,  1943. 

For  the  study  of  intestinal  absorption  two  function  tests  were  adopted:  the  fat  tolerance 
test  and  the  vitamin  A  tolerance  test.  Active  sprue  is  characterized  by  a  failure  of  absorp- 

tion which  manifests  itself  in  complete  lack  of  elevation  of  the  lipids  or  of  the  vitamin  A 
content  of  the  serum,  after  the  ingestion  of  a  standard  dose  of  butter  fat  or  vitamin  A,  re- 

spectively.   However,  during  a  remission,  a  fairly  satisfactory  fat  and  vitamin  A  absorp- 
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tion  is  found.  The  nature  of  the  impaired  absorption  in  sprue  is  as  yet  unknown,  although 
there  are  indications  that  tropical  as  well  as  non-tropical  sprue  and  celiac  disease  are  caused 
by  deficiency  of  some  essential  dietary  factor. 

In  contrast  to  sprue,  cases  of  extensive  granulomatous  jejuno-ileitis  show  a  fairly  satis- 
factorj'  fat  and  vitamin  A  absorption  in  the  tests.  Apparently,  small  areas  of  non-diseased 
intestinal  wall  and  possibly  even  the  diseased  areas  are  able  to  absorb  fat  and  vitamin  A, 
whereas  in  sprue  there  is  a  generalized  inhibition  of  absorption  in  each  individual  cell  of 
the  intestine. 

The  possibility  of  a  functional  differentiation  between  sprue  and  jejuno-ileitis  is  of 
practical  importance.  While  in  typical  cases  of  either  disease  the  clinical  picture,  the 
radioscopic  and  radiographic  examination  of  the  small  intestine  and  the  laboratory  findings 
(blood  picture,  stool  analysis,  etc.)  lead  to  a  correct  diagnosis,  in  milder  and  borderline 
cases  the  differentiation  may  be  difficult. 

Analysis  of  Oral  Reactions  to  Dilantin-Sodium.  L.  Stern,  L.  Eisenbud,  and  J.  Klatell. 
J.  Dent.  Research,  22:  157,  April,  1943. 

This  analysis  is  based  on  a  two  year  study  of  50  selected  epileptics  receiving  dilantin. 
52  per  cent  of  patients  showed  gingival  reactions  in  four  grades  of  severity,  the  charac- 

teristics of  which  are  described.  The  degree  of  hyperplasia  seemed  to  be  correlated  with 
the  length  of  the  therapeutic  period,  but  not  with  such  factors  as  dosage,  salivary  output, 
nutritional  deficiencies,  or  the  co-administration  of  phenobarbital.  Withdrawal  of  dilantin 
brings  about  a  partial  resolution  of  the  hyperplasia. 

Three  methods  of  treatment  are  described,  of  which  conservative  periodontal  treatment 
is  the  one  recommended. 

The  Nature  of  the  Urethral  Caruncle.  J.  Novak.  Urol.  &  Cutan.  Rev.,  47:  4,  217,  April, 
1943. 

The  urethral  caruncle  is  a  formation  which  occurs  only  in  elderly  women.  It  develops 
from  an  ectropium  of  the  posterior  wall  of  the  urethra  and  is  caused  by  postmenoposal 
shrinkage  of  the  underlying  vaginal  tissue.  All  the  further  changes  of  the  everted  mucsoa 
are  secondary  and  caused  by  the  altered  environmental  conditions.  The  caruncle  has 
nothing  to  do  with  former  inflammation  of  the  urethra  or  the  bladder.  The  inflammation 
is  only  a  secondary  condition.  A  thorough  excision  of  the  whole  everted  mucosa  with  care- 

ful suturing  of  the  wound  and  narrowing  of  the  orifice  gives  better  results  than  the  usual 
cauterization. 

Tumors  in  the  Region  of  the  Cauda  Equina.  A  Review  of  Twenty-five  Cases.  I.  Cohen  and 
A.  Kaplan.  Am.  J.  Surg.,  60:  36,  April,  1943. 

Twenty-five  cases  in  the  region  of  the  cauda  equina  were  reviewed,  this  number  repre- 
sented 18.5  per  cent  of  the  total  number  of  spinal  cord  tumors  in  the  authors'  series.  The similarity  both  in  the  history  (including  at  times  trauma  and  remissions)  and  the  physical 

signs  in  the  early  stages  of  tumor  to  those  noted  in  protruded  intervertebral  disc  is  pointed 
out.  The  importance  of  this  in  the  face  of  the  limited  exposure  now  employed  in  the  opera- 

tion tor  the  removal  of  a  protruded  disc  is  obvious.  The  cases  were  considered  under  three 
groups:  1)  those  with  advanced  signs  (5  cases);  2)  those  with  early  signs  (16  cases);  3)  those 
with  absent  neurological  signs.  The  earliest  symptom  is  pain  in  the  lumbar  region  with 
radiation  into  the  lower  extremities.  This  may  be  unilateral.  Motor  weakness  and  reflex 
loss  often  precede  the  sensory  changes.  An  elevated  total  protein  in  the  spinal  fluid  is  the 
most  important  single  laboratory  aid  in  making  a  diagnosis.  There  was  no  operative  mor- 

tality.   The  most  frequent  type  of  tumor  was  the  neurofibroma,  found  in  10  cases. 

An  Outbreak  of  Dermatitis  from  Airplane  Engine  Covers.   L.  Schwartz  and  S.  M.  Peck. 
Public  Health  Reports,  58:  625,  April,  1943. 

An  outbreak  of  dermatitis  was  observed  among  workers  manufacturing  airplane  engine 
covers  made  from  a  special  pliofilm.    R.  M.  F.,  a  chemical  added  to  the  pliofilm  to  prevent 
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deterioration  from  light,  was  found  to  be  the  actual  cause  of  the  outbreak.  R.  M..F.  is  both 
a  primary  irritant  and  a  sensitizer. 

A  Statistical  Method  for  Evaluating  the  Results  of  Treatment  for  Peptic  Ulcer.  F.  Hollander 
AND  S.  Mage.  Surg.  Gynec.  &  Obst.,  76:  533,  May,  1943. 

This  report  is  introduced  with  a  review  of  the  procedures  which  have  been  employed  by 
clinical  investigators  for  evaluating  the  results  of  their  therapeutic  (chiefly  surgical)  meth- 

ods for  peptic  ulcer.  Following  a  discussion  of  the  statistical  weaknesses  of  these  pro- 
cedures and  of  certain  fundamental  conditions  which  must  be  adhered  to  in  order  to  insure 

statistical  validity  to  any  such  procedure,  the  authors  present  a  statistical  procedure  of 
their  own  which  conforms  to  these  requirements.  Particular  emphasis  is  placed  on  errors 
arising  from  random  variations.  Although  the  paper  is  concerned  primarily  with  method- 

ology, the  new  technique  is  illustrated  by  means  of  three  sets  of  data  from  the  records  of 
The  Mount  Sinai  Hospital  for  cases  of  duodenal  ulcer  which  had  been  subjected  to  subtotal 
gastrectomy  during  the  years  1923-1934.  The  median  trend  curves  which  were  obtained 
indicate  the  e.xiste'nce  of  a  plateau  beyond  the  10th  year — which  means  that,  in  all  likelihood, any  patient  operated  upon  will  develop  a  recurrence  either  during  the  first  10  postoperative 
years  or  not  at  all.  From  these  data,  the  average  total  incidence  of  recurrence  following 
subtotal  gastrectomy  for  duodenal  ulcer  is  in  the  neighborhood  of  9  per  cent. 

The  Role  of  the  Sulfonamides  in  Dentistry.    J.  S.  Klatell.    Am.  J.  Orth.  &  O.  Surg.,  29:  5, 
255,  May,  1943. 

The  general  principles  which  guide  the  physician  and  surgeon  in  their  use  of  the  sulfon- 
amides are  equally  applicable  to  oral  and  maxillary  wounds  and  infections.  These  drugs 

are  an  important  addition  to  our  armamentarium,  but  can  not  replace  the  fundamental 
rules  and  technique  of  surgery. 

The  sulfonamides  are  especially  effective  against  the  beta  hemolytic  streptococcus. 
Streptococcus  viridans,  and  the  Staphylococcus  aureus  organisms,  which  are  commonly 
identified  with  dental  sepsis.  Thus  the  drugs  have  come  to  play  an  important  role  in  the 
therapy  of  acute  alveolar  abscess,  osteomyelitis  of  the  jaws,  cellulitis  of  the  face  or  neck, 
and  general  sepsis  of  dental  origin.  The  drugs  are  also  being  administered  prophylactically 
to  patients  with  rheumatic,  syphilitic,  or  congenital  defects  of  the  heart  valves,  in  order  to 
lower  the  incidence  and  virulence  of  the  bacteremia  which  may  follow  tooth  extraction  or 
other  dental  manipulation. 

Legally  and  technically,  members  of  the  dental  profession  have  the  right  to  prescribe 
and  use  the  sulfonamides  for  conditions  arising  from  dental  and  oral  infections.  However, 
no  one  should  avail  himself  of  this  privilege  unless  he  is  thoroughly  acquainted  with  the 
nature  of  the  drugs,  their  clinical  pharmacology,  and,  especially  in  this  group,  their  toxicity. 
It  would  be  best  for  the  dentist  to  administer  the  sulfonamides  in  collaboration  with  a 
qualified  physician. 

A  Comparison  of  Insulin  and  Food  as  Stimuli  for  the  Differentiation  of  Vagal  and  Non-Vagal 
Gastric  Pouches.    E.  E.  Jemerin,  F.  Hollander,  and  V.  A.  Weinstein.  Gastro- 

enterology, 1:  500,  May,  1943. 
On  the  basis  of  a  correspondence  survey  to  determine  the  criteria  in  use  in  various  labora- 

tories for  the  differentiation  of  vagal  from  non-vagal  pouches,  6  precise  tests  were  formu- 
lated for  this  purpose.    Two  of  these  involved  only  the  psychic  phase  of  gastric  secretion 

(by  "teasing"  and  by  "taste"),  and  4  involved  a  combination  of  psychic  and  chemical 
phases  (various  characteristics  of  the  postprandial  secretory  curve  with  meat).  A  seventh 
test,  employing  insulin  hypoglycemia  under  specifically  defined  conditions,  was  formulated 
by  the  authors.    The  unreliability  of  the  6  criteria  employing  meat  was  conclusively  demon- 

strated by  a  comparative  investigation,  conducted  upon  5  dogs  with  total  vagal (Hollander- 
Jemerin)  pouches,  5  with  partial-vagal  (Pavlov),  and  3  with  non-vagal  (Heidenhain) 
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pouches.  In  only  83  out  of  228  tests  was  the  response  the  same  as  that  anticipated  on  the 
basis  of  anatomical  classification  of  the  pouch.  Results  with  the  insulin  test  in  29  experi- 

ments on  these  same  dogs  were  uniformly  consistent  with  the  pouch  type,  thus  establishing 
the  validity  of  this  procedure.  However,  so  far  as  present  evidence  indicates,  even  this 
test  procedure  is  incapable  of  a  quantitative  differentiation  of  pouches  of  different  "degrees 
of  vagality." 
Primary  Friedldnder  Pneumonia.    L.  Hyde  and  B.  Hyde.    Am.  J.  M.  Sc.,  204 :  5,  660,  May, 

1943. 
The  authors  studied  51  cases  of  Friedlander  pneumonia  of  whom  88  per  cent  were  more 

than  40  years  of  age.  The  ratio  of  males  to  females  was  5:1.  Almost  60  per  cent  of  all  cases 
occurred  in  the  5  month  period  from  November  to  May.  Occupation  played  no  r61e.  This 
type  had  an  incidence  of  1.6  per  cent  of  pneumonias.  Several  of  the  cases  have  been  found 
to  have  bronchiectasis.  Friedlander  pneumonia  is  less  infectious  than  pneumococcal 
pneumonia;  all  the  lobes  are  about  equally  involved.  The  onset  is  sudden  with  a  cough 
(91  per  cent),  sputum  (90  per  cent),  chest  pain  (82  per  cent)  and  chill  (58  per  cent).  The 
patient  is  usually  acutely  ill  and  dyspneic,  often  cyanotic.  The  first  day  temperature  is 
over  102°F.  in  most  cases.  The  sputum  is  described  as  "thick,"  "bloody,"  "gelatinous" or  a  small  hemoptysis.  Positive  blood  cultures  were  present  in  45  per  cent.  The  mortality 
rate  for  bacteriemic  patient  was  82  per  cent  and  for  nonbacteriemic  patients,  23  per  cent. 
The  chest  roentgenogram  usually  reveals  a  dense  homogeneous  shadow  of  consolidation. 
Among  the  complications  were  meningitis,  purulent  pericarditis  and  several  apical  spon- 

taneous pneumothoraces.  Pleural  effusion  was  present  in  8  patients,  purulent  in  3.  The 
diagnosis  is  simple  if  Friedlander  pneumonia  is  borne  in  mind.  Routine  sputum  and  blood 
cultures  on  all  patients  with  pneumonia  is  indicated.  The  gross  mortality  rate  was  51  per 
cent  of  all  deaths,  80  per  cent  occurring  within  five  days  of  hospitalization.  It  would  seem 
that  sulfadiazine  may  be  the  drug  of  choice  in  this  disease.  However,  chemotherapy  has 
proved  to  be  of  very  questionable  value  in  most  cases  and  a  final  decision  must  be  withheld. 

Adrenal  Cortex  in  Systemic  Disease.  A  Morphologic  Study.  E.  L.  Sarason.  Arch.  Int. 
Med.,  71:  702,  May,  1943. 

The  adrenal  glands  of  110  patients  were  studied  in  an  effort  to  correlate  cortical  changes 
with  systemic  disease.  Cortical  enlargement  associated  with  depletion  of  lipoid  or  reversal 
of  lipoid  pattern  was  found  associated  with  inflammatory  diseases,  cachexia,  pemphigus 
and  protracted  emesis.  Cortical  enlargement  with  an  increased  amount  of  lipoid  was  en- 

countered in  cases  of  hypertension;  the  change  was  more  striking  when  the  hypertension 
was  associated  with  primary  vascular  disease.  The  explanation  of  these  changes  is  not  at 
hand.  No  significant  alterations  were  present  in  the  series  of  cases  of  atherosclerosis. 
Extreme  enlargement  was  found  in  four  cases  of  erythroblastosis  fetalis.  This  study  serves 
to  emphasize  that  the  enlargement  of  the  adrenal  cortex  and  the  depletion  of  lipoid  are  re- 

flections of  the  metabolic  disturbances  associated  with  certain  systemic  diseases  and  not 
the  direct  effect  of  the  latter. 

Testicular  Tubular  Adenoma  in  Two  Sisters.   J.  Novak.    Am.  J.  Obst.  &  Gynec,  45:  856, 
May,  1943. 

The  author  reports  on  two  sisters  with  female  exterior  and  female  sexual  desire,  but  with 
gonads  which  consisted  preponderantly  of  underdeveloped  testicular  tissue  and  a  benign 
testicular  tubular  adenoma.  The  ovarian  tissue  was  represented  only  by  islands  of  ovarian 
stroma.  In  spite  of  the  almost  exclusively  male  character  of  the  gonads,  the  same  deficiency 
symptoms  developed  as  after  bilateral  ovariectomy.  The  genealogy  of  these  sisters  re- 

vealed, that  there  were  many  members  in  the  kindred  with  sexual  abnormalities.  Gold- 
schmidt's  intersexuality  theory  was  applied  to  explain  the  origin  of  this  rare  gonadal malformation. 
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Antipressor  Effects  of  Orthoquinoid  E-pinephrine  Derivatives  in  Experimental  Hypertension in  the  Rat.  K.  A.  Oster  and  H.  Sobotka.  J.  Pharmacol.  &  Exper.  Ther.,  78:  100, 
May,  1943. 

Adenochrome  derivatives,  when  administered  parenterally,  lower  the  blood  pressure  of 
experimentally  hypertensive  rats,  but  do  not  affect  the  blood  pressure  of  normal  animals 
No  toxic  manifestations  or  fever  are  observed.  The  halogeno-adrenochromes  fulfill  for  tin- 
rat  the  requirements  postulated  for  an  antipressor  drug.  Acute  experiments  eliminate,  as 
explanation  of  the  observed  effects,  a  parasympathomimetic,  direct  muscular,  or  sympa- 

tholytic mechanism.  The  catabolism  of  pressor  amines  is  discussed  and  a  chemical  mech- 
anism for  the  antipressor  effect  of  quinones  is  suggested  with  due  regard  to  species  differ- 

ences. 

Ambulatory  Insulin  Shock  Technique  in  the  Treatment  of  Schizophrenia.    P.  Polatin  and 
H.  Spotnitz.    J.  Xerv.  &  Ment.  Dis.,  97:  5,  567,  May,  1943. 

The  report  represents  an  attempt  at  a  complete  evaluation  of  the  results  of  studies  of  the 
effects  of  ambulatory  insulin  shock  technique  in  the  treatment  of  patients  with  schizo- 
phrenia. 

Thirty-six  out  of  forty-four  patients  treated  showed  a  definite  clinical  improvement. 
The  improvement  occurred  in  four  progressive  stages.  The  duration  of  the  treatment 
necessary  for  improvement  was  dependent  upon:  (a)  the  length  of  time  of  the  psychosis 
before  treatment,  and  (b)  the  pre-psychotic  personality  of  the  patient.  As  a  general  rule, 
the  patient  had  to  be  treated  as  long  as  the  psychosis  had  existed  prior  to  treatment,  in 
order  to  obtain  a  recovery  response. 
Shrapnel  in  Sphenoid  Sinus  Causing  Blindness,  Removal  with  Recovery.  I.  B.  Goldman. 

Laryngoscope,  June,  1943. 
The  author  cites  a  case  of  prompt  restoration  of  vision  following  extraction  of  shrapnel 

from  the  sphenoid  sinus,  which  had  previously  suggested  an  hysterical  amblyopia.  The 
idea  of  hysteria  was  augmented  by  the  tubular  vision  in  the  left  eye.  Prompt  return  of 
vision  after  the  operation  is  sometimes  seen  in  other  conditions  such  as  retrobulbar  neuritis 
or  an  optic  neuritis  following  sinus  operations  when  affected  foci  in  the  sinus  are  responsible 
for  their  presence.  The  position  of  the  optic  nerve  in  its  relationship  to  the  sphenoid  sinus 
is  important  in  evaluation  of  both  contralateral  and  unilateral  symptoms.  Removal  of 
pressure  of  the  shrapnel  in  the  lateral  wall  should  explain  the  rapid  return  of  vision. 
Pheochromocytoma  of  the  Adrenal  Gland.  A.  Hyman  and  W.  H.  Mencher.  J.  Urol.,  49: 

6,  June,  1943. 
Pheochromocytoma  of  the  adrenal  gland  is  a  tumor  of  the  medullary  portion,  producing 

hormonal  symptoms.  This  type  of  tumor  affords  the  opportunity  to  study  the  effects  in 
humans  of  prolonged  excessive  discharge  of  adrenalin  into  the  general  circulation.  This 
type  of  tumor  causes  a  surgically  remediable  form  of  paroxysmal  hypertension.  The  diag- 

nosis of  pheochromocytoma  is  based  on  (a)  the  typical  symptomatology  during  an  attack, 
(spontaneous  or  induced),  (b)  the  typical  pressor  response  mechanisms,  (c)  the  demonstra- 

tion of  pressor  substance  in  the  blood  of  a  patient  during  the  height  of  an  attack,  (d)  the 
demonstration  of  the  tumor  by  perirenal  insufflation.  Four  cases  of  pheochromocytoma 
of  the  adrenal  gland  are  presented.  Three  cases  occurred  in  women  and  the  fourth  occurred 
in  a  male.  All  the  tumors  were  removed  successfully  and  all  the  patients  made  an  unevent- 

ful recovery.  A  long  period  of  follow-up  in  all  these  cases  reveals  that  the  patients  are  in 
excellent  health  and  that  no  further  attacks  have  occurred.  The  problem  of  preoperative, 
operative  and  postoperative  care  is  discussed. 
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THE  kdwariv(;amaltkl  janeway  lectures 
Aspects  of  the  Thansmission  of  the  Nervous  Impulse 

T.  Medlvtion  in  the  Peripheral  and  Central  Nervous  System 

OTTO  LOEWI,  M.D.,  Sc.D.  {Hon.y 

The  Edward  Gamaliel  Janeway  lectures  are  expected  to  center  around  the 
work  of  the  lecturer.  Since  for  more  than  twenty  years  I  have  worked  on  the 
chemical  transmission  of  nervous  impulse,  I  decided  to  lecture  about  this  field 
in  which  I  have  acquired  a  reputation  of  an  expert.  I  accept  this  honoring 
title  if  you  accept  my  definition  of  an  expert:  an  expert  is  a  man  who  knows  much 
more  than  anybody  else  about  the  gaps  in  his  field. 

I  have  chosen  the  topic  in  spite  of  the  fact  that  six  years  ago  Sir  Henry  Dale 
(1)  covered  a  part  of  this  subject  in  his  Welch  lectures.  This  in  my  opinion  is 
QO  objection  to  another  lecture  in  the  same  field.  The  essence  of  a  lecture  does 
aot,  or  at  least  should  not,  merely  consist  in  an  enumeration  of  facts  with  which 
in  most  cases  the  audience  may  be  familiar  anyway  but  it  should  in  addition 
offer  the  opportunity  of  getting  a  picture  of  the  personality  of  the  lecturer, 
jrhis  is  at  least  partly  afforded  by  the  fashion  in  which  ho  puts  things  together 
ind  by  the  manner  in  which  he  looks  upon  them.  This  is  obviously  different 
»vith  different  scientists  as  it  is  with  different  artists  dealing  with  the  same  object 
md  would  by  itself  justify  a  fresh  presentation  of  the  topic.  In  addition  as  I 
lave  had  the  good  fortune  to  open  up  the  whole  field  it  may  be  of  some  interest  at 
east  for  those  who  have  not  been  particularly  concerned  with  the  subject  to 
earn  from  the  author  himself  how  the  whole  question  arose  and  was  developed. 
Last  but  not  least  within  the  last  six  years  there  have  accumulated  new  facts, 
/lews  and  problems  to  such  an  extent  that  in  the  span  of  two  lectures  I  cannot 
leal  with  all  of  them,  even  by  restricting  to  the  utmost  the  discussion  of  the 
naterial  which  was  covered  in  Sir  Henry's  lecture. 
As  you  all  know,  a  main  function  of  the  central  nervous  system  consists  in  the 

!ontrol  of  the  bodily  functions  according  to  its  needs.  For  the  most  part  the 
central  nervous  system  is  informed  of  these  needs  by  messages  reaching  it  through 
-he  afferent  nerves.  It  answers  these  messages  by  sending  out  impulses  which 
iventually  reach  the  effector  organs  by  way  of  the  efferent  nerves  and  there 
nduce  the  appropriate  functional  changes.  The  mechanism  by  which  the 
lervous  impulse  is  transmitted  to  the  effector  organ  was  not  understood.  One 
)nly  knew  the  following:  if  a  nerve  is  stimulated  in  natural  fashion  from  its 
ientral  origin  or  artificially  during  its  course  there  is  produced  as  in  every  stimu- 
ated  living  tissue  an  excitation.    This  means  a  change  of  energy  whose  intimate 
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nature  tso  far  is  unknown.  Within  the  nerve  this  excitation  is  propagated.  This 
propagated  impulse  is,  as  you  know,  accompanied  by  an  electrical  wave,  the 
action  current.  It  was  generally  believed  that  this  electrical  wave  spreads  to 
the  effector  organ  and  there  elicits  the  specific  reaction.  Such  an  assumption, 
howe\  oi-,  had  to  meet  with  difficulties;  among  them  a  great  one  has  been  raised 
from  the  following. consideration:  one  can  easily  understand  that  an  electrical 
wave,  raised  by  the  stimulation  of  a  nerve  and  spreading  to  its  effector  organ, 
there  initiates  or  increases  its  activity.  But  how  clan  one  understand  that  the 
same  electrical  wave  in  the  case  of  the  so-called  inhibitory  nerves  does  not  ini- 

tiate or  increase  the  activity  of  the  effector  organ  but  does  actually  decrease  or 
even  stop  it?  Since  in  this  way  the  assumption  of  an  electrical  mechanism 
of  the  transmission  of  a  nervous  impulse  to  its  effector  organ  proved  to  be  un- 

satisfactory, another  mode  of  transmission  had  to  be  taken  into  consideration 
and  had  in  fact  been  considered,  namely  a  chemical  one.  At  the  International 
Physiological  Congress  in  Boston  in  1929  a  former  co-worker  of  mine  the  late 
Sir  Walter  Morley  Fletcher  reminded  me  that  as  far  back  as  in  1903  I  had  ox- 
pressed  the  view  that  since  certain  drugs  mimic  the  stimulation  of  autonomic 
nerves,  it  may  be  that  these  nerves  in  their  turn  may  act  by  liberating  from  their 
terminals  chemical  substances  and  in  this  way  transmit  the  nervous  impulse  to 
their  effector  organs.  Since  that  time  several  scientists  especially  Elliott  in 
1904  (2)  and  Dixon  in  1907  (3)  have  made  the  same  assumption.  But  it  was  not 
until  1921  that  I  was  able  to  prove  the  correctness  of  this  view  by  a  very  simple 
experiment.  Though  most  of  you  maj^  be  familiar  with  it,  I  cannot  avoid  de- 

scribing it  briefly  with  regard  to  the  fact  that  this  veiy  experiment  represents  the 
fundament  of  the  whole  theory  of  the  chemical  transmission  of  nervous  impulse. 

I  isolated  the  hearts  of  two  frogs,  one  with  its  nerves,  one  without.  The  first 
heart  may  be  designated  as  the  donor  heart,  the  second  as  the  recipient  heart. 
In  each  heart  I  inserted  a  glass  cannula  filled  with  a  small  amount  of  Ringer 
solution.  For  a  short  period  the  vagus  nerve  connected  with  the  donor  heart 
was  stimulated  with  the  usual  effect:  decrease  of  frequency  and  amplitude  of  the 
heart  beat.  Now  I  transferred  the  fluid  of  this  heart  to  the  recipient  heart  with 
the  result  that  it  behaved  exactly  like  the  donor  heart  during  vagus  stimulation 
and  exactly  like  the  effect  of  this  the  effect  of  the  content  of  the  heart  obtained 
during  vagus  stimulation  was  annulled  by  atropine.  When  instead  of  the  vagus 
I  stimulated  the  accelerator  nerve  of  the  donor  heart  and  transferred  its  content 
to  the  recipient  heart  this  again  produced  exactly  the  same  effect  as  the  nerve 
stimulation  of  the  donor  heart:  increase  of  frequency  and  amplitude.  By  these 
experiments  was  proven  that  the  nerves  do  not  influence  the  heart  directly 
but  that  the  immediate  effect  of  their  stimulation  consists  in  liberation  of  chem- 

ical substances  from  their  endings  and  that  these  very  substances  cause  the 
characteristic  modification  of  the  heart  action  as  described  above.  In  other 
words  the  nervous  impulse  is  transmitted  to  the  heart  not  directly  but  indirectly 
by  chemical  substances  which  we  may  call  transmitters. 

It  seemed  probable  from  the  beginning  that  the  mechanism  of  chemical  trans- mission would  not  be  limited  to  the  special  case  of  the  heart  but  would  be  tnie 
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for  other  organs  too.  We  shall  soon  see  that  this  presumption  was  right.  But first,  in  view  of  what  is  to  follow,  we  have  to  deal  \\  ith  the  charactei-  of  the  sub- 
stances released  by  nerve  stimulaticn. 

I  should  like  to  start  with  the  transmitter  of  vagus  impulses  whicii  at  that 
time  I  called  "Vagusstoff"  and  tell  how  I  succeeded  in  identifying  it.  At  the time  of  the  discovery  one  was  familiar  only  with  one  .substance  to  be  found  in  the 
organism  whose  effects— at  least  in  certain  respects— mimic  the  effect  of  vagus stimulation.  It  was  choline.  The  vagusstoff,  however,  could  not  be  choline 
since  the  effect  of  choline  if  introduced  in  the  heart  lasts  for  a  long  time,  whereas 
the  effect  of  the  vagusstoff  fades  quickly.  What  other  substance  could  be  con- 

sidered? In  1906  the  distinguished  Harvard  Pharmacologist  Reid  Hunt  had 
found  (5)  that  some  cholinesters  are  very  much  more  effective  than  choline  itself 
and  that  their  effect  is  transitory.  Starting  from  this  discovery,  already  by  1922 
I  had  assumed  that  the  vagusstoff  might  be  a  cholinester.  This  assumption 
later  on,  as  you  now  know,  proved  to  be  true.  It  could  be  shown  that  the  course 
and  mode  of  action  of  vagusstoff  and  of  a  certain  cholinester.  Acetylcholine 
(Ac.Ch.),  are  indistinguishable.  This  is  true  also  for  the  quickly  fading  effect 
of  the  two  substances  mentioned  above.  What  is  the  cause  of  this  fading?  It 
seemed  most  probable  that  it  is  caused  by  a  hydrolyzing  enzyme.  I  was  able 
to 'p rove  the  correctness  of  this  view  again  by  a  very  .simple  experiment  (6).  I 
prepared  a  watery  extract  of  the  heart  and  divided  it  in  two  halves.  Since  most 
of  the  enzymes  are  destroyed  by  heat  I  heated  one  half.  Then  I  added  to  both 
halves  vagusstoff  or  Ac.Ch.  and  incubated  them  for  a  while.  Then  I  tested 
them  on  the  frog's  heart  with  the  result  that  in  the  heated  sample  the  added 
substances  were  undiminished  whereas  in  the  non-heated  one  they  were  com- 

pletely destroyed.    The  splitting  enzyme  later  on  was  called  cholinesterase. 
Another  hint  as  to  the  identity  of  vagusstoff  and  Ac.Ch.  was  the  following: 

It  had  been  known  for  a  long  time  that  the  tran.sitory  action  of  vagus  stimulation 
is  markedly  prolonged  by  previous  application  of  very  small  doses  of  eserine. 
I  just  mentioned  that  the  quick  fading  of  the  effect  of  vagusstoff  and  of  Ac.Ch. 
is  caused  by  the  action  of  cholinesterase.  This  suggested  to  me  the  possibility 
that  the  prolongation  of  the  vagus  action  as  produced  by  eserine  was  due  to  an 
inhibitory  action  of  this  alkaloid  on  cholinesterase.  I  could  definitely  prove 
that  this  was  the  case  (7).  Hence  it  occurs  that  after  previous  application  of 
eserine  the  action  of  vagusstoff  and  of  Ac.Ch.  is  enhanced  and  prolonged  exactly 
like  the  action  of  vagus  stimulation.  It  was  this  discovery  of  the  esterase  in- 

hibiting action  of  eserine  which  made  possible  the  later  extension  of  the  proof  of 
the  occurrence  of  neurochemical  transmission  by  Ac.Ch.  to  a  very  wide  range  of 
effects.  On  the  one  hand  the  inhibition  of  esterase  activity  by  eserine  protecting 
Ac.Ch.  from  being  split  has  made  it  po.ssible  to  preserve  and  therefore  to  detect 
minute  traces  of  vagusstoff  released  by  nerve  stimulation.  On  the  other  hand 
in  cases  where  it  is  impossible  to  prove  directly  the  presence  of  Ac.Ch.  by  nerve 
stimulation  we  are  in  general  entitled  to  assume  that  the  stimulation  acts  by 
releasing  Ac.Ch.,  whenever  the  effect  of  the  stimulation  is  enhanced  by  previous 
eserinisation. 
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Finally,  since  Dale  and  Dudley  (8)  later  on  succeeded  in  isolatinji;  Ac.C'h.  from 
animal  organs,  there  is  no  doul)t  that  the  ̂ •agusstotT  is  Ac.Cli. 

In  refjard  to  the  nature  oi'  the  syni})atlietir  transmitter,  I  wms  able  to  show 
as  early  as  1921  that  the  transmitter  shares  many  (lualities  with  adrenaline. 
Both  for  instance  are  destroyed  by  alkali,  by  fluorescent  and  ultra  violet  radia- 

tion, the  effect  of  both  is  abolished  by  ergotoxine  and  as  was  shown  (9)  later  on 
in  Cannon's  laboratory  enhanced  by  small  doses  oi'  cocaine,  the  sensitizing  effect 
of  which  on  adrenaline  action  was  found  by  Froehlich  and  myself  about  30  years 
ago  (10).  Like  the  effect  of  adrenaUne  the  effect  of  the  sympathetical  trans- 

mitter applied  to  the  heart  also  fades  very  slowly.  After  all  it  seemed  very 
likely  that  the  sympathetic  transmitter  was  adrenaline.  But  it  was  not  until 
1936  that  I  was  able  to  show  that  the  sympathetic  transmitter  is  actually  ad- 

renaline (11). 
How  did  I  succeed  in  proving  this?  I^ritish  chemists  (13)  had  observed  that 

adrenaline  even  in  a  dilution  of  10"^  shows  in  the  light  of  a  mercury  lamp  a 
beautiful  apple-green  fluorescence  on  addition  of  a  little  alkaline.  According  to 
(laddum  and  Schild  (12)  substances  related  to  adrenaline  show  this  reaction 
only  in  concentrations  of  a  much  higher  order  of  magnitude.  This  fluorescence, 
specific  for  adrenaline,  in  body  fluids  and  organ  extracts,  however,  is  overshad- 

owed by  the  presence  of  colloids.  I  therefore  applied  the  reaction  on  heart 
extracts  which  I  dialyzed  in  order  to  get  rid  of  the  disturbing  colloids  (11).  The 
dialyzates  showed  a  marvelous  green  fluorescence.  But  how  to  find  out  whether 
the  substance  released  by  nervous  stimulation  was  adrenaline?  According  to 
results  of  titration  experiments  with  adrenaline  on  the  frog's  heart  the  content 
of  the  fluid  present  in  the  heart  during  a  stimulation  of  the  sympathetic  amounted 
only  to  about  one  tenth  of  the  minimal  dilution  showing  just  a  faint  fluorescence. 
I  therefore  was  obliged  to  reach  a  higher  concentration.  Unfortunately  it  has 
been  impossible  to  concentrate  an  adrenaline  containing  watery  solution  without 
destroying  the  adrenaline.  Hence  I  got  the  idea  to  enrich  the  fluid  filling  the 
heart  during  sympathetic  stimulation  with  the  transmitter.  I  succeeded  by 
using  for  the  filling  of  the  heart  during  often  repeated  stimulation  always  the 
same  one  cc.  of  fluid.  This  fluid  finally  on  addition  of  alkaline  showed  a  definite 
green  fluorescence.  Hereby  was  proved  that  the  substance  leleased  by  sj'^mpa^ 
thetic  stimulation  is  adrenaline.  In  this  country  it  is  often  called  sympathin. 
In  fact  sympathin  is  identical  ̂ \^th  adrenaline.  The  use  of  the  word  sympathin 
originates  from  the  following:  W.  B.  Cannon  and  A.  Rosenbhieth  (14)  reported 
that  on  stimulation  of  postganglionic  sympathetic  fibres  remote  organs  provided 
with  sympathetic  nerves  react  under  the  condition  that  they  were  sensitized  to 
adrenaline  by  previous  degeneration  of  their  sympathetic  nerves.  They  claimed 
that  the  kind  of  reaction  of  the  remote  organs  correspond  to  the  kind  of  answer 
of  the  stimulated  organs.  In  other  words  it  was  of  inhibitory  or  augmentory 
or  mixed  character.  They  therefore  assumed  that  the  substance  i-eleased  by 
nervous  stimulation  combined  with  the  substance  in  the  stimulated  organ  and 
that  this  combination  which  they  called  inhibitory  or  excitatory  sympathin  was 
conveyed  by  the  blood  to  the  remote  organs.    Cannon  (15)  agrees,  however, 
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that  the  substance  released  by  sympathetic  ncfvous  stimuhitioii,  and  we  are 
only  deaUng  with  tliis,  is  a(h'enaHne. 

And  now  we  can  proceed  to  discuss  the  extent  to  which  the  principle  ot  th(> 
neurochemical  mechanism  discovered  at  the  frog's  heart  is  valid.  First  it  could 
be.  shown  that  this  mechanism  liolds  tru(>  tor  the  transmission  of  the  nervous 
impulse  on  the  heart  of  mammals  too.  The  nerves  of  the  heart,  the  vagus  and 
the  accelerator,  belong  as  you  know  to  two  different  nervous  systems,  which 
together  i-epresent  the  autonomic  nervous  system.  The  xagua  belongs  to  its 
parasympathetic,  the  accelerator  to  its  sympathetic  division.  Hence  it  was 
from  the  l)eginning  to  be  expected  that  the  neurochemical  mechanism  of  trans- 

mission would  apply  to  the  other  nerves  of  the  autonomic  system  too.  The 
correctness  of  this  view  was  tested  in  a  very  wide  range  of  cases.  It  is  needless 
to  go  into  many  details  concerned  witli  this  point  since  Dale  in  his  Welch  lecture 
has  extensively  reviewed  the  whole  material.  It  may  suffice  to  summarize  the 
results  of  the  experiments  by  saying  that  in  all  cases  studied  the  effect  of  nerve 
stimulation  is  due  to  the  release  of  a  chemical  transmitter. 

As  to  the  nature  of  the  transmitters  released  by  stimulation  of  postganglionic  • 
parasympathetic  and  sympathetic  nerves  it  may  be  said  that  most  parasympa- 

thetic nerves  release  Ac.Ch.,  most  sympathetic  ones  adrenaline.  But  there  exist 
some  exceptions  in  that  the  stimulation  of  some  nerves  belonging  anatomically 
to  the  parasympathetic  system  leads  to  the  liberation  of  adrenaline  and  on  the 
other  hand  stimulation  of  some  sympathetic  nerves  leads  to  the  liberation  of 
Ac.Ch.  Dale  (16)  therefore  distinguishes  "cholinergic"  and  "adrenergic" 
fibres. irrespective  of  theii-  anatomical  origin. 

So  far  we  only  have  dealt  with  the  question  as  to  the  mechanism  of  transmis- 
sion from  postganglionic* autonomic  nerves  to  tlieir  respective  effector  organs. 

We  now  shall  learn  that  the  principle  of  neurochemical  transmission  is  valid  to  a 
far  greater  extent. 

In  1914  Dale  (17)  had  made  the  discovery  that  Ac.Ch.  acts  not  only  hke  mus- 
carine on  the  effector  organs  of  postganglionic  nerves  but  also — exactly  like 

nicotine — on  those  of  preganglionic  ones  stimulating  in  small  doses,  paralyzing 
in  large  doses.  This  suggested  the  examination  as  to  whether  on  nervous  stimu- 

lation Ac.Ch.  is  not  released  from  there  too  and  acts  as  transmitter.  The  first 
observation  in  this  line  was  made  by  Feldberg  (18).  He  was  able  to  show  that 
preganglionic  stimulation  of  the  splanchnic  liberates  Ac.Ch.  and  by  this  way 
.stimulates  the  adrenal  medulla  to  secrete  adrenaline  exactly  like  Ac.C'h.  if  in- 

jected. Since  the  cells  of  the  adrenal  medulla  are  modified  ganglionic  cells, 
Feldberg's  finding  suggested  the  investigation  whether  Ac.Ch.  is  not  also  the 
transmitter  from  preganglionic  fibres  to  ganglia.  This  at  first  sight  did  not 
seem  to  be  very  likely  for  the  following  reason.  In  the  cases  which  we  have  dealt 
with  hitherto  the  effect  of  nervous  stimulation  on  their  effector  organs  is  a  rela- 

tively slow  one,  in  the  case,  however  of  stimulation  of  preganglionic  fibres  running 
to  the  gangUa  the  effect  .starts  almost  immediately  and  by  stopping  the  stimula- 

tion almost  immediately  ceases.  In  this  case  therefore  because  of  the  speed  of 
action  it  was  hardly  to  be  expected  that  the  transmission  was  due  to  a  chemical 
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event  consisting  in  the  liberation,  diffusion,  action  and  removal  of  a  chemical 
substance.  And  yet  in  Dale's  lal)oratoiy  (19)  during  preganglionic  stimulation 
of  the  supcrioi-  c(>rvical  ganglion  pcifused  witii  cscMinized  Locke  solution  Ae.Ch. 
was  detected  in  the  etHuent  in  an  amount  sufficient  to  stiinidatc  the  ganglion. 
When  the  stimulation  was  continued  to  the  point  of  exhaustion  the  reaction  of 
the  ganglion  ceased  and  at  the  same  time  Ac.Ch.  disappeared  from  the  perfusion 
fluid.  After  an  interval  during  which  stimulation  had  been  stopped  the  reaction 
returned  and  Ac.Ch.  reappeared.  After  strong  nicotinization  or  curarization, 
stimulation  still  liberated  Ac.Ch.  but  the  ganglion  did  not  react  to  it  nor  to 
Ac.Ch.  if  injected.  This  means  that  nicotine  and  curare  do  not  paralyze  the 
nerve-endings  but  prevent  the  sensitivity  of  the  ganglion  to  Ac.Ch. 

The  results  of  these  experiments  suggested  to  Dale  and  his  co-workers  to  in- 
vestigate the  nature  of  t  ransmission  in  another  case  where  also  the  effect  of  nerve 

stimulation  almost  immediately  appears  and  vanishes:  namely  in  that  of  the 
spinal  nerves  running  to  the  striated  muscle.  They  found  (20)  that  close  arte- 
l  ial  injection  of  small  doses  of  Ac.Ch.  raised  a  quick  contraction  which  resembled 
slcnv  single  twitches.  As  within  the  ganglia  large  doses  of  Ac.Ch.  prevented  the 
(effect  of  stimidation  exactly  like  curare.  Furthermore,  Ac.Ch.  was  found  in  the 
eserinized  perfusion  fluid  after  indirect  stimulation.  Direct  stimulation  of  the 
muscle  after  nervous  degeneration  though  it  contracted  strongly  did  not  release 
a  trace  of  Ac.Ch.  This  proves  that  Ac.Ch.  found  in  the  perfusion  fluid  of  the 
muscle  which  was  stimulated  indirectly  was  not  a  product  of  muscular  activity 
but  was  liberated  from  the  nerve-endings.  Finally  curare  was  shown  to  inhibit 
the  effect  of  Ac.Ch.  exactly  like  that  of  nervous  stimulation  and  previous  eserin- 
ization  caused  the  response  to  a  maximal  nerve  volley  to  change  from  a  single 
twitch  to  a  repetitive  response  of  the  nature  of  an  evanescent  tetanus. 

Before  we  draw  the  obvious  conclusions  from  the  experiments  just  quoted  I 
should  like  to  draw  your  attention  to  important  analogies  disclosed  by  some  of 
the  facts  which  we  have  discussed  just  now.  They  are,  so  to  say,  by-products 
and  present  a  progress  of  our  physiok)gical  knowledge  reached  so  often  by  purely 
pharmacological  means.  As  we  have  seen  Ac.Ch.  influences  in  the  same  manner 
the  cells  of  the  adrenal  medulla,  the  ganglia,  and  the  motor  end-plate  stimulating 
them  in  small,  paralyzing  them  in  large  doses.  Nicotine  has  exactly  the  same 
effect.  Curare,  while  having  the  same  points  of  attack,  has  a  paralyzing  effect 
only.  All  this  means  that  there  exists  a  close  analogy  between  the  cells  of  the 
adrenal  medulla,  the  ganglia,  and  the  motor  end  plates  in  as  much  as  their  phar- 

macological reaction  is  concerned.  This  analogy  is  easily  understood.  The 
cells  of  the  adrenal  medulla  are  modihed  ganglion  cells  and  the  cells  of  the  motor 
endplates  are  also  neurogenic  since  they  are  derived  from  the  cells  of  Schwann's 
sheath.  Considering  the  close  analogy  between  the  pharmacological  reaction 
of  the  motor  end-plates  and  the  autonomic  ganglia,  we  may  be  allowed  as  Elliott 
(21)  has  already  suggested  40  years  ago  to  look  upon  the  muscle  fibres  as  upon 
a  kind  of  equivalent  of  postganglionic  fibres.  Consequently,  the  much  discussed 
question  as  to  the  mode  of  propagation  of  the  impidse  from  the  motor  end-plate 
to  the  muscle  fibres  would  coincide  with  the  question  as  to  the  mode  of  propaga- 

ii 
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tion  of  impulses  from  the  ganglion  to  the  postganglionic  fibres.  At  all  events, 
by  the  disclosure  of  the  analogy  existing  between  the  motor  end-plate  and  the 
autonomic  ganglion,  the  basic  difference  assumed  till  now  to  be  existing  between 
the  structure  of  the  peripheral  autonomic  and  spinal  neurons  respectively,  ceases 
to  exist. 

If  we  now  summarize  and  consider  the  results  of  the  investigations  concerning 
the  transmission  of  nervous  impulse  at  the  synapses  of  slowly  reacting  organs 
like  the  postganglionic  effector  organs  and  the  adrenal  medulla  on  the  one  hand 
the  rapidly  reacting  organs  like  the  ganglia  and  the  striated  muscles  on  the 
other  hand,  we  find  an  almost  complete  analogy :  in  all  these  structures  a  perfusate 
obtained  during  the  resting  state  contains  practically  no  Ac.Ch.  In  all  of  them 
nervous  stimulation  causes  its  appearance  in  the  effluent.  In  all  of  them  per- 

fusion with  Ac.Ch.  induces  the  typical  effect  of  nerve  impulses.  In  all  of  them 
certain  drugs — atropine  in  postganglionic  effector  organs  hke  the  heart,  nicotine 
and  curare  in  the  ganglia  and  striated  muscles-block  the  effect  of  Ac.Ch.  At 
the  same  time  they  block  the  effect  of  nervous  stimulation. 

Taking  into  consideration  all  these  analogies  everything  seems  to  fit  in  per- 
fectly with  the  assumption  that  the  chemical  mechanism  of  transmission  is  valid 

everywhere  at  peripheral  synapses,  whether — to  use  an  expression  of  Ecclcs  (22) 
— the  transmission  is  of  long  or  of  short  duration.  And  yet  quite  a  few  neuro- 
physiologists  especially  in  this  country  accept  the  chemical  theory  only  as  far 
as  it  concerns  the  slow  transmission  of  nervous  impulses  from  postganglionic 
fibres  to  the  respective  effector  organs.  In  regard  to  the  transmission  of  short 
duration  in  gangUa  and  muscles,  they  admit  that  by  nervous  stimulation  Ac.Ch. 
is  liberated  from  pregangUonic  autonomic  and  spinal  nerve  terminals  exactly 
as  it  is  Uberated  from  postganglionic  nerve  endings  and  that  Ac.Ch.  when  per- 

fused acts  there  exactly  like  the  nervous  impulse.  In  spite  of  this  they  oppose 
the  theory  that  in  the  cases  of  short  duration  the  mechanism  is  chemical. 

It  is  impossible  to  go  into  all  the  details  of  their  argumentations.  It  may  suf- 
fice to  discu.ss  their  most  pertinent  objections.  The  first  concerns  the  fact  that 

eserine  though  it  preserves  Ac.Ch.  from  being  destroyed  did  not  produce  in  some 
experiments  a  repetitive  discharge  from  the  superior  cervical  gangUon.  DeaUng 
with  this  objection  Dale  (1)  already  emphasized  the  fact  that  eserine  by  itself 
in  more  than  a  very  low  concentration  has  a  paralyzing  action  on  ganglia  and 
that  the  persistence  of  Ac.Ch.  in  contact  with  these  in  more  than  a  very  low 
concentration  has  also  a  secondary  depressing  effect.  Furthermore  Rosenblueth 
and  Simeone  (23)  later  on  were  able  to  show  that  under  appropriate  conditions 
at  the  superior  cervical  ganglion  eserine  does  slow  the  rate  of  decline  of  the  re- 

sponse to  Ac.Ch.  Finally  Bacq  and  Brown  (25)  who  investigated  the  influence 
of  a  series  of  eserine  substitutes  on  the  effect  on  the  muscle  of  single  nerve  volleys 
were  able  to  show  that  their  potentiating  faculty  ran  closely  parallel  to  their  anti- 
esterasic  action.  By  all  these  findings  one  objection  against  the  validity  of  the 
chemical  mechanism  of  short  transmission  which  for  years  played  a  big  part  in 
the  controversy  between  the  proponents  of  the  chemical  and  electrical  theory  has 
been  removed.    And  now  we  have  to  consider  the  second  pertinent  objection. 



810 OTTO  LOEWI 

This  was  raised  by  the  brevity  of  the  latent  period  following  stimulation  before 
action  occurs  in  the  preganglionic  or  spinal  elements,  the  ganglia  and  the  striated 
muscles  I'espectively.  It  is  true  that  the  synaptic  events  at  the  ganglia  and  at 
the  motor  endplates  are  veiy  brief.  According  to  Eccles  (22)  in  the  neurons 
of  the  superior  cervical  ganglion  the  latent  period  of  the  most  rapid  responses 
ranges  from  2  to  4  milliseconds  and  in  the  fibres  of  some  skeleton  muscles  it  may 
be  even  shorter,  1  to  2  milliseconds.  In  addition  we  have  to  bear  in  mind  that 
the  fading  of  the  action  too  occurs  almost  immediately.  The  time  factor  as  a 
matter  of  fact  seemed  at  first  sight  to  be  an  insurmountable  obstacle  for  the 
acceptance  of  the  assumption  that  during  this  extremely  short  period  the  libera- 

tion, diffusion,  action  and  removal  of  Ac.Ch.  could  take  place.  Well  planned 
experiments  of  Nachmansohn  (26)  hoAvever  have  revealed  that  at  neuromuscular 
and  ganglionic  synapses  cholinesterase  is  present  in  sufficiently  high  concentra- 

tion to  split  within  milliseconds  amounts  of  Ac.Ch.  which  if  released  would  be 
sufficient  for  a  stimulating  action.  Though  experimental  data  are  not  yet 
available  which  would  establish  the  rate  of  Ac.Ch.  appearance  during  nerve 
action  I  agree  with  Nachmansohn 's  view  that  there  is  no  reason  for  assuming 
that  this  takes  a  longer  time.  At  any  rate  in  my  opinion  by  Nachmansohn's 
findings  the  main  objection  against  the  acceptance  of  the  chemical  mechanism 
also  of  transmission  of  short  duration  has  been  removed. 

Whereas  the  proponents  of  the  chemical  theory  are  able  to  explain  any  event 
connected  with  the  synaptic  transmission,  the  proponents  of  the  electrical  theory 
are  not  in  the  same  favorable  position;  they  have  not,  as  have  the  proponents  of 
thevchemical  theory,  got  a  uniform  concept  which  at  any  rate  from  the  point  of 
yiew  of  mental  economy  would  be  preferable  but  as  mentioned  above  they  accept 
the  .  chemical  mechanism  only  in  the  cases  of  transmission  of  long  duration, 
whereas  in  the  case  of  transmission  of  short  duration  they  claim  that  it  is  the 
action  current  which  spreads  from  the  nerve  endings  to  the  effector  organ  and 
stimukites  it.  There  already  arises  their  first  difficulty.  There  is  no  doubt  that 
at  tlic  syna]ise  between  the  nerves  and  the  effector  organs  there  is  a  protoplasmic 
discontinuity.  So  far  there  exists  no  evidence  at  all  that  the  action  current  is 
ablfe  if!)  pass  through  this  discontinuity.  In  favor  of  their  theory  that  it  is  the  ac- 

tion current  which  transmits  the  impulse  from  the  nerve  endings  to  the  effector 
organ  and  that  it  is  able  to  act  in  this  way  proponents  of  this  theory  refer  to  im- 

portant experiments  of  A.  Hodgkin  (27).  This  scientist  showed  that  within  a 
nerve  an  impulse  produces  an  electronic  potential  beyond  a  block.  In  regard  to 
this  Bronk  and  Brink  (28)  made  the  following  statement:  "It  is  argued  by  some 
that;  the  action  current  hypothesis  is  supported  by  Hodgkin's  observations  which 
favor  the  electrical  transmission  of  impulses  along  an  axon.  It  must  be  remem- 

bered, however,  that  the  probable  discontinuity  at  a  synapse  introduces  physio- 
logical conditions  not  found  in  Hodgkin's  experiment."  Furthermore,  Blair 

and  Erlanger  (29)  have  shown  that  an  action  current  will  pass  an  inert  polarized 
region  of  the  nerve  and  stimulate  the  responsive  segment  beyond.  They  contend 
that  if  the  action  potential  can  thus  restimulate  the  axon  across  an  inactive 
stretch  of  one  to  two  millimeter,  it  is  justifiable  to  conclude  that  it  can  excite 
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the  tissue  beyond  a  synapse  and  that  it  will  unless  the  synapse  includes  a  device 
for  preventing  current  spread.  In  answer  to  this  contention  Alexander  Forbes 
(24)  emphasized  that  "the  structural  and  presumably  electrical  conditions  are 
quite  different  in  an  unbroken  but  inactive  axon  from  those  at  the  synapse. 
Here,  at  the  termination  of  the  neuron  histology  seems  to  reveal  a  transverse 
membrane  which  may  well  act  as  a  short  circuit  to  the  action  potential  which 
is  responsible  to  the  effect  observed  by  Blair  and  Erlanger.  If  the  membrane 
theorj'-  of  nerve  conduction  holds  good,  there  is  every  reason  to  expect  such  a 
'short  circuiting  effect  at  the  termination  of  the  axon.  Indeed  this  anatomical 
consideration  is  perhaps  one  of  the  strongest  reasons  for  seeking  a  different  mecha- 

nism such  as  chemical  mediation  as  an  essential  step  in  the  excitation  of  the 
next  neurone." 

I  had  to  make  these  quotations  in  order  to  show  that  the  fundamental  basis 
of  the  electrical  theory,  namely  the  evidence  that  the  action  current  passes 
through  the  synapse,  is  entirely  missing  and  that  among  the  outstanding  neuro- 
physiologists  there  are  some  who  are  even  doubtful  in  regard  to  the  possibility 
of  such  an  event. 

Furthermore,  in  contrast  to  the  proponents  of  the  chemical  theory  the  propo- 
nents of  the  electrical  theory  have  almost  insuperable  difficulties  in  explaining  a 

great  many  facts.  Above  all :  how  is  it  to  be  explained  that  nervous  excitation 
in  one  organ  stimulates,  in  another  inhibits  the  function?  How,  furthermore, 
to  interpret  the  meaning  of  Ac.Ch.  as  released  from  preganglionic  and  spinal 
nerves  if  it  does  not  own  the  primary  function  consisting  in  transmission  of 
impulses.  In  regard  to  this  Dale  once  remarked  that  it  was  unreasonable  to 
suppose  that  nature  would  provide  for  the  liberation  in  the  ganglion  of  Ac.Ch., 
the  most  powerful  stimulant  of  ganglionic  cells,  for  the  sole  purpose  of  fooling 
physiologists.  In  order  to  meet  this  embarrassing  fact  proponents  o'f  the  elec- 

trical theory  offered  all  kinds  of  suggestions  of  secondary  functions  of  the  Ac  Ch . 
released.  For  instance  it  may  serve  to  increase  the  excitability  at  synapses  or  to 
delay  the  onset  of  fatigue  or  to  dilate  blood  vessels  locally  etc.  These  sugges- 

tions are  of  purely  hypothetical  character.  Furthermore,  how  to  explain  the 
following? 
Nachmansohn  (30)  has  shown  that  after  degeneration  of  the  respective  nerves 

the  cholinesterase  content  of  muscle  and  ganglion  in  time  declines.  This  loss 
apparently  corresponds  to  the  esterase  content  of  the  destroyed  nerve  endings; 
yet  there  remains  even  after  a  long  time  a  relatively  high  esterase  content,  about 
40  per  cent,  in  the  ganglia  and  muscles.  Its  location  there  is  easily  to  be  under- 

stood from  the  point  of  view  of  the  chemical  theory  according  to  which  Ac.Ch. 
released  by  nervous  stimulation  reaches  the  effector  organs  stimulates  them  and 
must  be  immediately  destroyed  there.  But  how  to  explain  the  great  amount  of 
cholinesterase  in  ganglia  and  muscles  from  the  point  of  view  of  the  electrical 
theory? 

I  arbitrarily  picked  out  some  few  facts  which  are  easily  interpreted  by  the 
chemical  theory  which  however  offer  almost  insurmountable  difficulties  to  the 
electrical  theory.    Such  facts  could  be  multiplied  almost  indefinitely. 
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Summarizing  the  results  so  far  presented,  I  feel  entitled  to  say  that  the  chem- 
ical mechanism  of  the  transmission  of  nervous  impulses  applies  to  the  synapses 

of  the  autonomic  preganglionic  and  postganglionic  and  to  the  spinal  nerves,  in 
other  words  to  all  peripheral  synapses. 

Beyond  this  there  is  missing  only  the  proof  that  the  chemical  transmission 
from  one  neuron  to  the  next  holds  true  also  in  the  central  nervous  system 
(C.N.S.).  If  this  could  be  shown,  it  would  be  established  that  synaptic  trans- 

mission is  chemical  everywhere  in  the  organism.  This  requires  a  discussion 
as  to  whether  there  exists  evidence  for  such  an  assumption.  The  question  as  to 
the  mode  of  synaptical  transmission  within  the  C.N.S.  concerns  one  of  the  most 
important  and  most  fascinating  problems  in  physiology.  Therefore,  I  feel  that 
I  have  to  put  before  you  its  present  state.  It  may  be  that  you  will  not  like  it 
since  it  may  not  be  easy  to  follow  my  guidance  through  this  field  which  really 
represents  a  labyrinth.  As  a  matter  of  fact  there  exist  still  as  many  open  ques- 

tions as  answers.  I  am,  however,  of  the  opinion  that  a  lecture  should  deal  not 
only  with  established  facts  but  also  with  gaps  in  our  knowledge  in  order  to  stimu- 

late work  to  be  done  in  the  future.  As  early  as  in  1906  Sherrington  (31)  sug- 
gested that  the  mechani-sm  of  transmission  was  similar  at  all  synapses  and  in 

1925  after  the  discovery  of  the  chemical  transmission  at  peripheral  synapses 
he  discussed  the  possibility  of  this  mechanism  also  within  the  C.N.S.  (32). 

If  Ac.Ch.  is  the  transmitter  at  central  synapses  it  might  be  expected  that 
Ac.Ch.  as  well  as  cholinest erase  would  be  located  there  mainly  at  synaptic  re- 

gions. As  a  matter  of  fact  Nachmansohn  (33)  showed  that  a  much  greater 
concentration  of  esterase  was  found  in  the  gray  matter  than  in  the  white  and 
Macintosh  (34)  later  proved  the  same  to  be  true  for  the  distribution  of  Ac.Ch. 
Suggestive  are  also  Xachmansohn's  (35)  findings  in  regard  to  the  relation  existing 
between  the  concentration  of  esterase  and  functional  development :  in  the  brains 
of  newborn  rabbits  and  rats  which  are  markedly  undeveloped  the  enzyme  con- 

centration is  ̂ -ery  low  and  rapidly  increases  during  the  first  three  weeks  after 
birth,  almost  simultaneously  with  the  development  of  function  in  the  brain. 
In  the  l)rain,  however,  of  newborn  guinea  pigs  which  are  already  developed  at 
that  time  the  enzyme  concentration  is  already  almost  as  high  as  in  adults. 

We  are,  of  course,  not  permitted  to  draw  definite  conclusions  as  to  the  part 
played  by  Ac.Ch.  as  transmitter  of  nervous  impulses  within  the  C.N.S.  merely 
from  the  location  of  cholinesterase  and  Ac.Ch.  respectively.  We  need  comple- 

mentary physiological  evidence.  This  must  come  from  two  main  directions: 
it  must  be  shown  whether  or  not  Ac.Ch.  acts  like  nervous  stimulation  upon  the 
effector  organs  within  the  C.N.S.  and  secondly  it  must  be  shown  whether  or  not 
during  stimulation  of  the  C.N.S.  Ac.Ch.  is  liberated  at  its  synapses  as  it  is  at 
those  of  the  peripheral  nervous  system.  There  have  been  numerous  investiga- 

tions in  both  lines.  It  is  impossible  to  give  here  a  full  account  of  them.  It  is 
in  addition  needless  since  a  complete  account  will  be  published  by  W.  Feldberg 
in  the  "Physiological  Re\i(  \\s,"  1945.  Yet,  I  cannot  avoid  going  into  at  least 
some  detail  since  the  decision  uf  the  prol^lem  at  hand  depends  not  only  on  the 
results  of  the  various  investigations  but  also  on  their  interpretations.    I  feel, 
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therefore,  that  in  presenting  the  main  material  I  have  to  give  yon  the  opportu- 
nity to  get  your  own  viewpoint.  In  regard  to  the  question  as  to  whether  Ac.Ch. 

acts  upon  the  C.N.S.  as  does  nervous  stimulation  wliich  is  what  should  be  ex- 
pected if  it  is  the  transmitter  the  results  obtained  by  a  great  many  investigators 

have  been  quite  unifoi-m.  All  of  them  have  shown  that  Ac.Ch.  applied  directly 
or  by  intra-arterial  injection  is  able  even  in  physiological  doses  to  augment  or  to 
inhibit  activities  going  on  in  the  C.N.S.  and  to  initiate  activities  there  exactly 
as  does  nervous  stimulation.  This  result  taken  together  Avith  the  distribution 
of  cholinesterase  and  of  Ac.Ch.  AA-ithin  the  C.N.S.  as  quoted  above  is  consistent 
Avith  the  assumption  that  it  may  act  here  as  transmitter  as  it  does  in  the 
periphery. 

We  need  of  course  experimental  evidence  that  Ac.Ch.  is  actually  the  trans- 
mitter. In  order  to  prove  this  it  has  to  be  demonstrated  that  Ac.Ch.  is  released 

at  the  synapses  during  central  stimulation.  Several  investigators  attempted 
to  prove  this  in  a  direct  way.  It  would  lead  too  far  afield  if  I  would  quote  and 
criticize  the  single  experiments.  It  might  be  sufficient  to  state  that  they  did  not 
provide  direct  unequivocal  evidence  that  stimulation  releases  Ac.Ch.  at  central 
synapses. 
Many  more  experiments  have  been  performed  which  approached  the  solution 

of  the  question  at  stake  in  an  indirect  waj'^  by  investigating  whether  the  anti- 
esterases,  eserine  and  prostigmine,  by  protecting  Ac.Ch.  incidentally  released 
would  influence  the  effect  of  central  stimulation.  This  procedure  proved  to  be 
incontestable  in  the  studies  concerned  with  the  question  of  the  transmission  at 
peripheral  synapses  since  here  the  antiesterases  have  no  action  by  themselves 
but  act  only  by  protecting  Ac.Ch.  from  being  split.  It  has,  however,  not  been 
proven  thus  far  whether  the  same  holds  true  for  their  action  within  the  C.N.S. 
It  would  not  be  a  matter  of  surprise  if  this  were  not  the  case.  Probably  due  to 
the  differentiation  of  the  structure  of  the  C.N.S.  a  great  many  drugs  act  quite 
differently  here  and  in  the  periphery.  I  need  only  remind  you  that  strychnine  which 
has  such  a  powerful  action  within  the  C.N.S.  is  almost  devoid  of  peripheral 
actions,  that  the  narcotics  as  well  as  the  so-called  stimulants  affect  the  C.N.S. 
in  concentrations  far  below  those  acting  in  the  peripheral  organs  etc.  We  have 
at  least  to  consider  the  eventuality  that  the  antiesterases  may  act  in  the  C.N.S. 
not  only  by  protecting  Ac.C'h.  from  being  split.  This  consideration  is  needed 
because  of  the  outcome  of  experiments  in  which  the  action  of  antiesterases  alone, 
this  means  without  accompanying  stimulation,  has  been  investigated.  In  these 
experiments  the  antiesterases  have  been  directly  applied  on  the  C.N.S.  or  added 
to  the  perfusion  fluid.  The  effect  always  consisted  in  an  almost  immediate 
excitation  or  inhibition  of  central  functions  hardly  to  be  distinguished  from  that 
provoked  by  other  kinds  of  stimulation.  How  to  interpret  these  results?  It 
has  been  shown  that  the  cerebro.spinal  fluid  and  the  venous  blood  of  the  brain 
normally  do  not  contain  detectable  amounts  of  Ac.Ch.  After  the  injection, 
however,  of  eserine  they  do  contain  it  and  an  excitation  of  the  brain  starts.  In 
analogy  with  the  experiences  made  within  the  peripheral  nervous  system  the 
most  obvious  explanation  of  these  facts  would  be  that  Ac.Ch.  during  the  normal 
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activity  of  the  C.X.S.  is  continuously  released  in  such  an  excess,  that  some  dif- 
fuses in  the  cerebrospinal  fluid  and  into  the  venous  blood  where  it  is  immediately 

destroyed  by  cholinesterase.    In  the  presence  of  eserine,  however,  it  is  protected 
from  being  destroyed  and  therefore  accumulated  to  such  an  extent  that  excitation 
is  produced.    At  peripheral  ganglionic  synapses  eserine  does  not  produce  an 
excitation  without  concomitant  nervous  stimulation.    It  may  be  that  this 
means  only  a  quantitative  difference  between  the  peripheral  and  central  action. 
It  may,  however,  also  mean  that  eserine  within  the  C.N.S.  besides  its  antiesterasic 
power  exerts  actions  by  itself  which  it  does  not  exert  in  the  periphery ;  for  instance 
that  it  releases  Ac.Ch.  or  that  it  stimulates  by  itself.    Be  that  as  it  may;  which- 

ever interpretation  we  prefer,  the  experiments  performed  with  eserine  alone 
show  only  that  eserine  acts  on  the  spot  where  it  is  applied  as  a  local  stimulus, 
whereby  a  propagated  impulse  is  produced  as  by  each  locally  produced  excita- 

tion.   The  experiments,  however,  do  not  answer  the  question  at  stake  whether  or 
not  Ac.Ch.  plays  a  part  as  synaptic  transmitter  in  the  propagation  of  the  excita- 

tion.   The  decision  of  this  question  could  as  we  have  seen  not  be  attained  in  a 
direct  way,  namely  by  the  investigation  whether  stimulation  of  the  C.N.S. 
releases  Ac.Ch.  from  the  synapses.    One,  therefore,  has  as  I  told  you  before 
approached  the  solution  of  this  question  by  using  eserine  following  the  same 
procedure  which  proved  to  be  so  successful  in  the  investigations  concerning  the 
character  of  tiansmission  at  pei'ipheral  synapses.    Here  as  mentioned  above  in 
cases  where  it  is  im])()ssible  to  prove  directly  the  appearance  of  Ac.Ch.  as  a 
consequence  of  ncr\  ()iis  stimulation,  one  is  entitled  to  assume  that  the  stimula- 

tion acts  by  releasing  Ac.Ch.  whenever  the  effect  of  the  stimulation  is  enhanced 
by  previous  eserinization.    Accordingly,  a  great  many  experiments  were  per- 

formed in  the  same  way  within  the  C.X.S.    One  has  checked  the  effect  of  afferent  \ 
nervous  stimulation  before  and  after  previous  eserinization.    One  has  performed  t 
them  on  different  species  of  animals,  with  different  procedures  and  antiesterases,  \ 
with  different  doses  applied  in  different  ways  and  finally  different  reflexes  were  d 
investigated.    This  may  explain  the  variance  in  the  results  obtained.    It  is 
impossible  to  discuss  here  the  single  experiments,  rather  I  have  to  Hmit  myself  to  p 
informing  you  on  the  main  result.    This  consists  in  the  fact  that  in  all  these  d 
experiments  the  antiesterases  influenced  the  effect  of  reflectory  stimulations  or  i, 
enhancing  or  diminishing  it.    In  case  we  take  the  view  that  eserine  and  prostig- 
mine  also  within  the  C.N.S.  act  exclusively  by  their  antiestera.sic  power  the  ji, 
results  obtained  tend  to  show  that  Ac.Cli.  is  involved  as  synaptic  transmitter 
in  the  outcome  of  reflexes.    And  yet  there  exist  some  expeiiences  which  appar- 

ently are  not  consistent  with  tliis  assuinptiDU.    This  is  the  reason  why  I  am  so  ' cautious  in  regard  to  the  interpretation  of  mi)st  of  the  results  quoted.    Of  what  ; 
kind  are  these  experiences?    From  the  outcome  of  experiments  of  Langley  and  ; 
Anderson  (36)  concerning  the  functional  vmion  of  nerves  Dale  (38)  has  drawn  5 
the  conclu.sion  that  such  a  union  takes  place  only  between  nerves  of  the  same  t 

character:  cholinergic  nerves  only  with  cholinergic  ones,  adrenergic  nerves  only  " 
with  adrenergic  ones.    ScMisory  nerves  according  to  the  experiments  of  Langley  * and  Anderson  (30)  and  to  tjuite  recent  ones  of  Paul  Weiss  (41)  do  not  functionally 
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unite  with  cholinergic  nerves.  Hence  it  seems  not  Ukely  that  sensory  nerves 
are  of  choUnergic  nature.  How  to  find  this  out?  Others  as  well  as  myself  de- 

tected in  the  stems  of  cholinergic  nerves  considerable  amounts  of  Ac.Ch.  (40). 
Lissak  (37)  found  in  adrenergic  nerves  adrenaline.  This  parallelism  was  to  be 
expected  since  the  nerve  endings  releasing  the  respective  transmitters  are  just  a 
part  of  the  nerves.  With  regard  to  the  aforementioned  fact  that  sensory  nerves 
do  not  functionally  unite  with  cholinergic  ones  I  investigated  whether  or  not 
sensory  nerves  contain  Ac.Ch.    I  found  none  or  just  traces  (40). 

This  result  was  confirmed  by  Macintosh  (34)  and  by  Feldberg  (39).  The 
latter  author  moreover  was  unable  to  get  a  synthesis  of  Ac.Ch.  in  sensory  nerves 
under  conditions  where  he  got  one  in  cholinergic  nerves.  These  findings  which 
tend  to  show  that  the  sensory  nerves  do  not  behave  like  cholinergic  nerves 
are  obviously  at  variance  with  the  aforementioned  fact  that  the  anti-esterases 
influence  the  effect  of  reflectory  stimulation  whose  propagation  has  to  pass 
through  sensory  synapses.  In  order  to  reconcile  these  contradictory  facts 
one  could  perhaps  take  into  consideration  the  eventuality  that  the  sensory 
nerves  might  be  cholinergic,  that  for  unknown  reasons,  however,  their  stems  in 
contrast  to  those  of  other  cholinergic  nerves  contain  no  or  hardly  any  Ac.Ch. 
and  yet  their  endings  do.  Such  an  assumption  however  is  not  supported  by 
results  obtained  by  Macintosh  (34).  He  found  in  the  gray  matter  of  the  dorsal 
columns  where  a  great  many  sensory  endings  make  contact  with  the  internuncial 
cells  so  little  Ac.Ch.  that  it  could  hardly  be  determined.  After  all  I  cannot  take 
it  for  granted  that  the  sensory  nerves  are  of  cholinergic  nature,  in  other  words 
that  their  impulses  are  transmitted  from  their  endings  by  release  of  Ac.Ch. 

In  finishing  up  the  section  dealing  with  the  question  as  to  whether  or  not 
Ac.Ch.  is  the  synaptic  transmitter  within  the  C.N.S.,  I  summarize  in  saying 
that  the  question  is  not  yet  solved.  There  exists  circumstantial  evidence  that 
Ac.Ch.  may  be  the  transmitter  from  motor  tracts,  whereas  it  seems  to  me  doubt- 

ful so  far  whether  it  may  be  the  transmitter  from  sensory  tracts. 
From  this  whole  discussion  you  may  well  realize  that  there  is  still  a  long,  hard 

road  to  be  traversed  before  we  attain  the  definite  solution  of  the  problem  of  the 
character  of  central  transmission.  What  does  it  matter?  What  scientist  could 
be  happy  and  satisfied  with  his  life  work  if  he  woidd  not  agree  with  Robert  Louis 
Stevenson:  "To  travel  hopefully  is  a  better  thing  than  to  arrive  and  the  true 
success  is  to  labor." 
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CYSTADENOMA  OF  THE  PANCREAS 

A  Case  Successfully  Treated  by  Surgical  Extirpation 

JEROME  S.  BELOFF,  M.D. 
[From  the  Surgical  Service  of  Dr.  John  H.  Garlock] 

It  is  with  a  twofold  purpose  that  this  case  of  cystadenoma  of  the  pancreas 
successfully  treated  by  surgical  extirpation  is  reported  and  discussed:  1)  to 
bring  out  certain  diagnostic  features  and  2)  to  record  the  successful  use  of  com- 

plete surgical  removal  as  a  therapeutic  method  in  a  disease  relatively  rare  in 
medical  literature. 

CASE  report 
History:  F.  K.,  (Adm.  #497981),  a  39  year  old  Polish  housewife  was  admitted  to  the  Sec- 

ond Medical  Service  of  The  Mount  Sinai  Hospital  for  the  first  time  on  October  22,  1942 
complaining  of  a  feeling  of  fullness  in  her  left  upper  abdomen  for  the  previous  10  months. 
The  patient  had  otherwise  been  well  except  for  a  transient  episode,  3  years  previously,  of 
nervousness  and  anemia  associated  with  an  enlarged  thyroid  gland.  The  feeling  of  fullness 
in  her  left  upper  abdomen  had  persisted  until  4  months  before  admission,  when  she  con- 

sulted her  local  physician  and  was  told  of  the  presence  of  a  large  "spleen"  and  anemia,  the red  blood  cell  count  being  3,300,000.  The  patient  was  given  liver  therapy  on  which  regimen 
she  felt  somewhat  better,  she  was  advised  that  the  "spleen"  was  becoming  smaller.  Tliis mass  was  examined  again  21  months  before  admission,  and  found  to  be  much  larger,  and  the 
anemia  found  previously  still  persisted.  The  patient  was  advised  to  enter  the  hospital  for 
the  purpose  of  establishing  a  diagnosis,  the  impression  being  that  of  Banti's  syndrome. 

There  were  no  gastro-intestinal  complaints,  hematemesis,  abnormal  stools,  jaundice,  or 
weight  loss.    The  past  history  was  non-contributory. 

Examination:  On  admission  the  patient  was  found  to  be  a  well  developed  and  well  nour- 
ished white  woman  with  good  color  and  in  no  apparent  distress.  The  temperature  was 

98.6°F.,  the  pulse  rate  88,  and  the  blood  pressure  134  systolic  and  70  diastolic.  The  eyes presented  no  thyrotoxic  signs  although  the  thyroid  gland  was  diffusely  enlarged.  The 
abdomen  was  normal  except  for  a  firm,  non-tender  mass  in  the  left  upper  quadrant  which 
moved  with  respiration.  This  mass  extended  almost  to  the  midline,  and  was  palpable  two 
fingers  breadth  below  the  costal  margin  in  the  mid-clavicular  line. 

Laboratory  Data:  Blood:  hemoglobin,  80  per  cent;  red  blood  cells,  4,150,000;  white  blood 
cells,  8,500,  with  a  normal  differential  count;  sedimentation  time,  50  minutes  for  18  milli- 

meters; Wassermann  reaction,  negative;  urea  nitrogen,  15  mg.  per  cent;  sugar,  100  mg. 
per  cent;  icterus  index,  5;  albumin  4.3  gm.  per  cent;  globulin,  2.4  gm.  per  cent;  and  total 
protein,  6.7  gm.  per  cent.  Urine,  normal.  Stool  guaiac  test,  negative.  Sternal  marrow 
asperation,  normal  marrow  count,  and  no  change  after  the  injection  of  epinephrine. 

Course:  There  was  an  uneventful,  afebrile  course  during  nine  days  of  observation,  after 
which  the  patient  was  discharged.  The  discharge  diagnosis  was  "Splenomegaly — cause 
unknown." 

A  review  of  the  flat  plate  roentgenogram  of  the  abdomen  previously  taken  disclosed  the 
fact  that  the  left  upper  quadrant  mass,  which  was  displacing  the  stomach  to  the  right,  was 
distinct  from  a  normal  sized  spleen.  Because  of  this  roentgenographic  interpretation  the 
patient  was  recalled  for  further  investigation. 

Second  Admission:  The  patient  was  readmitted  to  the  Second  Medical  Service  on  No- 
vember 16,  1943  for  further  investigation.  The  physical  examination  and  laboratorj'  find- 

ings were  similar  to  those  found  on  the  first  admission. 
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Roentgenographic  examination  by  means  of  a  barium  meal  and  later  a  pneumoperito- 
neum, revealed  the  stomach  displaced  to  the  right  by  a  large  epigastric  mass.  This  mass 

was  situated  anteriorly,  was  mobile,  and  was  independent  of  the  gastro-intestinal  tract, 
spleen,  liver,  and  kidne}^  Intravenous  pyelography  disclosed  incomplete  visualization  of 
the  left  upper  urinary  tract. 

On  the  basis  of  the  roentgenographic  findings  a  diagnosis  was  made  of  pancreatic  omental 
cyst  and  the  patient  was  transferred  to  the  surgical  service  of  Dr.  John  Garlock  for  explora- 

tion. Preparatory  to  operation  the  air  in  the  peritoneal  cavity,  residual  from  the  previous 
studies,  was  removed  by  needle  aspiration. 

Operalioii:  (Dr.  John  Garlock).  Through  a  left  upper  rectus  incision  the  peritoneal 
cavity  was  exposed  revealing  a  globular,  cystic  mass  the  size  of  a  grapefruit,  located  in  the 
lesser  sac.  The  transverse  mesocolon  was  incised,  permitting  full  visualization  of  the 
tumor.  There  was  found  a  large  cyst  arising  from  the  tail  of  the  pancreas,  and  continuous 
with  it.  The  cyst  was  rather  firmly  attached  posteriorly  and  superiorly,  the  looser  attach- 

ments being  on  the  inferior  surface.  By  means  of  sharp  and  blunt  dissection,  the  entire 
mass  was  mobilized.  In  accomplishing  this  it  was  necessary  to  ligate  branches  of  the 
splenic  artery  and  vein.  The  pancreas  was  cut  across  just  proximal  to  the  cyst  and  the 
specimen  removed  intact.  The  stump  of  the  pancreas  was  sewn  over  with  silk  sutures. 
Two  cigarette  drains  were  placed  down  to  the  lesser  sac,  and  the  mesocolon  was  repaired. 
The  wound  was  closed  in  layers  with  wire  sutures  and  pincets  for  the  skin. 

Postoperative  Course:  The  patient  had  an  uneventful  postoperative  course.  The  wound 
healed  by  primary  union  and  she  was  discharged  on  the  fourteenth  day  following  operation. 
The  microscopic  report  on  the  tumor  specimen  revealed  a  multilocular  mucus  cystadenoma 
originating  in  the  pancreas,  the  wall  of  the  cyst  containing  fibrous  tissue  and  islands  of 
Langerhans. 

Follow-Up:  The  patient  was  seen  several  times  in  the  follow-up  clinic,  the  last  visit  being 
one  year  after  discharge,  at  which  time  she  was  in  excellent  general  condition,  had  gained 
weight,  and  was  completely  asymptomatic. 

Comment.  The  diagnosis  of  a  panncatir  cyst  is  Ije.set  at  times  with  many 
difficulties.  The  early  signs  and  syniptoius  ai(>  by  themselves  not  distinctive, 
and  are  similar  to  those  associated  with  other  intra-abdominal  lesions.  When- 

ever there  appears  a  i)r()gressi\  ely  enlarging  mass  in  the  abdomen,  particularly 
the  upper  abdomen,  the  pt)ssibility  of  a  pancreatic  cyst  must  be  born  in  mind. 
It  is,  however,  a  rare  disease.  Wliite  (1)  found  only  3  cases  of  pancreatic  cj^st 
in  6,708  autopsies  at  Guy's  Hospital  in  London,  England,  and  Judd  (2)  found  88 
who  came  to  operation  among  a  total  of  723,397.  patients  admitted  to  the  Maj'o 
Clinic. 

It  is  beyond  the  scope  of  this  paper  to  re\-iew  the  literature  on  pancreatic 
cysts,  as  this  has  been  done  y<.ny  adecniately  by  others.  There  are  certain 
phases  of  the  sul)jccl  whicli  haxc  a  l)(>:uing  on  the  diagnostic  backgrovmd  of  the 
disease,  and  these  can  be  i)nilital)ly  repeated.  Boyd  (3)  classified  pancreatic 
cysts  as  1)  retention  cysts,  from  obstruction  of  the  duct  system  of  the  pancreas; 
2)  congenital  cysts,  as  in  jjolycyctic  (lis(>ase;  3)  cystadcnomas,  the  cyst  wall 
containing  pancreatic  tissue;  4)  and  pseudo-cysts,  not  true  cysts,  but  the  direct 
result  of  trauma  to  the  pancreas.  The  addition  to  this  classification  of  5)  der- 

moid cyst  as  reported  by  Judd  (-1) ;  and  ())  cyst  with  carcinomatous  degeneration 
as  described  by  Kennard  (5)  and  others  (0),  seems  to  complete  the  list. 

Analysis  of  series  of  cases  reveals  that  pain  is  the  most  common  subjective 
symptom  of  a  pancreatic  cyst.    The  location  of  the  pain  varies,  appearing  in 
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any  quadrant,  or  diffusely  throughout  the  abdomen.  The  quahty  of  the  pain 
ranges  from  a  sensation  of  fullness  in  the  epigastrium  to  sharp  abdominal  cramps. 
Nausea  and  vomiting  are  frequently  associated  with  abdominal  pain.  In  85 
per  cent  of  the  47  cases  in  the  series  of  Judd  (2),  abdominal  pain  was  a  prominent 
part  of  the  history.  Weakness  and  weight  loss  are  sometimes  seen,  and  are 
usually  related  to  cysts  Math  malignant  degeneration.  There  is  not  infrequently 
a  past  history  of  cholecystic  disease  or  acute  pancreatitis,  but  this  is  relatively 
unimportant  diagnostically. 

The  tumor  mass  is  characteristically  hemispheric  in  shape,  and  has  a  smooth, 
tense  wall.  It  is  most  commonly  immobile,  except  when  located  in  the  tail  of 
the  organ  where  it  is  more  apt  to  be  freely  movable.  Judd  (2),  in  reviewing  47 
cases  of  pancreatic  cysts,  noticed  that  the  mass  generally  protruded  into  the 
lesser  peritoneal  cavity,  and  was  palpable  above  the  umbilicus  in  95  per  cent  of 
these  cases.  The  position  of  the  cyst  may  vary,  however,  and  may  appear  in 
any  quadrant  of  the  abdomen,  or  even  in  the  pelvis. 

It  is  obvious  from  the  case  report  that  the  roentgen  examination  is  a  major 
aid  in  the  diagnosis  of  pancreatic  cyst.  The  careful  use  of  barium  sulfate  meal 
studies,  pneumoperitoneum,  and  intravenous  pyelography  will  generally  clearly 
demonstrate  the  cyst.  The  barium  sulfate  enema  roentgenogram  may  also  be 
of  help  at  times.  In  these  films  there  appears  filling  defects  or  displacement  of 
the  stomach,  duodenum,  or  intestinal  tract.  The  aspiration  of  cyst  fluid  for 
chemical  determination  of  pancreatic  ferments  is  not  only  a  dangerous  procedure, 
but  is  of  relatively  little  value,  as  there  are  numerous  instances  on  record  of  true 
cysts  in  which  no  ferments  were  found. 

In  the  differential  diagnosis  the  following  diseases  must  be  considered :  Ovarian 
cyst;  mesenteric  cyst;  omental  cyst;  hepatic  cyst;  adrenal  cap.sular  cyst;  cyst 
of  the  posterior  gastric  wall;  splenic  cyst;  hydrops  of  the  gall  bladder;  fluid  tu- 

mors of  the  kidney;  retroperitoneal  tumors;  and  aneurysm  of  the  abdominal 
aorta.  Frequently  the  correct  diagnosis  can  be  made  only  through  surgical 
exploration. 

The  treatment  of  pancreatic  cysts  is  .surgical  removal  in  selected  cases,  or 
drainage  and  marsupialization  in  those  cases  not  suitable  for  extirpation.  Com- 

plete surgical  removal  of  the  tumor  is  frequently  impossible  because  of  adherence 
of  the  cyst  to  surrounding  structures,  and  the  intimate  association,  at  times,  of 
the  splenic  vein  with  the  tumor  wall  (7). 

SUMMARY 

1.  A  case  of  cystadenoma  of  the  pancreas  successfully  treated  by  surgical 
extirpation  is  reported  in  detail. 

2.  Difficulties  in  the  diagnosis  of  a  pancreatic  cyst  are  illustrated  by  this 
case  and  a  discussion  of  the  diagnostic  investigation  of  the  disease  is  presented. 

3.  Although  no  review  of  the  literature  is  intended,  the  general  subject  of 
pancreatic  cysts  is  briefly  outlined  from  the  point  of  view  of  incidence,  classifica- 

tion, symptoms,  signs,  diagnosis,  and  treatment. 
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