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P erhaps  i t  would have been  w e l l  i f  B a l l o n i u s  c o u ld  

have then  d i s c a r d e d  t h i s  word rheum atism ,  f o r  he was 

n o t  to  f o r e s e e  t h a t  i t  was to  be u se d  i n  t h e s e  days f o r  

a d i s e a s e  w h ic h ,  when c a l l e d  a c u t e ,  may o c c u r  w i t h o u t  

any  p o l y a r t h r i t i s  and w i t h o u t  even a r i s e  o f  t e m p e r a t u r e .

P. J .  Poynton 

i n

A S h o r t  H i s t o r y  o f  Some Common 

D i s e a s e s ,  1954,  London.



S t u d i e s  on the  Morbid Anatomy o f  Acute Rheumatic  

D i s e a s e ,  w i t h  s p e c i a l  r e f e r e n c e  to  F o e t a l  

E n d o c a r d i t i s .

S t a t e m e n t .

In  1932 w i t h  the  encouragem ent  o f  S i r  R o b e r t  M uir ,  

a b e g in n in g  was made i n  the  s t u d y  o f  the  m orb id  anatomy 

o f  a c u t e  r h e u m a t ic  d i s e a s e .  At  t h a t  time the  work o f  

Pappenheimer (192 6 ,1 9 2 7 ) ,  Von Glahn (1 9 2 6 ) ,  Clawson 

(1 9 2 6 ,1 9 2 9 ) ,  Shaw ( 1 9 2 9 ) ,  P e r ry  ( 1 9 2 9 ) ,  and o f  K l inge  

( 1 9 3 3 ) ,  seemed to  be com p le t in g  th e  h i s t o l o g i c a l  p i c t u r e  

o f  rh eu m a t ic  d i s e a s e  o f  the  h e a r t ,  b u t  the  a p p e a ra n c e  o f  

a s e r i e s  o f  p a p e r s  from the  l a t e  Dr. L ou is  Gross and  h i s  

f e l l o w  w o r k e r s ,  b a sed  on a wide s u rv e y  o f  a c u t e  c a se s  

f u r t h e r  e n l a r g e d  the  c o n c e p t io n  o f  th e s e  m orb id  c h a n g e s .

I t  seemed h i g h l y  i m p o r t a n t  to  d i s c o v e r  i f  a s i m i l a r  w i d e 

s p r e a d  inv o lv e m en t  o f  the  h e a r t  c o u ld  be found in  the  

c a s e s  o c c u r r i n g  i n  S c o t l a n d ,  and to  g iv e  a s  f u l l  a t t e n t i o n  

to  the  f i n e r  h i s t o l o g y  a s  was b e in g  done a t  th e  Mount 

S i n a i  H o s p i t a l .  The f i r s t  o b s t a c l e  was th e  in ad e q u a c y  o f  

the  c u r r e n t  t e c h n i c a l  m e th o d s ,  and  th u s  i t  was d e c id e d  to  

e x p lo r e  the  v a r i o u s  h i s t o l o g i c a l  p r o c e s s e s .  This  was 

c a r r i e d  o u t  c o n c u r r e n t l y  w i t h  the e x a m in a t io n  o f  s u c h /



su ch  c a se s  o f  a c u t e  r h e u m a t i c  d i s e a s e  a s  o c c u r r e d ,  and 

the  m o d i f i c a t i o n s  p u t  i n t o  p r a c t i c e  a s  soon a s  t h e y  were 

p r o v e d .

My o b s e r v a t i o n s  on a c u t e  r h e u m a t i c  d i s e a s e  in  c h i l d r e n  

encourage  me to  pu t  fo rw a rd  the p r o p o s a l  t h a t  a c u t e  r h e u 

m a t i c  d i s e a s e  shows c h a r a c t e r i s t i c  h i s t o l o g i c a l  changes  i n  

the  h e a r t .  This  i s  done b r i e f l y  i n  t h a t  my o b s e r v a t i o n s  

on rh e u m a t ic  c a s e s ,  on o t h e r  d i s e a s e s ,  and on norm al  

h e a r t s  go to  co n f i rm  the  p u b l i c a t i o n s  o f  Gross  e t  a l .  No 

s t a t i s t i c a l  compar ison  i s  made s i n c e  my s e r i e s  a f t e r  e i g h t  

y e a r s  i s  s t i l l  f a r  s h o r t  i n  number o f  the  American s e r i e s .  

I t  a l l o w s  me, however ,  to  u n d e r s t a n d  and u t i l i s e  t h e i r  

work ,  and j u s t i f i e s  the  summation o f  t h e i r  e x p e r i e n c e ,  t h a t  

o f  t h e i r  p r e d e c e s s o r s ,  and my own, f o r  two p u r p o s e s  s i g n i 

f i c a n t  i n  the  p r e s e n t  t h e s i s ;  t h e s e  a r e  t h a t  the  c a se  o f  

a woman to  be  d e s c r i b e d  below i s  on h i s t o l o g i c a l  g rounds  

i n d i s p u t a b l y  r h e u m a t i c ,  and t h a t  the  changes  i n  the  h e a r t  

o f  h e r  u n d e l i v e r e d  f o e t u s  do n o t  c o r re sp o n d  to  a known 

rh e u m a t ic  l e s i o n .

The i n t r a - u t e r i n e  t r a n s m i s s i o n  o f  a c u t e  rh e u m a t ic  

d i s e a s e  has b e en  a c c e p t e d  i n  m e d i c a l  l i t e r a t u r e .  The 

t h e s i s  now su b m i t t e d  i s  t h a t  c r i t i c a l  e x a m in a t io n  o f  the  

e a r l i e r  p u b l i c a t i o n s ,  t h a t  s tu d y  o f  the  p a t h o l o g i c a l  

changes  o c c u r r i n g  i n  the  f o e t a l  endo ca rd iu m ,  and t h a t /



t h a t  h i s t o l o g i c a l  e x a m in a t io n  o f  a c ase  in  w h ich  c o n d i t i o n s  

seemed a t  an optimum f o r  th e  o c c u r r e n c e  o f  t h i s  t r a n s m i s s i o n  

a l l  go to  show t h a t  t h e r e  i s  a s  y e t  no s a t i s f a c t o r y  j u s t i 

f i c a t i o n  f o r  the a c c e p t e d  b e l i e f  i n  the  i n t r a - u t e r i n e  

t r a n s m i s s i o n  o f  a c u t e  r h e u m a t ic  d i s e a s e .



G enera l  Purpose  and Plan  o f  th e  Work.

The p r im a ry  purpose  o f  t h i s  work i s  to  s t u d y  the  

q u e s t i o n  w h e th e r  a c u te  rh e u m a t i c  d i s e a s e  can be t r a n s m i t t e d  

from an i n f e c t e d  m other  to  the f o e t u s .  I f  t h e  p u b l i s h e d  

r e p o r t s  o f  t h i s  t r a n s m i s s i o n  be v a l i d ,  the  f a c t  i s  o f  

c o n s i d e r a b l e  im p or tan ce  f o r  our  u n d e r s t a n d i n g  o f  the 

d i s e a s e .  U n f o r t u n a t e l y  most  o f  t h e s e  r e p o r t s  a r e  f a r  from 

r e c e n t ,  b e lo n g i n g  to  a p e r i o d  when knowledge o f  the  d i s e a s e  

was even l e s s  e x a c t  than  i t  i s  t o - d a y .  D e s p i t e  t h i s  t h e y  

a r e  q u o ted  w i t h  a c c e p t a n c e  in  t e x t b o o k s .  By a c u t e  r h e u 

m a t i c  d i s e a s e  i s  meant the  a c u t e  f e b r i l e  and  t o x i c  i l l n e s s ,  

v a r i o u s l y  c a l l e d  rh e u m a t ic  f e v e r ,  B o u i l l a u d ’ s d i s e a s e ,  

G e len k rh eu m a t ism u s , c h a r a c t e r i s e d  i n  j u v e n i l e  c a s e s ,  where 

the  d i a g n o s i s  i s  g e n e r a l l y  most  c l e a r  c u t ,  by  c a r d i t i s  w i t h  

th e  p o s s i b l e  a d d i t i o n  o f  f l i t t i n g  a r t h r i t i s ,  chorea  o r  s u b 

c u ta n e o u s  n o d u l e s .  To t h i s  c l i n i c a l  d e f i n i t i o n  i t  i s  a s  

y e t  im p o s s ib le  to add any  s p e c i f i c  b i o c h e m i c a l  o r  b a c t e r i o 

l o g i c a l  t e s t .  I t  w i l l  be assumed t h a t  in  a c u t e  r h e u m a t i c  

d i s e a s e  we a r e  d e a l i n g  w i t h  one s i n g l e  d i s e a s e ,  a l t h o u g h  i t  

i s  w o r t h  r e c a l l i n g  the  qu e ry  o f  Stockman (1920)  w h e th e r  

t h e r e  may n o t  be d i f f e r e n t  d i s e a s e s  c l a s s e d  t o g e t h e r  i n  

ig n o ra n c e  a s  a c u t e  rheum atism  b e c a u s e  o f  c l o s e  c l i n i c a l  

r e s e m b la n c e ;  h i s  i n s t a n c e  o f  th e  e n t e r i c  d i s e a s e s  seems 

v e r y  p e r t i n e n t  to - d a y  i n  view o f  t h e  a t t e m p t s  to  t r e a t /



t r e a t  rh e u m a t i c  d i s e a s e  on s e r o l o g i c a l  l i n e s  (Eason and 

Thomson, 19 3 4 ) .

F i r s t l y  i t  i s  p roposed  to  r e l a t e  t o  the  p rob lem  such 

f a c t s  o f  i n f e c t i v i t y  and v i r u l e n c e  a s  a r e  known f o r  r h e u 

m a t i c  d i s e a s e .  These a r e  b a s e d ,  f o r  w an t  o f  a n y t h i n g  

more e x a c t ,  on c l i n i c a l  o b s e r v a t i o n s  b u t  the  a c c u m u la t io n  

o f  c r i t i c a l  r e p o r t s ,  d a t i n g  l a r g e l y  from th e  e a r l y  work o f  

Poynton ,  i s  now l a r g e  enough and o f  s u f f i c i e n t  q u a l i t y  to  

j u s t i f y  a rev iew o f  the  problem i n  the  l i g h t  o f  t h e s e .  

Second ly  the  h i s t o l o g i c a l  changes  o f  a c u t e  rh e u m a t i c  

d i s e a s e  a r e  d e s c r i b e d ,  and the  p r o p o s a l  p u t  fo rw ard  t h a t  

t h e s e  a r e  now o f  s u f f i c i e n t  w o r t h  to  be u se d  a s  the  

u l t i m a t e  c r i t e r i o n  o f  d i a g n o s i s  i n  t h i s  d i s e a s e ;  i t  may 

be m ent ioned  h e re  t h a t  the work o f  the  morbid  a n a t o m i s t  on 

t h i s  d i s e a s e  i s  a l m o s t  c e r t a i n l y  a s  y e t  i n c o m p l e t e .  On 

the  b a s i s  o f  th e s e  modem c r i t e r i a  the  r e p o r t e d  c a s e s  o f  

f o e t a l  rheum atism  a r e  c r i t i c a l l y  r e v ie w e d .

This i s  fo l lo w e d  by  a s t u d y  o f  the  p a t h o l o g i c a l  

ch an g e s ,  o t h e r  than  d e v e lo p m e n ta l  a b n o r m a l i t i e s ,  o c c u r r i n g  

i n  the  c o m p a r a t i v e l y  u n e x p lo r e d  f i e l d  o f  the  f o e t a l  endo

ca rd iu m .  The c a s e s  s t u d i e d  i n c l u d e  n o rm al  m a t e r i a l ,  c a s e s  

o f  such  w e l l  known a b n o r m a l i t i e s  a s  the  b lo o d  c y s t  o f  the  

f o e t a l  v a l v e ,  and the  myxoma o f  th e  f o e t a l  v a l v e ,  and a l s o  

c a s e s  i n  w hich  an i n f e c t i v e  f a c t o r  was p r e s e n t  and in  w h ich  

i t  t h u s  seemed p ro b a b le  t h e r e  would be p r e s e n t  the  c o n d i t i o n /



c o n d i t i o n  o f  s o - c a l l e d  t o x i c  e n d o c a r d i t i s .

N ex t ,  on the  b a s i s  o f  the  d e s c r i b e d  c o n c e p t io n  o f  the  

morbid  anatomy o f  a c u t e  rh e u m a t i c  d i s e a s e ,  t h e r e  a r e  d e 

t a i l e d  the  h i s t o l o g i c a l  f i n d i n g s  i n  a p r e g n a n t  woman dy ing  

u n d e l i v e r e d  i n  the  s e v e n t h  month,  o f  a c u t e  rh e u m a t ic  

d i s e a s e .  I t  i s  an e s s e n t i a l  p a r t  o f  the  a rgum ent  t h a t  the  

r h e u m a t i c  n a t u r e  o f  th e  m o th e r 1 s i l l n e s s  be f u l l y  e s t a b l i s h e d  

the  i l l u s t r a t i o n s ,  to which  th e  d e s c r i p t i o n s  have been  

c l o s e l y  r e l a t e d ,  f u r n i s h ,  i n  my b e l i e f ,  a s  complete  p r o o f  

a s  i s  t o - d a y  p o s s i b l e  t h a t  t h i s  i s  a c u t e  rh e u m a t ic  d i s e a s e .  

The e n d o c a r d i t i s  found i n  t h i s  f o e t u s  does n o t  c o r r e s p o n d  

to  any  o f  the  known e a r l y  m a n i f e s t a t i o n s  o f  rh e u m a t ic  

d i s e a s e ,  and i t  i s  t h e r e f o r e  compared w i t h  the  o t h e r  l e s i o n s  

o b se rv e d  o r  r e p o r t e d  a s  o c c u r r i n g  i n  the  f o e t a l  en doca rd ium .  

Thus the  v a r i o u s  g ro up s  o f  o b s e r v a t i o n s ,  f i n a l l y  converge  

on the  q u e s t i o n  u nd e r  d i s c u s s i o n  the  t r a n s m i s s i b i l i t y  o f  

a c u t e  rh e u m a t ic  d i s e a s e ;  the  c o n c l u s i o n s  drawn t h e r e f r o m  

a r e  pu t  fo rw ard  a s  e s t a b l i s h i n g  the  t h e s i s  a l r e a d y  s t a t e d .

The t e c l i n i c a l  r e s e a r c h e s  on w h ich  so much o f  t h e  

h i s t o l o g i c a l  i n v e s t i g a t i o n  depends a r e  d e t a i l e d  i n  an  

a p p e n d ix ;  t h e s e  a r e  d i s c u s s e d  on b o t h  p r a c t i c a l  and 

t h e o r e t i c a l  g ro u n d s ,  and s u g g e s t i o n s  a r e  made f o r  f u t u r e  

advance  a lo n g  s e v e r a l  l i n e s .



The I n f e c t i v i t y  and V i r u le n c e  o f  Rheumatic  D i s e a s e ,

and the Problem o f  the  a p p a r e n t  Immunity o f  th e  

I n f a n t  to  Rheumatic  D i s e a s e .

The s t u d y  o f  the  c o l l e c t e d  c l i n i c a l  d a t a  on a c u t e  

rh e u m a t i c  d i s e a s e  i n  c h i ld h o o d  r e v e a l s  t h a t  the  d i f f e r e n t  

age g roups  show p e c u l i a r l y  d i f f e r e n t  r e a c t i o n s .  A p a r t  

from the r e p o r t s  to  be d i s c u s s e d  l a t e r ,  i n  w h ich  r h e u m a t i c  

d i s e a s e  has  a c t u a l l y  been  d ia g n o s e d  i n  the  new b o r n ,  no 

s a t i s f a c t o r y  p ro o f  has been  found t h a t  rh e u m a t i c  d i s e a s e  

has  e v e r  been  a c q u i r e d  o r  a t  l e a s t  d ia g n o s e d  d u r i n g  the  

f i r s t  y e a r  o f  l i f e .  A few v a l i d  c a s e s ,  proved on h i s t o 

l o g i c a l  g ro u n d s ,  have been r e p o r t e d  a s  s t a r t i n g  i n  the 

second y e a r  o f  l i f e ,  b u t  the  d i s e a s e  becomes common o n ly  

a f t e r  th e  age o f  t h r e e .  The i n c i d e n c e  then  r i s e s  s t e a d i l y  

and shows i t s  main peak a b o u t  the  s e v e n t h  y e a r  ( F i n d l a y  

193 1 ) .  In  c o n t r a s t  w i t h  t h i s  c u rve  o f  s u s c e p t i b i l i t y  i s  

the  r e l a t i o n s h i p  o f  the  c l i n i c a l  s e v e r i t y  to  the  age o f  the  

p a t i e n t ;  h e re  a s  i s  w e l l  known the  d i s e a s e  has  a h i g h e r  

m o r b i d i t y  and m o r t a l i t y  the  younger  th e  c h i l d .  Thus the 

i n f a n t  a p p e a r s  to  pass  from a p e r i o d  o f  a p p a r e n t l y  a b s o l u t e  

immunity to one i n  which  t h e r e  i s  a g r a d u a l l y  i n c r e a s i n g  

s u s c e p t i b i l i t y  to  i n f e c t i o n  w i t h  a t  t h i s  f i r s t  s t a g e  l i t t l e  

o r  no r e s i s t a n c e  to  the e s t a b l i s h e d  d i s e a s e ;  a s  c h i ld h o o d  

p r o g r e s s e s  the  s u s c e p t i b i l i t y  becomes r a p i d l y  g r e a t e r  f o r /



8 .

some y e a r s ,  b u t  r e s i s t a n c e  to  the  e s t a b l i s h e d  d i s e a s e  i s  

n e v e r  a g a in  so low a s  i n  the  e a r l i e r  y e a r s .

SCHEMA OF RELATIONSHIPS OF AGE A T

O NSET TO INFECTIVITY AND VIRULENCE

H IG H

LOW

V I R U L E N C E
climcciL sev er ity

IN FEC TIV ITY

case incidence

8 9  - - y e a r s5 6O I Z  3

AGcEi

I t  w i l l  be r e c a l l e d  t h a t  the  p resu m pt io n  was made above t h a t  

the  i n f e c t i n g  a g e n t  i s  a lways the  same; and t h e r e f o r e  i t  

i s  assumed t h a t  the  odd l a c k  o f  c o r r e l a t i o n  be tw een  the  

i n f e c t i v i t y  and the v i r u l e n c e  i s  due to  d i f f e r e n c e s  i n  the  

h o s t  d e p en d e n t  on a g e .  Thus i f  i t  be a c c e p t e d  t h a t  the  

i n f e c t i n g  a g e n t  rem ains  the  same, we have f o r  c o n s i d e r a t i o n  

i n  the  s tu d y  o f  a s i n g l e  d i s e a s e ,  c a s e s  o f  f o e t a l  i n f e c t i o n ,  

th en  a complete  a b sence  o f  c a s e s  i n  the  f i r s t  y e a r ,  a g r o w - /



9 .

growing number o f  c a s e s  in  th e  f o l l o w i n g  y e a r s  c h a r a c t e r 

i s e d  by a low r e s i s t a n c e ,  and f i n a l l y  an i n c r e a s i n g  number 

o f  c a s e s  up  to  the  age o f  seven accom panied ,  however ,  by a 

much improved r e s i s t a n c e .  i f  t h i s  e x t r a o r d i n a r y  sequence 

be v a l i d  i t  would seem n e c e s s a r y  to  assume t h a t  th e  f o e t u s  

a b s o r b s  something o f  the s e r o l o g i c a l  s t a t e  o f  t h e  m other  

w h ich  makes i t  s u s c e p t i b l e  to  rheu m a t ic  i n f e c t i o n ,  a some

t h i n g  w h ic h  i s  th en  l o s t  a t  b i r t h ,  and n o t  p r e s e n t  t h e r e 

a f t e r  i n  the  i n f a n t  u n t i l  the  second o r  t h i r d  y e a r  o f  l i f e .  

This  a s su m p t io n  i s  n o t  a l t o g e t h e r  w i t h o u t  p a r a l l e l  s in c e  

L ip p a rd  and W heeler  (1936) have shown t h a t  the  t i t r e  o f  

a n t i s t r e p t o f i b r i n o l y s i n  may be a c t u a l l y  h i g h e r  in  the  

f o e t u s  than  i n  the m other  and t h a t  a f t e r  b i r t h  t h i s  t i t r e  

f a l l s  r a p i d l y ;  w h i l e  the work o f  Kobak and P i l o t  (1930) 

shows an e x t r a o r d i n a r y  f a i l u r e  on the  p a r t  o f  the  newly 

b o m  c h i l d  to  r e a c t  w i t h  s t a p h y l o c o c c a l  t o x i n ,  and  Burky 

(1933)  has  found t h a t  newly b o m  r a b b i t s  f a i l e d  to  show the  

u s u a l  sk in  r e a c t i o n s  to s t a p h y l o c o c c a l  t o x i n ,  and r e s i s t e d  

w i t h o u t  u p s e t  f u l l y  ten  t im es  the  minimum l e t h a l  dose  f o r  

the  a d u l t .  Some c a u t i o n ,  however,  must  be m a i n t a i n e d  i n  

a c c e p t i n g ,  a s  we d i d  above ,  the  g e n e r a l  b e l i e f  t h a t  

r h e u m a t ic  d i s e a s e  does n o t  o c c u r  In  the  f i r s t  y e a r s  o f  

l i f e .  This  b e l i e f  i s  b a sed  m ere ly  on the  a b se n c e  o f  c a s e s  

w i t h  the  c h a r a c t e r i s t i c  c l i n i c a l  p i c t u r e ,  and on th e  /
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the  f a i l u r e  o f  the  p a t h o l o g i s t  t o  see v e g e t a t i o n s  on th e  

i n f a n t 1 s h e a r t .  On the  o t h e r  hand,  i t  i s  known, a s  w i l l  

be d i s c u s s e d  l a t e r ,  t h a t  c l i n i c a l l y  th e  d i s e a s e  i n  the  

young c h i l d  may o c c a s i o n a l l y  show a r a p i d  c a r d i a c  f a i l u r e  

unaccompanied by  v a l v u l a r  murmurs,  a r t h r i t i s ,  o r  subcu

tan eo u s  n o d u l e s ,  w h i l e  the  a n a t o m i c a l  changes i n  t h e  h e a r t  

may be found o n ly  on m i c r o s c o p i c a l  e x a m in a t io n .  Thus in  

c o n c lu d in g  t h i s  s e c t i o n  on the b i o l o g i c a l  b e h a v i o u r  o f  th e  

d i s e a s e ,  we must  acknowledge a gap  i n  o u r  d a t a ,  o u r  i g n o r 

ance a s  to  the  o c c u r r e n c e  o r  o th e r w i s e  o f  a c u t e  rh e u m a t i c  

d i s e a s e  i n  the f i r s t  y e a r  o f  l i f e .  I f  t h e  d i s e a s e  t r u l y  

does n o t  occu r  a t  t h i s  s t a g e  then the  e x i s t e n c e  o f  c a s e s  

o f  f o e t a l  rheum atism  becomes e x t r e m e l y  s i g n i f i c a n t .  Two 

obv ious  i n d i c a t i o n s  a r i s e  from t h i s  s e c t i o n ,  f i r s t l y ,  the  

need  f o r  m i c r o s c o p i c a l  e x a m in a t io n  o f  t h e  h e a r t ,  even i f  

no rm al  to  the  n aked  e y e ,  o f  any i n f a n t  dy ing  o f  h e a r t  

f a i l u r e ,  and s e c o n d ly ,  the  n e c e s s i t y  o f  a v e r y  c r i t i c a l  

i n v e s t i g a t i o n  o f  the  c a se s  o f  f o e t a l  rheu m a t ism .



The Morbid Anatomy o f  Acute Rheumatic  D i s e a s e .

That  t h e r e  i s  a group  o f  m i c r o s c o p i c a l  changes  in  the  

h e a r t  w h ich  taken a s  a whole i s  v i r t u a l l y  s p e c i f i c  f o r  the  

a c u t e  s t a g e  o f  rh e u m a t i c  d i s e a s e  i s  p e rh a p s  n o t  y e t  a d e 

q u a t e l y  r e a l i s e d .  The work o f  C h i a r i ,  Gross and K l inge  

i n  r e c e n t  y e a r s  has  conf i rm ed  and e n l a r g e d  the  o b s e r v a t i o n s  

o f  B u l lo c h ,  Coombs, and A c h o f f ,  and d e s p i t e  the  modem 

German tend en cy  to  c o n s i d e r  th e  m i c r o s c o p i c a l  changes  a s  

c h a r a c t e r i s t i c  m ere ly  o f  h y p e r e r g i c  i n f l a m m a t io n ,  an d  n o t  

s p e c i f i c a l l y  o f  rheum a t ism ,  i t  i s  now r e a s o n a b l e  to  w i t h 

h o ld  the  d i a g n o s i s  o f  a c u t e  rh e u m a t ic  d i s e a s e  f rom any 

case  dy ing  i n  the  a c u t e  s ta g e  o f  a f i r s t  a t t a c k  w h ich  f a i l s  

to  show c h a r a c t e r i s t i c  h i s t o l o g i c a l  c h a n g e s .  The most 

complete  and s a t i s f a c t o r y  s t u d i e s  o f  the  m ic ro -ana tom y  o f  

the  d i s e a s e  have come from Gross and. h i s  f e l l o w  w o r k e r s .  

T h e i r  work co v e rs  a l a r g e  number o f  c a se s  and b e in g  w e l l  

i l l u s t r a t e d  has been u sed  a s  a s t a n d a r d  o f  com par ison  d u r in g  

the  p r e s e n t  w r i t e r ’ s s tu d y  o f  f a t a l  rh e u m a t i c  d i s e a s e  a s  i t  

o c c u r s  i n  S c o t l a n d .  A l th o u g h  the  number o f  c a s e s  s t u d i e d  

i n  e i g h t  y e a r s  i n  Glasgow i s  s t i l l  s h o r t  o f  t h a t  examined 

by G ro s s ,  i t  has  a l r e a d y  proved the  g e n e r a l  s i m i l a r i t y  o f  

the  d i s e a s e  a s  seen on d i f f e r e n t  s i d e s  o f  the  A t l a n t i c ,  and 

in  no way c o n t r a d i c t s  the  d i a g n o s t i c  v a lu e  o f  h i s  c r i t e r i a . /



c r i t e r i a .  C e r t a i n  a s p e c t s  o f  the  t o t a l  c o n c e p t io n  o f  the  

changes  i n  the  h e a r t  seem to be s l i g h t l y  more o bv ious  in  

my m a t e r i a l  b u t  the  d i v i s i o n  o f  t h e  morbid  changes i n t o  

c a t e g o r i e s  w h ich  I  have e s sa y e d  be lo w ,  g i v e s  f u l l y  a s  

much emphasis  to  th e s e  d i s t i n c t i o n s  a s  t h e y  j u s t i f y .  The 

f o l l o w in g  d e s c r i p t i o n  owes much to  the  p u b l i c a t i o n s  o f  

e a r l i e r  w r i t e r s  b u t  i t  c o n t a i n s  n o t h i n g  w hich  I  have n o t  

c o n f i rm e d ,  and as  f a r  a s  p o s s i b l e  m en t ion  i s  made by  name 

o f  those  who have i n  r e c e n t  y e a r s  drawn a t t e n t i o n  to  

s p e c i a l  a s p e c t s .

There i s  no doub t  t h a t  the  h i s t o l o g i c a l  changes  a r e  

most  marked i n  the  h e a r t  and so f a r  a s  i s  known th ey  a re  

most  c h a r a c t e r i s t i c  t h e r e .  They a r e  v e r y  s t r i k i n g  i n  the  

n o t  v e r y  common c a s e s  o f  d e a t h  i n  the  f i r s t  a t t a c k ;  i n  

young c h i l d r e n  a f a t a l  r e c r u d e s c e n c e  o f t e n  g i v e s  a v e ry  

comparable  p i c t u r e .  The s i g n i f i c a n c e  o f  th e  chan g es  i s  so 

f a r  from b e in g  u n d e r s to o d  t h a t  i t  i s  i m p o s s ib l e  to  c l a s s i f y  

them in  any r a t i o n a l  way. A f i r s t  g r o u p  o f  changes  may, 

however,  be c o n s i d e r e d  und e r  the  h ead in g  o f  a c u t e  g e n e r a l 

i s e d  c h a n g e s ;  t h e s e  a r e  oedema and c e l l u l a r  i n f i l t r a t i o n .  

The oedema i s  sometimes a l t h o u g h  r a r e l y  o b v ious  t o  the  

naked  e y e ;  i t  t en d s  to  be most  i n t e n s e ,  a s  indeed  a r e  

p r a c t i c a l l y  a l l  the  rh e u m a t ic  c h an g e s ,  i n  the a u r i c u l o -  

v e n t r i c u l a r  r e g i o n .  The v a l v e s  which  a r e  o f  c o u r s e /



co u rse  c l o s e l y  r e l a t e d  to  t h i s  a r e a  show s l i g h t  s t i f f e n i n g  

and t h i c k e n i n g  from th e  oedema o f  t h e i r  s u b s t a n c e .  

M i c r o s c o p i c a l  s tu d y  o f  the  a d j a c e n t  p o r t i o n  o f  th e  l e f t  

v e n t r i c u l a r  myocardium r e v e a l s ,  e s p e c i a l l y  a t  low magni

f i c a t i o n  (x  3 0 ) ,  a s l i g h t  g e n e r a l i s e d  b r o a d e n in g  o f  the 

c o n n e c t iv e  t i s s u e  st roma w h ich  i s  v e r y  c h a r a c t e r i s t i c  and 

a lm o s t  c e r t a i n l y  due to  an i n t e r s t i t i a l  oedema. This change 

may w e l l  e x p l a i n  why rh e u m a t ic  c a r d i a c  t i s s u e  I s  e a s i e r  to  

c u t  on the  microtome than i s  norm al  h e a r t .  The c e l l u l a r  

I n f i l t r a t i o n ,  l i k e  the  o e d e m a , i s  a l s o  most e v i d e n t  in  the  

a u r i c u l o - v e n t r i c u l a r  a r e a ,  and e s p e c i a l l y  i n  the  r e g i o n  o f  

the  i n s e r t i o n  o f  the  p o s t e r i o r  m i t r a l  c u s p .  This  s i t e  can 

j u s t i f i a b l y  be c o n s i d e r e d  the  e s s e n t i a l  one i n  the  h i s t o 

l o g i c a l  i n v e s t i g a t i o n  o f  any  rh eu m a t ic  c a s e ,  e s p e c i a l l y  i f  

the  s e c t i o n  i n c l u d e s  a p o r t i o n  o f  th e  endocard ium  o f  the 

l e f t  a u r i c l e .  Von Glahn (1926) c o n s i d e r s  th e  c e l l u l a r  

i n f i l t r a t i o n s  i n  the l e f t  a u r i c l e  to  be q u i t e  a s  d i a g n o s t i c  

o f  rh e u m a t i c  d i s e a s e  a s  a r e  MacCallum1s a u r i c u l a r  bands  

d e s c r i b e d  be lo w .  The i n f i l t r a t i o n s  a r e  most  i n t e n s e  a t  

the  j u n c t i o n  o f  the  a u r i c u l a r  muscle  and endoca rd ium ,  and 

a r e  composed m a in ly  o f  i n d e t e r m i n a t e  m ononuclea r  c e l l s  

g e n e r a l l y  o f  sm a l l  s i z e ,  w i t h  a few l a r g e r ,  somewhat 

d e g e n e r a t e  fo rm s ,  plasma c e l l s ,  and a few t i s s u e  mast  c e l l s ,  

n e u t r o p h i l s  and e o s i n o p h i l s .  The a c t u a l  r o o t  o f  th e  m i t r a l /



m i t r a l  va lve  and the p a p i l l a r y  m u sc le s  o f  t h e  l e f t  v e n t r i c l e  

a r e  a l s o  t h e  o c c a s i o n a l  s i t e  o f  t h e s e  i n d e t e r m i n a t e  i n f i l 

t r a t i o n s  .

The o t h e r  changes  a r e  more f o c a l ,  an d  t h e  f i r s t  o f  th e se  

can he c o n s i d e r e d  a s  b e in g  d e p en d e n t  on th e  g e n e r a l  type  o f  

u p s e t  d e s c r i b e d  a b o v e .  This  i s  t h e  f o r m a t io n  o f  n e t s  o r  

spongeworks o f  f i b r i n  in  the  oedematous t i s s u e s ,  a v e ry  

s t r i k i n g  f e a t u r e  in  the  a u r i c u l o - v e n t r i c u l a r  r e g i o n  r e l a t e d  

to the  p o s t e r i o r  m i t r a l  f l a p .  This  i s  a lm o s t  c e r t a i n l y  

formed by  p r e c i p i t a t i o n  from the  oedema f l u i d ,  and i s  

n o t a b l e  i n  t h a t  o f t e n  t h e r e  i s  no a s s o c i a t e d  g a t h e r i n g  o f  

c e l l s .  At t im es  the  d i s t r i b u t i o n  o f  t h i s  f i b r i n  s u g g e s t s  

t h a t  i t  has  been  d e p o s i t e d  on the l i n i n g  o f  a lym p h a t ic  

v e s s e l .  I t  i s  p o s s i b l e  t h a t  a s m a l l e r  more compact  form 

o f  t h i s  change o c c u r r i n g  in  the  m y o c a r d ia l  s t roma c o n s t i 

t u t e s  the  r e t i c u l a r  type o f  A scho f f  body to  be d i s c u s s e d  

b e lo w .  I t  has  been  found t h a t  i n  the  a r e a s  o f  in f lam m a

t o r y  i n f i l t r a t i o n ,  s p e c i a l  s t a i n i n g  r e v e a l s  v e ry  minute  

r o d - l i k e  g r a n u l e s  l y i n g  i n  the  t i s s u e  s p a c e s .  With  

G-ram* s s t a i n ,  M a l l o r y 1 s p h o s p h o t u n g s t i c  a c i d  h a e m a t o x y l i n , 

h i s  t r i c h r o m i c  method, and th e  a u t h o r 1s p h l o x i n - t a r t r a z i n e  

method (1939) t h i s  f i n e  d u s t  g i v e s  th e  s t a i n i n g  r e a c t i o n  

o f  f i b r i n ;  t h i s  c o lo u r  s p e c i f i c i t y  and the f o c a l  d i s 

t r i b u t i o n  a rg u e  a g a i n s t  i t s  b e in g  a s t a i n  d e p o s i t  o r  a 

p r e c i p i t a t e  p roduced  by  the  f i x a t i v e .



The rem a in in g  f o c a l  l e s i o n s  can be r o u g h l y  s e p a r a t e d  

i n t o  two g r o u p s .  The f i r s t  o f  t h e s e  i n c l u d e s  the  morbid  

changes  r e l a t e d  to  th e  e n d o th e l iu m  o f  th e  c a v i t y  o f  the 

h e a r t ,  w i t h  v a l v u l a r  v e g e t a t i o n  a s  the  most obv ious  

example ;  the  o t h e r  i s  o f  i n t e r s t i t i a l  l e s i o n s  o f  which  

the  A s c h o f f  body i s  the b e s t  known. The f i r s t  g ro u p  i n 

v o lv e s  p r i m a r i l y  the  s u b e n d o t h e l i a l  t i s s u e ,  and can  w e l l  be 

c o n s i d e r e d  as  an i n t i m a l  change ;  two main p r o c e s s e s  a r e  

seen h e r e ,  c o n n e c t iv e  t i s s u e  p r o l i f e r a t i o n  and su b e n d o th e 

l i a l  c o a g u l a t i o n .  The i n t i m a l  p r o l i f e r a t i o n ,  seen a s  o u t 

g rowths  o f  the  lo o se  s u b e n d o t h e l i a l  t i s s u e s ,  i s  most  o bv io u s  

i n  two s i t e s ;  one o f  th e s e  i s  the  a p ex  o f  th e  p o c k e t  o f  

v a l v e s ,  the  o t h e r  i s  the  l e f t  a u r i c u l a r  w a l l .  The v a l v u l a r  

p r o l i f e r a t i o n  i s  seen as  sm a l l  p r o j e c t i n g  p a p i l l a e  o f  s o f t  

c o n n e c t iv e  t i s s u e s ;  t h e s e  o c c a s i o n a l l y  show s u b e n d o t h e l i a l  

c o a g u l a t i o n  in  the  t i p  ( P i g . 4 1 ) .  The p r o l i f e r a t i o n  o f  t h e  

i n t i m a l  zone o f  the  l e f t  a u r i c l e  i s  a p t  to  be o v e r lo o k e d  

u n l e s s  the  e l a s t i c  t i s s u e  be s p e c i a l l y  s t a i n e d .  I f  t h i s  

be done ,  the  a r e a s  o f  p r o l i f e r a t i o n  a r e  c l e a r l y  seen a s  

p r o j e c t i n g  c u sh io n s  o f  s o f t  c e l l u l a r  t i s s u e  l y i n g  on th e  

c a v i t y  s i d e  o f  the  e l a s t i c a  i n t e r n a .  The o t h e r  su b en 

d o t h e l i a l  l e s i o n ,  c o a g u l a t i o n  o f  a s u b s ta n c e  w i t h ,  i n  i t s  

e a r l y  s t a g e s ,  the  s t a i n i n g  r e a c t i o n s  o f  f i b r i n ,  o c c u r s  

a p p a r e n t l y  im m e d ia te ly  u n d e r  the  e n d o th e l iu m .  Where t h i s /



t h i s  o c c u r s  in  such s h e l t e r e d  s i t e s  a s  the  c r y p t s  be tween 

the  columnae c a m e a e ,  i t  may be seen unde r  a s t i l l  i n t a c t  

e n d o th e l iu m  ( P i g . 2 8 ) .  A more i n t e n s e  and more w id e s p r e a d

example o f  th e  change i s  sometimes seen in  th e  a u r i c u l a r  

w a l l  j u s t  above the  p o s t e r i o r  m i t r a l  c u sp ,  a s i t e  where 

r e f l u x  may add a l o c a l i s i n g  m e c h a n ic a l  f a c t o r ;  he re  the  

e n d o th e l iu m  has  a p p a r e n t l y  d i s a p p e a r e d  and t h e r e  i s  a f l a t  

p laque  o f  f i b r i n - l i k e  m a t e r i a l  fo rm ing  the  s u r f a c e  l a y e r ,  

w i t h  sometimes a s u p e r f i c i a l  d u s t i n g  o f  f i b r i n  and p l a t e l e t s .  

Where the  s u b e n d o t h e l i a l  u p s e t  i s  e x a c e r b a t e d  b y  more 

d e f i n i t e  m e c h a n ic a l  s t i m u l i  a s  a t  the  l i n e  o f  c o n t a c t  o f  the  

v a l v e s ,  the  c o a g u l a t e d  m a t e r i a l  t e n d s  to  p r o t r u d e  above the  

g e n e r a l  s u r f a c e  and g i v e s  the  t y p i c a l  m ac ro sc o p ic  a p p ea ra n c e  

o f  e a r l y  v e g e t a t i o n .  C a r e f u l  m ic r o s c o p ic  e x a m in a t io n  w i l l ,  

however ,  s t i l l  show r o o t s  o f  the  f i b r i n - l i k e  m a t e r i a l  e x 

t e n d in g  downwards i n t o  the  t i s s u e s  and a lo n g  u n d e r  the  

e n d o th e l iu m ,  w i t h  e x a c t l y  the  same m o r p h o lo g ic a l  and t i n c 

t o r i a l  a p p e a ra n c e s  a s  in  the  p u r e l y  s u b e n d o t h e l i a l  

c o a g u l a t i o n s  m ent ioned  ab o ve .  Rheumatic  v e g e t a t i o n  may be 

produced  in  s i t e s  o t h e r  than  the  v a l v e s ,  a s  f o r  example on 

t h a t  p o r t i o n  o f  the  i n t e r v e n t r i c u l a r  septum a b o u t  1/3 i n c h  

below the  a o r t i c  v a l v e .  I  have seen  one a c u t e  case  w i t h  

t y p i c a l  v e g e t a t i o n  a t  t h i s  s i t e ,  and  P r o f e s s o r  C a p p e l l  has  

a s l i d e  o f  a .somewhat s i m i l a r  l e s i o n  a t  p r a c t i c a l l y  the  /



the  same s i t e .  He s u g g e s t s  t h a t  a sw ollen  chorda t e n d i n e a  

o f  th e  a n t e r i o r  m i t r a l  f l a p  may p ro v id e  the  l o c a l i s i n g  

t rau m a .  I t  i s  a s t r i k i n g  f a c t  t h a t  i n  the  a c u t e  case  

t h e r e  may he  s u r p r i s i n g l y  l i t t l e  e v id e n c e  o f  c e l l u l a r  r e 

a c t i o n  below th e s e  a r e a s  o f  c o a g u l a t i o n .

The i n t e r s t i t i a l  l e s i o n s  a r e  e s s e n t i a l l y  l e s i o n s  o f  the  

c a r d i a c  s t ro m a ,  and i n  so f a r  a s  t h e y  show any o r d e r l y  

d i s t r i b u t i o n ,  t en d  to be in  the p e r i v a s c u l a r  t i s s u e s ;  a 

l o c a l i s a t i o n  t h a t  may mean a r e l a t i o n s h i p  to  t h e  l y m p h a t i c s .  

An e f f o r t  was made to  c o n f i rm  t h i s  s u s p i c i o n  by  u s i n g  on 

the  h e a r t  o f  a c h i l d  dead o f  a c u t e  rh e u m a t ic  d i s e a s e  one o f  

the  r e c o g n i s e d  methods o f  d e m o n s t r a t i n g  c a r d i a c  l y m p h a t i c s ,  

the  i n j e c t i o n  o f  a su s p e n s io n  i n t o  the  s u b e p i c a r d i a l  t i s s u e .  

wH y d ro k o l lag ’1 su s p e n s io n  was i n j e c t e d  i n t o  the  t i s s u e s  o f  

the  e p i c a r d i a l  wedge o f  the  p o s t e r i o r  l e f t  a u r i c u l o -  

v e n t r i c u l a r  r e g i o n ,  a manoeuvre t h a t  demanded a s u r p r i s i n g l y  

h i g h  i n i t i a l  p r e s s u r e .  D i f f e r e n t  a r e a s  then  r e c e i v e d  

i n j e c t i o n s  a t  d i f f e r e n t  p r e s s u r e s  and the  t i s s u e s  were 

f i x e d  and embedded by  the method d e t a i l e d  in  the  a p p e n d ix .  

M i c r o s c o p i c a l l y  some o f  the  i n j e c t i o n  m a t e r i a l  had o b v i o u s 

l y  been f o r c e d  i n t o  the  m usc u la r  t i s s u e s  a n d  was s e e n ,  a s  

had been done by E b e r t h  and B e l a j e f f  (1 8 6 6 ) ,  c l o s e l y  

a p p l i e d  to  the  t r u e  m u sc u la r  s u b s t a n c e .  E lsew here  i t  

a p p e a re d  to  be i n  v e s s e l s  which  were c o n s i d e r e d  to b e /
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be l y m p h a t i c .  A l tho u gh  the s e c t i o n s  o f  th e  m a t e r i a l  th u s  

t r e a t e d  c o n ta in e d  numerous A schoff  b o d i e s  o f  f a i r l y  r e c e n t  

type t h e r e  i s  no ev id en ce  o f  the i n j e c t i o n  m a t e r i a l  i n  the  

c e n t r e  o f  th e se  c e l l u l a r  a g g r e g a t i o n s ;  i t  i s  o f  c o u rse  

j u s t  p o s s i b l e  t h a t  the lym p h a t ic  v e s s e l s  were so d i s o r 

g a n i s e d  and o b s t r u c t e d  by  the changes t h a t  none o f  the  

m a t e r i a l  cou ld  p a ss  a long  them. Two forms o f  the  e a r l y  

x4.scho.ff body may be seen .  In one t h e r e  i s  f i r s t l y  a v e r y  

s m a l l  t a n g l e  o f  e o s i n o p h i l i c  f i b r i n - l i k e  m a t e r i a l ,  a round  

and i n  among w hich  l i e  e n la r g e d  and l a t e r  a b e r r a n t  mono

n u c l e a r  c e l l s .  The f i b r i n - l i k e  m a t e r i a l  a p p e a r s  f i r s t l y  

a s  a c o a t i n g  on the f i n e  c o l l a g e n o u s  s t r a n d s  o f  the  a r e a ,  

w h ich  l a t e r  become c o a te d  o v e r a l l  o r  a r e  t r a n s fo r m e d  i n t o  

t h i s  f i b r i n - l i k e  m a t e r i a l .  This  i s  the  form which Gross 

and E h r l i c h  (1934 a & b)  c a l l  the R e t i c u l a r  Type o f  A sch o f f  

Body. I t  seems p ro b ab le  t h a t  t h e r e  a r e  t r u e  g r a d u a t i o n s  

be tw een  t h i s  form and the  l a r g e r  f i b r i n  n e tw o rk s  d e s c r i b e d  

a b o v e .  The o t h e r  e a r l y  form i s  seen a s  a f o c a l  p a l e ,  

a lm o s t  g r a n u l a r  sw ollen  a r e a  o f  the  c o n n e c t iv e  t i s s u e ,  much 

l e s s  e o s i n o p h i l i c  and r e f r a c t i l e  than  the  ne tw ork  o f  th e  

f i r s t  t y p e ,  a round  which  a re  soon c o l l e c t e d  l a r g e  mono

n u c l e a r  c e l l s .  During the development  o f  t h i s  fo c u s  the  

c e l l s  become l a r g e r ,  the n u c l e i  more a b e r r a n t  and sometimes 

m u l t i p l e .  This i s  the  form which  Gross and E h r l i c h  c a l l /
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c a l l  ^ C o ro n a l” . A p o i n t  which i s  pe rhaps  w or th  emphasis  

i s  t h a t  th e  A schoff  body i s  a sm a ll  f o c a l  g ranu lom a,  

c h a r a c t e r i s e d  by  the p resence  o f  e n la r g e d  and a l t e r e d  c e l l s  

o f  the  c o n n e c t iv e  t i s s u e  and a d v e n t i t i a l  s e r i e s ,  n o t  o f  

m u s c u la r  c e l l s ;  a v a ry in g  degree  o f  m y o c a rd ia l  d e g e n e r a 

t i o n  may be r e v e a l e d  in  the  a d j a c e n t  muscle  by the  use  o f  

s p e c i a l  s t a i n s ,  n o t a b l y  M a l lo r y ’ s p h o s p h o tu n g s t i c  a c i d -  

h a e m a to x y l in  ( P i g . 5 0 ) .  The A schoff  b o d i e s ,  s u b m i l i a r y  

n o d u l e s ,  o c c u r  most f r e q u e n t l y  in  the  stroma o f  th e  l e f t  

v e n t r i c u l a r  myocardium in  the re g io n  o f  the  r o o t  o f  the 

p o s t e r i o r  m i t r a l  f l a p .  The A sch o f f  body i t s e l f  u n d e rg o es  

d e v e lo p m e n ta l  c h an ges ;  th ese  w i t h  t h e i r  time r e l a t i o n s h i p s ,  

a r e  d e s c r i b e d  by Gross and E h r l i c h  (1934 a & b ) .  They a r e  

n o t  d i s c u s s e d  h e r e ,  s in c e  d e s p i t e  t h e i r  d i a g n o s t i c  s i g n i 

f i c a n c e  th ey  do n o t  a f f e c t  t h i s  s t u d y  o f  the  a c u t e  s t a g e .  

F u r t h e r  comment on the  c e l l s  forming the  A sch o f f  body w i l l  

be g iv e n  w i t h  the  d e s c r i p t i o n  o f  the  t i s s u e s  o f  th e  rh e u m a t ic  

m o th e r .  A s c h o f f ’ s r e c e n t  s t a t e m e n t  (1939) may be n o t e d  

h e r e ,  nAs a r e s u l t  o f  my e x p e r i e n c e s  I  can s t a t e  e m p h a t i c a l l y  

t h a t  the  rh eu m a t ic  n o d u le s  which a p p e a r  in  the  myocardium 

a r e  s p e c i f i c  to  the  B o u i l l a u d - G r a f f  d i s e a s e  ( r h e u m a t ic  

f e v e r )

The a u r i c u l a r  l e s i o n  d e s c r i b e d  by MacCallum (1924)  i s  /
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i s  more commonly seen in  the l e f t  a u r i c l e ,  and i s  p e c u l i a r 

l y  d i a g n o s t i c .  This i s  b a s i c a l l y  the  same l e s i o n  a s  the  

c o r o n a l  type  o f  A sch o f f  body d e s c r i b e d  above ,  m o d i f i e d  by  

the  s t r u c t u r e  o f  the  a u r i c u l a r  endocard ium . The e a r l i e s t  

s t a g e  i s  seen  a s  a c o l l e c t i o n  o f  l a r g e  m ononuclear  c e l l s  

l y i n g  r o u g h ly  in  rows p a r a l l e l  to  the  e n d o t h e l i a l  s u r f a c e .  

The l e s i o n  i s  b e s t  u n d e rs to o d  i f  s e c t i o n s  a r e  s p e c i a l l y  

s t a i n e d .

A f t e r  t r e a tm e n t  w i t h  permanganate  and o x a l i c  a c i d  by  

M a l l o r y 1s method,  the  s e c t i o n  i s  r i n s e d  v e ry  b r i e f l y  i n  

w a t e r  and then  s t a i n e d  by W eig e r t* s  s o l u t i o n  f o r  e l a s t i c a .  

T h e r e a f t e r  i t  r e c e i v e s  a b r i e f  (one t h i r d )  s t a i n i n g  w i t h  

haemalum, i s  r i n s e d  in  s p i r i t ,  and s t a i n e d  by  the p h l o x in -  

f o r m a l in  s o l u t i o n  ( Lendrum 1939) f o r  a b o u t  one h o u r .  I t  

i s  then  d i f f e r e n t i a t e d  w i t h  t a r t r a z i n e  a s  in  the  method 

q u o t e d ,  r i n s e d  in  w a t e r  to  g ive  a t h i n  s t a i n i n g ,  d e h y d r a t e d ,  

c l e a r e d  and mounted.

The e a r l y  l e s i o n  shows the m ononuclear  c e l l s  l y i n g  in  

rows be tween the  s t i l l  a p p a r e n t l y  norm al  and u n d i s t o r t e d  

s h e e t s  o f  e n d o c a r d i a l  e l a s t i c a ;  sometimes t h e r e  may be a 

row o f  ten  to  tw en ty  c e l l s  l y i n g  in  e ach  c l e f t  from o u t e r  

to  i n n e r  s i d e  o f  the  nm ed ia l” c o a t  o f  the  e n d o ca rd iu m .

The a p p e a ra n c e s  su g g e s t  v e ry  s t r o n g l y  t h a t  t h e s e  c e l l s  a r e  

th o se  o f  the  p a r t ,  and one can on ly  presume t h a t  th e y  a r e
/



a r e  the  c e l l s  o f  the c o l l a g e n  s h e e t s  which  o r i g i n a l l y  l a y  

in  the  c l e f t s  now occup ied  by  the c e l l s .  In  a more s e v e r e  

form o f  the  l e s i o n  th e r e  i s  d i s r u p t i o n  o f  the  e l a s t i c  t i s s u e  

i r r e g u l a r  n o d u l e s  o f  c o l l a g e n ,  s t a i n e d  y e l lo w ,  a r e  seen  w i t h  

s u r r o u n d in g  c e l l s  w hich  now show the  a b e r r a n t ,  m u i t i n u c l e a r  

and  d e g e n e r a t e  forms t y p i c a l  o f  The A sch o f f  b o d i e s  in  the 

v e n t r i c l e ;  sm a l l  tw igs  o f  p h l o x in o p h i l  f i b r i n  a r e  p r e s e n t ,  

sometimes a p p a r e n t l y  a d h e r in g  to  the  f rag m en ts  o f  the 

e l a s t i c a .  This more i n t e n s e  form i s  u s u a l l y  somewhat 

l o n g i t u d i n a l ,  a g a in  ly in g  p a r a l l e l  to  the  e n d o th e l iu m ,  and  

occupy ing  the  w i d t h  o f  th re e  o r  f o u r  o f  the  c l e f t s  a s  seen 

i n  the l e s s  s e v e re  form. These a u r i c u l a r  l e s i o n s  a r e  o f  

f r e q u e n t  o c c u r re n c e  in  a c u t e  c a s e s ,  and form a s t r i k i n g  and 

v e ry  c h a r a c t e r i s t i c  change.

The f i n a l  type  o f  c h a r a c t e r i s t i c  l e s i o n  i s  t h a t  i n 

v o l v in g  the  c o ro n a ry  a r t e r i e s .  These have n o t  been found 

in  the  l a r g e r  b r a n c h e s  w i t h  th e  f r e q u e n c y  d e s c r i b e d  by  some 

w r i t e r s ,  b u t  i n  the  s m a l l e r  b r a n c h e s ,  e n d o t h e l i a l  s w e l l i n g  

and p r o l i f e r a t i o n  a r e  common. Less commonly t h e r e  i s  

m e d ia l  oedema, sometimes w i t h  the  d e p o s i t  o f  f i b r i n - l i k e  

m a t e r i a l ,  an a p p ea rance  n o t  f a r  removed from p o l y a r t e r i t i s  

n o d o s a ,  a l t h o u g h  t h e r e  i s  d i s t i n c t l y  l e s s  c e l l u l a r  i n f i l 

t r a t i o n .  Small haemorrhages a r e  f a r  from r a r e  in  the  

a c u t e  c a s e .  The n o n - p u r u l e n t  p e r i c a r d i t i s  and some o f /
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o f  the  m u scu la r  d e g e n e r a t i o n  a re  p o s s i b l y  r e l a t e d  to  

v a s c u l a r  u p s e t .  I t  has to  be emphasized t h a t  t h i s  con 

s t e l l a t i o n  o f  s t r i k i n g  changes b e lo n g s  to  the a c u t e  s ta g e  

o f  r h e u m a t i c  d i s e a s e ,  and i s  on ly  found in  the uncommon 

c a s e s  dy in g  i n  a f i r s t  a t t a c k ,  o r  o c c a s i o n a l l y  i n  young 

c h i l d r e n  dy ing  i n  a r e c r u d e s c e n c e .
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CRITICAL REVIEW OP THE REPORTED CASES OF FOETAL
RHEUMATISM?

When the i n v e s t i g a t o r s  o f  a p u z z l in g  d i s e a s e  a r e  so 

b e fog g ed  t h a t  none can su g g e s t  the  n e x t  s t e p ,  i t  i s  a w ise  

p r i n c i p l e  to  r e - a s s e s s  the a c c e p te d  f a c t s ,  f o r  i f  t h e s e  be 

i n t r i n s i c a l l y  f a l s e ,  o r  a re  b u t  h a l f  t r u t h s  t h e y  form no 

s m a l l  p a r t  o f  the  o b s c u r i t y .  Thus i t  would seem r e a s o n 

a b l e  to  rev iew  the r e p o r t e d  c a se s  o f  f o e t a l  rheumatism in  

the  l i g h t  o f  modern s t a n d a r d s .  This has  a p p a r e n t l y  n e v e r  

been  done .  My own c a s e ,  w i t h  a more comple te  e x a m in a t io n  

th an  has  been  g iven  to  any in  the  p a s t ,  by  i t s  v e ry  f a i l u r e  

to  p ro v id e  any c o n f i r m a t io n  o f  th e  a c c e p t e d  b e l i e f  adds  a 

f u r t h e r  demand f o r  such a r ev ie w .

Those who i n  the p a s t  have c la im ed to  d e s c r i b e  the  

i n t r a - u t e r i n e  t r a n s m i s s i o n  o f  a c u t e  rh eu m a t ic  d i s e a s e  have 

g e n e r a l l y  ba sed  t h e i r  i n t e r p r e t a t i o n s  on th e  c l i n i c a l  

f i n d i n g s .  S ince  then  th e r e  has  been a tend en cy  to  a c c e p t  

t h i s  t r a n s m i s s i o n  a s  p roved .  L o ese r  (1915) in  an a r t i c l e  

on F o e t a l  E n d o c a r d i t i s  o f  n o n - rh e u m a t ic  type  says  nEs s in d  

wohl  F a l i e  b e k a n n t ,  wo Frauen wahrend d e r  S c h w a n gersch a f t  

an einem a k u te n  Gelenkrheumatismus l i t t e n  und d ie  Foten  

d e r s e l b e n  spa t e r  e inen  H e r z k l a p p e n f e h l e r  z e i g t e n ” . (There  

a r e  th e  w e l l  known case s  o f  women who have s u f f e r e d  from 

a c u t e  rh e u m a t i c  d i s e a s e  d u r in g  pregnancy  and o f  whom th e  j
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the  f o e t u s  has  s u b s e q u e n t ly  shown v a l v u l a r  damage). S w if t  

i n  a Hektoen L e c tu re  (1929) says o f  rh eu m a t ic  f e v e r ,  ” l t  

i s  r a r e  in  e a r l y  i n f a n c y ,  and when i t  occu rs  a t  t h i s  age 

th e  m o the r  i s  p r a c t i c a l l y  a lways s u f f e r i n g  from th e  i n f e c t i o n  

a s u g g e s t i o n  a t  l e a s t  t h a t  the  c h i l d  has i n h e r i t e d  something  - 

p o s s i b l y  a s u s c e p t i b i l i t y  -  from h e r ” . S t .  Lawrence (1922) 

s a y s ,  ” O c c a s i o n a l l y  cases  o f  c o n g e n i t a l  h e a r t  d i s e a s e  have 

b een  o b se rv e d  in  which the mother  had a c u t e  rh eu m a t ic  f e v e r  

d u r i n g  the  p e r io d  o f  t h a t  ch ild* s g e s t a t i o n ” . Like S w if t  

he g i v e s  no r e f e r e n c e s  to the p u b l i c a t i o n s  on th e s e  p o i n t s .  

Maude A b b o t t  in  Osier*  s ’’Modern Medicine” (1927) says  

” F o e t a l  e n d o c a r d i t i s ,  which was be l ieved ,  by th e  e a r l i e r  

w r i t e r s  to  p l a y  such an im p o r ta n t  p a r t  in  the  c a u s a t i o n  o f  

c a r d i a c  a n o m a l i e s ,  p ro bab ly  o ccu p ie s  a v e ry  minor  r o l e ,  

b e in g  l i m i t e d  to  those  r e l a t i v e l y  few c a se s  in  which a 

r h e u m a t i c  e n d o c a r d i t i s  i s  d i r e c t l y  t r a n s m i t t e d  from the  

m other  to  h e r  o f f s p r i n g ” .

In  the  l i t e r a t u r e ,  on ly  one example has been  found 

comparab le  to  the w r i t e r *  s own case d e s c r i b e d  be low :  v .

Hansemann d u r in g  a d i s c u s s i o n  (1909) d e s c r i b e d  a woman who 

In the  l a s t  month o f  pregnancy  d i e d  o f  rh eu m a t ic  d i s e a s e  

w i t h  a c u t e  m i t r a l  e n d o c a r d i t i s :  the unborn c h i l d  l i k e w i s e

showed a d e f i n i t e ,  a l t h o u g h  s l i g h t ,  e n d o c a r d i t i s  o f  the  

m i t r a l .  There i s  no mention o f  h i s t o l o g i c a l  e x a m in a t io n .
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The r e m a in in g  c a se s  have been grouped ;  the f i r s t  

g ro u p  c o n t a i n s  f o u r  c a se s  in  which, the  m other  had c l i n i c a l  

a c u t e  r h e u m a t i c  d i s e a s e  du r ing  th e  p regnancy ,  and  where 

the  c h i l d  d i e d  w i t h i n  a few days o f  b i r t h .  Haig F e rg u s o n ’ s 

r e p o r t  (1893)  i s  o f  a mother  who had a seve re  a t t a c k  o f  

rheum atism  i n  the  e a r l y  p a r t  o f  h e r  pregnancy  w i t h  c o n t i n 

u a t i o n  o f  a subacu te  c o n d i t i o n .  The w e l l  d ev e lo p ed  c h i l d  

was s a i d  to  have been b o m  w i t h  p a i n f u l  sw ollen  j o i n t s ;  

t h e s e  l a t e r  became t e n d e r  and the  g e n e r a l  c o n d i t i o n  d e c l i n e d  

r a p i d l y .  Weakness and e m a c ia t io n  were extreme by the  t e n t h  

d a y ,  when d e a t h  o c c u r r e d .  The p e r i c a r d i a l  sac c o n ta in e d  

h a l f  an ounce o f  s e ro u s  f l u i d  in  which f l a k y  sh re d s  were 

f l o a t i n g ;  the  rem a in d e r  o f  the  h e a r t  seemed n o rm a l .  The 

r i g h t  knee was f u l l  o f  se rous  e f f u s i o n .  There i s  no 

m en t io n  o f  h i s t o l o g i c a l  exam ina t ion  o f  the  h e a r t .

S t r u m p n e l l ’ s case  (1893) i s  mentioned r a t h e r  b r i e f l y  

in  h i s  t e x t b o o k .  The mother  a t  the  time o f  d e l i v e r y  was 

s u f f e r i n g  from a severe  a t t a c k  o f  a c u t e  a r t i c u l a r  rheum atism ;  

the  c h i l d  d i e d  when a few days o ld  and was found to  have 

m u l t i p l e  p u r u l e n t  a r t h r i t i s .  There i s  no m en t io n  o f  the  

h e a r t .

Abrahams (1896,  Case I )  r e p o r t s  a r a t h e r  s i m i l a r  case  

in  w h ich  th e  m other  had a c u te  rheumatism two weeks b e f o r e  

d e l i v e r y  o f  a f u l l  time c h i l d .  From b i r t h  the  c h i l d  /
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c h i l d  a p p e a re d  i l l ;  i t  was f e v e r i s h  and had r e d  sw o l l e n ,  

t e n d e r  j o i n t s .  By the  t w e l f t h  day the t e m p e ra tu re  was 

1 0 3 . 5 ° F . ,  the  h e a r t 1s a c t i o n  tumultuous  and i r r e g u l a r ,  and 

th e  l e f t  knee  oedematous and p u r u l e n t .  On i n c i s i o n  a t h i n  

pus e s c a p e d .  The c h i l d  f a i l e d  r a p i d l y  and d ie d  a b o u t  the  

t w e n t i e t h  d a y .  There i s  no mention o f  post-mortem exam

i n a t i o n .

P o yn to n ’ s case  (1909) d ied  on the second day ;  the  

m i t r a l  v a lv e  showed e x u b e ra n t  v e g e t a t i o n s  from which  

d i p l o c o c c i  were o b t a i n e d .  There i s  no n o t e  o f  h i s t o l o g i c a l  

e x a m in a t io n  o f  the  c h i l d * s  h e a r t .

The second  group  i s  where a c l i n i c a l  c a r d i a c  a b n o r m a l i t y  

has  been  n o t e d  in  the  newly born  c h i l d  o f  a rheu m a t ic  m o the r ;  

t h i s  has  been  r e p o r t e d  f o u r  t im e s .  Abrahams (1896) r e p o r t s  

two c a s e s  (E o s .  2 & 3) in  which a c l i n i c a l  d i a g n o s i s  was 

made o f  c a r d i a c  damage in  the i n f a n t .  The f i r s t  o f  t h e s e  

was a woman a t t a c k e d  in  the n i n t h  month o f  p regnancy  by 

a c u t e  a r t i c u l a r  rheum atism ,  co m p l ica te d  by  a l a r g e  bed  s o r e .  

She had h ig h  te m p e ra tu re  and marked a b n o r m a l i t y  o f  the  

h e a r t .  D ea th  o c c u r re d  on the t w e n t y - e i g h t h  day o f  i l l n e s s ,  

w i t h  a t e m p e r a tu re  o f  109°F. Post-mortem e x am in a t io n  showed 

a c u t e  e n d o c a r d i t i s  o f  a o r t i c  and m i t r a l  v a l v e s ,  p u r u l e n t  

f l u i d  in  some o f  the j o i n t s ,  and a normal  u t e r u s .  The 

c h i l d  born  on the tw e n ty —f i f t h  day  of  the mother* s i l l n e s s  /
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i l l n e s s  showed t e n d e r n e s s  and s t i f f n e s s  o f  th e  knee j o i n t s  

w i t h i n  two h o u rs  o f  b i r t h ,  a tem pera tu re  ran g in g  to 1 0 3 .3 °F .  

on the  f i f t h  day ,  and an i r r e g u l a r  c a r d i a c  a c t i o n  w i t h  a 

d i s t i n c t  s o f t  b low ing  m i t r a l  s y s t o l i c  murmur. Under 

s a l i c y l a t e  t h e r a p y  i t  made a complete r e c o v e r y  in  s i x  weeks,  

b u t  d i e d  a t  s i x  months o f  g a s t r o - e n t e r i t i s . His t h i r d  

case  was a woman w i t h  an a t t a c k  o f  subacu te  a r t i c u l a r  

rheum at ism  in  the  s e v e n th  month,  and o f  v i o l e n t  chorea  in  

the  m id d le  o f  the  n i n t h  month. Labour came on w i t h in  

t w e n t y - f o u r  h o u r s ,  and on the e x p u ls io n  o f  the p l a c e n t a  the  

ch o rea  s to p p e d  a b r u p t l y .  The c h i l d  was n o te d  a s  showing 

c y a n o s i s  on c r y i n g  and as  hav ing  an a o r t i c  i n s u f f i c i e n c y .  

There i s  no su b seq u e n t  h i s t o r y  o f  t h i s  f a m i ly .

The c a s e  d e s c r i b e d  by K issane  and Koons (1933) was the  

c h i l d  o f  a m other  s u f f e r i n g  from a c u t e  rheum a t ic  d i s e a s e ;  

i t  was b o rn  w i t h  r e d ,  sw o l le n ,  p a i n f u l  j o i n t s ,  and showed 

c a r d i a c  murmurs when examined t h i r t y  m inu tes  a f t e r  b i r t h .

By s i x  months t h e r e  were no m a n i f e s t a t i o n s  o f  a c t i v e  

r h e u m a t i c  d i s e a s e .  He c o n t in u ed  to  be dyjjpnoeic and when 

e i g h t  y e a r s  o ld  had h i s  f i r s t  o n s e t  o f  obvious  c a r d i a c  

f a i l u r e .  Death  o c c u r r e d  a t  the age o f  t e n ;  the  h e a r t  

showed changes  t y p i c a l  o f  long s t a n d in g ,  b u t  n o t  e x t i n c t ? 

r h e u m a t i c  d i s e a s e .  Aschoff  b o d ie s  were seen i n  the  

t h i c k e n e d  f i b r o u s  m i t r a l  v a l v e s .

The/
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The l a s t  o f  t n i s  group where a c l i n i c a l  d i a g n o s i s  o f  

abnorm al  c a r d i a c  f u n c t i o n  was made imm edia te ly  a f t e r  b i r t h ,  

i s  the  r e p o r t  by  Grlanzmann (1935) .  The mother  had d u r in g  

p re g n a n c y  an e n d o c a r d i t i s  s t a t e d  to be p ro b ab ly  rh eu m a t ic  

in  o r i g i n ;  the  somewhat premature  c h i l d  showed b o t h  a p i c a l  

and m i t r a l  murmurs, and a marked en la rgem en t  o f  the  h e a r t  

to  th e  l e f t .  This  case  i s  i n a d e q u a t e l y  r e p o r t e d .

The t h i r d  g rou p  i s  o f  those  where the mother  seemed to 

have r h e u m a t i c  f e v e r ,  and the  newly born c h i l d  showed 

c l i n i c a l  e v id e n c e  o f  n o n - p u r u l e n t  a r t h r i t i s  b u t  r e c o v e r e d  

on t r e a t m e n t .  Pocock (1882) d e s c r i b e d  an e ig h t e e n  y e a r  

o l d  p r i m i p a r a ,  a t t a c k e d  by a c u te  rheumatism in  h e r  e i g h t h  

month o f  p reg n a n cy ;  when seen ,  two days a f t e r  the  o n s e t ,  

she had m u l t i p l e  pa in s  and a t em p era tu re  o f  1 0 6 .5°P. The 

c h i l d  was b o rn  the fo l lo w in g  day  and showed f e v e r  and 

a r t h r i t i s  w i t h i n  twelve h o u r s .  B o th  p a t i e n t s  were t r e a t e d  

w i t h  s a l i c y l a t e s .  The c h i l d ’ s tem p era tu re  ro se  to  104°F. 

i n  th e  f i r s t  d a y ,  b u t  was normal  by  the e i g h t h  day and 

s t a y e d  so ;  no c a r d i a c  damage was d e t e c t e d .  The m other  was 

i l l  f o r  f i v e  weeks and was l e f t  w i t h  d e f i n i t e  v a l v u l a r  damage.

A r a t h e r  s i m i l a r  p i c t u r e  i s  d e s c r ib e d  by S c h a e fe r  (1886) 

This  was a m u l t i p a r a  o f  t h i r t y - f i v e  y e a r s ,  a t t a c k e d  by  a c u te  

rheum at ism  i n  the  l a s t  days o f  p regnancy ;  she had m u l t i p l e  

p a in s  b u t  the  h i g h e s t  r e c o rd ed  tem p era tu re  was here  o n l y /
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o n ly  102.9  P.  The c h i l d  was born on the  f i f t h  day o f  the  

i l l n e s s  and a p p e a re d  to  be normal  u n t i l  the  t h i r d  day o f  

l i f e ,  when a f e b r i l e  f l i t t i n g  a r t h r i t i s  a p p e a re d ;  t h r e e  

days l a t e r  the  te m p e ra tu re  reached  1 0 3 .1°P. S a l i c y l a t e s  

d i s a g r e e d  w i t h  the  c h i l d  and could  o n ly  be t o l e r a t e d  in  

s m a l l  d o se s  by  the  m o th e r .  In b o t h ,  the i l l n e s s  l a s t e d  

n e a r l y  two months b u t  n e i t h e r  i s  r e c o rd e d  as  showing any 

c o m p l i c a t i n g  o r  r e s i d u a l  c a r d i a c  damage.

G u t h r i e  (1888) r e p o r t s  the o n s e t  o f  vague abdominal  

u p s e t  and  f e b r i l e  p o l y a r t h r i t i s  in  an e ig h t e e n  y e a r  o ld  

p r i m i p a r a  t h r e e  days a f t e r  d e l i v e r y  o f  a h e a l t h y  c h i l d .  On 

the  t e n t h  day the c h i l d  s t a r t e d  a f e b r i l e  f l i t t i n g  a r t h r i t i s .  

B o th  were t r e a t e d  w i th  s a l i c y l a t e s ;  the mother  o b t a i n e d  

r a p i d  r e l i e f  and was soon c o n v a l e s c e n t ,  b u t  th e  c h i l d  was 

u p s e t  and a p p a r e n t l y  n o t  b e n e f i t i n g . -  Under a l k a l i n e  

t h e r a p y  i t  improved q u i c k l y  and was n o t  r e v i s i t e d  a f t e r  the  

e l e v e n t h  day o f  i t s  i l l n e s s .  No mention i s  made o f  the  

c a r d i a c  c o n d i t i o n  in  e i t h e r .

The l a s t  g ro u p  i s  in c lu d e d  f o r  the  sake o f  comparison 

and c o n s i s t s  o f  some cases  where the mother  showed severe  

r h e u m a t i c  f e v e r  d u r in g  p regnancy ,  b u t  where the  c h i l d  gave 

no e v id e n c e  o f  a comparable d i s e a s e .  Broch in  (1 8 7 6 ) ,  who 

makes no ment ion  o f  i l l n e s s  in  the c h i l d ,  emphasizes  the  

s e v e r i t y  and p e r s i s t e n c e  o f  the  d i s e a s e  when o c c u r r i n g  in  

p re g n a n c y .  S q u i re  (1886) d e s c r i b e s  a sev e re  case  w i t h  a /
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a marked a m e l i o r a t i o n  o f  the  a r t h r i t i c  p a in s  im m e d ia te ly  

a f t e r  d e l i v e r y .  ho permanent h e a r t  damage was n o t e d ,  and 

the  c h i l d  a p a r t  from o p h t h a l m i t i s  was a p p a r e n t l y  h e a l t h y .  

L a n g w i l l* s  c ase  (1900) was a sev e re  b u t  n o t  f a t a l  rh e u m a t ic  

h y p e r p y r e x ia  i n  the  f o u r t h  month o f  p reg n an cy .  No c a r d i a c  

damage was n o t e d  in  the  m o th e r .  The c h i l d  was b o m  a t  the  

s e v e n t h  month,  and c a r e f u l  exam ina t ion  f a i l e d  to  r e v e a l  any 

a f f e c t i o n  o f  the  j o i n t s ,  endocardium o r  p e r i c a r d i u m .  I t  

d i e d  su dd en ly  o v e r n i g h t  b u t  a u to p s y  was n o t  p e r m i t t e d .  

H e f f e m a n  (1922) r e p o r t s  the r a p i d  o n s e t  i n  a t w e n t y - f i v e  

y e a r  o ld  p r i m i p a r a ,  o f  f l i t t i n g  a r t h r i t i s ,  f e v e r ,  and  myo

c a r d i a l  f a i l u r e  f o l lo w in g  a soak ing  to  th e  sk in  two days 

b e f o r e ;  th e  c l i n i c a l  s t o r y  i s  a lm o s t  i d e n t i c a l  w i t h  the  

p r e s e n t  w r i t e r * s  own c a s e .  As h e r  c o n d i t i o n  was o b v i o u s l y  

d e t e r i o r a t i n g ,  l a b o u r  was induced  f o u r  weeks a f t e r  the on

s e t ;  a f t e r  d e l i v e r y  t h e r e  was a r a p i d  change f o r  the b e t t e r  

a l t h o u g h  the  s a l i c y l i c  and a n t i s e p t i c  t h e r a p y  had n o t  been  

changed .  The e i g h t  and a h a l f  month c h i l d  i s  n o t e d  a s  

b e in g  p e r f e c t l y  h e a l t h y .



C r i t i c a l  Comment on P u b l i sh e d  G a s e s .

The un iqu e  case  d e s c r i b e d  by v .  Hansemann s u g g e s t s

v e r y  s t r o n g l y ,  in  v i r t u e  o f  the a b s o l u t e  r a r i t y  o f  m acro

s c o p i c  f o e t a l  e n d o c a r d i t i s ,  t h a t  the  cause  o f  the  changes 

was a c t i v e  in  b o t h  m other  and f o e t u s :  u n f o r t u n a t e l y  t h e r e

i s  no h i s t o l o g i c a l  c o n f i r m a t i o n  o f  th e  rh e u m a t ic  n a t u r e  o f  

th e  d i s e a s e  in  e i t h e r .

Of the  f i r s t  g roup  as  d e s c r i b e d  in  the  r e v ie w ,  Haig 

F e r g u s o n 1s c ase  i s  no l e s s  a c c e p t a b l e  than  v .  Hansemann*s 

s i n c e  the  n o rm al  ap p ea ra n c e  o f  th e  v a lv e s  i s ,  i n  t h e  i n f a n t  

a t  l e a s t ,  s t i l l  c o m p a t ib le  w i t h  a d i a g n o s i s  o f  rh e u m a t i c

c a r d i t i s .  Thus in  a case  r e p o r t e d  by  Rothman and Leonard

(1 9 2 8 ) ,  a c h i l d  o f  f i v e  d i e d  o f  a r a p i d  m y o c a rd ia l  f a i l u r e  

w i t h  no o t h e r  c l i n i c a l  ev idence  o f  rh e u m a t ic  d i s e a s e  than  

vague and t r a n s i e n t  p a in s  in  th e  knees  and w r i s t s ;  a t  p o s t 

mortem e x a m in a t io n  t h e r e  was no obvious  p e r i c a r d i t i s ,  the  

m i t r a l  v a lv e  a p p ea re d  m ere ly  a l i t t l e  t h i c k e n e d ,  and  showed 

o n ly  one sm a l l  p o i n t  o f  h y a l i n e  v e g e t a t i o n ,  y e t  m ic r o 

s c o p i c a l l y  t h e r e  was abundan t  ev id e n ce  o f  c a r d i t i s  in  the  

numerous m y o c a rd ia l  A scho f f  b o d i e s .  L ikew ise  M cIn tosh  and 

Wood (1935) r e p o r t i n g  one o f  t h e i r  known rh e u m a t ic  c a s e s  

dead  o f  pneumonia a t  the age o f  t h r e e  s t a t e  t h a t  t h e r e  was 

no e v id e n c e  to  the naked eye o f  v e g e t a t i o n  a l t h o u g h /



a l t h o u g h  m i c r o s c o p i c a l l y  the  myocardium showed l a r g e  numbers 

o f  A s c h o f f  b o d i e s .  And S w if t  (1925) d e s c r i b e s  two c a s e s  

dy in g  o f  a c u t e  rh e u m a t ic  d i s e a s e ,  in  w h ich  a l t h o u g h  no 

v e g e t a t i o n s  were v i s i b l e  to  the  naked eye y e t  th e  m ic r o 

s c o p ic  e x a m in a t io n  showed t y p i c a l  h i s t o l o g i c a l  changes  w i t h  

e v id e n c e s  o f  v e ry  e a r l y  v e r ru c a  f o r m a t io n .

In  the  c a se s  d e s c r i b e d  by  S t ru m p n e l l  and by  Abrahams, 

the  f i n d i n g  o f  p u r u l e n t  a r t h r i t i s  in  the  i n f a n t  s u g g e s t s  

t h a t  the  m o th e r ’ s i l l n e s s  was p o s s i b l y  n o t  t r u e  rh e u m a t i c  

d i s e a s e  b u t  r a t h e r  a low-grade  pyogenic  i n f e c t i o n .  The 

s i m i l a r i t y  o f  v i r i d a n s  s t r e p t o c o c c a l  i n f e c t i o n  to  acu te  

r h e u m a t ic  d i s e a s e  i s  d i s c u s s e d  below in  the  comment on the 

c a s e s  o f  G u th r i e  and o f  S c h a e f e r .

Po y n to n 1s case  may be one o f  the  r a r e  and n o t  g e n e r a l l y  

a c c e p t e d  c a s e s  o f  u l c e r a t i v e  rh e u m a t i c  e n d o c a r d i t i s ;  u n t i l  

t h i s  type o f  case  r e c e i v e s  f u r t h e r  c o n f i r m a t i o n  i t  i s  more 

r e a s o n a b l e  to  c o n s i d e r  h i s  case a s  one o f  b a c t e r i a l  e n do 

c a r d i t i s .  Of these  f i r s t  c a se s  i t  can be s a i d  t h a t  v .  

Hansemann1 s and Haig F e rg u so n ’ s a r e  p o s s i b l e  c a se s  o f  

t r a n s m i s s i o n  b u t  the o t h e r s  b y  t h e i r  own d a ta  can s u g g e s t  

d i s e a s e s  o t h e r  than r h e u m a t i c .  In  the  a b sen c e  o f  s u p p o r t 

in g  h i s t o l o g i c a l  e v id e n c e ,  none a t  l e a s t  a r e  p ro o f  o f  con

g e n i t a l  rheum atism .

The second g ro up  i s  o f  those  r e p o r t s  where the  c h i l d  

o f  a rh e u m a t ic  m other  showed c a r d i a c  a b n o r m a l i t y  i m m e d ia te ly /



im m e d ia te ly  a f t e r  b i r t h .  In Abrahams’ case  ( h i s  second 

c a s e )  the  m o the r  a lm o s t  c e r t a i n l y  had rh eu m a t ic  d i s e a s e ,  

a l t h o u g h  t h i s  was n o t  confi rm ed  h i s t o l o g i c a l l y .  The 

a rgum en t  t h a t  the  c h i l d ’ s u p s e t  was due to  rheumatism, i s  

b a s e d  on the  c l i n i c a l  a s s o c i a t i o n  o f  p y r e x i a ,  a r t h r i t i s ,  

and  c a r d i a c  a b n o r m a l i t y .  In view o f  th e  l a r g e  bed so re  

w h ich  c o m p l ic a te d  the  m o th e r ’ s i l l n e s s  the  q u e s t i o n  has a l s o  

to  be c o n s i d e r e d  w h e th e r  the  a b n o r m a l i t i e s  in  the  i n f a n t  

c o u ld  in d ee d  be s e p t i c  in  o r i g i n .  A p resu m p t iv e  d i a g n o s i s  

r em a in s  a c c e p t a b l e  o n ly  in  the c o n t in u e d  a bsen ce  o f  e q u a l l y  

v a l i d  p o s s i b i l i t i e s ,  and l a t e r  work has shown t h a t  a pyogenic  

i n f e c t i o n  in the  mother  can be the  e x p l a n a t i o n  o f  the  a p p e a r 

ance  i n  the  c h i l d  o f  one o r  more o f  the  t r i a d ,  f e v e r ,  

a r t h r i t i s  and  c a r d i a c  a b n o r m a l i t y .  From the c a se s  c o l l e c t e d  

by  G e ig e r  (192 6) and by  F a r b e r  and Hubbard (1933)  i t  seems 

c e r t a i n  t h a t  pyogenic  i n f e c t i o n  i n  the  m other  i s  a cause  o f  

e n d o m y o c a r d i t i s  in  the f o e t u s ,  and a s  w i l l  be d i s c u s s e d  

b e lo w ,  i t  i s  known as  a cause o f  f e b r i l e  a r t h r i t i s  in  the  

i n f a n t .

The o t h e r  i n f a n t  r e p o r t e d  by Abrahams showed a o r t i c  

incompetence  and c y a n o s i s  on e f f o r t ,  a c l i n i c a l  p i c t u r e  

w h ich  c oup led  w i t h  an e n t i r e  a bsen ce  o f  su b seq u e n t  h i s t o r y  

does n o t  o f  i t s e l f  j u s t i f y  a d i a g n o s i s  o f  r h e u m a t ic  d i s e a s e ,  

d e s p i t e  the  a p p a r e n t  rh e u m a t ic  n a t u r e  o f  th e  m o t h e r ’ s /
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m o t h e r ' s  i l l n e s s .

The h i s t o r y  d e s c r ib e d  by K is san e  and Koons c e r t a i n l y  

s u g g e s t s  t h a t  the  c h i l d  was born  w i t h  rh e u m a t ic  d i s e a s e  b u t  

if* so ,  i t  would seem t h a t  the  t r a n s m i t t e d  i n f e c t i o n  was 

s u r p r i s i n g l y  m i ld  as  the  c h i l d  l i v e d  to th e  age  o f  t e n .  

A n o th e r  d i f f i c u l t y  in  a c c e p t i n g  t h i s  case  a s  one o f  proved 

i n h e r i t e d  r h e u m a t ic  d i s e a s e  l i e s  in  the  f a c t  t h a t  the  m other  

had a f u r t h e r  and  f a t a l  a t t a c k  o f  a c u t e  rh e u m a t ic  d i s e a s e  

two y e a r s  a f t e r  th e  b i r t h ,  and from the  i n v e s t i g a t i o n s  o f  

P a u l  and S a l i n g e r  (1931,  see e s p e c i a l l y  the  f a m i ly  d e s c r i b e d  

b y  them, 4 -  D s ) i t  i s  a p p a r e n t l y  p o s s i b l e  f o r  a young c h i l d  

to  be i n f e c t e d  from the  mother  w i t h o u t  showing any  c h a r a c t e r 

i s t i c  c l i n i c a l  u p s e t  a t  the  t im e ,  and y e t  l a t e r  show obv ious  

c a r d i a c  damage. Glanzmann does n o t  m ent ion  a r t h r i t i s  in  

h i s  c a se  and i t  seems too  b r i e f l y  r e p o r t e d  to be more than  

s u g g e s t i v e .  ^

The t h i r d  g ro u p  i s  o f  the  t h r e e  c a se s  where the  c h i l d  

showed a r t h r i t i s  b u t  r e c o v e r e d  on t r e a t m e n t .  These c a s e s  

s u f f e r  from prem ature  p u b l i c a t i o n  s in c e  m i l d e r  d e g re e s  o f  

the  c a r d i a c  damage which  would l a t e r  tend  to  c o n f i rm  th e  

d i a g n o s i s  may be e a s i l y  m is se d ;  G u th r i e  does n o t  even 

m en t io n  the i n f a n t ' s  h e a r t .

The s t u d i e s  o f  Poynton (1908) and o f  M cIn tosh  and 

Wood (1 9 3 5 ) ,  w h ich  a r e  b e t t e r  su p p o r t e d  by  e x te n d e d  c l i n i c a l ^
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c l i n i c a l  o b s e r v a t i o n  and m ic ro sc o p ic  ev idence  than the  

c a s e s  -under d i s c u s s i o n ,  show how h ig h  i s  th e  i n c i d e n c e  o f  

c a r d i a c  damage in  th e  young c h i l d  s u f f e r i n g  f rom rh eu m a t ic  

d i s e a s e .  Of the  tw e n ty - f o u r  c a s e s  r e p o r t e d  by  M cIn tosh  

and Wood a s  s t a r t i n g  b e f o r e  t h r e e  y e a r s  o f  a g e ,  t w e n t y - t h r e e  

showed c a r d i a c  invo lvem en t  and e le v e n  d i e d ;  w h i le  in  

P o y n to n is  s e r i e s  o f  f i f t y - t w o  c a se s  s t a r t i n g  b e f o r e  f i v e ,  

t h e r e  was c a r d i a c  invo lvem ent  in  f o r t y - t h r e e ,  e i g h t  d i e d ,  

and f i v e  o t h e r s  had a h o p e le s s  p r o g n o s i s .  Twelve o f  h i s  

c a s e s  s t a r t e d  b e f o r e  t h r e e  and o f  t h e s e ,  f i v e  showed 

d e f i n i t e  c a r d i a c  d i s e a s e  b e f o r e  t h r e e ,  f i v e  o t h e r s  were 

n o t e d  l a t e r ,  and o n ly  two e sca p ed  ( b o t h  were c a s e s  o f  c h o r e a ) .  

There i s  no mention o f  an immediate  d e a t h  r a t e  in  t h i s  g roup  

and f o u r  a t  l e a s t ,  l i v e d  to  be s i x  y e a r s  o f  a g e .  There i s  

t h u s  c o n s i d e r a b l e  d i f f e r e n c e  in  the f a t a l i t y  r a t e  o f  the 

two s e r i e s ,  b u t  the  i n c id e n c e  o f  d e f i n i t e  c a r d i a c  damage i s  

f a i r l y  co m p arab le ,  and on summing the c a s e s  i t  i s  found  t h a t  

o f  t h i r t y - s i x  c h i l d r e n  i n f e c t e d  by  rh e u m a t i c  d i s e a s e  b e f o r e  

th e  age o f  t h r e e ,  t h i r t y - t h r e e  showed s i g n i f i c a n t  c a r d i a c  

in v o lv e m e n t .  Prom th e s e  f i g u r e s  i t  seems u n j u s t i f i a b l e  

to  r e p o r t  a r t h r i t i s  in  an i n f a n t  a s  rh e u m a t i c  u n l e s s  t h e r e  

be a t  l e a s t  the  c o n f i r m a t o r y  e v id e n c e  o f  c a r d i a c  damage.

A f u r t h e r  r e a s o n  f o r  d o u b t in g  the  c a s e s  o f  t h e  t h i r d  g ro u p  

a s  p r o o f  o f  t r a n s m i s s i o n ,  l i e s  in  the  d i f f i c u l t y  o f  making
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making a complete  c l i n i c a l  d i a g n o s i s  in  c a se s  o f  i n f a n t i l e  

a r t h r i t i s .  The mother  d e s c r i b e d  by Pocock went  on to 

show v a l v u l a r  d i s e a s e  which seems an a c c e p t a b l e  c o r r o b o r a 

t i o n  t h a t  she r e a l l y  had rh eu m a t ic  d i s e a s e ,  b u t  none o f  the  

t h r e e  i n f a n t s  g i v e s  s t r o n g e r  ev idence  o f  the  rh e u m a t ic  

n a t u r e  o f  t h e  d i s e a s e  than a c l i n i c a l  a r t h r i t i s .  This in

i t s e l f  i s  u n c e r t a i n  ground and S e n a to r  (1877) goes so f a r

a s  to  s a y ,  "we o c c a s i o n a l l y  come a c r o s s  i n s t a n c e s ,  

e s p e c i a l l y  in  the  o l d e r  a u t h o r s  o f  ’ a c u t e  a r t i c u l a r  

rheumatism* o c c u r r i n g  in  i n f a n t s  j u s t  a f t e r  b i r t h ,  o r  s t i l l  

a t  the  b r e a s t ;  the  m a j o r i t y  o f  these  r e c o r d s  a r e  p ro b a b ly  

to  be a t t r i b u t e d  to e r r o r s  o f  d i a g n o s i s ,  pyaemia o r

s y p h i l i t i c  d i s e a s e s  o f  the bone o r  j o i n t s  hav ing  been

m is ta k e n  f o r  r h e u m a r t h r i t i s ” . Denzer (1924) a l t h o u g h  he 

c o n s i d e r s  the  view to be too e x t rem e ,  q u o te s  F r i e d ju n g  a s  

s a y i n g ,  ’’ c a se s  o f  rh eu m a t ic  a r t h r i t i s  p u b l i s h e d  as  o c c u r r i n g

i n  i n f a n c y  in  a s s o c i a t i o n  w i t h  e n d o c a r d i t i s ....................a r e

a lw ays  dependen t  on g o n o r rh o ea ,  s y p h i l i s  o r  pyaemia ,  n o t  

on rheum atism ” . While M i l l e r  (1899) in  a rev iew  o f  the  

c a s e s  p u b l i s h e d  a s  a c u te  a r t i c u l a r  rheumatism in  i n f a n t s ,  

q u o te s  Marfan a s  dou b t in g  the  a c c u r a c y  o f  the  e a r l i e r  r e p o r t s ,  

on the  grounds o f  c o n fu s io n  w i t h  s c u r v y ,  the  pyogenic  

a r t h r i t i d e s  o f  s u c k l i n g s ,  o r  ” the r e c e n t l y  r e c o g n i z e d  

g o n o r r h o e a l  i n f e c t i o n ” . Hellmann (1926) has  shown how 

c r y p t i c  t h i s  l a s t  i n f e c t i o n  may be in  the  new ly  born  b y /



by  r e p o r t i n g  a case  o f  p u r u l e n t  gonoco cca l  a r t h r i t i s  in  an 

i n f a n t  o f  t?nree weeks in  whom c a r e f u l  s e a r c h  f a i l e d  to  

r e v e a l  g o n o c o c c a l  in f lam m ation  o r  o rgan ism s in  n o s e ,  mouth ,  

c o n j u n c t i v a ,  u r e t h r a  o r  rec tu m .  I t  i s  w o r th  r e c a l l i n g  

B a r lo w ’ s (1883) s i g n i f i c a n t  s t a t e m e n t ,  ” For t h e r e  a r e  in  

c h i l d r e n  many a f f e c t i o n s  o f  j o i n t s ,  and o f  s t r u c t u r e s  round 

j o i n t s ,  which  do n o t  s u p p u r a t e ,  and y e t  a r e  n o t  r h e u m a t i c . ” 

Thus even i f  i t  be e x p e d i e n t  to t r e a t  th e se  c a se s  as  p o s s i b l y  

r h e u m a t i c ,  i t  i s  s u r e l y  n o t  j u s t i f i a b l e  to  p u b l i s h  them a s  

such m e re ly  on the  b a s i s  o f  a c l i n i c a l  a r t h r i t i s .

A f u r t h e r  c r i t i c i s m  o f  these  r e p o r t s  can be b ased  on 

t h e i r  p e c u l i a r  c l i n i c a l  s i m i l a r i t y  to  t h a t  d e s c r i b e d  by 

R i c h d o r f  and G r i f f i t h  (1 9 2 6 ) .  This  was a p r im ip a r a  o f  

e i g h t e e n ,  w i t h  an upper  r e s p i r a t o r y  i n f e c t i o n  f o u r  weeks 

b e f o r e  the b i r t h  o f  h e r  c h i l d .  A f o r t n i g h t  l a t e r  she had 

h e a d a c h e ,  c h i l l  and n i g h t s w e a t s ,  and f i v e  d a y s  b e f o r e  

d e l i v e r y ,  began a f l i t t i n g  p o l y a r t h r i t i s  w i t h  f e v e r  r a n g i n g  

to  1 0 2 .8 °F .  The te m p e ra tu re  s e t t l e d  ten  days a f t e r  

d e l i v e r y ,  and she was d i s c h a r g e d  ten  days l a t e r  w i t h  o n ly  

s l i g h t  pa in  in  the  a f f e c t e d  j o i n t s .  The h e a r t  had shown 

m e re ly  a s o f t  a p i c a l  s y s t o l i c  murmur. The c h i l d  seemed 

norm al  t i l l  the s i x t h  day when i t  a l s o  began to  have a 

f l i t t i n g  a r t h r i t i s  w i t h  f e v e r ;  on th e  t h i r t e e n t h  day t h e r e  

was f l u c t u a t i o n  in  the r i g h t  knee j .o ln t  and c u l t u r e  from t h e /
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the  s t r i n g y  mucoid f l u i d  gave s t r e p t o c o c c u s  v i r i d a n s  i n  pure 

c u l t u r e .  C u l tu r e  o f  the  m o th e r ’ s b lo o d ,  taken  on the  same 

day ,  showed an i d e n t i c a l  o rgan ism .  The i n f a n t  was d i s 

c h a rg e d  on the  f i f t y - s i x t h  day in  good c o n d i t i o n  a p a r t  from 

s l i g h t  f l e x i o n  o f  the  k n e e ;  i t s  h e a r t  was normal  t h r o u g h 

o u t .  , A l though  the  a u th o r s  in  t h e i r  s u b t i t l e  c a l l  the  

m o th e r ’ s i l l n e s s  a c u te  rh eu m a t ic  f e v e r ,  th ey  make no e f f o r t  

i n  t h e i r  paper  to  show why h e r  i l l n e s s  should  n o t  be a c c e p t e d  

a s  a s t r e p t o c o c c a l  i n f e c t i o n .  The f a c t s  t h e y  p r e s e n t  seem 

to  i n d i c a t e  t h i s  d i a g n o s i s .

I n  comparison  w i t h  t h i s  case  S c h a e f e r ’ s and G u th r i e  * s 

c a s e s  b o t h  show'an a p p a r e n t l y  comparable  f l i t t i n g  a r t h r i t i s  

i n  th e  m o th e r ,  o c c u r r i n g  w i t h in  a few days  o f  p a r t u r i t i o n .  

Also  in  a l l  t h r e e  case s  the  c h i l d  a p p ea re d  norm al  f o r  th e  

f i r s t  day o r  two, and then  showed a f l i t t i n g  a r t h r i t i s ;  

in  none i s  t h e r e  any ment ion  o f  c a r d i a c  d i s e a s e .

The s i m i l a r i t y  o f  th e se  t h r e e  r e p o r t s  m ig h t  be u se d  as  

an a rgum en t  t h a t  a c u t e  rheumatism i s  a m ild  form o f  v i r i d a n s  

s t r e p t o c o c c a l  i n f e c t i o n ,  b u t  i t  seems more r e a s o n a b l e  to  

b e l i e v e  t h a t  the  two r e p o r t e d  a s  rh e u m a t ic  were n o t  r e a l l y  

so ,  b u t  m ere ly  m i ld  s t r e p t o c o c c a l  i n f e c t i o n s ,  a s  the  t h i r d  

a p p e a r s  proved to  b e .  Whatever  be the  e x p l a n a t i o n  o f  t h e s e  

t h r e e  c a se s  which  have been  thus  g rouped  on t h e i r  c l i n i c a l  

s i m i l a r i t y ,  t h e y  c o n s t i t u t e  an i n t e r e s t i n g  s i d e l i g h t  on l o w /



low -grade  s t r e p t o c o c c a l  i n f e c t i o n .  I t  i s  pe rhaps  o f  some 

s i g n i f i c a n c e  t h a t  R o th s c h i ld  and Thalh imer (1914) n o t e d  

the  o c c u r re n c e  o f  a r t h r i t i s  in  h a l f  o f  42 r a b b i t s  r e c e i v i n g  

i n t r a v e n o u s  i n j e c t i o n  o f  s t r e p t o c o c c u s  v i r i d a n s ,  and t h a t  

the  a r t h r i t i s  was t y p i c a l l y  e v a n e s c e n t ;  o n ly  one w en t  to 

pus f o r m a t io n .

There a r e  some p o i n t s  o f  v a lu e  to  be drawn from th e  

n e x t  g r o u p ,  th o se  in  which the  m o th e r ’ s i l l n e s s  was se v e re  

b u t  t h e  c h i l d  showed no a b n o r m a l i t y .  F i r s t l y  i t  shou ld  be 

r e a l i s e d  t h a t  a c u t e  rh eum a t ic  d i s e a s e  o c c u r r i n g  in  p regnancy  

can be p e c u l i a r l y  severe  and r a p i d ,  w i t h  s e r i o u s  e f f e c t  on 

the  myocardium even though  the p a t i e n t  be in  an age g r o u p  

c o n s i d e r e d  c o m p a r a t iv e ly  s a fe  in  t h i s  r e s p e c t .  Second ly  

i t  would seem from the r e p o r t s  o f  S q u i r e ,  Abrahams ( t h i r d  

c a s e ) ,  and H ef fe rnan  t h a t  d e l i v e r y ,  w h e th e r  sp o n tan eou s  o r  

in d u c e d ,  was to  the  b e n e f i t  o f  the  m o th e r .  T h i r d l y  the 

c h i l d  in  the  c a se s  o f  S q u i r e ,  L a n g w i l l ,  a n d  H e f fe rn a n  f a i l e d  

to  r e v e a l  any  ev id e n ce  o f  d i s e a s e  in  h e a r t  o r  j o i n t s ,  d e 

s p i t e  the  marked s e v e r i t y  o f  th e  m o th e r ’ s i n f e c t i o n .

Thus, o f  the c a s e s  r e p o r t e d  a s  i n t r a - u t e r i n e  rh e u m a t ic  

i n f e c t i o n ,  none has been a d e q u a t e l y  examined and most  cou ld  

be o th e r w i s e  e x p l a i n e d .  In  the  p a s t ,  a r t h r i t i s  was con

s i d e r e d  the  prime d i a g n o s t i c  p i l l a r  u n t i l  i t  was r e a l i s e d  

t h a t  rh e u m a t i c  d i s e a s e  in  younger  p a t i e n t s  m e re ly  l i c k s  the



the  j o i n t s  w h i l e  b i t i n g  the  h e a r t  (L a se g u e ) ,  and f u r t h e r  

s tu d y  a c t u a l l y  showed t h a t  a r t h r i t i s  in  i n f a n t s  'was more 

commonly due to  d i s e a s e s  o t h e r  than  r h e u m a t i c .  The fo cu s  

o f  i n t e r e s t  was n e x t  c e n t r e d  on e n d o c a r d i t i s  and p e r i c a r d i t i s  

b u t  a g a i n  i t  came to be r e a l i s e d  t h a t  i n  i n f a n t s  the cau se  

o f  t h e s e  c o n d i t i o n s  was more o f t e n  some o t h e r  d i s e a s e  

(White  1926, G e iger  1926) .  C a rd ia c  f a i l u r e  was then  con

s i d e r e d  more c h a r a c t e r i s t i c  o f  rh eu m a t ic  d i s e a s e  in  i n f a n t s  

than  murmurs o r  f r i c t i o n  (M cIn tosh  and Wood, 1935) ,  and s in c e  

t h i s  cou ld  p roceed  so q u i c k l y  and so s e c r e t l y  i t  was a s h o r t  

s t e p  to  demanding the  c o n f i r m a t io n  o f  pos t -m ortem  exam ina

t i o n .  T h ere ,  a l t h o u g h  the f r a n k l y  u l c e r a t i v e  type o f  

e n d o c a r d i t i s  was e a s i l y  r e c o g n i s e d ,  a t  the  o t h e r  end o f  th e  

s c a l e  c a s e s  were seen w i t h  p e r i c a r d i t i s ,  ( s a i d  to be rh e u m a t i c  

W hite  1926,  page 5 4 3 ) ,  b u t  no v e g e t a t i o n s ,  w h i le  s t i l l  o t h e r s  

showed no naked eye ev idence  o f . r h e u m a t i c  d i s e a s e  and were 

unmasked o n ly  on m ic ro s c o p ic  e x am in a t io n  ( S w i f t ,  1925, Cases 

1 and 4 ,  M cIn tosh  and Wood, 1935,  Case 2 ) .

The p r e s e n t  p o s i t i o n  i s  t h u s ,  t h a t  in  i n f a n t s  th e  

d i a g n o s i s  o f  rheum at ic  d i s e a s e  demands m ic r o s c o p ic  exam ina

t i o n  o f  th e  h e a r t ,  as  t h e r e f o r e  does d e a t h  o f  an i n f a n t  from 

unknown c a u s e .  F a i l i n g  t h i s ,  i t  seems t h a t  an a p p r e c i a b l e  

number o f  rh eu m a t ic  c a s e s  in  i n f a n t s  w i l l  be c o m p l e t e ly  

m is s e d ,  and i t  i s  j u s t  p o s s i b l e  t h a t  t h i s  may be the  whole ^



whole e x p l a n a t i o n  o f  the  g e n e r a l l y  r e c o r d e d  r a r i t y  in  

i n f a n c y .  There s t i l l  remains  the  t h e o r e t i c a l  p o s s i b i l i t y ,  

to  be m en t ioned  a g a i n  below, t h a t  a c u t e  rh eu m a t ic  d i s e a s e ,  

i f  i t  be l e t h a l  in  i n f a n c y  may y e t  f a i l  to e l i c i t  the  

c h a r a c t e r i s t i c  h i s t o l o g i c a l  re sp o n se  in  the s t rom a o f  the  

h e a r t ,  e i t h e r  t h r o u g h  s e r o l o g i c a l  d i f f e r e n c e s  i n  the  h o s t ,  

o r  in d ee d  th ro u g h  lac k  of  t im e .  The yo u n g e s t  c h i l d  in  

w h ic h  t y p i c a l  A schoff  b o d ie s  have been r e p o r t e d ,  so f a r  as  

can be a s c e r t a i n e d ,  i s  one o f  s i x t e e n  and a h a l f  months 

r e p o r t e d  by White (1926,  Case I I ) .  F i s c h e r  (1934) i n  h i s  

r e p o r t  on a c h i l d  o f  t h i r t e e n  m onths ,  a l t h o u g h  making no 

m en t ion  in  th e  t e x t  o f  m y o ca rd ia l  A schoff  b o d i e s ,  i l l u s t r a t e s  

a c e l l u l a r  l e s i o n  in  a p a p i l l a r y  muscle  w hich  a p p e a r s  to  be 

a c h a r a c t e r i s t i c  rh eu m a t ic  s u b m i l i a r y  n o d u l e .  Thus in  a 

s tu d y  o f  the  c a s e s  o f  r e p o r t e d  f o e t a l  rheum atism  and i n c i 

d e n t a l l y  o f  a c u t e  rh eu m a t ic  d i s e a s e  in  i n f a n c y ,  two i m p o r t a n t  

f a c t s  s t a n d  o u t .  One i s  t h a t  no h i s t o l o g i c a l  c o n f i r m a t i o n  

has  been  found ,  in  the  l i t e r a t u r e ,  o f  rh e u m a t i c  d i s e a s e  a c 

q u i r e d  i n  the  f i r s t  months o f  l i f e ,  a s t a t e  o f  a f f a i r s ,  a s  

m en t ion ed  e a r l i e r ,  t h a t  demands the  a t t e n t i o n  o f  th e  m orbid  

a n a t o m i s t .  The o t h e r  f a c t  i s  t h a t  no c a s e s  o f  in  t r a  - u t e r i n e  

r h e u m a t i c  i n f e c t i o n  have been c o m p le t e ly  e s t a b l i s h e d .



O the r  L es io n s  o f  th e  F o e t a l  Endocardium.

S ince  a s  w i l l  be shown l a t e r ,  a d i s t i n c t  a l t h o u g h  n o t  

c h a r a c t e r i s t i c a l l y  rh eu m a t ic  l e s i o n  has been  found i n  th e  

v a l v e s  o f  an unborn c h i l d  (Foe tus  I )  from a woman dead o f  

a c u t e  rh e u m a t ic  d i s e a s e ,  i t  i s  im p o r t a n t  to  f i n d  i f  t h i s  be 

an example o f  a known f o e t a l  l e s i o n  and  has o c c u r r e d  in  

a s s o c i a t i o n  w i t h  rh eu m a t ic  d i s e a s e  m ere ly  th ro u g h  c o i n c i d e n c e .  

F o e t a l  e n d o c a r d i t i s ,  so c a l l e d ,  has  been r e p o r t e d  n o t  i n f r e 

q u e n t l y ,  the  term c o v e r in g  a g ro up  o f  c a s e s  r a n g i n g  from 

f i b r o u s  t h i c k e n i n g  o f  the mural  endocardium unaccompanied by  

v a l v u l a r  c h an g e s ,  to  s c l e r o s i s  and o t h e r  d e fo r m i ty  o f  the  

v a l v u l a r  o r i f i c e s .  In a number the  f o e t a l  d i s e a s e  has 

b e en  r e l a t e d  by  th e  d e s c r i o e r  to  some i n f e c t i o n  in  the  m other  

d u r in g  the  l a t e r  p a r t  o f  p regnancy  ( F a r b e r  and Hubbard 1933, 

Abraham 1937, P u s c h e l  1938) .  The c a s e s  r e p o r t e d  a s  f o e t a l  

e n d o c a r d i t i s  form a r e l a t i v e l y  homogeneous g ro u p ,  the  m a j o r i t y  

b e in g  r e a l l y  forms o f  e n d o m y o c a rd i t i s  ( B a r ta k  1 9 35 ) ;  t h i s  

i s  som eth ing  q u i t e  d i f f e r e n t  from any o f  th e  known l e s i o n s  

i n  the  h e a r t  o f  th e  a d u l t .  A n o th e r  d i s t i n g u i s h i n g  f e a t u r e  

i s  the  f r e q u e n c y  o f  c a l c i f i c a t i o n  in  t h e  f i b r o t i c  a r e a  

( J a c o b s t h a l  1900; Monckeberg 1907;  S u w a l i s c h in  1908;

F a r b e r  and Hubbard 1933, case  I ;  S to h r  1934; Abraham 1 937) ,  

and i n  t h i s  r e l a t i o n  I t  i s  o f  i n t e r e s t  t h a t  Dr. J . S .  Fa u ld s  

o f  C a r l i s l e  showed, a t  the  J u l y  m ee t ing  o f  the P a t h o l o g i c a l /



P a t h o l o g i c a l  S o c i e t y  1938, a case o f  c h ro n ic  e n d o m y o c a r d i t i s  

w i t h  c a l c i f i c a t i o n  in the  c h i l d  o f  a rh eu m a t ic  m o th e r .  

S t e i n b i s s  (1923) in  a s tu d y  of  c o n g e n i t a l  rhabdomyoma o f  

th e  h e a r t  has  shown t h a t  th ese  tu m o u r - l ik e  a b n o r m a l i t i e s  a r e  

f r e q u e n t l y  the  s i t e  o f  r e t r o g r e s s i v e  changes ( v a c u o l a t i o n , 

c a l c i f i c a t i o n )  and a r e p la ce m e n t  f i b r o s i s .  I t  i s  j u s t  

p o s s i b l e  t h a t  some o f  the  cases  o f  f o e t a l  e n d o m y o c a r d i t i s  

w i t h  c a l c i f i c a t i o n ,  and p o s s i b l y  some o f  the  e a r l i e r  o f  th e  

o t h e r  r e p o r t e d  case s  o f  c a l c i f i c a t i o n  in  the  h e a r t s  o f  i n 

f a n t s  ( F i s c h e r  1911; F a r b e r  and Hubbard 1933 case  2 and 

a d d i t i o n a l  c a s e ;  Donat 1939; Diamond 1932; A bbo t t  1927) 

may have b e lo n g e d  to the  rhabdomyoma group  s in c e  the  a s s o c i a t 

ed a b n o r m a l i t i e s  which c h a r a c t e r i s e  t h i s  c o n d i t i o n  c o u ld  w e l l  

be m is se d  i f  the  a t t e n t i o n  were u n du ly  f o c u s s e d  on th e  h e a r t .  

O th e r  c o n d i t i o n s  which ,  as  A r i e l  (1930) and B a r ta k  (1935)  

p o i n t  o u t ,  may have l e d  to e r ro n e o u s  d e s c r i p t i o n  a s  F o e t a l  

E n d o c a r d i t i s  a r e  the haematomata o f  t h e  f o e t a l  v a l v e ,

(L ev in son  and L ea rn e r  1932, Harper  and Dow 1936) and t h e  

p r o l i f e r a t i v e  c o n d i t i o n  c a l l e d  myxoma o f  the  f o e t a l  v a l v e ,  

an a b n o r m a l i t y  o c c a s i o n a l l y  seen a l s o  in  th e  a d u l t  h e a r t .  

Through the  k in d n e s s  o f  Dr. H.L. Sheehan o f  t h e  Royal 

M a t e r n i t y  H o s p i t a l ,  Glasgow, I  have been a b l e  to  examine 

th o r o u g h ly  two case s  w i t h  haematomata .  W ith  c a r e f u l  h i s t o 

l o g i c a l  t e c h n iq u e  th e r e  seems no r e a s o n  why t h i s  c o n d i t i o n /



c o n d i t i o n  sh o u ld  be confounded w i t h  any o t h e r .  In  th e  

e x a m in a t io n  o f  an i n f a n t ’ s h e a r t  ( i n f a n t  I  to  be d e s c r i b e d  

b e l o w ) ,  s m a l l  examples o f  haematomata were found m i c r o s c o p i 

c a l l y  a l t h o u g h  n o t  n o t i c e d  w i t h  th e  naked e y e ;  i n  the  s e r i a l  

s e c t i o n s  on b o t h  s i d e s  o f  one o f  t h e s e  b lo o d  c y s t s  phag o cy tes  

c o n t a i n i n g  b lo o d  pigment  were seen in  the  t i s s u e s  o f  the  

v a l v e .  Thus i f  the va lve  had n o t  been examined s e r i a l l y  i t  

would have been  d i f f i c u l t  to e x p l a i n  th e s e  p h a g o c y te s .  Two 

p o i n t s  a r i s e  from t h i s  f i n d i n g ,  one t h a t  the  f r e q u e n c y  o f  

haematomata i s  n o t  j u s t i f i a b l y  measured on naked eye o b s e r v a 

t i o n ,  the  o t h e r  t h a t  one must  a c c e p t  w i t h  c a u t io n  th e  

s u g g e s t i o n  t h a t  h a em o s ide r in  p igment  in  the  f o e t a l  v a lv e  i s  

c o n f i r m a t o r y  o f  an  e a r l i e r  in f la m m a t io n  a s  W i l l e y  and Beck 

(1932)  and Abraham (1937) tend to  do.

The c o n d i t i o n  o f  myxoma o f  the va lv e  (Review by J a l e s k i ,  

1934) has i n  the  p a s t ,  as  B a r t a k  (1935) n o t e d ,  been  r e p o r t e d  

a s  a f o e t a l  e n d o c a r d i t i s ,  p ro b a b ly  b e c a u s e , t h e r e  sometimes 

i s  an a s s o c i a t e d  f i b r o u s  t h i c k e n i n g  o f  t h e  v e n t r i c u l a r  endo

c a rd iu m .  Dr. Sheehan k i n d l y  gave me an i n f a n t ’ s h e a r t  w i t h  

t h i s  change in  the  t r i c u s p i d  v a l v e ,  b u t  w i t h  no e v id e n c e  o f  

m u ra l  e n d o c a r d i a l  f i b r o s i s ,  w h i l e  P r o f e s s o r  J . S .  Young and 

Dr.  Lumsden o f  Aberdeen were good enough to  g ive  me the  h e a r t  

o f  a t h r e e  day o ld  i n f a n t  in  w hich  the  pulmonic  v a lv e  showed 

a v e ry  i r r e g u l a r  t h i c k e n i n g  o f  t h i s  type and i n  w h ic h  t h e /



the  endocard ium  o f  the  a d j a c e n t  v e n t r i c l e  was d i s t i n c t l y  

f i b r o s e d .  M i c r o s c o p ic a l  e x am ina t ion  o f  the  a f f e c t e d  

v a l v e s  showed a c o n d i t i o n  which can b e s t  be d e s c r i b e d  a s  

th e  p re s e n c e  o f  an e x c e s s i v e  amount o f  th e  lo o se  r e t i c u l o -  

c e l l u l a r  t i s s u e  t h a t  n o rm a l ly  forms the spongy l a y e r  o f  a 

v a l v e ,  unaccompanied by any ev idence  o f  e x c e s s i v e  f i b r o s i s  

o r  o t h e r  s ig n  o f  p re v io u s  i n f la m m a t io n .  The th i c k e n e d  a r e a  

o f  endocard ium  over  the  muscle In  the  Aberdeen case  i s  seen 

a s  a d i s t i n c t  f i b r o u s  l a y e r ,  s h a r p l y  dem arca ted  from the  

u n d e r l y i n g  m u sc le ,  p r e s e n t i n g  a p e r f e c t l y  q u i e s c e n t  a p p e a r 

ance  w i t h  no e v id e n c e  o f  p r e v io u s  i n f la m m a t io n .  I t  i s  

p o s s i b l e  t h a t  t h i s  t h i c k e n i n g  i s  to be e x p l a i n e d  by an u p s e t  

o f  the  no rm al  c u r r e n t s  and h y d r o s t a t i c  p r e s s u r e s  b r o u g h t  

a b o u t  by  t h i s  o ve rg ro w th  o f  t h e  v a lv e ;  some o f  t h e  German 

w r i t e r s  have d e s c r i b e d  the change a s  u f u n k t i o n e l l - E l a s t i s c h e  

W an de n d o k a rd f ib ro se n ( S t r a u s  1 930) .  B e a r in g  on t h i s ,  a 

c a se  r e c e n t l y  seen a t  postmortem (Western  I n f i r m a r y  A4469) 

i s  somewhat s u g g e s t i v e ;  t h i s  was a woman o f  t h i r t y - n i n e  

w i t h  a h i s t o r y  o f  dyspnoea on e x e r t i o n  s in c e  the  age o f  f i v e .  

The postmortem e x am in a t io n  which was perform ed by  P r o f e s s o r  

Shaw Dunn showed no ev idence  o f  rh e u m a t ic  d i s e a s e  b u t  t h e r e  

was a p a t e n t  i n t e r v e n t r i c u l a r  foramen and on the  a n t e r i o r  

w a l l  o f  the  r i g h t  v e n t r i c l e ,  one cm. below the  pulmonic 

v a l v e ,  a d i s t i n c t  p a tc h  o f  f i b r o s i s  o f  the  endocard ium  w i t h /



46.

w i t h  t i n y  v e g e t a t i o n s  on i t s  c e n t r a l  p a r t .  There seemed 

l i t t l e  d o u b t  t h a t  t h i s  p a t c h  was where the  b lo o d  coming 

th r o u g h  the  foramen impinged on the  v e n t r i c u l a r  endoca rd ium .  

P r o f e s s o r  Shaw Dunn k i n d l y  a l lo w e d  me t o  examine t h i s  a r e a  

h i s t o l o g i c a l l y .  I t  shows a t h i c k  l a y e r  o f  dense c o n n e c t iv e  

t i s s u e ,  s h a r p l y  dem arca ted  from the  u n d e r l y i n g  m u sc le ,  w i t h  

on i t s  s u r f a c e  s c a t t e r e d  th in  p laq u e s  o f  f i b r i n .  This 

f i b r o u s  l a y e r  i s  v e ry  comparable t o ,  a l t h o u g h  much g r o s s e r  

than  the  l a y e r  in  the f o e t a l  c a s e ;  i t  a l s o  re s e m b le s  the  

type  o f  e n d o c a r d i a l  f i b r o s i s  d e s c r i b e d  in  some o f  the  c a se s  

o f  s o - c a l l e d  f o e t a l  e n d o c a r d i t i s  ( S t i a s s n y  1901, Huge 1905, 

K ockel  1908, F i s c h e r  1911, L oeser  1915, von Zalka  1924,

Lahm 1928, S t r a u s  1950, B e l l e t  and G-ouley 1932, a n d  S to h r  

1 9 3 4 ) .  These f i n d i n g s  go to c o n f i rm  th e  view o f  B a r ta k  

(1935)  t h a t  c a se s  o f  t h i s  type even when the  v e n t r i c u l a r  

endocard ium  i s  f i b r o s e d  can be c o n s i d e r e d  a s  due p r i m a r i l y  

to  a b n o r m a l i t i e s  o f  growth  r a t h e r  than  to f o e t a l  i n f l a m m a t io n .  

The two c a se s  o f  myxoma examined conform a d e q u a t e l y  w i t h  the  

c o n d i t i o n  d e s c r i b e d  in  the p a s t  a s  myxoma, and  th u s  a l lo w  

one to  s t a t e  t h a t  t h i s  type o f  u p s e t  o f  the  f o e t a l  e n d o c a r 

dium in  no way r e s e m b le s  the  changes seen in  f o e t u s  I .

Perhaps  the most  s t r i k i n g  f a c t  a r i s i n g  from a s u r v e y  o f  

the  l i t e r a t u r e  in  t h i s  s u b j e c t  o f  n o n - r h e u m a t i c  f o e t a l  endo-  

m y o c a r d i t i s  i s  t h a t  in  the  2 6 c a se s  c o l l e c t e d  from t h e /



the  l i t e r a t u r e  where the  age o f  th e  c h i l d  p r e c l u d e s  th e  

p o s s i b i l i t y  o f  p o s t n a t a l  i n f e c t i o n  and in  w hich  the  t i s s u e s  

have been  examined m i c r o s c o p i c a l l y  ( J a c o b s t h a l  1900;

S t i a s s n y  1901; Ruge 1905; Monckeberg 1907; Kockel  1908; 

S u w a l i s c h in  1908;  Nagel  1908; G aneff  1910; L oeser  1915; 

I p s e n  1912 and 1915; Von Zalka 1924;  Lahm 1927; S t r a u s  

1930; A r i e l  1930; Dissmann 1932; B e l l e t  and Gouley 1932; 

W i l i e r  and Beck 1932; F a rb e r  and Hubbard 1933, c a s e s  1 and 

4 ;  S to h r  1934; B a r ta k  1935, c a s e s  1 and 2 ;  Abraham 1937; 

P u s c h e l  1938) ,  o n ly  two c a se s  showed a c u t e  in f la m m a to ry  

c h a n g e s .  Von Z alka  d e s c r i b e s  f r e s h  e n d o c a r d i t i c  d e p o s i t  

on a c o n g e n i t a l l y  deformed h e a r t  o f  a two d ay  o ld  c h i l d .  

G e n e f f  i s  t h e  o n ly  one to d e s c r i b e  an a c u t e  in f la m m a to ry  

l e s i o n  in  a f o e t a l  h e a r t  n o t  the  s e a t  o f  g row th  d e f o r m i t y .  

This  was r e p o r t e d  in  a t h e s i s  which  i s  u n f o r t u n a t e l y  n o t  

a v a i l a b l e  to  me; L o e s e r ,  however,  q u o te s  Ganeff  a s  say ing  

t h a t  the endocardium shows n s t e l l e n w e i s e  n och  Herde f r i s c h e n  

En tzundung’1 . I t  would a p p ea r  t h a t  l a t e r  German w r i t e r s  

have ig n o re d  o r  r e f u s e d  to a c c e p t  Ganeff* s s t a t e m e n t ,  a s  

R i b b e r t  in  1924, A r i e l  in  1930 and W i l i e r  and Beck 1932 a l l  

s t a t e  t h a t  a f r e s h  e n d o c a r d i t i s  in  the f o e t u s  o r  newborn 

c h i l d  has n e v e r  been r e p o r t e d ,  and A r i e l  a g r e e s  w i t h  R i b b e r t  

t h a t  a l l  the  c a s e s  r e p o r t e d  have been o f  a b u r n t  o u t  p r o c e s s .  

From the d e s c r i p t i o n s  g iven  o f  th e  m ic r o s c o p ic  changes  in  

f o e t a l  e n d o m y o c a r d i t i s , i t  i s  d i f f i c u l t  to e n v is a g e  the  s e - /
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sequence  o f  p r e v io u s  changes ,  s i n c e  the p r o c e s s  a p p e h r s  to 

be something  q u i t e  d i f f e r e n t  from any known to  o c c u r  in  

p o s t n a t a l  l i f e ;  some o f  the c a s e s  m ight  be the  f o e t a l  

a n a lo g u e  o f  a c u t e  i n t e r s t i t i a l  m y o c a r d i t i s  ( s o - c a l l e d  

F i e d l e r 1s m y o c a r d i t i s ,  Taussig  and Oppenheimer 1936) b u t  

o t h e r s  a r e  o b v i o u s l y  something q u i t e  d i f f e r e n t .  On g e n e r a l  

p r i n c i p l e s  and the ev id en ce  a v a i l a b l e  t h e r e  seems no r e a so n  

f o r  s u g g e s t i n g  t h a t  the  l e s i o n  found in  F o e tu s  I  i s  the  

e a r l y  s t a g e  o f  the  c o n d i t i o n  d e s c r i b e d  a s  f o e t a l  endomyocardit is 

The somewhat i n d e t e r m i n a t e  type o f  e n d o c a r d i t i s  f i r s t  

d e s c r i b e d  by Libman and S a c k s , - a n d  s in c e  then been shown to  

o c c u r  in  a s s o c i a t i o n  w i t h  c e r t a i n  b i z a r r e  g roups  o f  c l i n i c a l  

m a n i f e s t a t i o n s  has n o t  been  d e s c r i b e d  in  th e  i n f a n t .  A 

c a se  o f  t h i s  type in  an a d u l t  has  been exam ined ,  r e s e m b l in g  

c l o s e l y  the  subgroup d e s c r i b e d  by Baehr e t  a l  (1935) in  which  

v a s c u l a r  l e s i o n s  in  the  v i s c e r a ,  and e n d o c a r d i t i s  a r e  a s s o 

c i a t e d  w i t h  lupus  e r y th e m a to s u s .  A l though  t h i s  c a se  has 

n o t  y e t  been  f u l l y  s t u d i e d ,  i t  can be s t a t e d  t h a t  th e  t i n y  

v a l v u l a r  l e s i o n s ,  n o t  seen by the  naked e y e ,  a r e  s u g g e s t i v e  

o f  the  rh eu m a t ic  type  o f  l e s i o n  b u t  in  no  way re sem b le  the  

l e s i o n s  seen in Fo e tu s  I .

The o n ly  known c o n d i t i o n  to which  the  l e s i o n  in  Foe tus  

I  a p p e a r s  to  b e a r  any  re sem blance  i s  the  t o x i c  e n d o c a r d i t i s  

f i r s t  d e s c r i b e d  by B a l d a s s a r i  ( 1 9 0 9 ) .  This  change has b e e n /



been  f u r t h e r  s t u d i e d  by C z i r e r  (1 9 1 3 ) ;  h i s  m a t e r i a l  con 

s i s t e d  o f  th e  a p p a r e n t l y  normal  semi l u n a r  and m i t r a l  v a lv e s  

from 27 c a s e s  o f  young people  dead o f  i n f e c t i v e  d i s e a s e .

On m i c r o s c o p i c a l  e x a m in a t io n ,  21 o f  th e se  showed marked 

u p s e t ,  and o f  h i s  9 c a s e s  aged 2 o r  u n d e r ,  a l l  showed 

v a l v u l a r  a b n o r m a l i t y .  The changes a r e  o f  two main t y p e s ,  

one an oedema a s s o c i a t e d  w i t h  b o t h  i r r e g u l a r i t y  o f  the 

e l a s t i c a  and h y a l i n e  changes i n  the  s t ro m a ,  the  o t h e r  a 

c e l l u l a r  i n f i l t r a t i o n  and p r o l i f e r a t i o n .  The fo rm er  o f  

t h e s e  changes i s  d i f f i c u l t  to  a s s e s s  a s  w i l l  be  u n d e r s to o d  

by  any  who have s t u d i e d  the d i f f e r i n g  r e a c t i o n  o f  c a r d i a c  

v a l v e s  to  th e  u s u a l  f i x i n g  f l u i d s  and t e c h n i c a l  m ethods .

The i n f i l t r a t i v e  and p r o l i f e r a t i v e  a b n o r m a l i t y ,  w h ich  he 

r e c o r d s  in  6 o u t  o f  the  9 c a se s  aged 2 o r  u n d e r ,  shou ld  be 

c a p a b le  o f  f a i r l y  j u s t  e s t i m a t i o n .  He m en t io ns  plasma c e l l s  

among the  i n f i l t r a t i n g  lymphocytes  b u t  no po lymorphs .  I t  

i s  u n f o r t u n a t e  t h a t  h i s  i l l u s t r a t i o n s  do n o t  c o n f i rm  o r  even 

s u p p o r t  h i s  d e s c r i p t i o n s .  De Vecchi  (1931) s t u d i e d  the  

v a lv e s  in  c h i l d r e n  and i n f a n t s  dy ing  o f  i n f e c t i v e  d i s e a s e ,  

and o f  the  23 c a se s  up to the  age o f  20 months o n ly  2 f a i l e d  

to  show m ic r o s c o p ic  l e s i o n s ;  o f  the  6 c a se s  up to  4 m onths ,  

one i s  n o t  d e t a i l e d  but the r em a in in g  5 showed v a l v u l a r  

chan ges ,  n o t e d  a s  v e ry  grave  in  4 .  He says ” R a th e r  e x c e p 

t i o n a l l y ,  t h e r e  was p r e s e n t  a s c a n t y  number o f  /



o f  po lym orp ho n uc lea r  l e u c o c y t e s ;  t h e s e  o c c u r re d  o n ly  in  

v e r y  s e v e r e  and r e l a t i v e l y  advanced c a s e s .  E a r l y  th ro m b o t ic  

phenomena o v e r l y i n g  the v a l v u l a r  l e s i o n s  were r a r e l y  

d em o n s t ra b le "  . His i l l u s t r a t i o n s  a r e  s u g g e s t i v e  i n  p a r t  

b u t  p o o r .  C a p e l l i  (1933) s t u d i e d  62 f o e t a l  h e a r t s  and 

b e l i e v e s  t h a t  he has found m ic r o s c o p ic  changes i n  th e  v a lv e s  

o f  p r o l i f e r a t i v e  and d e g e n e r a t i v e  t y p e ;  th ese  he r e l a t e s  to  

what  he d e s c r i b e s  a s  t o x ic  o r  t o x i n i c  f a c t o r s .  His i l l u s 

t r a t i o n s  a r e  n o t  i n f o r m a t i v e .

The d e s c r i p t i o n s  g iv en  by de Vecchi  f o r  h i s  more s e v e r e  

c a s e s  seem r a t h e r  s i m i l a r  to  those  fo un d  in  F o e tu s  I  b u t  in  

view o f  th e  in a d e q u a te  i l l u s t r a t i o n s  and th e  l a c k  o f  c o n t r o l  

o b s e r v a t i o n s  in  the  papers  o f  th o se  d e s c r i b i n g  t o x i c  e ndo

c a r d i t i s ,  i t  seemed d e s i r a b l e  to  a s c e r t a i n  i f  w i t h  the  

t e c h n iq u e  used h e re  a s i m i l a r  l e s i o n  cou ld  be found  f o r  

comparison  w i t h  t h e i r  d e s c r i p t i o n s  and w i t h  the changes 

found in  Foe tus  I .  For t h i s  purpose  one f o e t a l  h e a r t  and 

two i n f a n t i l e  h e a r t s  were f i x e d  i n  f o r m o l - s u b l i m a t e  w i t h  

a f t e r - h a r d e n i n g  in  s a t u r a t e d  aqueous s u b l i m a t e ,  d e h y d ra te d  

by  g rad e d  b u t y l  a l c o h o l  and embedded by  P e t e r f i ’ s method 

m o d i f i e d  by  the  a d d i t i o n  o f  t r i c r e s y l p h o s p h a t e  a s  p l a s t i -  

c i z e r  to  the  c e l l o i d i n  ( t h e  s t a n d a r d  tec h n iq u e  a s  d e s c r i b e d  

in  the a p p e n d i x ) .  The h e a r t s  were c u t  i n t o  b l o c k s  more 

o r  l e s s  on the b a s i s  o f  the method s u g g e s te d  b y  Gross e t  a l . /
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a l .  ( 1 9 3 0 ) ;  v i r t u a l l y  the whole v a l v u l a r  a p p a r a t u s  and the  

l a r g e r  p r o p o r t i o n  o f  the  myocardium was p r e p a r e d  f o r  h i s t o 

l o g i c a l  e x a m in a t io n  by s e r i a l  s e c t i o n .  A f t e r  examining  

the  f i r s t  92 6 s l i d e s ,  the  m y o c a rd ia l  a r e a s  were examined 

i n  a l t e r n a t e  s e c t i o n s  b u t  the v a l v u l a r  t i s s u e s  were s t u d i e d  

t h r o u g h o u t ;  a t o t a l  o f  1 ,884 s l i d e s  was thus  examined.

F o e tu s  I I  was o f  j u s t  over  5 months age and was o b t a i n e d  

by  abdom inal  h y s te ro to m y  from a woman s u f f e r i n g  from c h ro n ic  

Rheumatic d i s e a s e  o f  the  h e a r t  w i t h  subacu te  b a c t e r i a l  endo

c a r d i t i s ,  l a t e r  confi rm ed a t  pos t -m or tem .  I n f a n t  I  d i e d  

a t  19 d a y s ,  t o x i c  and d e h y d r a t e d ,  w i t h  c o l i f o r m  i n f e c t i o n  

o f  t h e  middle  e a r s .  I n f a n t  I I  d i e d  a t  21 d a y s ,  a f t e r  some 

days  o f  e n t e r i t i s ;  p a r a c e n t e s i s  o f  the e a r  drum was p e r 

formed the  day b e f o r e  d e a t h .  At p o s t  mortem, pus and 

s t r e p t o c o c c i  were found in  b o t h  m idd le  e a r s .  ^n none o f  

t h e s e  c a s e s ,  Foe tu s  I I ,  I n f a n t  I  o r  I n f a n t  I I  was t h e r e  any 

naked  eye e v id e n c e  o f  a b n o r m a l i t y  in  the  h e a r t .

The m i c r o s c o p i c a l  e x a m in a t io n  o f  t h e s e  c a se s  r e v e a l e d  

t h r e e  p o i n t s  o f  i n t e r e s t .  In f o e t u s  I I ,  removed from a 

woman w i t h  su bacu te  b a c t e r i a l  e n d o c a r d i t i s ,  two sm a l l  lym

p h a t i c  g l a n d s  were found in  the a u r i c u l o - v e n t r i c u l a r  wedge 

o f  the  e p ic a r d iu m ;  th e s e  were a p p a r e n t l y  u n d e rg o in g  a t r o p h y .  

P a tek  (1939) q u o te s  Mouchet a s  f i n d i n g  ’’ sm a l l  lymph nodes  

embedded in  the  e p ic a rd iu m  o v e r l y i n g  the i n t e r v e n t r i c u l a r



i n t e r v e n t r i c u l a r  s u l c i .  He found th e s e  sm all  lymph nodes 

q u i t e  r e a d i l y  in  the  dog and h o rse  b u t  was u nab le  to  l o c a t e  

any  in  human h e a r t s . ” I t  i s  t h e r e f o r e  o f  p a r t i c u l a r  

i n t e r e s t  t h a t  in  t h i s  human f o e t u s  the  two t i n y  g l a n d s  found 

sh o u ld  have been  composed o f  c e l l s  o b v io u s ly  in  a s t a t e  o f  

r e g r e s s i o n .

In  I n f a n t  I  an a r e a  o f  u n u su a l  c e l l u l a r i t y  was seen in  

a p a r t  o f  the  a o r t i c  v a lv e  f a i r l y  n e a r  i t s  i n s e r t i o n  ( f i g u r e  

6 2 ) ;  many o f  t h e s e  c e l l s  were o f  the  l a t t i c e  t y p e ,  d e s 

c r i b e d  more f u l l y  be low .  In  the s tudy  o f  t h e s e  f o e t a l  and 

i n f a n t i l e  c a se s  such c e l l s  were i n f r e q u e n t l y  seen and i t  i s  

t e m p t in g  to su g g e s t  t h a t  t h i s  a cc u m u la t io n  must  have some 

p a t h o l o g i c a l  s i g n i f i c a n c e  b u t  E h r l i c 'h  and La pan (1939)  s t a t e  

t h a t  the  embryonic  v a lv e  c ush ion  c o n ta in s  l a r g e  numbers o f  

t h e s e  c e l l s  and. t h a t  l a r g e  numbers a r e  p r e s e n t  i n  th e  v a lv e s  

t h r o u g h o u t  embryonal  deve lopm en t .  My own o b s e r v a t i o n s  do 

n o t  c o n f i rm  t h i s  l a t e r  s t a t e m e n t  b u t  i n  view o f  i t  t h e r e  i s  

some h e s i t a t i o n  in  a c c e p t i n g  the  c o l l e c t i o n  i l l u s t r a t e d  a s  

b e i n g  p a t h o l o g i c a l .  I t  i s  p e rhaps  w o r th  n o t i n g  t h a t  none 

o f  the  w r i t e r s  on t o x i c  e n d o c a r d i t i s  makes any m ent ion  o f  

t h e s e  c e l l s .

fhe t h i r d  p o i n t  o f  i n t e r e s t  was the  f i n d i n g  o f  a change 

t h a t  seems d e f i n i t e l y  p a t h o l o g i c a l .  In the  t r i c u s p i d  va lve  

o f  i n f a n t  I I  a sm al l  fo cu s  i s  seen  ( f i g u r e  6 3 ) ,  f a i r l y  w e l l
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w e l l  d e f i n e d  and composed o f  r a t h e r  i n d e t e r m i n a t e  m ononuclear  

c e l l s  w i t h  round  o r  s l i g h t l y  lo bed  n u c l e i .  There i s  the  

s u g g e s t i o n  o f  a c e n t r a l  space b e g in n in g  to - .app ea r ,  w h i l e  

the  p re s e n c e  o f  a few sm a l l  p y k n o t ic  d i s t o r t e d  n u c l e i  and 

n u c l e a r  f r ag m e n ts  r a t h e r  confi rm s an e a r l y  n e c r o t i c  l e s i o n  

in  the  s u b e n d o t h e l i a l  t i s s u e .  This t i n y  fo c u s  a p p e a r s  to  

answ er  to the  d e s c r i p t i o n  g iv en  by  the  w r i t e r s  quoted  above 

f o r  t o x i c  e n d o c a r d i t i s ,  b u t  in  view o f  the  h i g h  f r e q u e n c y  

w i t h  w h ich  the  c o n t i n e n t a l  w r i t e r s  e n c o u n te re d  c l e a r  e v id e n ce  

o f  t o x i c  e n d o c a r d i t i c , i t  i s  r a t h e r  s u r p r i s i n g  t h a t  in  a 

s t u d y  o f  n e a r l y  two thousand  s e c t i o n s  o n ly  t h i s  one a b n o r 

m a l i t y  shou ld  have been fo u n d .  I t  may be a rg u e d  t h a t  I  

have f a i l e d  to n o t e  the r e a l l y  e a r l y  changes b u t  i t  i s  

d o u b t f u l  i f  a l e s s  d e f i n e d  focus  than  t h i s  cou ld  be 

a p p r e c i a t e d  a s  s u c h .  Not i n f r e q u e n t l y  d u r in g  t h i s  p a r t  o f  

the  s t u d y ,  an ap pea rance  has been  se en  a t  t h e  s u r f a c e  o f  

v a l v e s  t h a t  has  been i n t e r p r e t e d  a s  t a n g e n t i a l  c u t t i n g  o f  

the  e n d o t h e l i a l  l a y e r ;  t h i s  may pe rh ap s  have been the  b a s i s  

o f  th e  e n d o t h e l i a l  p r o l i f e r a t i o n  d e s c r i b e d  by  th e s e  w r i t e r s .  

W hether  o r  n o t  th e re  be such a t h i n g  a s  t o x i c  e n d o c a r d i t i s  

the  l e s i o n  h e re  i l l u s t r a t e d ,  and t h e r e  seems l i t t l e  d o ub t  

t h a t  t h i s  ap p ea ran ce  i s  n o t  the p ro d u c t  o f  a r t e f a c t ,  shows 

changes  to  which the p u b l i s h e d  a c c o u n t s  o f  t o x i c  e n d o c a r 

d i t i s  cou ld  be a p p l i e d ;  i t  i s  however a much more f o c a l , /



f o c a l  and b e t t e r  d e f in e d  change than  i s  shown i n  a n y  

i l l u s t r a t i o n  in  the  l i t e r a t u r e  on t h i s  s u b j e c t .  I t  i s  

p e rh a p s  w o r th y  o f  n o t e  t h a t  in  ove r  a thousand s e c t i o n s  o f  

myocardium from t h e s e  t h r e e  c a s e s ,  no a b n o r m a l i t y  was n o t e d .  

To summarize t h i s  s e c t i o n  i t  may be s a i d  t h a t  o f  the  r e 

p o r t e d  and o b se rv e d  l e s i o n s  in  the  f o e t a l  endocardium the  

o n ly  one to  which  the  changes in  f o e t u s  I  have any resem 

b l a n c e  i s  the  c o n d i t i o n  o f  s o - c a l l e d  t o x i c  e n d o c a r d i t i s .
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A CASE OF FATAL ACUTE RHEUMATIC DISEASE 

DURING PREGNANCY.

The l a s t  c ase  to "be d e s c r i b e d  i s  t h a t  o f  a young woman 

who d i e d  u n d e l i v e r e d  in  the  s e v e n th  month o f  h e r  f i r s t  

p reg n an cy  o f  a v e r y  a c u te  rh eu m a t ic  p a n c a r d i t i s .  As t h i s  

a p p e a r s  to  be a case  o f  a type n o t  h i t h e r t o  r e p o r t e d  on a 

b a s i s  o f  h i s t o l o g i c a l  e x a m in a t io n ,  and  a s  i t  b e a r s  v e ry  

d i r e c t l y  on the problem o f  f o e t a l  rheumatism i t  I s  p roposed  

to  su b m i t  a s e r i e s  o f  i l l u s t r a t i o n s  t h a t  may s t a n d  a s  

e v id e n c e  t h a t  the m o t h e r s  d i s e a s e  was t r u l y  r h e u m a t i c .

C l i n i c a l  H i s t o r y :

M rs .  Mary M.,  age 20 was a d m i t t e d  to  S e a f i e l d  H o s p i t a l ,  

Ayr u n d e r  the  c a r e  o f  Dr.  W .I .C .  M o r r i s , ( O b s t e t r i c i a n  to  

Ayr County Council-) w i t h  the  com p la in t  o f  j o i n t  p a in s  and 

g e n e r a l  w e ak n e ss .  She was then a b o u t  the  s e v e n t h  month o f  

h e r  f i r s t  p reg n an cy .  Her h e a l t h  p r i o r  to  th e  p r e s e n t  i l l n e s s  

had b e en  good and th e r e  was no h i s t o r y  o f  s e r i o u s  i l l n e s s  in  

the  pa s t .

Three weeks b e f o r e  a d m is s io n  she had been  b a d l y  soaked 

and c h i l l e d  by r a i n  a t  a f u n e r a l .  Next  day the  knees  and  

a n k l e s  were p a i n f u l  and l a t e r  the  j o i n t s  o f  the  a rm s .  She 

went  to  bed  and c o n t in u e d  to  s u f f e r  a t  i n t e r v a l s  from the  

same p a i n s .  A f t e r  a week t h e r e  was s l i g h t  m e n t a l  con

f u s i o n /



c o n f u s i o n .  By the  t h i r d  week, the  j o i n t  p a in s  had gone 

b u t  t h e r e  was now insomnia w i t h  v e ry  marked l e t h a r g y .  On 

a d m is s io n  she was n o t e d  a s  b e in g  anaemic and somewhat 

e m a c i a t e d ,  w i t h  s l i g h t  b r e a t h l e s s n e s s  and s l i g h t  m e n ta l  

c o n f u s i o n .  No d e f i n i t e  j o i n t  invo lvem en t  was found  b u t  

the  h e a r t  a p p e a re d  d i l a t e d  and t h e r e  were s o f t  c o n t in u o u s  

murmurs i n  the  a o r t i c  and m i t r a l  a r e a s .  During the  week 

i n  h o s p i t a l  t h e r e  was m ild  p y r e x i a  w i t h  a t a c h y c a r d i a  v a r y 

in g  a ro u n d  130. The m en ta l  c o n fu s io n  grew p r o g r e s s i v e l y  

more s e v e re  and the p h y s i c a l  c o n d i t i o n  s teadi3 .y  d e t e r i o r a t e d .  

T r a n s i e n t  j o i n t  p a in s  and s w e l l in g  were n o t e d  two days b e f o r e  

d e a t h .  Some s i x  h o u rs  b e f o r e  d e a t h  t h e r e  was a c u t e  r e s p i r 

a t o r y  d i s t r e s s  w i t h  b lood  s t a i n e d  e x p e c t o r a t i o n .

A b s t r a c t  o f  F in d in g s  a t  P o s t  Mortem Exam ina t ion  -  13 

h ou rs  a f t e r  d e a t h .

No obv ious  p e r i p h e r a l  oedema and no su b cu taneou s  n o d u le s  

were f o u n d .  The p e r i c a r d iu m  showed a t h i c k e n e d  oedematous 

p a r i e t a l  l a y e r  and c o n ta in e d  t h r e e  o r  f o u r  ounces o f  s l i g h t l y  

t u r b i d  f l u i d .  The h e a r t  showed on i t s  e p i c a r d i a l  s u r f a c e  

a f i n e l y  g r a n u l a r  e x u d a t e .  The a o r t i c  v a lv e  had a row o f  

t i n y  v e g e t a t i o n s  on one o f  i t s  c u s p s .  A s i m i l a r  row was 

seen  a lo n g  the  l i n e  o f  c lo s u r e  o f  b o t h  the  m i t r a l  and t r i 

c u s p id  v a l v e s .  The pulmonic v a lv e  looked  n o rm a l .  The 

myocardium a p p e a re d  p a le  in  c o l o u r  and d e f i n i t e l y  s o f t  t o /



to  th e  t o u c h ;  no f o c a l  l e s i o n s  were seen n o r  any e v id en ce  

to  s u g g e s t  a p r e v io u s  rheum atic  c a r d i t i s .  The c o ro n a r y  

a r t e r i e s  seemed n o rm a l .  The lu n g s  were h e a v i e r  than  

n o rm a l  and showed a p e c u l i a r  p ink c o lo u r  w i t h  a s o l i d  b u t  

r a t h e r  t r a n s l u c e n t  a p p e a ra n c e .  They were s l i g h t l y  i r 

r e g u l a r  to  the  tou ch  b u t  no d e f i n i t e  a r e a s  o f  i n f a r c t i o n  

were fo u n d .  The l i v e r  and sp le e n  b o t h  showed s l i g h t  

c o n g e s t i o n .  The k id n ey s  had an u n u s u a l  p a tc h y  p a l l o r  in  

the  m e d u l l a r y  p o r t i o n s .  The s tomach and i n t e s t i n e s ,  

p a n c r e a s ,  a d r e n a l s ,  u t e r u s  and o v a r i e s  showed n o t h in g  o f  

n o t e .  The head was n o t  opened .

The f o e t a l  lun g s  had m u l t i p l e  f r e s h  s u b p l e u r a l  

h a em o r rh ag e s .  The h e a r t  ap p ea re d  n o rm a l .  The o t h e r  

f o e t a l  v i s c e r a  were n o t  examined.  N oth ing  was seen to  

s u g g e s t  a pyogenic  i n f e c t i o n  in  e i t h e r ,  and a p r o v i s i o n a l  

d i a g n o s i s  was made o f  a c u t e  rh eu m a t ic  d i s e a s e  o f  f o u r  w e e k s ’ 

d u r a t i o n ,  w i t h  p a n c a r d i t i s  and p r o g r e s s i v e  c a r d i a c  

in  s u f f i c i e n c y .



D e s c r i p t i o n  and D is c u s s io n  on the  Morbid Anatomy.

In  d e s c r i b i n g  the h i s t o l o g i c a l  changes in  the m a t e r n a l  

h e a r t  an  e f f o r t  has  been made to  show pho tom ic rographs  o f  

t r u l y  d i a g n o s t i c  l e s i o n s ,  capab le  o f  s t a n d in g  a s  e v i d e n c e .  

These a r e  g iven  i n  some d e t a i l  b eca u se  the case  p ro v id e s  a 

w e a l t h  o f  c h a r a c t e r i s t i c  m a t e r i a l ,  b ecau se  th e  l e s i o n s  in  

p r a c t i c a l l y  e v e r y  c a t e g o r y  a r e  among the  most s t r i k i n g  and 

w e l l  d e f i n e d  t h a t  have been  seen i n  any p u b l i c a t i o n  o r  in  

any  o f  my own c a s e s ,  and b ecau se  in  the  p a s t  many o f  t h e s e  

m ic r o s c o p ic  changes  have n o t  been a d e q u a t e l y  i l l u s t r a t e d .

110 b l o c k s  were examined from the  h e a r t  a l o n e ,  many o f  t h e s e  

b y  m u l t i p l e  s e c t i o n s  and by  d i f f e r e n t  s t a i n i n g  methods b u t  

n o t h i n g  was found t h a t  c o n t r a d i c t s  the  g e n e r a l  c o n c e p t io n  

a l r e a d y  s t a t e d  o f  the  morbid  anatomy o f  a c u te  rh eu m a t ic  

d i s e a s e .  C e r t a i n  changes a r e  p r e s e n t  t h a t  have n o t  been 

em phas ized  by  p r e v io u s  w r i t e r s  on t h i s  s u b j e c t ;  s in c e  t h e s e  

a r e  something q u i t e  d i f f e r e n t  from b a n a l  in f la m m a t io n  and 

s in c e  t h e y  do n o t  c o r re sp o n d  to  a n y th i n g  o b se rv ed  e ls ew h e re  

in  the  g e n e r a l  r o u t i n e  o f  a p a t h o l o g i s t ’ s work t h e y  a r e  

taken  to  be rh eu m a t ic  and to be s a l i e n t  in  t h i s  case  m e re ly  

b eca u se  o f  i t s  ex treme s e v e r i t y .  Some o f  the  s e c t i o n s  have 

been pho tog raph ed  th ro u g h  r a t h e r  u n u s u a l  c o m b in a t io n s  o f  

c o l o u r  f i l t e r s  to  emphasize the  d i s t r i b u t i o n  o f  s p e c i a l  

e l e m e n t s ;  accompanying an example o f  each  o f  t h e s e  l e s s /
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l e s s  common s c r e e n i n g s  t h e r e  i s  a c o lo u re d  s k e t c h  as  key  

to  the  p h o to g ra p h  in  monochrome. The c o l o u r  s k e t c h e s  were 

made w i t h  w a t e r p r o o f  in k s  on d u p l i c a t e  p r i n t s  and the s i l v e r  

image t h e r e a f t e r  removed by  io d in e  and sodium t h i o s u l p h a t e .

The v e r b a l  d e s c r i p t i o n s  o f  the morbid anatomy a r e  f o r  

the  most  p a r t  g iv e n  w i t h  d i r e c t  r e f e r e n c e  to the  p h o to 

m ic ro g ra p h s  s in c e  i t  i s  c o n s id e r e d  t h a t  the f u n c t i o n  o f  the  

l a t t e r  i s  to make good the i n a d e q u a c ie s  o f  the  v e r b a l  r e p o r t .  

In c o n j u n c t i o n  t h e y  cover  the  s i g n i f i c a n t  f i n d i n g s  in  th e  

c a r d i a c  t i s s u e  o f  the  mother  and a r e  p r e s e n t e d  a s  a d e t a i l e d  

p r o o f  t h a t  h e r  f a t a l  i l l n e s s  was in  t r u t h  a c u t e  rh eu m a t ic  

d i s e a s e .

The f i r s t  f i g u r e  (1)  i s  a low power view (x  70) o f  the  

myocardium o f  the  l e f t  v e n t r i c l e  n e a r  the  i n s e r t i o n  o f  th e  

p o s t e r i o r  m i t r a l  f l a p .  I t  shows the  l o c a l i s a t i o n  o f  th e  

A s c h o f f  b o d i e s  in  th e  c a r d i a c  s t ro m a ,  which i t s e l f  i s  some

what  oedematous and im m ed ia te ly  obv io u s  a s  i t  n e v e r  i s  in  

the  n o rm a l  h e a r t .  There a r e  twenty  seven  o f  t h e  c h a r a c t e r 

i s t i c  b o d i e s  in  the  f i e l d ,  an ev id e n ce  o f  the  ex trem e s e v e r 

i t y  o f  t h e  i n f e c t i o n .

F ig u re  2 ,  a t  a h i g h e r  power, shows a g roup  o f  A sch o f f  

b o d i e s  o f  the  e a r l y  c o r o n a l  t y p e ,  e ach  formed o f  a c e n t r a l  

c o l l a g e n o u s  co re  and a c i r c l e t  o f  l a r g e  somewhat b a s o p h i l i c  

c e l l s .  F ig u re  5 i s  o f  a n o t h e r  g roup  o f  t h e s e  l e s i o n s  l y in g y
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l y i n g  in  the  v e n t r i c u l a r  s t rom a.

F ig u re  4 shows a s in g l e  c o r o n a l  body s i t u a t e d  a s  a l 

ways i n  the  s t ro m a ;  t h e r e  i s  a c e n t r e  o f  f a i n t l y  f i b r i l l a r ,  

v i r t u a l l y  amorphous p o o r ly  s t a i n e d  m a t e r i a l  w i t h  a su r ro u n d  

o f  l a r g e  c e l l s  and a few lym phocy tes .  The c o lo u r  s k e t c h  

o f  t h i s  f i e l d  ( f i g . 5) shows the  r a t h e r  d u l l  s t a i n i n g  w i t h  

e o s i n  t h a t  i s  t y p i c a l  o f  the  c o r o n a l  A scho f f  body.  Where

a s  f i b r i n  and the w e l l  f i x e d  e r y t h r o c y t e  take  a more 

b r i l l i a n t  r e d  s t a i n i n g  w i t h  e o s in  than does even m u sc le ,  

t h i s  m a t e r i a l  s t a i n s  to  the same f l a t  p ink  a s  c o l l a g e n .

The use  o f  o t h e r  s t a i n i n g  methods conf i rm s  t h i s  p h y s i c o 

c h e m ic a l  s i m i l i a r i t y  w i t h  c o l l a g e n .  Thus w i t h  van G ie s o n ’ s 

method,  the  m a t e r i a l  t a k e s  the  a c id  magenta ( f u c h s i n )  a s  

p o i n te d  o u t  by G e ip e l  (19 0 6 ) ;  w i t h  M a l lo r y ’ s t r i c h r o m i c  

method o r  i t s  m o d i f i c a t i o n s  (Masson’ s ,  o r  Lendrum and 

McFarlane 1940) t h i s  m a t e r i a l  shows a s t r o n g  a v i d i t y  f o r  

the  s o l u b l e  b lu e  ( a n i l i n e  b l u e ) ,  l i g h t  g r e e n ,  o r  f a s t  g ree n  

F . C . F . ;  w i t h  p h o s p h o tu n g s t i c  a c i d  haem atox y l in  i t  t ak es  

the  same r e d d i s h  brown c o lo u r  a s  does c o l l a g e n ;  and w i t h  

the  w r i t e r ’ s p h lo x in  t a r t r a z i n e  method i t  shows no more 

a f f i n i t y  f o r  th e  r e d  dyes than  does any l o o s e l y  t e x t u r e d  

c o l l a g e n .  Very dense  c o l l a g e n  has a tendency  i n  the  

d i f f e r e n t i a l  s t a i n i n g  methods to  r e t a i n  some o f  t h e  more 

a c i d  d y e ;  w i t h  the  M a l lo ry  t r i c h r o m i c  m ethods ,  a s  i s  w e l l /
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w e l l  known, t h e r e  i s  sometimes d i f f i c u l t y  in  r e p l a c i n g  the 

r e d  dye by  the  b lu e  o r  g reen  in  tendon o r  the  h y a l in e  

c o l l a g e n  o f  o ld  s c a r s .  S i m i l a r l y  the  p h lo x in  e lem en t  may 

be e x t r a c t e d  v e r y  s low ly  by the t a r t r a z i n e  from such dense 

c o n n e c t i v e  t i s s u e .  The su bs ta n c e  in  the  c e n t r e  o f  th e  

c o r o n a l  A s c h o f f  body shows no such a f f i n i t y  f o r  th e  more 

a c i d  dyes and th e r e  i s  thus  no d i f f i c u l t y  in  d e m o n s t r a t i n g  

t h a t  t h e r e  i s  no f i b r i n  a t  a l l  in  t h i s  type o f  l e s i o n .

Some w r i t e r s  have ta k e n  the d e s c r i p t i o n s  g iven  by K l inge  

o f  the  f i b r i n o i d  d e p o s i t i o n  seen in  e a r l y  s t a g e s  o f  th e  

r h e u m a t i c  l e s i o n  and r a t h e r  u n c r i t i c a l l y  s t a t e d  t h a t  the  

e a r l y  l e s i o n  o f  a c u t e  Rheumatic  d i s e a s e  i s  th e  f o c a l  

a p p e a ra n c e  o f  t h i s  m a t e r i a l .  There seems no doubt  t h a t  

th e  c o r o n a l  type  o f  A sch o f f  body i s  an e a r l y  l e s i o n  a n d  t h a t  

i t  i s  one i n  w h ich  t h e r e  has n o t  been an e a r l i e r  d e p o s i t i o n  

o f  f i b r i n ,  a p resum ption  s t r e n g th e n e d  by the o b s e r v a t i o n  

t h a t  the  f i b r i n  d e p o s i t s  o c c u r r i n g  in  the  r h e u m a t ic  h e a r t  

a r e  by  no means r a p i d l y  removed. This l a s t  s t a t e m e n t  w i l l  

be a m p l i f i e d  below in  d i s c u s s i n g  K l i n g e ’ s c o n c e p t i o n .

P i g .  6 shows a l e s i o n  t h a t  can be b e s t  d e s c r i b e d  a s  a 

l o n g i t u d i n a l  type o f  c o ro n a l  A sch o f f  body .  The s i t e  o f  

t h i s  i s  a g a i n  th e  s t rom a o f  the  l e f t  v e n t r i c u l a r  myocardium 

a d j a c e n t  to  the  i n s e r t i o n  o f  the  p o s t e r i o r  m i t r a l  f l a p ,  and 

i t  a g a i n  conforms to  th e  g e n e r a l  d e s c r i p t i o n  o f  a c e n t r a l /
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c e n t r a l  c o re  o f  f a i n t l y  f i b r i l l a r  p o o r ly  s t a i n i n g  m a t e r i a l  

su r ro u n d e d  by  l a r g e  r a t h e r  b a s o p h i l  c e l l s .  The o n ly  o t h e r  

p u b l i s h e d  i l l u s t r a t i o n  t h a t  has been found o f  such  a l a r g e  

e l o n g a t e d  form i s  in  the f i r s t  paper  to  show p h o to -m ic ro -  

g ra p h s  o f  rheumatic  m y o c a r d i t i s ,  t h a t  o f  G e ipe l  (1 9 0 6 ) ;  

a l t h o u g h  I  have examined some f i v e  t imes a s  many c a se s  a s  

he q u o t e s ,  t h i s  long type o f  l e s i o n  has been  seen o n ly  once .  

A ten d en cy  i n  r e c e n t  y e a r s ,  in  the  d i s c u s s i o n  o f  the  A schoff  

body has b e en  to s u g g e s t  t h a t  each  l e s i o n  i s  a s i t e  o f  

s e n s i t i s a t i o n  produced by the d e a t h  t h e r e  o f  a s t r e p t o c o c c u s  

d u r i n g  an e a r l i e r  phase o f  the d i s e a s e .  Some such e x p l a n a 

t i o n  however r e c k l e s s  i t  may seem, i s  p o s s i b l y  l e s s  sp e c u 

l a t i v e  th an  the  r e c e n t  s u g g e s t io n  t h a t  the  h o s t  d e v e lo p s  

a n t i b o d i e s  to  h i s  own c o l l a g e n  fo l lo w in g  a hap t e n - l i n k a g e  

be tw een  an in v a d in g  s t r e p t o c o c c u s  and the  c o l l a g e n  i t  

damages to  g ive  a new complex a n t i g e n ,  s t r e p t o - c o l l a g e n ; 

some h y p o t h e s i s  i s  c e r t a i n l y  needed  to  e x p l a i n  the marked 

f o c a l  d i s t r i b u t i o n  and form o f  th e se  e a r l y  A sch o f f  b o d i e s .

To r e t u r n  to  the  l e s i o n  under  d i s c u s s i o n  i t  i s  d i f f i c u l t  

to  imagine any  no x io u s  a g e n t  a c t i n g  f o c a l l y , in  the  p u n c ta te  

way t h a t  we presume c o c c i  to do,  and  y e t  e l i c i t i n g  damage 

a lo n g  a whole segment o f  st roma a s  seen in  t h i s  l o n g i t u d i n a l  

A sch o f f  b o d y .  The a u r i c u l a r  changes to be d e s c r i b e d  below 

a r e  somewhat comparable  to  t h i s  l e s i o n  b u t  on a much l e s s e r  j
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l e s s e r  s c a l e .

In the  c o r o n a l  type o f  A sch o f f  body,  the morbid 

a n a t o m i c a l  a p p e a ra n c e s  p o i n t  to  a p r im a ry ,  n o t  v e ry  s e v e r e ,  

g e n e r a l l y  f o c a l  damage o f  c o l l a g e n ,  w i t h  no ev id en ce  in  the  

e a r l y  s t a g e s  o f  any o f  the v a s c u l a r  o r  c y t o l o g i c a l  phenomena 

t h a t  c h a r a c t e r i s e  i n f la m m a t io n .  The c e l l s  o f  t h i s  l e s i o n  

a r e  o f  a type  t h a t  so f a r  a s  i s  known have no e x a c t  c o u n t e r 

p a r t  i n  any  o t h e r  d i s e a s e .  They resemble  in  a f a i n t  way 

th e  a p p e a r a n c e s  seen a t  the damaged ends o f  s k e l e t a l  m u sc le ,  

w h ich  may e x p l a i n  the  now l e s s  commonly made s t a t e m e n t  t h a t  

t h e y  a r e  o f  m u scu la r  o r i g i n .  The c l o s e s t  s i m i l a r i t y  i s  

seen  in  the  l a r g e  sometimes m u l t i n u c l e a t e d  c e l l s  o f  the  

su b c u tan e o u s  n o d u le s  o f  a c u te  rh e u m a t i c  d i s e a s e  and o f  

Rheumatoid a r t h r i t i s .  C e l l s  a p p a r e n t l y  i d e n t i c a l  w i t h  the  

l a r g e  c e l l s  o f  the subcu taneous  n o d u le s  a r e  a m ajor  con

s t i t u e n t  o f  some o f  the  s o - c a l l e d  myelomata o f  tendon 

s h e a t h ;  in  th e s e  tumours (be t h e y  g ranu lom ata  o r  neop lasm s)  

the  more f u l l y  formed m u l t i n u c l e a t e d  c e l l s  a r e  q u i t e  

d i f f e r e n t  from th ose  o f  the c a r d i a c  l e s i o n s ,  t h e  e s s e n t i a l  

d i f f e r e n c e  b e in g  a p p a r e n t l y  the  absence  o f  n e c r o s i s  in  the  

c e l l s  o f  the myeloma. Prom a s tu dy  o f  th ese  f o u r  s i t e s  i t  

seems n o t  u n r e a s o n a b le  to s u g g e s t  t h a t  the  l a r g e  c e l l s  in  

a l l  c a s e s  a r e  c o n n e c t iv e  t i s s u e  c e l l s  in  which th e  normal  

r e l a t i o n  o f  the c e l l  to  i t s  c o l l a g e n  f i b r e  has  been u p s e t /
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u p s e t  and t h a t  the  nox ious  i n f lu e n c e  goes on, in  the case  

o f  the  A s c h o f f  body ,  to  produce f u r t h e r  damage to the c e l l .  

Coombs (1924 ,  page 50) s a y s ,  n th e s e  l a r g e  c e l l s  d eve lop  

from v a s c u l a r  e n d o th e l iu m ,  and some o f  them p ro b a b ly  

r e p r e s e n t  s p r o u t s  o f  new c a p i l l a r i e s / ’ a s p e c u l a t i o n  t h a t  

r e c e i v e s  no s u p p o r t  from my o b s e r v a t i o n s .

The cy to p la sm  o f  these  c e l l s  i s  s l i g h t l y  b a s o p h i l i c  

and in  the  e a r l i e r  y e a r s  o f  the  c e n t u r y  much emphasis  was 

l a i d  on t h e i r  r e d  s t a i n i n g  w i t h  Unna-Pappenheim’.s s t a i n .

To a c h i e v e  the  c o r r e c t  t i n c t o r i a l  r e a c t i o n s  w i t h  t h i s  

m ethod ,  f i x a t i o n  should  be w i t h  a l c o h o l  o r  z i n c  c h l o r i d e  

(Unna 1913) ,  n e i t h e r  o f  which i s  s a t i s f a c t o r y  f o r  c a r d i a c  

t i s s u e .  A comparable s t a i n i n g  method i s  t h a t  su g g e s te d  

by  H i tch co ck  and E h r i c h  (1930) ,  u s i n g  m a l a c h i t e  g reen  and 

a c r i d i n e  r e d  on t i s s u e s  f i x e d  in  Z e n k e r ’ s f l u i d .  This  

method was shown (K err  and Lendrum 1936) to  be a p p l i c a b l e  

to  t i s s u e s  o th e r w i s e  f i x e d ,  i f  p receded  by a t r e a t m e n t  o f  

the  s e c t i o n  w i t h  one pe r  c e n t  a c e t i c  a c i d .  An example o f  

th e  r e s u l t s  o b t a i n e d  i s  shown in  f i g .  36 where the  granuloma 

c e l l s  a r e  seen to  take  the red  s t a i n .  There i s  however 

n o t h i n g  p a r t i c u l a r l y  d i a g n o s t i c  a b o u t  t h i s  r e a c t i o n ;  i t  

m e r e ly  makes more e v i d e n t  those  c e l l s  w i t h  the  l e s s  a c i d -  

o p h i l e  c y to p la s m .  Thus,  plasma c e l l s ,  young f i b r o b l a s t s ,  

h a e m o c y to b la s t s  and m a l ig n a n t  c e l l s  a l l  show shades  o f  r e d  j
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po lym orphs ,  o f  P an e th  c e l l s ,  and o f  e n te r o c h r o m a f f in e  c e l l s ,  

and t h e  R u s s e l l  b o d ie s  o f  plasma c e l l s  take  a b r i l l i a n t  g r e e n .  

I t  i s  n o t  a method w i t h  which  i t  i s  e a s y  to produce an even 

d i f f e r e n t i a t i o n  and in  w e l l  f i x e d  m a t e r i a l ,  p r o p e r l y  s t a i n e d  

b y  haemalum and e o s in  t h e r e  I s  r e a l l y  no d i f f i c u l t y  in  r e 

c o g n i s i n g  th e s e  c e l l s  from t h e i r  s i t u a t i o n  and morphology.

Thus f a r  I  have f a i l e d  to  show the p resence  o f  i n t r a c e l l u l a r  

i n c l u s i o n s  i n  any o f  th e  forms assumed by th e s e  c e l l s .  The 

f u r t h e r  deve lopm ent  o f  the  l e s i o n  shows changes in  the c e l l s ;  

some become shrunken and p y k n o t i c ,  o t h e r s  a r e  e n l a r g e d  and 

show a b e r r a n t  o r  m u l t i p l e  n u c l e i  ( f i g . 7 ) ,  w h i le  the  fo rm a l  

a r r a n g e m e n t  o f  the c o ro n a l  s tag e  o f  a c e n t r a l  c o l l a g e n o u s  

c o re  su r ro u n d e d  by  c e l l s  i s  now r e p l a c e d  by an i r r e g u l a r  

c o l l e c t i o n  o f  the a l t e r e d  granuloma c e l l s .  This i s  the 

s t a g e  d e s c r i b e d  by  Gross a s  m o sa ic .  Among th e s e  c e l l s  in  

t h i s  l a t e r  phase  t h e r e  a p p ea r  t i n y  twigs o f  f i b r i n ,  a f a c t  

a p p a r e n t l y  n o t  n o te d  by  G ross .  The l e s i o n  l a t e r  goes on 

to  become a f i b r o u s  nodu le  b u t  th e s e  s t a g e s  do n o t  b e lo n g  to  

th e  a c u t e  phase o f  rh e u m a t ic  d i s e a s e  and w i l l  n o t  be d i s c u s s e d  

h e re  .

A no the r  type o f  granuloma o c c u r s  in  the  r h e u m a t i c  h e a r t ,  

one t h a t  does n o t  y e t  seem to have r e c e i v e d  r e c o g n i t i o n .

T h is  i s  one t h a t  i s  l a r g e l y  b u i l t  up from a type o f  c a r d i a c  /
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c a r d i a c  c e l l  t h a t  i t s e l f  i s  s c a r c e l y  known by most h i s t o 

l o g i s t s .  F ig u r e  8 i s  a h ig h  power view o f  such a c e l l u l a r  

a g g r e g a t i o n  from the loose  e n d o c a r d i a l  l a y e r  o f  the  r i g h t  

v e n t r i c l e .  This  l e s i o n  i s  th o u g h t  to  be a f u r t h e r  s t a g e  

in  t im e ,  o r  a more sev e re  form o f  a subacute  c o ro n a l  Achoff  

b o d y .  There i s  now no ev idence  o f  a c e n t r a l  core  o f  a l t e r 

ed c o l l a g e n  and among the  c e l l s  t h e r e  a r e  a few t i n y  twigs  

o f  f i b r i n .  The g i a n t  c e l l s  p r e s e n t  a r e  d i f f e r e n t  from 

t h o s e  o f  t h e  c o ro n a l  and mosaic Aschoff  b o d ie s  a l r e a d y  

i l l u s t r a t e d ;  a new e lem ent  has come i n t o  the  p i c t u r e .  In 

the  g e n e r a l  view o f  t h i s  l e s i o n  the  most s t r i k i n g  f a c t  i s  

the  p re s e n c e  o f  c e l l s  w i t h  a p e c u l i a r  l a n c e o l a t e  n u c l e u s ,  

c h a r a c t e r i s e d  by  a f i rm  l o n g i t u d i n a l  b a r  o f  ch rom atin  w i t h  

t h i n  t r a n s v e r s e  r i b s  runn ing  to the  w e l l  marked n u c l e a r  

membrane. The l a n c e o l a t e  c e l l s  m igh t  be c a l l e d  ’’L a t t i c e  

c e l l s ” ; i t  i s  a t  l e a s t  a b e t t e r  term than t1 myocyte s” , 

t h e i r  f i r s t  name (Anitschkow 1913) ,  s ince  Ich te im ann  (1934) 

in  h i s  s t u d y  o f  s c a r  fo rm a t io n  in  the  h e a r t  fo l lo w in g  

c o r o n a r y  o c c l u s i o n ,  has shown t h a t  th ey  have no d e r i v a t i v e  

r e l a t i o n s h i p  w i t h  m usc le .  Gross and S h r l i c h  (1934 a & b ) 

h a v e ,  w i t h o u t  r e f e r e n c e  to  the work o f  Anitschkow, c a l l e d  

them ” f i b r o c y t o i d ” c e l l s ,  b u t  t h i s  term seems to su g g e s t  a 

c l o s e r  r e l a t i o n s h i p  w i t h  the f i b r o c y t e  than we know to  e x i s t .  

E h r l i c h  and  La pan (1939) in  the  f i r s t  c o n t r i b u t i o n  in  

E n g l i s h  on th e s e  c e l l s  a s  such, have su g g e s te d  the  t e rm /
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term ’’m y o c a r d ia l  r e t i c u l o c y t e ” , b u t  t h i s  i s  n o t  a l t o g e t h e r  

s a t i s f a c t o r y  i n  t h a t  a v e ry  s i m i l a r  ap p ea rance  has been 

seen  e l s e w h e re  than in  the  m y o ca rd ia l  s t rom a,  a s  w i l l  be  

d i s c u s s e d  b e lo w .

Among the l a t t i c e  c e l l s  in  the  l e s i o n  i l l u s t r a t e d  a r e  

m u l t i n u c l e a t e d  forms t h a t  seem to a r i s e  from the l a t t i c e  

c e l l s ;  i t  i s  n o tew o r th y  t h a t  i d e n t i c a l  m u l t i n u c l e a t e d  

forms a r e  i l l u s t r a t e d  by  Anitschkow, and a l s o  m ent ioned  by 

I c h te im a n n  ( ” Doppelkerne und K em abschnurungen” ) a s  o c c u r r 

in g  among the  l a n c e o l a t e  c e l l s  toward the p e r i p h e r y  o f  h i s  

e x p e r i m e n t a l  n e c r o t i c  a r e a s .  The a p p ea ra n c es  in  the  

p r e s e n t  c a s e ,  and in  my o t h e r  a c u t e  rh eu m a t ic  m a t e r i a l ,  seem 

c l e a r l y  to  i n d i c a t e  an o r i g i n  f o r  the  m u l t i n u c l e a t e d  types  

f rom the  l a t t i c e  c e l l s  ( f i g . 9 ) .  The a r ran gem en t  o f  the  

c h ro m a t in  in  the  l a r g e  c e l l s  ten ds  to r e t a i n  the  g e n e r a l  

a r r a n g e m e n t  o f  a c e n t r a l  a g g re g a te d  mass o f  ch rom atin  w i t h  

t h i n  c o n n e c t io n s  to the  d i s t i n c t  p e r i p h e r a l  ch rom atin  l a y e r ,  

an a p p e a ra n c e  which d i f f e r s  from t h a t  seen in  the  l a r g e  

c e l l s  o f  th e  c o ro n a l  A schoff  body .  Thus one i s  f o r c e d  to 

t h e  c o n c l u s i o n  t h a t  two types  o f  m u l t i n u c l e a t e d  c e l l  may 

be seen in  th e  rh eu m a t ic  h e a r t .  The e a r l i e r  to  a p p e a r ,  

t h a t  o f  the  c o ro n a l  A schoff  body,  i s  r e l a t e d  to an a r e a  o f  

a l t e r e d  c o l l a g e n  and th e re  p r e s e n t s  what i s  p ro b a b ly  an 

a p p e a ra n c e  s p e c i f i c  to  t h i s  d i s e a s e ;  i t  has  in  the  m a i n /
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main an a p p ea ra n c e  of d e g e n e ra t io n  and may be e x p la in e d  on 

the  H ansen-H aggquis t  t h e o r y  ( Johansson  1937) a s  b e in g  the

r e s u l t  o f  a g g r e g a t i o n  o f  the  damaged n u c l e s  o f  c o n n e c t iv e
/

t i s s u e  su b s e q u e n t  to  d e g e n e r a t iv e  changes in  the r e l a t e d  

c o l l a g e n o u s  exoplasm . This o t h e r  type i s  the  r e s u l t  o f  an 

abnorm al  p r o l i f e r a t i o n  o f  l a t t i c e  c e l l s ,  a f a c t  t h a t  

h i t h e r t o  does n o t  seem to have been a p p r e c i a t e d  in  r e l a t i o n  

to  r h e u m a t i c  d i s e a s e .

These l a t t i c e  c e l l s  have been found in  sm al l  numbers 

in  the  s troma o f  the normal f o e t a l  j u v e n i l e  and a d u l t  human 

h e a r t ,  and in  the  norm al  a d u l t  gu in ea -p ig*  s h e a r t .  E h r l i c h  

and La pan in  a r e c e n t  paper  d e s c r i b e  t h e i r  p resence  in  the  

h e a r t s  o f  a long  s e r i e s  o f  normal v e r t e b r a t e  a n im a l s .

These c e l l s  show a d e f i n i t e  i n c r e a s e  in  r e l a t i o n  to  the 

c a r d i a c  g ran u lo m ata  o f  rheum atic  c a se s  when the d i s e a s e  has 

l a s t e d  a month o r  more b e f o r e  d e a t h .  They a l s o  o c c u r  in  

p a r t s  o f  the h e a r t  f a r  removed from the myocardium; Watjen 

(1921)  n o t e d  t h i s  n u c l e a r  a p p e a ra n c e ,  a p p a r e n t l y  in  i t s  

s im p le  m ononuclear  form, in  r e l a t i o n  to rh eu m a t ic  granuloma 

i n  the  e p i c a r d i a l  t i s s u e  around the  pulmonary a r t e r y .

G ross  and E h r l i c h  p o in te d  ou t  t h a t  these  c e l l s ,  c a l l e d  by 

them f i b r o c y t o i d ,  a r e  v e ry  r a r e  i n  r e l a t i o n  to  the  e a r l i e s t  

A s c h o f f  b o d i e s ,  a f i n d i n g  w i t h  w hich  the  p r e s e n t  w r i t e r  

a g r e e s ,  and one which t a l l i e s  w i t h  the  o b s e r v a t i o n s  o f /
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o f  I ch te im ann  on the d i f f e r e n t  s t a g e s  o f  ischaem ic  n e c r o s i s  

in  the  h e a r t .  The l a t t e r *  s s u g g e s t io n  t h a t  th ese  c e l l s  

a s  seen  in  the  c a r d i a c  stroma r e p r e s e n t  a s tage  in  the  

deve lopm ent  o f  the  c a r d i a c  h i s t i o c y t e s ,  seems r e a s o n a b le  

and i s  con f i rm ed  by the f i n d i n g s  o f  l a t e r  w o r k e r s .  The 

use  o f  the  w r i t e r ’ s ph lox in  t a r t r a z i n e  s t a i n  has n o t  o n ly  

r e v e a l e d  the somewhat s u r p r i s i n g  number o f  m as t  c e l l s  p r e s e n t  

in  rh e u m a t ic  l e s i o n s  b u t  a l s o  a l low ed  a s tud y  o f  the n u c le u s  

o f  t h e s e  c e l l s ;  when e o s in -m e th y le n e  b lu e  i s  used the  d a r k 

l y  s t a i n e d  g r a n u l e s  co m p le te ly  h ide  the  n u c l e u s .  I t  i s  o f  

c o u rs e  w e l l  known t h a t  haemalum and e o s in  s t a i n i n g  f a i l s  to  

make th e s e  c e l l s  e v i d e n t .  In a few o f  th e  m as t  c e l l s  the  

c h ro m a t in  shows a c e n t r a l  b a r  fo rm a t io n  r e m i n i s c e n t  o f  the 

l a t t i c e  c e l l ,  b u t  the n u c l e a r  shape i s  l e s s  e lo n g a te d  and 

the  p a r a l l e l  r i b s  a r e  n o t  seen .  On t h i s  s u b j e c t  o f  the  

l a t t i c e  c e l l ,  i t  o n ly  remains  to  make some comments on the 

p a p e r  o f  E h r l i c h  and La pan.  They used  f o r m a l in  a s  t h e i r  

o n ly  f i x a t i v e  f l u i d ;  my t i s s u e s  were f i x e d  a l s o  by fo rm o l -  

s u b l i m a t e , Z e n k e r ’ s f l u i d ,  o r  by nSusa” , and a l l  showed an 

e x a c t l y  comparable  n u c l e a r  f o r m a t i o n .  The m a j o r i t y  o f  my 

rh e u m a t i c  m a t e r i a l  has  been f i x e d  by su b l im a te  c o n t a i n i n g  

f l u i d s  and t h i s  may e x p la in  why in  c o n t r a s t  to t h a t  o f  

E h r l i c h  and La pan i t  has  shown the  d i s t i n c t  p re sen c e  in  

many o f  the  l a t t i c e  c e l l s  o f  one o r  two round a c i d o p h i l  /
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a c i d o p h i l  i n t r a n u c l e a r  b o d i e s ,  p robab ly  n u c l e o l i  ( P i g . 10, 

which  i s ,  however, n o t  rheum atic  m a t e r i a l ) .  E h r l i c h  and 

Lapan n o t e  the  f i n d i n g  o f  t h i s  type o f  n u c le u s  in  a b r o n c h i a l  

e p i t h e l i a l  c e l l  and on r a r e  o c c a s io n s  o f  a s u g g e s t i v e l y  

s i m i l a r  form in  o t h e r  t i s s u e s .  In my own o b s e r v a t i o n s  t h i s  

n u c l e a r  form has been seen in  on ly  t h r e e  s i t e s  o t h e r  than in  

the  c a r d i a c  c o n n e c t iv e  t i s s u e .  The l i n i n g  c e l l s  o f  the  

e p ic a r d iu m  have shown t h i s  appea rance  i n  s e v e r a l  rheum at ic  

c a s e s ,  sometimes i n  a l l  the c e l l s  over  a c o n s i d e r a b le  s h e e t ;  

g ro u p s  o f  t h e s e  e p i c a r d i a l  c e l l s  showing the  t y p i c a l  l o n g 

i t u d i n a l  ch rom at in  b a r  have a l s o  been seen  in the  human 

f o e t u s .  The same appearance  has  a l s o  been n o t e d  in  the  

sw o l le n  e n d o th e l iu m  o f  c a p i l l a r i e s  i n  r e g i o n s  o f  rh eu m a t ic  

in f la m m a t io n  in  the  h e a r t ,  a l t h o u g h  n o t  in  the  v e s s e l s  o f  

th e  sub c u tan e o u s  l e s i o n s .  The t h i r d  s i t e ,  and the  on ly  

p u r e l y  e x t r a c a r d i a c  one ,  in  which th ese  c e l l s  have been seen 

was the  s u b e p i t h e l i a l  co n n ec t iv e  t i s s u e  o f  a r a b b i t ’ s tongue ;  

h e re  the  c e l l s  were in  small  number b u t  were a p p a r e n t l y  

i d e n t i c a l  w i t h  those  seen in  the h e a r t .

P i g . 11 shows f o r  purposes  o f  comparison w i t h  the  A schoff  

b o d i e s  a f o c u s  o f  m y o c a r d i t i s  found in  th e  h e a r t  o f  a r a b b i t ;  

t h i s  was d i s c o v e r e d  d u r in g  the  e x am ina t ion  f o r  c o n t r o l  p u r 

poses  o f  h e a r t s  from presumed normal  an im als*  No obvious  

l e s i o n  was n o te d  in  the  o t h e r  v i s c e r a  o f  t h i s  a n im a l  when/



71.

when the  h e a r t  was f i x e d  f o r  e x am in a t io n .

P i g .  12 shows the i n s e r t i o n  o f  the p o s t e r i o r  m i t r a l  

f l a p  a t  x  13 • The th ic k en e d  va lve  w i t h  i t s  v e g e t a t i o n  may 

be n o t e d  b u t  f i r s t l y  b e fo re  l e a v in g  the  s tu d y  o f  the  g r a n u 

loma c e l l s ,  a t t e n t i o n  must be d i r e c t e d  to  the a u r i c u l a r  

l e s i o n s .  In  t h i s  pho tograph  two c e l l u l a r  c o l l e c t i o n s  can. 

be seen i n  the  th ic k e n e d  a u r i c u l a r  endocardium. P i g .  13 

i s  a s e c t i o n  o f  the  l e f t  a u r i c u l a r  endocardium., taken  

p a r a l l e l  to  and a b o u t  1 cm. above the i n s e r t i o n  o f  the  

p o s t e r i o r  m i t r a l  f l a p ;  i t  shows f o u r  c e l l u l a r  c o l l e c t i o n s  

o f  the  t y p i c a l  t y p e .  F ig .  14 i s  a g a in  l e f t  a u r i c l e  a t  a 

s l i g h t l y  h i g h e r  power and. the tendency f o r  the  c e l l s  to  be 

a r r a n g e d  in  rows i s  c l e a r l y  se en .  P i g .  15 shows a d e v e lo p 

ment o f  t h e  a u r i c u l a r  l e s i o n  t h a t  o ccu rs  in  many a c u t e  c a s e s ,  

the  a p p e a ra n c e  o f  a band o f  m a t e r i a l  g i v in g  the same s t a i n 

in g  r e a c t i o n  a s  does the  core  o f  the c o ro n a l  A sch o f f  b o d ie s  

d e s c r i b e d  ab o v e ,  w i t h  g a th e re d  a g a i n s t  i t  c e l l s  t h a t  a r e  

s i m i l a r  to  th o se  o f  the  c o ro n a l  A schoff  body .  This  l i n e a r  

type  o f  A s c h o f f  body was f i r s t  b ro u g h t  to  n o t i c e  by MacCallum 

(1924) b u t  t h e r e  has been a p p a r e n t l y  some u n c e r t a i n t y  s in c e  

then  a s  to  the  c o n s t i t u t i o n  o f  t h i s  l e s i o n .  Von Glahn 

(1926) s a i d  t h a t  f i b r i n  could  n o t  be d e m o n s t ra te d  in  the 

homogeneous m a t e r i a l  abou t  w hich  the A sch o f f  c e l l s  a r e  

g a t h e r e d ;  whereas K l inge  (1933) d e s c r i b e s  the  b a n d l i k e /



b a n d l i k e  m a t e r i a l  a s  f i b r i n o i d  ( h i s . f i g .  10, page 4 7 ) ,  a 

m a t e r i a l  which  h e  e lsew here  (p .3 4 )  s t a t e s  g iv e s  the s t a i n i n g  

r e a c t i o n s ,  a l t h o u g h  somewhat i r r e g u l a r l y ,  o f  f i b r i n .  In 

the  e a r l i e r  s t a g e  o f  t h i s  l e s i o n  I  have found t h a t  the band 

g i v e s  the  s t a i n i n g  r e a c t i o n  o f  c o l l a g e n ,  red  with, van Gieson 

( a s  von Glahn n o t e d ) ,  b lu e  w i t h  M a l lo r y ’ s t r i c h r o m i c  method, 

brown w i t h  p h o sp h o tu n g s t i c  h a e m a to x y l in , ye llow w i th  p h lo x in  

t a r t r a z i n e . .  L a t e r  s t a g e s ,  however, show changes which  seem 

comparable  to  the  development  o f  the c o ro n a l  A sch o f f  body;  

the  granuloma c e l l s  become l a r g e r  and more a b e r r a n t  ( f i g . 16) 

a few lymphocytes  and even polymorphs a p p e a r  and th e re  i s  

now d e p o s i t  o f  f i b r i n  among the granuloma c e l l s .  A l though  

th e s e  f i n d i n g s  d i f f e r  from the d e s c r i p t i o n s  g iven  by  

MacCallum, von Glahn,  and K l in g e ,  they  a r e  based  on c l e a r  

c u t  t i n c t o r i a l  and m orp h o lo g ica l  d i f f e r e n c e s  and ho ld  good 

f o r  c a s e s  o t h e r  than  the p r e s e n t .  Toward the  deep e r  p a r t  

o f  the endocard ium  in  f i g . 15 th e re  i s  one o f  th e  more common 

f o c a l  c o l l e c t i o n s  o f  c e l l s ,  s i m i l a r  to  th o se  a l r e a d y  shown. 

This  type  o f  a g g r e g a t i o n  i s  most f r e q u e n t l y  seen in  the  

d e e p e r  p a r t  o f  the  endocardium; w hi le  the  band l e s i o n s  a r e  

u s u a l l y  in  the  more s u p e r f i c i a l  zo n e .  The s t r u c t u r a l  

d i f f e r e n c e  between the  two may w e l l  be due to  the  d i f f e r e n t  

t e x t u r e  o f  t h e i r  m i l i e u .  The n e x t  f i g u r e s  (17 & 18) show 

a t  a h i g h e r  power the  r e l a t i o n  o f  t h e s e  c e l l s  to  the  e l a s t i c a  

i n  an e a r l y  s ta g e  o f  one o f  th e s e  f o c i :  S h o r t l y  t h e r e a f t e r /
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t h e r e a f t e r  the  c e l l s  become more i r r e g u l a r ,  the  e l a s t i c a  

becomes broken  up and an i r r e g u l a r  j u x t a p o s i t i o n  i s  seen 

o f  granuloma c e l l s ,  masses o f  c o l l a g e n ,  d i s t o r t e d  ends o f  

e l a s t i c a ,  and f i n e  f i b r i n  tw ig s .  The morphology o f  th ese  

l e s i o n s  i s  b e s t  u n d e rs to o d  i f  the s e c t i o n s  be s t a in e d  by  

W e i g e r t ’ s method f o r  e l a s t i c a  fo l low ed  by  the ph lox in  

t a r t r a z i n e  m ethod.  The n e x t  f i g u r e  (19) i s  from the a u r i c l e  

o f  a rh e u m a t i c  c h i l d ,  s t a i n e d  by  t h i s  p rocedure  and n o t  on ly  

g i v e s  a f a i r  r e p r e s e n t a t i o n  of  the  c e l l u l a r  changes in  the 

endocard ium  b u t  a l s o  shows the oedematous t h i c k e n i n g  o f  the 

s u b e n d o c a r d i a l  l a y e r s  w i t h  a d e p o s i t  o f  f i b r i n  on and j u s t  

u n d e r  the  s u r f a c e .  This f i g u r e  from my o t h e r  m a t e r i a l  i s  

i n c l u d e d  s in c e  a comparable i l l u s t r a t i o n  has  n o t  been seen 

in  th e  l i t e r a t u r e .  Gross (1935 ,b )  n o t e s  t h a t  none o f  h i s  

c a s e s  showed n e c r o s i s  o f  the s u p e r f i c i a l  l a y e r s  o f  s u f f i c i e n t  

i n t e n s i t y  to  w a r r a n t  the  form ” v e r ru c o u s  change” . One o f  

my o t h e r  j u v e n i l e  c a se s  showed a t h i c k e r  and more i r r e g u l a r  

d e p o s i t  o f  f i b r i n  a t  the su r fa ce  than the one i l l u s t r a t e d

h e re  ( f i g . 1 9 ) .

A lymphocytic and plasma c e l l  i n f l i t r a t i o n  o f  t h e  r e g io n  

be tw een  the  endocard ium and the a u r i c u l a r  muscle  i s  an a l 

most c o n s t a n t  f i n d i n g  in  a c u te  rheu m a t ic  c a s e s .

H a d f ie ld  and Garrod (1938) s t a t e  t h a t  the  '’morbid 

changes  in  the  w a l l  o f  the  l e f t  a u r i c l e ,  d e s c r i b e d  by 

FacCallum a r e  f r e q u e n t l y  p r e s e n t  in  long s t a n d in g  c a s e s  o f /
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o f  r h e u m a t i c  c a r d i t i s ” . That  they  a r e  p r e s e n t  i n  44 pe r  

c e n t  o f  a c u te  c a s e s  was shown by th e  papers  o f  Thayer (1925) 

von Glahn (1926) and Kugel and E p s t e i n  (1 9 2 8 ) ,  b u t  Clawson 

(1929)  l a t e r  went so f a r  as to  say  t h a t  m ic ro sc o p ic  ev idence  

o f  i n f e c t i o n  i n  the a u r i c l e  i s  found a lm o s t  c o n s t a n t l y .  In 

my own m a t e r i a l  o f  n in e  cases  und e r  twelve y e a r s  o f  a g e ,  f o r  

w h ic h  I  am i n d e b t e d  to  P r o f e s s o r  B lack lo ck  and Dr.Montgomery, 

t h r e e  d i e d  i n  the f i r s t  a t t a c k ,  f i v e  in  a f i r s t  r e c u r r e n c e ,  

and one aged  11 w i t h  e a r l y  e v id e n ce s  o f  the c h ro n ic  f i b r o t i c  

type  o f  change ;  in  t h i s  l a s t  case  the  a u r i c u l a r  changes 

a l t h o u g h  marked were o b v io u s ly  r e s o l v i n g  bulb the  o t h e r  e i g h t  

a l l  showed extreme a c u t e  in f lam m ation  o f  the  a u r i c l e .  Over 

the  age o f  tw e lv e ,  t h e r e  were seven cases  o f  a c u t e  r e c u r r 

ence  showing A schoff  b o d ie s  in  the v e n t r i c u l a r  myocardium; 

o f  t h e s e ,  s i x  showed d e f i n i t e  a u r i c u l a r  l e s i o n s  w h i l e  the 

s e v e n t h  w h ich  was n o t  ve ry  f u l l y  examined showed a sm a l l  

f o c u s  o f  granuloma c e l l s .  Thus in  s i x t e e n  case s  o f  a c t i v e  

r h e u m a t i c  m y o c a r d i t i s ,  f i f t e e n  showed d i s t i n c t  and c h a r a c 

t e r i s t i c  changes  in  the  l e f t  a u r i c l e .

P i g . 20 o f  the  myocardium o f  t h e  l e f t  v e n t r i c l e  n e a r  

th e  p o s t e r i o r  m i t r a l  i n s e r t i o n ,  shows toward the l e f t  a 

t y p i c a l  c o r o n a l  A schoff  body and a t  the r i g h t  an example 

o f  the  o t h e r  e a r l y  i n t e r s t i t i a l  l e s i o n  o f  acu te  rh eu m a t ic  

d i s e a s e ,  the  form d e s c r i b e d  by Gross a s  th e  r e t i c u l a r  

A s c h o f f  body .  This i s  seen as  a t a n g le  o f  m a t e r i a l ,  g i v i n g /
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g i v i n g  th e  s t a i n i n g  r e a c t i o n  o f  f i b r i n ;  i n  the  meshes a re  

sm a l l  c e l l s  w i t h  d a r k l y  s t a i n e d  n u c l e i .  The ap p ea rances  

s u g g e s t  t h a t  t h i s  d e p o s i t  has occu r red  in  r e l a t i o n  to  a 

v a s c u l a r  lumen, p o s s i b l y  ly m p h a t ic .  F i g .22 shows in  

more d e t a i l  one o f  t h e s e  r e t i c u l a r  Aschoff  b o d ie s  a t  t h e  

j u n c t i o n  o f  t h e  a u r i c u l a r  muscle and th e  e p i  c a r d i a l  t i s s u e .  

Again t h e r e  i s  th e  s u g g e s t io n  o f  a v a s c u l a r  lumen i n  w h ic h  

l i e  m ononuclea r  c e l l s .  The c e l l s  enmeshed in  the  f i b r i n  

show some o f  the  c h a r a c t e r i s t i c s  o f  granuloma c e l l s .  A 

m as t  c e l l  i s  seen in  the  upper  p a r t  o f  the  f i g u r e .  This 

e p i c a r d i a l  zone o f  the  l e f t  a u r i c l e  i s  the main s i t e  o f  th e  

r e t i c u l a r  b o d i e s ,  and in  o t h e r  case s  I  have f a i l e d  to f i n d  

them e l s e w h e re  in  the  h e a r t ;  in  t h i s  r e g i o n  th ey  f r e q u e n t 

l y  assume l a r g e r  forms w i t h  a d i f f u s e  a r ran g em en t  t h a t  

seems to  a rgu e  a g a i n s t  any c lo se  r e l a t i o n s h i p  to  a v e s s e l .  

F i g . 24 shows such a l e s i o n  from t h i s  a r e a  w i t h  th e  c h a r a c t e r 

i s t i c  semblance o f  the  c o l l a g e n  f i b r e s ’ o f  the  p a r t  becoming 

t r a n s fo r m e d  i n t o  f i b r i n - l i k e  m a t e r i a l  a s  th ey  run i n t o  th e  

l e s i o n .  F i g . 25 i s  a s i m i l a r  l e s i o n  and shows, middle  r i g h t ,  

an a r e a  o f  sw ollen  c o l l a g e n  w i t h  a t h i n  l a y e r  o f  f i b r i n  d e 

p o s i t e d  on i t s  s i d e s .  This  i s  shown a t  a h i g h e r  power in  

F i g .2 6 ;  a l t h o u g h  t h i s  i s  a r a t h e r  g r o s s  example i t  a l l o w s ,  

a s  does n o t  the u s u a l  minute  form, p h o to g rap h ic  d e m o n s t r a t i o n  

o f  the  p r o c e s s .  F ig u re s  28 and 29 a r e  s t u d i e s  o f  t h e /
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the  r e t i c u l a r  cnange from one o f  my o t h e r  c a s e s ,  o c c u r r i n g  

here  a s  a c o m p l i c a t i o n  o f  a mosaic c o ro n a l  A scho f f  body .

The s e c t i o n  was s t a i n e d  by the p i c r o - M a l lo r y  method and so 

shows c o l l a g e n  a s  b lu e  and f i b r i n  a s  r e d .  F ig u re  28 ,  taken  

t h r o u g h  an orange  screen  shows up the  c o l l a g e n  b l a c k  and 

e v e r y t h i n g  e l s e  in  l i g h t  t o n e s ;  f i g u r e  29 w i t h  b lu e  

s c r e e n i n g  shows the  fuchs incphi l  e le m e n t s ,  the  m usc le ,  the  

n u c l e i ,  and f i b r i n  a s  b l a c k .  Even a t  t h i s  m a g n i f i c a t i o n  

the  l e f t  hand ne tw ork  r e v e a l s  the c o a t in g  o f  c o l l a g e n  

f i b r e s  by  m a t e r i a l  g iv in g  the  f i b r i n  r e a c t i o n .  In  f i g u r e  

30 t h i s  r e l a t i o n s h i p  o f  f i b r i n  to  c o l l a g e n  i s  shown a t  a 

h i g h e r  power.  I t  seems l i k e l y  t h a t  a s i m i l a r  p ro ce ss  i s  

p r e s e n t  i n  the a c u te  subcutaneous  rheum at ic  no d u le  ( f i g u r e  

31) b u t  th u s  f a r  no conv inc ing  p ro o f  has been s e e n ;  i t  i s  

p o s s i b l e ,  however ,  t h a t  the d e p o s i t i o n  o f  f i b r i n  in  the  

no d u le  i s  more comparable to the p ro c e s s  d e s c r i b e d  below o f  

p e r i v a s c u l a r  p r e c i p i t a t i o n .

In  any d i s c u s s i o n  o f  the  A schoff  body,  the  d a ta  to  be 

g a t h e r e d  from the  l i t e r a t u r e  have to  be c r i t i c a l l y  examined 

s in c e  many o f  the  e a r l i e r  papers  were based  on s c an ty  

m a t e r i a l ,  s e v e r a l  a r e  n o t  su p p o r te d  by  i l l u s t r a t i o n s ,  w h i l e  

the  f u l l e r  a p p r e c i a t i o n  o f  the  developmenta l  s t a g e s  o f  the  

fo c u s  i s  o f  f a i r l y  r e c e n t  d a t e .  The o ld  c o n t r o v e r s y  on 

the o r i g i n  and c o n s t i t u t i o n  o f  the  A schoff  body i s  d o u b t l e s s /
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d o u b t l e s s  to  be e x p l a i n e d  by the myogenic t h e o r y ’ s 

s u p p o r t e r s ’ h av ing  based  t h e i r  a rgum ents  on s tudy  o f  c a se s  

p a s t  t h e  f i r s t  a c u t e  s t a g e .  I f  a t t e n t i o n  be c o n f in e d  to 

the  a c u t e  case  the  d i f f i c u l t i e s  a r e  r e s o l v e d  and no doub t  

can p e r s i s t  a s  to  the  t r u t h  o f  Romberg’ s d e s c r i p t i o n  (1894) 

o f  an i n t e r s t i t i a l  m y o c a r d i t i s ,  o r  G e i p e l ’ s s t a t e m e n t  (1906) 

t h a t ,  ” I h r  S i t z  i s t  a u s s c h l i e s s l i c h  das in t e r m u s k u la r e  

Bindegewebe . . . "  D oub t le s s  l e s s  a m b ig u i ty  a b o u t  the 

r h e u m a t i c  l e s i o n  would have a r i s e n  i f  more a t t e n t i o n  had 

been g iv e n  to  G e i p e l ’ s p a p e r .  In i t  he g iv e s  what  I  b e 

l i e v e  to  be the  f i r s t  pho tom ic rograph  o f  a rheum a t ic  l e s i o n ,  

an e x c e l l e n t  i l l u s t r a t i o n  o f  a c o r o n a l  A schoff  body; he 

a l s o  d e s c r i b e s  a n o th e r  form c o n ta in i n g  f i b r e s  t h a t  gave th e  

f i b r i n  r e a c t i o n ,  a lm o s t  c e r t a i n l y  a r e t i c u l a r  body.  The 

e x i s t e n c e  o f  the  two pr im ary  types  o f  A schoff  body ,  however, 

was n o t  p r o p e r l y  r e a l i s e d  u n t i l  1934 when Gross p u b l i s h e d  

h i s  p a p e r s  on th e  Aschoff  body.  W ith  h i s  view I  e n t i r e l y  

a g r e e .  K l inge  (1933) r e c o g n i s e s  b o t h  types  b u t  c o n s i d e r s  

the  r e t i c u l a r  form, c a l l e d  by him the  ’̂ P r u h i n f i l t r a t , ” to 

be the  one and o n ly  pr im ary  l e s i o n  and  t h a t  th e  c o r o n a l  

form, granuloma i n  h i s  te rm ,  i s  a development  o f  the  r e t i 

c u l a r  fo rm .  My own m a t e r i a l  r e v e a l s  no app ea ran ce  t h a t  

c o u ld  be i n t e r p r e t e d  a s  a d e v e lo p m e n ta l  s tage  between the  

r e t i c u l a r  and the  c o ro n a l  form; r a t h e r  i t  con f i rm s  t h e /
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the  view o f  Gross t h a t  b o t h  a r e  p r im ary  f o c i  o f  in d ep e n d en t  

o r i g i n .  A f u r t h e r  argument  a g a i n s t  t h i s  t r a n s i t i o n  w i l l  

be propounded below i n  a more s u i t a b l e  p l a c e .  A schoff  

(1939)  i n f l u e n c e d  perhaps  by h i s  own e a r l y  d e s c r i p t i o n  of  

the  f o c a l  l e s i o n  a s  a g ranulom atous  n o d u le ,  a t t e m p t s  to  

d i s p r o v e  K l i n g e r  view o f  the  e a r l i e s t  chan ges ;  he says  

’’D e s p i t e  the  c e l l u l a r  overgrow th  which  has caused  the  f o r 

m a t io n  o f  th e  n o d u l e s ,  t h e r e  i s  no t r a c e  o f  a f i b r i n o i d  

d e g e n e r a t i o n  o f  the ground s u b s t a n c e .  I  t h e r e f o r e  t h in k  

t h a t  I  have b r o u g h t  s u f f i c i e n t  ev idence  to  r e f u t e  the  

i d e a s  e x p r e s s e d  in  the s y s te m a t i c  drawings made by K l inge"  . 

F u r t h e r  on ,  he s a y s ,  ” l t  i s  in  no way e s s e n t i a l  t h a t  the 

f o r m a t io n  o f  the  r i c h l y  c e l l u l a r  n o d u le s  should  be preceded  

by  f i b r i n o i d  d e g e n e r a t io n  o f  th e  ground s u b s ta n c e . "  On 

the  o t h e r  hand,  A sch o f f  has a p p a r e n t l y  f a i l e d  to  r e c o g n i s e  

the  r e t i c u l a r  form; f o r  example ,  in  h i s  tex tb oo k  (1936) 

he m en t io ns  o n ly  the  granu lom atous  form. MacCallum l i k e 

w ise  i n  h i s  tex tb o o k  g iv e s  no ev idence  o f  hav ing  d i s t i n g u i s h 

ed the  two forms;  i n  the t h i r d  e d i t i o n  (1924) he shows two 

d raw ings  one o f  which i s  p ro b a b ly  a c o ro n a l  ty p e ,  t h e  o t h e r  

p r o b a b ly  r e t i c u l a r ,  b u t  these  a re  r e p l a c e d  in  the  f i f t h  

e d i t i o n  (1932) by a s i n g l e  ph o to m ic ro g raph  o f  the  l a t e  

f i b r i l l a r  s t a g e  o f  an A schoff  body .

Coombs (1910) a p p r e c i a t e d  the f a c t  t h a t  a f i b r i n /
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f i b r i n  c o n t a i n i n g  l e s i o n  was c h a r a c t e r i s t i c  o f  the  d i s e a s e  

and s t a t e s ,  ” The p e r i c a r d i a l  and e n d o c a r d i a l  n o d u le s  have 

more room; i n  t h e s e  th e re  i s  o f t e n  a c e n t r a l  a r e a  co n 

s i s t i n g  o f  n o t h i n g  b u t  f i b r i n ,  su rrounded  by a zone o f  

c e l l s  e i t h e r  m in g l in g  w i t h  the  f i b r i n  a t  i t s  margin o r  

m ark ing  i t  o f f  from the su r ro u nd in g  t i s s u e s . ” This 

c o r r e s p o n d s  w i t h  my own f i n d in g  t h a t  the  r e t i c u l a r  A schoff  

body i s  more common in  the e p i c a r d i a l  t i s s u e s  and in  some 

c a s e s  i s  found o n ly  t h e r e .  G ross ,  a l t h o u g h  aware o f  the 

d e s c r i p t i o n s  g iv en  by Coombs, s t a t e s  {1934, p . 4 7 6 ) ,  

’’F i n a l l y  c o n c e rn in g  the p r o p e r t i e s  o f  a l l  types  o f  A sch o f f  

b o d i e s  found  in  the  h e a r t ,  i t  may be s a i d  t h a t ,  c o n t r a r y  

to what  has  been s t a t e d  in  the  l i t e r a t u r e ,  th ese  l e s i o n s  

r a r e l y ,  i f  e v e r ,  show a f i b r i n  c o n s t i t u e n t / ’ F u r t h e r  on 

( p . 480) he says  in  d i s c u s s i n g  the r e t i c u l a r  A sch o f f  body, 

n This  sw o l le n  r e t i c u l u m  f r e q u e n t l y  t a k e s  on the t i n c t o r i a l  

p r o p e r t i e s  o f  f i b r i n .  In t h e i r  c o n f i g u r a t i o n ,  however, 

the  f i b r e s  can e a s i l y  be d i s t i n g u i s h e d  from f i b r i n .  

F u r th e r m o r e ,  i t  can r e a d i l y  be de te rm ined  t h a t  th e s e  

‘ f i b r i n o i d 1 f i b r e s  a r e  c o n t inu o u s  w i t h  c o l l a g e n  f i b r e s  in  

the  v i c i n i t y ,  where they  show the  c h a r a c t e r i s t i c  s t a i n i n g  

f o r  c o l l a g e n I n  answer to t h i s ,  i t  i s  c e r t a i n  t h a t  i n  

some o f  the  mosaic  s ta g e  A scho f f  b o d i e s ,  deve loped  from 

c o r o n a l  forms in  which  th e re  i s  no f i b r i n ,  t h e r e  a p p e a r  

tw igs  and b ra n c h e s  o f  a m a t e r i a l  t h a t  n o t  on ly  g i v e s  t h e /
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the  c o l o u r  r e a c t i o n  o f  f i b r i n  b u t  a l s o  i s  m o r p h o lo g i c a l ly  

f i b r i n ;  the l e s i o n  from which f i g u r e  8 was t ak e n  c o n ta in s  

such  t w i g s .  Morbid anatomy can go no f u r t h e r  than  t h i s ,  

and th e  onus o f  p ro o f  would seem to  be on those  who deny 

t h a t  t h i s  m a t e r i a l  i s  f i b r i n ,  m ere ly  because  i t  oc cu rs  in  

a r h e u m a t i c  l e s i o n .  In  h i s  d e s c r i p t i o n  o f  the r e t i c u l a r  

A s c h o f f  body ,  Gross a p p e a r s  to f a l l  under th e  s p e l l  o f  

Neumann's  (1896) word f i b r i n o i d ” , p o p u l a r i s e d  r e c e n t l y  by 

K l i n g e .  In  my m a t e r i a l ,  s tud y  o f  the p e r i p h e r y  o f  r e t i 

c u l a r  A sch o f f  b o d i e s  has shown t h a t  a s u b s ta n c e ,  r e a c t i n g  

to  dyes  in  e v e ry  way as  does f i b r i n ,  i s  d e p o s i t e d  on th e  

s u r f a c e  o f  c o l l a g e n  f i b r e s .  I f  such  a f i b r e  be t r a c e d  

inw ards  toward  the  c e n t r e  o f  the l e s i o n ,  i t  i s  seen to 

change from a c o l l a g e n o u s  f i b r e  c o a te d  by f i b r i n  to a 

sw o l len  h y a l i n e  f i b r e  c o lo u re d  th ro u g h o u t  w i t h  the  c o l o u r  

c h a r a c t e r i s t i c  o f  f i b r i n .  I t  i s  n o t  p o s s ib l e  to say 

w h e th e r  the  f i b r e s  a re  coa ted  o v e r a l l  w i t h  f i b r i n  o r  w h e th e r  

the c o l l a g e n  f i b r e  i s  so a l t e r e d  t h a t  i t  soaks up f i b r i n  

b u t  one o r  o t h e r  o f  these  ways o f  i n t e r p r e t i n g  th e  changes 

seems on the g rounds  o f  my o b s e r v a t i o n s  to be b e t t e r  j u s t i 

f i e d  than  the f i b r i n o i d  h y p o t h e s i s .  I t  i s  s u r e l y  too 

much in  o u r  p r e s e n t  s t a t e  o f  ig n o ran ce  to i n s i s t  t h a t  a 

s u b s ta n c e  g i v in g  the s t a i n i n g  r e a c t i o n  o f  f i b r i n  be c a l l e d  

something  e l s e  i f  i t  f a i l s  to show the  morphology o f  the  j
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th e  f i b r i n  n e t  seen  i n  in f lam m atory  e x u d a te s ;  must we 

th e n  d e s c r i b e  a s  f i b r i n o i d  the sub s ta n c e  i n  t h e  w a l l s  of 

th e  a f f e r e n t  a r t e r i o l e s  of m a l ig n an t  h y p e r t e n s i o n ,  i n  the  

w a l l s  o f  the  v e s s e l s  o f  a t o r s e d  v i s c u s ,  i n  the  w a l l  o f  an 

a r t e r y  the  s e a t  o f  p o l y a r t e r i t i s ,  o r  f o r  t h a t  m a t t e r  the  

m a t e r i a l  t h a t  c o a t s  the  p e r i c a r d i a l  s u r f a c e s  i n  s o - c a l l e d  

f i b r i n o u s  p e r i c a r d i t i s ,  o r  t h a t  fo rm ing  the  h y a l i n e  d r o p 

l e t s  o f  r e n a l  t u b u l a r  c e l l s ?

This  s u b s ta n c e  o r  appearance  c a l l e d  f i b r i n o i d  i s  ve ry  

f a r  f rom d e f i n e d  even i n  the work o f  those  who use the  

word .  K l inge  i n  h i s  monograph a p p l i e s  the  term to  th e  

homogeneous band of  the  a u r i c u l a r  l e s i o n ,  and i n  d e s c r i b i n g  

the  l e s i o n s  i l l u s t r a t e d  i n  h i s  f i g u r e s  5 and 6 ,  obvious  

e a r l y  c o r o n a l  A schoff  b o d i e s ,  he says (page 4 4 ) ,  ’’d ie  Z e l l e n  

b i l d e n  e in e n  Wall  r o s e t t e n a r t i g  um e in e n  f i b r i n o i d e n  M i t t e l -  

p u n k t” ; y e t  my m a t e r i a l  proves q u i t e  c o n c l u s i v e l y  t h a t  the  

c e n t r a l  co re  i n  b o th  th e s e  l e s i o n s  i n  t h e i r  e a r l y  s t a g e s  

c o n s i s t e n t l y  g iv e s  the s t a i n i n g  r e a c t i o n  o f  c o l l a g e n .  On 

the  o t h e r  hand ,  the app ea rance  d e s c r i b e d  and i l l u s t r a t e d  

by K l in g e  a s  the  P r u h i n f i l t r a t  ( h i s  f i g u r e  52) i s  a p p a r e n t 

l y  m o r p h o lo g i c a l ly  i d e n t i c a l  w i t h  th e  forms r e c o g n i s e d  in  

t h i s  work a s  e a r l y  r e t i c u l a r  A sch o f f  b o d i e s ,  f o r m a t io n s  a s  

s a i d  above t h a t  show a d i s t i n c t  and s t r i k i n g  network  o f  

f i b r e s  g i v i n g  the  r e a c t i o n  of  f i b r i n *  I t  i s  d i f f i c u l t  to  .
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to  see what j u s t i f i c a t i o n  the re  i s  f o r  K l inge*s  use o f  the 

term  f i b r i n o i d  f o r  the  core  o f  the  c o r o n a l  form a s  w e l l  as 

f o r  th e  t a n g l e  o f  f i b r i l s  o f  the r e t i c u l a r  form, s in c e  

v a r i o u s  s t a i n i n g  methods g ive  such s t r i k i n g l y  d i f f e r e n t -  

r e a c t i o n s  w i t h  the two s u b s ta n c e s .

E a r l i e r  i n  t h i s  s e c t i o n  i t  was s t a t e d  t h a t  no l e s i o n s  

have been  seen i n  a c u te  c a se s  t h a t  could  by any means be 

i n t e r p r e t e d  a s  t r a n s i t i o n a l  s t a g e s  between the  r e t i c u l a r  

and the  c o r o n a l  fo rm s,  and t h a t  the  complete  absence  o f  

f i b r i n  r e a c t i o n  i n  the sm all  c o ro n a l  forms i s  a f u r t h e r  

a rgum en t  a g a i n s t  K l inge*s  view t h a t  the c o r o n a l  i s  a 

deve lopm ent  o f  the r e t i c u l a r  form ( F r u h i n f i l t r a t ) ,  s in c e  

f i b r i n  i n  the  rh eu m a t ic  h e a r t  i s  p e c u l i a r l y  r e s i s t a n t .

This  p e r s i s t e n c e  o f  f i b r i n  i s  proved by the  a p p e a ra n c e s  

i n  su b a c u te  c a s e s ;  f o r  example i n  e p i c a r d i a l  t i s s u e ,  a l 

r e a d y  the  s e a t  o f  d i f f u s e  f i b r o s i s ,  the  f i b r i n  o f  r e t i c u l a r  

A s c h o f f  b o d ie s  may be seen to be s t i l l  p e r f e c t l y  d i s t i n c t  

w i t h  l i t t l e  o r  no s ig n s  o f  l y s i s  o r  o r g a n i s a t i o n ;  s i m i l a r l y  

i n  the  v a l v e s ,  the  f i b r i n  mass o f  the v e g e t a t i o n  may show 

p r a c t i c a l l y  no o r g a n i s a t i o n  a t  a time when the m y o c a rd ia l  

n o d u le s  have a l l  gone on to  become f i b r o u s  s c a r s .  Clawson 

e t  a l .  ( 1 9 2 6 ) ,  in  d i s c u s s i n g  t h i s  m a t e r i a l ,  i n  the  v a lv e s  

which  th ey  c a l l  h y a l i n e ,  say  " The p e r i p h e r a l  h y a l i n e  l a y e r  

becomes more homogeneous and g l a s s y  and rem a ins  in  t h i s  /
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n o t  become o r g a n i z e d .  Hyalin  in  the deepe r  p a r t s  o f  

v e g e t a t i o n  o r  in  the  body of  the l e a f l e t  may l ik e w is e  

p e r s i s t  i n d e f i n i t e l y . . .

Thus to  sum up the  f i n d i n g s  in  the i n t e r s t i t i a l  t i s s u e  

o f  th e  h e a r t  i n  t h i s  case  and my own views on the l e s i o n s  

d e s c r i b e d ,  i t  may be s a i d  t h a t  t h e r e  a re  p r e s e n t  t y p i c a l  

c o r o n a l  A sch o f f  bod ies  i n  c o n s i d e r a b le  numbers in  the  

i n t e r s t i t i a l  t i s s u e  o f  the  v e n t r i c u l a r  myocardium, t h a t  

t h e r e  a r e  r e t i c u l a r  A schoff  b o d i e s ,  the  o t h e r  type o f  a c u te  

p r im a ry  l e s i o n ,  n o t  on ly  in  the a u r i c u l o - v e n t r i c u l a r  wedge 

and the  p e r i a u r i c u l a r  p a r t  o f  the ep ica rd ium  b u t  a l s o  i n  

the i n t e r s t i t i a l  t i s s u e  o f  the myocardium, a n d  t h a t  t h e r e  

a r e  the  t y p i c a l  a u r i c u l a r  m a n i f e s t a t i o n s  o f  a c u t e  rh eu m a t ic  

d i s e a s e .  The i l l u s t r a t i o n s  o f  th e s e  l e s i o n s  a re  b e l i e v e d  

to  prove t h a t  the  changes which I  am a c c e p t i n g  as  d i a g n o s t i c  

a r e  o f  e x a c t l y  the same type a s  the  changes  i l l u s t r a t e d  by 

G e i p e l ,  Coombs, von Glahn, Shaw, C h i a r i ,  K l i n g e ,  and Gross ,  

and t h a t  I  am n o t  m i s r e p r e s e n t i n g  these  w r i t e r s .  Such 

o p i n io n s  a s  I  have e x p re s sed  a r e  based  n o t  on ly  on a com

p a r i s o n  o f  the  p r e s e n t  case w i t h  t h e i r  p u b l i s h e d  i l l u s t r a 

t i o n s  and d e s c r i p t i o n s ,  b u t  a l s o  on the  b a s i s  o f  my own 

o b s e r v a t i o n s  in  s i x t e e n  o t h e r  c a s e s  showing a c t i v e  l e s i o n s .

The n e x t  type o f  l e s i o n  to be d e s c r i b e d  i s  one t h a t  /
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t h a t  can  be a p t l y  d e s c r i b e d  as  s u b e n d o t h e l i a l  p r e c i p i t a t i o n  

o f  f i b r i n ;  t h i s  i s  a m a n i f e s t a t i o n  o f  the  d i s e a s e  t h a t  

a p p e a r s  to  have r e c e i v e d  p r a c t i c a l l y  no comment in  the  p a s t .  

F ig u re  32 shows one o f  the l i t t l e  c r y p t s  between the columnae 

c a m e a e  o f  the  p o s t e r i o r  w a l l  o f  the  l e f t  v e n t r i c l e ,  a s i t e  

t h a t  can r e a s o n a b l y  be c o n s id e re d  as  s h e l t e r e d ;  the  q u e s t i o n  

th u s  a r i s e s  why t h i s  s u b e n d o t h e l i a l  p r e c i p i t a t i o n  should  be 

l o c a l i s e d  i n  t h i s  s e c lud ed  cove.  I t  i s  o f  course  p o s s i b l e  

t h a t  a minute  l e s i o n  in  the endo the l ium  may have a l low ed  the  

s e e p in g  i n  o f  f i b r i n  b u t  a s tudy  o f  the composite  p i c t u r e  

s u g g e s t s  t h a t  some nox ious  i n f lu e n c e  i s  in  the  t i s s u e s ,  

e l i c i t i n g  b o t h  the  f i b r i n  d e p o s i t  and the  c e l l u l a r  changes 

d e s c r i b e d  be low .  The pr imary change a p p e a r s  to be the 

p r e c i p i t a t i o n  o f  f i b r i n  in  the t i s s u e s  im m edia te ly  under  the  

e n d o th e l iu m ,  on a much g r o s s e r  s c a l e  than t h a t  seen in  the 

e a r l y  s t a g e  o f  the  r e t i c u l a r  A schoff  body;  t h i s  g r e a t e r  

i n t e n s i t y  may e x p la in  why i t  has  n o t  been p o s s ib l e  to  

i d e n t i f y  the  d e p o s i t  o f  f i b r i n  on p r e - e x i s t i n g  c o l l a g e n  

f i b r e s .  In  the  meshes o f  the r a m i fy in g  f i b r i n  the l o c a l  

c e l l s  show changes t h a t  b r i n g  them i n t o  l i n e  w i t h  the  g r a n u 

loma c e l l s  o f  the c o ro n a l  A schoff  body and the a u r i c u l a r  

l e s i o n s ,  and in  the f u r t h e r  development o f  the l e s i o n  th ese  

c e l l s  i n c r e a s e  and show bo th  m u l t i n u c l e a t e d  and f r a n k l y  

d e g e n e ra t e d  forms ( f i g u r e  3 4 ) .  F igure  36 ,  l i k e  the  two /
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two p r e c e d i n g  i t ,  shows s u b e n d o t h e l i a l  p r e c i p i t a t i o n  in  

r e l a t i o n  to  a ve in  in  the v e n t r i c u l a r  w a l l ;  i t  i s  s t a i n e d  

by the  m a l a c h i t e  g r e e n ,  a c r i d i n e  red  method (Kerr  and 

Lendrum 1936) a l r e a d y  m ent ioned ,  and shows the t y p i c a l  

a p p e a ra n c e  o f  the granuloma c e l l s  when t h i s  method works 

s a t i s f a c t o r i l y .  The form assumed by s u b e n d o t h e l i a l  p r e 

c i p i t a t i o n  a p p e a r s  to be dependent  in  p a r t  on the  s t r u c t u r e  

o f  the i n v o lv e d  t i s s u e  and f i g u r e  37 shows the more s t r a t i 

f i e d  d i s p o s i t i o n  of  the f i b r i n  d e p o s i t e d  in  the apex  o f  the 

p o c k e t  o f  the  m i t r a l  v a lv e ;  in  t h i s  s i t u a t i o n  the  a r r a n g e 

ment o f  the  f i b r i n  c l e a r l y  r e c a l l s  the r e t i c u l a r  A schoff  

b o d y .  I f  th e s e  v a r i o u s  forms can be c o n s id e r e d  t o g e t h e r ,  

a s  seems j u s t i f i a b l e  on m o rp h o lo g ica l  g ro u n d s ,  then i t  may 

be su g g e s te d  t h a t  the noxious  a g e n t  p roducing  the fo cus  o f  

damage comes by the b lood s t ream b u t  i s  a c t i v e  on c o l l a g e n  

r a t h e r  than  e n d o th e l iu m ;  i f  the  s i t e  o f  change be n e a r  a 

sou rce  o f  supp ly  o f  f i b r i n o g e n ,  l a r g e  b o t h  in  terms o f  

q u a n t i t y  and r ep la ce m e n t  ( t ime f a c t o r )  then the amount o f  

p r e c i p i t a t i o n  w i l l  be c o m p a ra t iv e ly  g r e a t  and the  r e s u l t a n t  

p i c t u r e  w i l l  be t h a t  d e s c r ib e d  h e r e ,  w hereas  i f  t h e  s i t e  

be f a r  from such ample supply a s  e x i s t s  in  the  b l o o d  in  the  

c a r d i a c  c a v i t y  and venous s i n u s e s ,  then the  f i b r i n  p r e c i p i 

t a t i o n  i s  s l i g h t  and shows the f i n e  and more e a s i l y  a n a ly s e d  

d e p o s i t i o n  o f  the r e t i c u l a r  A schoff  body .
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From th e s e  forms o f  f i b r i n  p r e c i p i t a t i o n  i t  i s  a s h o r t  

s t e p  to  th e  changes i n  the v a lv e s  t h a t  f o r  so long domin

a t e d  a l l  t h o u g h t  on the pa tho logy  o f  t h i s  d i s e a s e .  These 

d i f f e r  from the o t h e r  forms o f  s u b e n d o t h e l i a l  p r e c i p i t a t i o n  

i n  t h a t  t h e y  a r e  m a c r o s c o p ic a l l y  obvious  in  a lm o s t  a l l  

c a s e s ,  i n  t h e i r  v e ry  common s i t u a t i o n  on what we c o n s i d e r  

to  be the  l i n e  o f  c o n t a c t ,  and in  the more i n t e n s e  l o c a l  

changes  b r o u g h t  a b o u t  d o u b t l e s s  by the same m echan ica l  

e f f e c t s  t h a t  d e te rm in e d  the s i t e .  F ig u re  39 shows the 

c o n t a c t  s u r f a c e  o f  the t r i c u s p i d  valve  a t  a p a r t  where no 

a b n o r m a l i t y  was v i s i b l e  to  the  naked e ye .  The d a r k l y  

s t a i n e d  f i b r i n  i s  seen n o t  o n ly  as  a s u r f a c e  l a y e r ,  a s  i s  

s i m i l a r l y  shown in  f i g u r e  37 o f  the m i t r a l  apex and figure 
19 o f  the  a u r i c u l a r  endocardium, b u t  a l s o  r a m ify in g  down 

i n t o  th e  t i s s u e s ;  d eepe r  in  the va lve  a r e  s c a t t e r e d  l i t t l e  

k n o t s  o f  f i b r i n  comparable to those  seen in  a r e a s  o f  i n 

t e n s e  rh e u m a t ic  in f la m m a t io n ,  such  a s  occu r  a t  the r o o t  o f  

th e  m i t r a l  o r  a t  the j u n c t io n  o f  a u r i c u l a r  muscle and endo

ca rd ium .  A l though  the  va lve  i s  oedematous and a p p a r e n t l y  

more c e l l u l a r  than no rm al ,  the p o r t i o n  i l l u s t r a t e d  i s  con

s i d e r e d  to  be s t i l l  an e a r l y  s tag e  o f  v e g e t a t i o n  fo rm a t io n  

in  t h a t  t h e r e  i s  a s t r i k i n g  l a c k  o f  c e l l u l a r  re sp o n se

around  t h i s  f i b r i n .

F ig u r e  40 o f  the  m i t r a l  va lve  shows how deep i n  t h e /



the  v a lv e  s u b s ta n c e  f i b r i n  may be d e p o s i t e d ,  b o t h  i n  r e l a t i o n  

to the  s u r f a c e  l e s i o n  and a l s o  a t  a c o n s id e r a b le  d i s t a n c e  

from any  s u p e r f i c i a l  a b r a s i o n .  in  the  meshes a t  the p e r i 

phery o f  th e se  v a l v u l a r  p r e c i p i t a t i o n s  l a r g e  c e l l s  l a t e r  

a p p e a r  a s  d e s c r i b e d  above ,  which come to show a l l  the 

c h a r a c t e r i s t i c s  o f  the granuloma c e l l s .  The c e l l u l a r  r e 

a c t i o n  v a r i e s  in  d i f f e r e n t  v a lv e s  and even a t  p l a c e s  in  the  

same v a l v e ;  th u s  i n  the t r i c u s p i d  o f  t h i s  case  ( f i g u r e  42) 

t h e r e  i s  an  e a r l y  appea rance  of  the  p r o l i f e r a t i v e  r e a c t i o n ,  

p ro d u c in g  a l i t t l e  f i b r i n  capped v e r r u c a ,  w i t h  b u t  l i t t l e  

im m ig ra t io n  o f  wander ing  c e l l s ,  w hi le  in  the m i t r a l  ( f i g u r e  

44) t h e r e  i s  a c o n s i d e r a b le  i n f i l t r a t i o n  o f  c e l l s ,  lympho

c y t e s ,  polymorphs and f i b r o b l a s t s ,  many o f  which  seem to be 

u n d e rg o in g  n e c r o s i s .

In  the  f i g u r e s  th e re  i s  m a n i f e s t  a d i s t i n c t i o n  in  the  

s t r u c t u r e  o f  the  f i b r i n  mass which i s  u s u a l l y  n o t  d i s c e r n 

i b l e  a f t e r  o r d i n a ^  e o s in  s t a i n i n g .  The d e ep  r o o t s  o f  

f i b r i n  i n  the  t i s s u e  o f  the  va lve  show a s t ro n g  a f f i n i t y  f o r  

the  s p e c i f i c  s t a i n s ,  an a f f i n i t y  t h a t  i s  p a r t i a l l y  l o s t  in  

the  c e n t r a l  p a r t  o f  the mass ,  b u t  i s  seen a g a in  a t  th e  s u r 

fa c e  in  a t h i n  s h a r p l y  d e f in e d  l a y e r  s t a i n i n g  w i t h  v ig o u r  

and p r e c i s i o n .  I t  i s  sugges ted  t h a t  the d i s t i n c t  s u p e r 

f i c i a l  l a y e r  i s  f i b r i n  d e p o s i t e d  from th e  p a s s in g  b l o o d ,  

and t h a t  the  l e s s  s p e c i f i c a l l y  s t a i n e d  m a t e r i a l  i s  the /
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the  f i b r i n  o r i g i n a l l y  d e p o s i t e d  in  the s u b e n d o t h e l i a l  

t i s s u e  and now, in  v i r t u e  o f  i t s  a g e ,  b e g in n in g  to lo se  as  

f i b r i n  can i t s  c h a r a c t e r i s t i c  s t a i n i n g  e x ce p t  on the  d e ep e r  

a s p e c t  where new f i b r i n  i s  b e in g  added.

The p r o l i f e r a t i v e  r e a c t i o n  o f  s u b e n d o t h e l i a l  t i s s u e  

i s  shown in  f i g u r e  45, o c c u r r in g  in  the w a l l  o f  a v e in  in  

the  l e f t  v e n t r i c l e ;  two mosaic A schoff  b o d ie s  a r e  a l s o  

p r e s e n t  i n  the f i e l d .  A pa r t  from the p r o l i f e r a t i v e  

c u s h io n s  on the  endocardium o f  the  l e f t  a u r i c l e  ( f i g u r e  46) 

the  m ost  c h a r a c t e r i s t i c  type o f  i n t i m a l  p r o l i f e r a t i v e  l e s i o n  

i s ,  a s  was shown by Gross ,  the fo rm a t io n  o f  l i t t l e  p a p i l l a e  

i n  the  apex o f  v a l v e s .  F igu re  47 shows a g ro u p  o f  t h e s e  

p a p i l l a e  a t  the r o o t  o f  the pulmonic va lve  w i t h  d e p o s i t i o n  

o f  f i b r i n  in  t h e i r  s u b s ta n c e .  That the f i b r i n  in t h i s  

s i t e  i s  n o t  n e c e s s a r i l y  the  e l i c i t i n g  cause o f  th e  p r o l i 

f e r a t i o n  i s  sugges ted  f i r s t l y  by the  f a c t  t h a t  Gross makes 

no m ent ion  o f  f i b r i n  d e p o s i t i o n  i n  the  p a p i l l a e  o bse rved  

by  him, and second ly  by my own e x p e r ie n c e  in  t h a t  t h i s

p r e s e n t  c ase  i s  the o n ly  one o f  my s e r i e s  showing p r e c i p i 

t a t e  i n  the  p a p i l l a e .  The l e s i o n  p ro v id es  y e t  a n o t h e r  

example o f  f i b r i n  d e p o s i t i o n  under  a more o r  l e s s  i n t a c t

e n d o th e l iu m ,  c l e a r l y  s i m i l a r  to  the g ro u p  o f  f i g u r e s  shown

a s  s u b e n d o t h e l i a l  p r e c i p i t a t i o n ,  and one to be c o n s id e r e d  

a lo n g  w i t h  them in  t h e i r  r e l a t i o n s h i p  to  the  fo rm a t io n  o f
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o f  v e g e t a t i o n .

S w i f t  ( 1 9 2 4 ) ,  in  d e s c r i b i n g  v e g e t a t i o n  s a y s ,  ” on 

m ic r o s c o p ic  e x am in a t io n  these  v e r ru c a e  a r e  seen to be made 

up o f  c o a g u l a t e d  e lem en ts  d e r iv e d  from the c i r c u l a t i n g  

b l o o d ,  in  o t h e r  words, small  g l o b u l a r  thrombi d e p o s i t e d  on 

the  v a l v u l a r  endocardium a t  a p lace  where the l i n i n g  endo

th e l iu m  has  d i s a p p e a r e d . ” H a d f ie ld  and Garrod. (1958) s a y ,  

’’M i c r o s c o p i c a l l y  they  a re  p l a t e l e t  th rom bi ,  f r e e  from 

b a c t e r i a ,  im m edia te ly  o v e r ly in g  a su b e n d o c a rd ia l  a re a  r i c h  

in  the  c h a r a c t e r i s t i c  rheum at ic  n o d u l e s . . . .  This b re a c h  

o f  s u r f a c e ,  the  s u p e r f i c i a l  d e s t r u c t i o n  o f  en do th e l iu m ,  

o c c u r s  a lo n g  the  c lo s u r e  l i n e ,  and a long  t h i s  l i n e  the 

p l a t e l e t  th rombi  a r e  d e p o s i t e d  which ,  when th e y  have rea ch e d  

a c e r t a i n  s i z e ,  a p p e a r  a s  v i s i b l e  v e g e t a t i o n s . ” A g a in s t  

t h i s  o ld  b u t  p e r s i s t e n t  view c e r t a i n  q u e r i e s  may w e l l  be 

r a i s e d .  I s  t h e r e  any proved example in  g e n e r a l  o r  e x 

p e r i m e n t a l  p a th o lo g y  o f  the fo rm a t ion  o f  a mass o f  ” p l a t e  l e t  

thrombus” i n  s i t e s  o t h e r  than r e c e s s e s  o r  b l i n d  ends 

(Rowntree and Shionoya,  1927)? Why should  the thrombus on 

a c a r d i a c  i n f a r c t ,  a s i t e  o f  f low ,  o r  t h a t  i n  the a u r i c u l a r  

ap p en d a g e ,  a> s i t e  o f  s t a g n a t i o n ,  be s t r u c t u r a l l y  so ve ry  

d i f f e r e n t  from rheum at ic  v e g e t a t i o n ?  Why does t h e  v e g e t a 

t i o n  t h a t  o ccu rs  in  the apex  o f  a va lve  ( f i g u r e  48) s t a y  

s m a l l ,  i n s t e a d  o f  e n l a r g i n g  n o t  m ere ly  u n t i l  i t  r e a c h e s  

v i s i b i l i t y  b u t  t i l l  i t  f i l l s  up a l l  the  c a v i t y  o f  t h e /



the  va lve?  I f  i t  were r e a l l y  composed o f  p l a t e l e t s  would 

t h e y  n o t  e l i c i t  the fo rm a t io n  o f  red  thrombus? Why should  

the  rh e u m a t ic  v e g e t a t i o n  f a i l  to i n c r e a s e  in  s i z e  beyond 

the  w e l l  known t i n y  n o d u l e s ,  whereas the v e g e t a t i o n  o f  i n 

f e c t i v e  e n d o c a r d i t i s  does n o t  seem to have i t s  s i z e  l i m i t e d  

by any h y d r o s t a t i c  f a c t o r s ?

Clawson e t  a l .  (1926) were a p p a r e n t l y  the  f i r s t  to  pu t  

f o rw a rd  a view s i m i l a r  to the one which my o b s e r v a t i o n s  

demand; t h e y  say ’’Dense h y a l in  m a t e r i a l  i s  found c o n s t a n t l y  

on th e  s u r f a c e  o f  f r e s h  v e g e t a t i o n s ,  some sm a l l  v e g e t a t i o n s  

c o n s i s t  c h i e f l y  o f  h y a l i n .  I t  may a l s o  be found deep  w i t h 

in  the  su b s ta n c e  o f  the l e a f l e t  a p a r t  from v e g e t a t i o n s .  I t  

seems to  be c h i e f l y  a c o a g u la te d  exudate  and n o t  a p ro d u c t  

o f  t i s s u e  d i s i n t e g r a t i o n .  When the  h y a l in e  b r e a k s  th ro u g h  

the  e n d o th e l iu m ,  p l a t e l e t s  may accumulate  upon i t .  A 

p l a t e l e t  thrombus cannot  be d i s t i n g u i s h e d  from t h i s  h y a l i n e  

m a t e r i a l  e x c e p t  by i t s  p o s i t i o n . ” There seems no d o u b t  

t h a t  the  su b s ta n c e  they  c a l l  h y a l in  i s  what I have d e s 

c r i b e d  th ro u g h o u t  a s  f i b r i n  . The o n ly  p o i n t  on which  I  

would d i s a g r e e  i s  in  h i s  l a s t  s e n t e n c e ;  a s  mentioned a l 

r e a d y  the  use o f  s t a i n s  o t h e r  than  e o s i n ,  f o r  example 

p h o s p h o tu n g s t i c  haematoxylin  , p i c r o - M a l lo r y ,  o r  p h lo x in  

t a r t r a z i n e ,  shows a t h in  s h a r p ly  d e f i n e d  l a y e r  on the s u r 

face  o f  the main mass o f  v e g e t a t i o n  which  i s  a lm o s t  c e r t a i n l y /
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c e r t a i n l y  the  s u p e r f i c i a l  c o a t in g  t h a t  they  p o s t u l a t e .

K l in g e  (1933) on v a l v u l a r  e n d o c a r d i t i s  a c c e p t s  K o n ig e r ’ s 

view t h a t  the m a t e r i a l  o f  the v e g e t a t i o n  i s  formed i n - w i t h  

the  v a l v e ,  i n  the  s u b e n d o t h e l i a l  t i s s u e .  He b e l i e v e s  t h i s  

to  be a  f i b r i n o i d  d e g e n e ra t io n  o f  the  c o n n e c t iv e  t i s s u e ,  

the  r e a c t i o n  he c o n s i d e r s  g e n e r a l  f o r  rheum atic  d i s e a s e ;  

to  t h i s  he adds  ”A l l e i n  d ie  Quellung Kann a b e r  auch  ganz 

aus  s i c h  z u r  W arzchenbildung f u h r e n ” . Gross (1 9 3 6 ,c) l i k e  

Coombs (1924) b e l i e v e s  t h a t  the v e g e t a t i o n  i s  formed by a 

c o a g u l a t i v e  n e c r o s i s  o f  the p r o l i f e r a t e d  c e l l s  and o f  

e x u d a t e ,  and t h a t  the d e p o s i t i o n  o f  p l a t e l e t s  o r  f i b r t a .  

p l a y s  v e ry  l i t t l e  p a r t  i n  t h e i r  f o r m a t io n .  Poynton and 

S c h l e s i n g e r  (1937) g ive  Poynton’ s and P a in e ’ s e a r l y  t h e o r y  

on v e g e t a t i o n s ,  t h a t  these  ’’a r e  m ain ly  n e c r o t i c  a r e a s  o f  the  

v a lv e  s u b s t a n c e ,  a k in  to the n e c r o t i c  t i s s u e  i n  subcu taneous  

n o d u le s  and p e r i c a r d i t i s .  C e r t a i n l y  a thrombus would be 

u n l i k e l y  to  have such a f i r m  a t t a c h m e n t  a s  the  v e r ru c o se  

l e s i o n s  c o n s t i t u t i n g  a simple rheum a t ic  e n d o c a r d i t i s . ” 

E lsew here  t h e y  s t a t e  (p .3 1 )  ’’ . . . v a l v u l a r  v e g e t a t i o n s  owe 

t h e i r  f o rm a t io n  to  a s u b e n d o t h e l i a l  in f lam m ato ry  p ro c e s s  

and n o t  to  a p r im ary  d e s t r u c t i o n  o f  the  en d o th e l iu m .  This 

means t h a t  the  i n f e c t i o n  re a c h e s  the  v a lv e s  th rough  the 

c o ro n a r y  c i r c u l a t i o n  and n o t  from t h e  b lood  i n  th e  c a v i t i e s  

o f  the  h e a r t . ” I t  i s  q u e s t i o n a b l e  i f  t h e r e  i s  r e a l  j u s t i - y



j u s t i f i c a t i o n  f o r  t h i s  l a s t  s t a t e m e n t .  The much d e b a ted  

problem o f  the  v a s c u l a r i s a t i o n  of  c a r d i a c  v a lv e s  i s  too 

l a r g e  to  be d i s c u s s e d  h e re  b u t  i t  now seems f a i r l y  c e r t a i n  

t h a t  a t  the  l e v e l  o f  the l i n e  o f  c lo s u r e  t h e r e  a r e  n o rm a l ly  

no b lo o d  v e s s e l s .  The t i s s u e  d o u b t l e s s  has  a low m e ta 

b o l i c  r a t e  b u t  i t s  c o n t in ued  e x i s t e n c e  i s  p ro o f  t h a t  a d e 

q u a te  n u t r i m e n t  i s  b e in g  r e c e i v e d .  This may be e i t h e r  

from the  c a p i l l a r y  loops  a t  the  base  of  the  v a lv e  o r  from 

the  b lo o d  in  the  c a v i t y ;  s ince  t h e r e  i s  no g r e a t e r  d e v e lo p 

ment o f  th e  b a s a l  c a p i l l a r y  loops in  the  v a lv e s  on the  r i g h t  

s i d e  o f  the  h e a r t ,  i t  must be assumed t h a t  the  v a lv e s  depend 

f o r  t h e i r  n u t r i t i o n  a lm o s t  e n t i r e l y  on d i f f u s i o n  o f  the  

n u t r i t i v e  s o l u t e s  from th e s e  loops w i t h  t h e i r  oxygenated  

c o ro n a r y  b lo o d  r a t h e r  than on d i f f u s i o n  from th e  b loo d  in  

the  c a v i t i e s .  For i f  the c a v i t y  b loo d  m a in ta in e d  the 

g r e a t e r  p a r t  o f  the  n u t r i t i v e  su p p ly ,  then on th e  r i g h t  s id e  

the  c a p i l l a r y  lo o ps  would be c a l l e d  on f o r  oxygen supp ly  to  

a much g r e a t e r  e x t e n t  than on the l e f t  s ide  where the  c a v i t y  

b lo o d  i s  i t s e l f  oxygena ted .  Thus i t  i s  r e a s o n a b l e  to say 

t h a t  any  s o l u t e  i n  the b lo o d ,  normal o r  abnorm al ,  p h y s io 

l o g i c a l  o r  t o x i c ,  t h a t  i s  o f  a m o le c u la r  s i z e  to  p e n e t r a t e  

e n d o th e l iu m  can be d i s p e r s e d  th ro u g h o u t  the su b s ta n c e  o f  the  

v a lv e  from the b a s a l  c a p i l l a r i e s ;  i t  i s  n o t  r e a s o n a b le  to 

deny th e  p o s s i b i l i t y  o f  s i m i l a r  d i f f u s i o n  from th e  c a v i t y /



c a v i t y  b l o o d .  On the  b a s i s  of* th e s e  presumptions  i t  i s  

p o s s i b l e  to  imagine a c u te  rheum atic  in f lam m ation  o c c u r r i n g

n o t  o n ly  a t  the  base  o f  a valve and showing th e r e  the

c h a r a c t e r i s t i c s  o f  t h i s  in f lam m ation  a s  seen in  any o t h e r  

f a i r l y  lo o se  c o n n e c t iv e  t i s s u e  i n  the h e a r t ,  b u t  a l s o  a t  a 

d i s t a l  o r  s u p e r f i c i a l  p a r t  o f  the f l a p  and showing t h e r e  

the  c h a r a c t e r i s t i c s  o f  a c u t e  rheum atic  in f lam m ation  as  

seen  i n  s u b e n d o t h e l i a l  t i s s u e  e lsewhere  i n  the  h e a r t .

Such indeed  a r e  the obse rved  f a c t s .  Examinat ion  o f  a c u t e  

r h e u m a t ic  c a s e s  n o t  i n f r e q u e n t l y  r e v e a l s  an a c u t e  v a l v u l i t i  

w i t h  c e l l u l a r  i n f i l t r a t i o n ,  oedema, A schoff  body f o r m a t io n ,  

and even the  e a r l y  d e p o s i t  o f  t i n y  twigs o f  f i b r i n  on the 

deep  c o l l a g e n  f i b r e s ,  a l l  s t i l l  co n f in e d  to  the  p rox im al  

p a r t  o f  the  v a l v e ,  w h i le  a t  the l i n e  o f  c o n t a c t  t h e r e  i s  a 

s o l i d  mass o f  f i b r i n  e r u p t i n g  th ro u gh  the  en do th e l iu m  w i t h  

a s l i g h t  to  modera te  c e l l u l a r  p r o l i f e r a t i o n  o r  i n f i l t r a t i o n

in  r e l a t i o n  to  i t s  r o o t s .  Between the  two a r e a s  o f  change

the  v a l v u l a r  t i s s u e  may seem v i r t u a l l y  no rm al .  P u t t i n g  

t h i s  i n  a n o t h e r  way, we can s a y  t h a t  th e  r e a c t i o n  o f  th e  

t i s s u e  to  the  n o x io u s  a g e n t  i s  obv ious  i n  the prox im al  p a r t  

o f  the  v a lv e  where i t  i s  g e n e r a l ,  and a g a in  a t  a d i s t a l  

p a r t  where i t  i s  f o c a l .  One h y p o t h e s i s  to  f i t  these  f a c t s  

i s  t h a t  the  sp re a d  o f  the noxious  a g e n t  to  t h i s  d i s t a n t  

fo cu s  may q u i t e  w e l l  occur  i n  the  sub s ta n c e  o f  th e  v a l v e , /
(Turn. f t a - j e s  fe jzcL^e c/3
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i s  w e l l  shown in  f i g u r e  50 where the normal  muscle s t a i n e d  

by phosphotungatic- .  haem atoxy l in  I s  d a rk ,  and the f i b r e s  

n e a r e s t  the  A schoff  body show l o s s  o f  t h e i r  normal  s t a i n i n g .  

W hether  o r  n o t  t h e r e  i s  a t o x i c  i n f lu e n c e  emanating from 

the  s u b e n d o t h e l i a l  p r e c i p i t a t i o n s  of  f i b r i n ,  Clawson’ s 

view m en t io ned  above ,  the d a ta  g iven  by Gross and E h r l i c h  

(1934 a & b )  on the in c id e n c e  of  v e g e t a t i o n  a t  d i f f e r e n t  

s t a g e s  o f  th e  d i s e a s e ,  and my own f i n d in g s  a l l  su gg es t  t h a t  

t h e r e  i s  some i n h i b i t i o n  o f  the  u s u a l  p ro c e s s e s  o f  l y s i s  and 

o r g a n i s a t i o n .  The a p p a r e n t  c o n t r a d i c t i o n  between t h i s  f a c t  

o f  m orb id  anatomy and the  known f i b r i n o l y t i c  a c t i v i t y  o f  

th e  s t r e p t o c o c c u s  does n o t  appea r  to have been m en t ioned  by 

the  s u p p o r t e r s  o f  t h i s  organism as  the  c a u s a l  a g e n t .  So 

f a r  a s  my o b s e r v a t i o n s  go t h i s  s u b e n d o t h e l i a l  f i b r i n  i s  

c o n f i n e d  to  the h e a r t ,  e i t h e r  in  the  t i s s u e  a d j o i n i n g  the 

c a v i t i e s  o r  i n  r e l a t i o n  to  a v e i n ;  a d m i t t e d ly  no o t h e r  

o rgan  has  r e c e i v e d  q u i t e  such i n t e n s i v e  s tu d y .

Thus to  sum up the  f i n d i n g s  in  the  e n d o t h e l i a l  and sub 

e n d o t h e l i a l  t i s s u e s  o f  th e  h e a r t  i n  t h i s  c a s e ,  and my own 

v iews on the l e s i o n s  d e s c r i b e d  i t  may be s a i d  t h a t  t h e r e  a r e  

p r e s e n t  f o c i  o f  damage i n  the s u b e n d o t h e l i a l  t i s s u e s  which 

i n  v i r t u e  o f  t h e i r  c lo s e  r e l a t i o n s h i p  to  a l a r g e  supply  of  

b lo o d  a:r e  c h a r a c t e r i s e d  by a c o m p a r a t iv e ly  massive  

p r e c i p i t a t i o n  o f  f i b r i n ,  t h a t  the  e x t e n t  o f  t h i s  p r e c i p i t a t i o n
( Turn  A-vro jbajes fc



v a l v e ,  t r a v e l l i n g  toward the d i s t a l  p o r t i o n s  ahead o f  the 

t i s s u e s ’ r e a c t i o n ,  and producing a s e p a r a t e  focus  in  the  

d i s t a l  p a r t  t h ro u g h  an i n t e n s i f i c a t i o n  o f  i t s  n e c r o t i c  

e f f e c t s  b r o u g h t  a b o u t  l o c a l l y  by the  trauma o f  c l o s u r e .

T his  c e r t a i n l y  would be n e a r e r  to f i t t i n g  the f a c t s  than 

the  view a t  p r e s e n t  in  f a s h io n  t h a t  v e g e t a t i o n  occurs  where 

the  s u r f a c e  o f  an oedematous in f lam ed  va lve  has been 

a b r a d e d .  The o t h e r  p o s s ib l e  i n t e r p r e t a t i o n  and the  one 

which  my o b s e r v a t i o n s  tend to f a v o u r  i s  t h a t  the  fo rm a t io n  

o f  v e g e t a t i o n  i s  the  same p ro cess  o f  s u b e n d o t h e l i a l  p r e 

c i p i t a t i o n  a s  d e s c r i b e d  above f o r  o t h e r  s i t e s ,  and t h a t  i t s  

f r e q u e n c y  a t  th e  l in e  o f  c o n ta c t  i s  e x p la in e d  on the u s u a l  

m e c h a n ic a l  g r o u n d s .  The a b s o lu te  e x p la n a t i o n  of  i t s  l o c a l 

i s a t i o n  rem ains  a m y s te ry .  There i s ,  however , s t i l l  one 

s i g n i f i c a n t  f a c t  a bou t  these  p r e c i p i t a t i o n s ,  and t h a t  i s  

the  co m b in a t io n  o f  the c e l l u l a r  changes and the  p e r s i s t e n c e  

o f  the  d e p o s i t .  I t  would seem t h a t  t h e r e  must be some 

l o c a l  t o x i c  e f f e c t ,  i n  t h a t  the su r rou n d in g  c e l l s  take  on 

the  c h a r a c t e r i s t i c s  o f  granuloma c e l l s ,  d e g e n e r a t io n  o f  

t h e s e  c e l l s  o c c u r s ,  and the re  i s  c u r i o u s l y  l i t t l e  ev idence  

o f  o r g a n i s a t i o n  o f  t h i s  f i b r i n  a t  l a t e r  s t a g e s .  I t  i s  

o bv ious  from the ap p ea ra n c es  in  m uscu la r  t i s s u e  n e a r  the  

e a r l y  tvpe  o f  m y o ca rd ia l  A schoff  body t h a t  t h i s  rh eu m a t ic  

l e s i o n  a t  l e a s t ,  i s  a c e n t r e  o f  t o x i c  r a d i a t i o n ; t h i s  i s /

(< — turn (y-a.<z-K  i J K e  _ fo f a c t j e  ^



p r e c i p i t a t i o n  i s ,  i n  the  e a r l y  s t a g e s ,  o b v io u s ly  ou t  o f  a l l  

p r o p o r t i o n  to  any v i s i b l e  damage o f  the endo the l ium ,  t h a t  

the  f o c u s  t h u s  made v i s i b l e  i s  a s i t e  o f  to x in  fo rm a t io n  

j u s t  a s  we must  presume the m yo ca rd ia l  Aschoff  body to  b e ,  

and t h a t  where m echan ica l  e f f e c t s  i n t e n s i f y  the  damage, a s  

a t  the  l i n e  o f  v a l v u l a r  c o n t a c t ,  t h e r e  i s  a g r e a t e r  degree  

o f  t h e  change and the  p ro d u c t ion  o f  th o se  f r e q u e n t l y  p r o 

j e c t i n g  l i t t l e  masses c a l l e d  v e g e t a t i o n s .

Pulmonary changes i n  a c u te  rheum atic  d i s e a s e  have o f  

r e c e n t  y e a r s  become the s u b j e c t  o f  much argument.  Some 

have s t a t e d  t h a t  th e re  a re  c h a r a c t e r i s t i c  i n t e r s t i t i a l  

l e s i o n s ,  b u t  Coburn (1931) ,  Klinge  (1933) ,  and  Masson 

(1937) have f a i l e d ,  a s  I  have ,  to conf i rm  t h i s .  On the 

o t h e r  hand a v e ry  s t r i k i n g  change i s  commonly p r e s e n t  in  

the  lung  o f  c a s e s  dying in  an a c t i v e  s tage  o f  the  d i s e a s e .  

The lu n g  has  a s o l i d  red  somewhat t r a n s l u c e n t  appearance  in  

which  can  be seen th e  s e p t a l  t i s s u e  a s  g rey  wet  loo k in g  

b a n d s ;  the  change has a p t l y  been c a l l e d  s p l e n i z a t i o n . On 

m i c r o s c o p i c a l  exam ina t ion  under low power ( f i g u r e  51) th e re  

i s  seen  an i n t e n s e  somewhat i r r e g u l a r l y  d i s t r i b u t e d  co n 

g e s t i o n ,  sometimes w i t h  c o n s id e r a b le  haemorrhage i n t o  the 

a l v e o l i ,  an a l v e o l a r  exudate  o c c a s i o n a l l y  f i b r i n o u s ,  and a 

d i s t i n c t  oedematous s w e l l in g  o f  the s e p t a e .  In  some p a r t s  

an odd a p p ea ra n c e  i s  produced by the c o n t r a s t  be tw een /
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be tween a l v e o l i  f i l l e d ,  w i t h  exudate  and the  empty a l v e o l a r  

d u c t s ;  the  c o n t r a s t  i3 i n t e n s i f i e d  by a p e c u l i a r  membrane 

l i n i n g  the  d u c t  and r e s t i n g  on the spurs  o f  the  a l v e o l i  

( f i g u r e  5 2 ) .  This s o - c a l l e d  ’’h y a l i n  membrane” i s  b e s t  

d e m o n s t r a te d  by  the  use o f  the p ic ro -M a l lo ry  method 

( f i g u r e s  5 3 - 5 4 ) .  I t  t a k e s  g e n e r a l l y  a somewhat d i f f e r e n t  

shade o f  r ed  from t h a t  seen in  f r e s h  f i b r i n  and has a more 

homogeneous app ea ra n c e  a p a r t  from the  c e l l s  l y in g  in  i t s  

m i d s t .  Masson b e l i e v e s  t h a t  t h i s  subs tance  i s  the  p rod u c t  

o f  p a r t i a l  l y s i s  o f  the  type of  f i b r i n  plug shown in  f i g u r e s  

55 and 56,  w i t h  subsequen t  p l a s t e r i n g  o f  the s t i c k y  m a t e r i a l  

a ro u n d  the  p e r i p h e r y  o f  the duct  by the a c t i o n  o f  the mov

in g  a i r .  O c c a s i o n a l l y  th ese  t r u e  f i b r i n  p lugs  become o r 

g a n i s e d  ( f i g u r e  5 7 ) ;  t h i s  a c c o rd in g  to  Masson i s  more l i k e 

l y  to  happen i n  the  l e s s  mobile  c e n t r a l  p a r t s  o f  the lu n g .

I  have n o t  seen s u f f i c i e n t  ev idence  o f  o r g a n i s a t i o n  to  a l low  

comment on t h i s  view. Masson, a l t h o u g h  a d m i t t i n g  t h a t  a 

s i m i l a r  p i c t u r e  may be seen a f t e r  i n h a l a t i o n  o f  Y p e r i t e  

(* s u l f u r e  d ’ e t h y l e  d i c h l o r e ,  P e t i t e  Larousse  1940) ,  and in  

the  newborn a f t e r  i n h a l a t i o n  o f  a m n io t ic  l i q u o r ,  s t i l l  con

s i d e r s  t h a t  the  changes d e s c r ib e d  above a re  s p e c i f i c  f o r  

r h e u m a t i c  d i s e a s e .  On the o t h e r  hand P a rb e r  and Wilson 

(1932)  p o i n t  otfit, p a r t l y  from t h e i r  own e x p e r i e n c e ,  t h a t  

th e  h y a l i n  membrane may be formed in  I n f l u e n z a l , s t r e p t o c o c c a l /



s t r e p t o c o c c a l ,  p la g u e ,  and v e m i x  ( i n h a l a t i o n  o f  am n io t ic  

f l u i d )  pneumonia,  in  d e a th  from poison  g a s ,  in  cases  o f  

p o l i o m y e l i t i s  a f t e r  u n s u c c e s s f u l  t r e a tm e n t  in  an a r t i f i c i a l  

r e s p i r a t o r ,  and i n  case s  o f  c a r d i a c  f a i l u r e  where th e re  has 

been  c o n g e s t i o n  o f  th e  lung w i t h  i n c r e a s i n g  dyspnoea;  they  

succeeded  i n  p roduc ing  a s i m i l a r  fo rm a t ion  by i n j e c t i n g  a 

p a r t i a l l y  decomposed f i b r i n o - p u r u l e n t  f l u i d  i n to  the  t r a 

chea s o f  dead a n im a ls  t h a t  were then s u b je c te d  to  a r t i f i c i a l  

r e s p i r a t i o n .  As long ago as  1917, Shaw Dunn and Ivlchee 

d e m o n s t r a te d  the h y a l i n  membrane in  the  lung o f  c a se s  o f  

Trench n e p h r i t i s ,  and I  am in d e b te d  to P r o f e s s o r  Shaw Dunn 

f o r  the  o p p o r t u n i t y  o f  t e s t i n g  the r e a c t i o n  o f  t h i s  membrane 

w i t h  the  p i c r o - M a i lo r y  s t a i n ;  in  t h i s  m a t e r i a l  the  a p p e a r 

a n c e s  a r e  e x a c t l y  comparable to  those in  the  rheum atic  lung 

e x c e p t  t h a t  the c o n g e s t io n  i s  n o t  q u i t e  so i n t e n s e  and th e re  

a r e  r a t h e r  more polymorphs in  the a l v e o l a r  e x u d a t e .

P r o f e s s o r  Shaw Dunn a l s o  was good enough to  a l lo w  me to 

examine lung  from a poisonous gas  c a s u a l t y  (p ro b a b ly  phos

g e n e ) ;  t h i s  showed f a i r l y  g ro s s  oedema and some f i b r i n  

t h r e a d s  s c a t t e r e d  th roughou t  b u t  t h e r e  was no d e f i n i t e  

f o r m a t io n  o f  h y a l i n e  membrane.

Brannan and Goodpasture (1924) in  a s tu d y  o f  the  h y a l i n e  

membrane i n  non-rheuznat ic  c a s e s ,  s t a t e  t h a t  w i t h  phospho- 

t u n g s t i c  haem atoxy l in  the membrane does n o t  taxe  the b lu e  

s t a i n  c h a r a c t e r i s t i c  o f  f i b r i n  b u t  a b row nish  c o l o u r .  Masson/
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Masson says  t h a t  in  the rheum atic  lung a l s o  the membrane 

t a k e s  tne  brown s t a i n ,  while  w i t h  the  t r ich rom e method i t  

t a k e s  a p u r p l i s h  c o lo u r  between t h a t  o f  f i b r i n  and c o l l a g e n .  

In  the  lu n g  o f  the  p r e s e n t  case  the membrane shows as  men

t i o n e d  a b o v e ,  g e n e r a l l y  a p u r p l i s h  red c o lo u r  w i th  the 

p i  c ro -M ai  l o r y  method, b u t  in  p a r t s  the  membrane i s  more 

f i b r i l l a r  and t a k e s  more d i s t i n c t l y  the  f i b r i n  s t a i n i n g ;  

w i t h  p h o s p h o tu n g s t i c  haematoxyl in  a c o n s id e r a b le  p ro p o r t io n  

o f  the  membranes in  t h i s  m a t e r i a l  shows the  b lu e  s t a i n i n g  

and f i b r i l l a r  form o f  f i b r i n .  I t  seems t h e r e f o r e  t h a t  the 

s t r u c t u r e  d e s c r i b e d  a s  the h y a l i n  membrane i s  formed o f  a 

c o a g u la b le  exuda te  c o n ta in in g  v a ry in g  amounts o f  f i b r i n  and 

t h a t  i f  t h i s  be n o t  too s o l i d  and the  p a t i e n t  l i v e  long 

enough,  i t  w i l l  be d i s t r i b u t e d  in  the manner d e s c r i b e d .

The d eg ree  o f  c o n g e s t io n  seen in  these  a c u te  rh eu m a t ic  lungs  

i s  p ro b a b ly  e x p la n a t i o n  enough f o r  an e x u d a t e - c o n ta i n in g  

c o a g u la b l e  m a t e r i a l .  The rem aining  q u e s t io n  i s  w he the r  an 

a c u t e  d im in u t io n  o f  c a r d i a c  o u tp u t  i s  s u f f i c i e n t  cause f o r  

t h i s  pulmonary c o n g e s t io n  o r  whe ther  t h e r e  i s  some l o c a l  

change a s  Coburn su g ges ts  (1931,  p . 4 3 ) ;  "The f req u e n cy  o f  

e p i s t a x i s ,  p u r p u r a ,  h a e m a tu r ia ,  haemorrhaglc pulmonary 

s o l i d i f i c a t i o n  d u r in g  the a c t i v i t y  o f  the  rh eu m a t ic  p ro c e s s  

s t r o n g l y  s u g g e s t s  p h y s i o l o g i c a l  changes r e s u l t i n g  in 

i n c r e a s e d  p e r m e a b i l i t y  o f  c a p i l l a r i e s  and s m a l l e r  b l o o d /
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b lood  v e s s e l s .  Thus a l th o u g h  i t  does n o t  seem j u s t i f i a b l e  

to  a c c e p t  Masson1 s s t a te m e n t  t h a t  t h i s  i s  a s p e c i f i c  change,  

i t  i s  an  o b se rv ed  f a c t  t h a t  t h i s  change i s  commonly seen in  

c a s e s  d y in g  o f  a c t i v e  rheum atic  d i s e a s e ;  in  the p r e s e n t  

case  the changes  a r e  seen in  a f l o r i d  d e g re e ,  e x p la n a t io n  

enough f o r  the  r e s p i r a t o r y  d i s t r e s s  p r e s e n t  s h o r t l y  b e fo re  

d e a t h ,  w h i l e  t h e i r  occu r ren ce  here  i s  a f u r t h e r  c o n f i rm a t io n  

o f  the rh e u m a t ic  n a t u r e  o f  the m othe r ’ s d i s e a s e .  There i s  

n o t h in g  i n  the  morbid  anatomy o f  th e  mother to sugges t  t h a t  

she had s u f f e r e d  from an e a r l i e r  a t t a c k  o f  rheum at ic  d i s e a s e .

The f i n d i n g s  i n  the f o e t a l  h e a r t  a r e  s t r i k i n g l y  

d i f f e r e n t  from those  in  the m a te rn a l  h e a r t .  A par t  from, 

haem orrhages  the o n ly  l e s i o n s  seen a r e  in  th e  v a l v e s ;  they  

a r e  i l l u s t r a t e d  i n  f i g u r e s  58 to 61. The f i r s t  o f  these  

shows the  p o s t e r i o r  m i t r a l  cusp  w i t h  a c e l l u l a r i t y  toward 

the  c o n t a c t  s u r f a c e  which i s  d i s t i n c t l y  g r e a t e r  than a n y 

t h i n g  seen  n o r m a l ly ;  many o f  these  c e l l s  have somewhat 

v e s i c u l a r  m u c le i  w i t h  s l i g h t  l o b u l a t i o n .  F igu re  59 shows 

a more i n t e n s e  c e l l u l a r  i n f i l t r a t i o n  w i t h  a f a i r  p r o p o r t io n  

o f  po lymorphs ;  the  app ea ran ces  a r e  indeed  a lm o s t  those  o f  

a s e p t i c  in f lam m at io n  b u t  d e s p i t e  t h i s  th e r e  i s  no s ign  o f  

any  v e g e t a t i o n  f o r m a t io n .  F ig u re s  60 and 61 a r e  o f  a more 

f o c a l  type  o f  l e s i o n ;  the l a t t e r  i s  from the t r i c u s p i d  and 

shows n o t  o n ly  mononuclear  and po lymorphonuclear  c e l l s  b u t /



b u t  a l s o  q u i t e  d e f i n i t e  ev idence  o f  n u c l e a r  remains and 

n e c r o t i c  d e b r i s .  Wo organisms have been dem ons tra ted  in  

th e s e  v a l v e s .  I’he f i v e  b lo c k s  o f  the  f o e t a l  h e a r t  were 

examined by  s e r i a l  s e c t i o n ;  a p a r t  from th e  changes in  the  

v a l v e s ,  no l e s i o n  o f  e n d o t h e l i a l  o r  s u b e n d o t h e l i a l  t i s s u e  

was fo u n d .  The myocardium, a s  d id  a l s o  the pulmonary 

t i s s u e ,  showed m ere ly  engorgement and haemorrhages .

Thus in  the mother  we have n o t  on ly  changes which I 

b e l i e v e  can be a c c e p te d  a s  rheumatic  b u t  a group o f  these  

changes  t h a t  s i g n i f y  an e x t r a o r d i n a r i l y  severe  o n s l a u g h t  o f  

the  d i s e a s e .  Whereas in  the f o e t a l  h e a r t  the on ly  changes 

seen f a i l  to  co r re sp o n d  w i t h  any known m a n i f e s t a t i o n  of  

rh e u m a t ic  d i s e a s e .
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COMMENT ON THE RHEUMATIC CASE.

Xn the  t i s s u e s  o f  the  m other’ s h e a r t  t h e r e  i s  ev idence  

which  on p r e s e n t  day knowledge must be c o n s id e re d  a s  p ro o f  

t h a t  h e r  i n f e c t i o n  was rh eu m a t ic .  F u r t h e r ,  the  c h a r a c t e r  

o f  the  changes p o i n t s  to a p e c u l i a r l y  a cu te  and severe  form 

o f  th e  i n f e c t i o n ,  resem b l in g  in  many ways the fu lm in a t in g  

rh e u m a t i c  p a n c a r d i t i s  o c c a s i o n a l l y  seen in c h i l d r e n .

D e s p i t e  t h i s  extreme s e v e r i t y ,  however, the changes found 

in  t h e  f o e t a l  h e a r t  can in  no way be a c c ep ted  as c h a r a c t e r 

i s t i c  o f  rh e u m a t ic  d i s e a s e .  This d i s s i m i l a r i t y  o f  h i s t o 

l o g i c a l  a p p ea ra n c e  in  the two h e a r t s  may mean f i r s t l y  t h a t  

the  rh e u m a t i c  i n f e c t i o n  even a t  such a degree of  v i r u l e n c e  

i s  i n c a p a b l e  o f  c r o s s in g  the p l a c e n t a l  b a r r i e r .  I t  i s  o f  

i n t e r e s t  t h e r e f o r e  to no te  the types o f  i n f e c t i o n  known to  

produce  i n t r a u t e r i n e  d i s e a s e .  A lpe rs  and P a t te n  (1926) in  

t h e i r  rev iew  o f  t h i s  s u b j e c t  have shown t h a t  the f o e t u s  can 

be i n f e c t e d  by  coccaceae  ( t o  which may be added a case  o f  

g o n o c o c c a l  t r a n s m i s s io n  r e p o r t e d  by Hellmann ( 192 6 ) and one 

o f  s c a r l e t  f e v e r  d e s c r ib e d  by L i d d e l l  and Tangye (19 1 6 ) ,  by 

s p i r i l l a c e a e , b a c t e r i a c e a e , b a c i l l a c e a e  andm ycobac te r iaceae  

They a l s o  a c c e p t  t r a n s m is s io n  o f  smallpox,  m e a s le s ,  m a l a r i a  

and s y p h i l i s ,  to  which may be added the case s  o f  

e n c e p h a l i t o z o i c  i n f e c t i o n  r e c e n t l y  r e p o r t e d  by /Volf and./
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and Cowe.n ( 1 9 3 8 ) .  Thus i n t r a u t e r i n e  d i s e a s e  has been r e 

p o r t e d  a s  due to r e p r e s e n t a t i v e s  o f  the th re e  main groups 

o f  i n f e c t i v e  a g e n t s ,  the sch izo m y ce te s , the  v i r u s e s ,  and 

the  p r o t o z o a .  i t  i s  n o t  j u s t i f i a b l e  however, to  assume 

t h a t  the  i n f e c t i v e  a g e n t  o f  rheum atic  d i s e a s e  does n o t  b e 

long to  any o f  th e s e  g ro u p s .

The second q u e s t io n  r a i s e d  i s  whether  the f o e t a l  h e a r t  

can be  a l e s s  s u i t a b l e  n id u s  f o r  the rheum atic  i n f e c t i o n  

th an  i s  the  h e a r t  o f  the  c h i l d .  In answer to t h i s  i t  can 

be s t a t e d  q u i t e  d e f i n i t e l y  t h a t ,  down to i n f a n c y  a t  l e a s t ,  

the  younger  the  c h i l d  the more l i k e l y  i s  rheum at ic  d i s e a s e  

to i n v o lv e  the  h e a r t .  Also i t  i s  known t h a t  so f a r  as 

pyogenic  i n f e c t i o n  i s  concerned,  the f o e t a l  h e a r t  and p e r i 

card ium  a r e  n o t  immune (B e rb l in g e r  1921, Cruickshank 1930, 

F a r b e r  and Hubbard 1933, B ar tak  1935, Feldmann 1937).

A t h i r d  problem a r i s i n g  from the d i s s i m i l a r i t y  o f  the  

two h e a r t s ,  i s  w h e the r  f o e t a l  t i s s u e  f a i l s  to  r e a c t  to  the 

rh e u m a t i c  i n f e c t i o n  in  the c h a r a c t e r i s t i c  m o rp h o lo g ica l  way. 

W o h lw i l l  and Beck (1S30) have shorn t h a t  the  r e a c t i o n  o f  the 

f i x e d  c e l l s  o f  the t i s s u e s  i s  the  f i r s t  de fence  mechanism 

seen i n  the  f o e t u s ,  whereas a polymorphonuclear  r esponse  to 

i n f e c t i o n  i s  n o t  produced b e fo re  the s i x t h  month. So f a r  

a s  i s  known, the  t i s s u e  r e a c t i o n s  o f  th e  f o e tu s  in  i t s  l a t e r  

months a r e  rem arkab ly  s i m i l a r  to  those  seen i n  e x t r a u t e r i n e /
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e x t r a u t e r i n e  l i f e ;  t h i s  a p p l i e s  n o t  only  to the naked eye 

a p p e a ra n c e s  o f  pneumonia, t u b e r c l e  fo rm a t io n ,  and c h a r a c t e r 

i s t i c  s k in  r a s h e s  b u t  a l s o  to the h i s t o l o g i c a l  f i n d in g s  o f  

p u r u l e n t  i n f la m m a t io n ,  r e p a r a t i v e  f i b r o s i s ,  and tu b e rc u lo u s  

f o l l i c l e s  (Whitman and Greene 1922, Tingle 1926, Palmer 

1928, C ru ickshank  1930, A lpers  and Pa t te n  1936) .  A f u r t h e r  

a s p e c t  o f  t h i s  q u e s t i o n  of  r e a c t i o n  i s  the  u n d e r ly in g  s e r o 

l o g i c a l  s t a t e ;  some have co n s id e re d  t h a t  an a b n o rm a l i ty  in  

t h i s ,  a s t a t e  o f  s o - c a l l e d  h y p e re rg y ,  i s  the  e x p la n a t i o n  

o f  th e  u n u s u a l  t i s s u e  changes seen in  rheum atic  d i s e a s e .

That th e  t y p i c a l  m o rp h o lo g ica l  changes o f  an a l l e r g i c  

d i s e a s e  such  a s  t u b e r c u l o s i s  can indeed be formed in  the  

f o e t u s  has  been  shown by Whitman and Greene (1922) .

The t r a n s m i s s i o n  o f  s e r o l o g i c a l  a c t i v i t i e s  to the human 

f o e t u s ,  a s  t e s t e d  in  v i t r o ,  has been s tu d ie d  by Ra tner  e t  a l .  

(1927) and F e l s e n  e t  a l .  (1937) .  They a c c e p t  the passage 

o f  a n t i b o d i e s  f o r  d i p h t h e r i a l  and s c a r l a t i n a l  t o x i n s ,  f o r  

t e t a n u s ,  p o l i o m y e l i t i s ,  and m eas le s ,  w h i le  the l a t t e r  a u t h o r s  

have shown an a p p a r e n t l y  q u i t e  u n o b s t r u c te d  t r a n s f e r e n c e  o f  

a n t i b o d i e s ,  b a c t e r i o l y s i n s , a g a i n s t  the  s t r e p to c o c c u s  

v i r i d a n s .  In c o n t r a s t  to  t h i s  u n o b s t r u c te d  p a ssag e ,  Wiener  

and S i lverm an  (1940) show t h a t  the t i t r e  o f  c e r t a i n  a n t i 

b o d i e s  in  the  f o e t a l  serum i s  on ly  one e i g h t h  o f  t h a t  i n  the 

m a t e r n a l  serum, b u t  L ippard  and W heeler  (19o6) in  t h e i r /
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t h e i r  s t u d i e s  on h e ta h a e m o ly t ic  s t r e p t o c o c c a l  i n f e c t i o n  

r e p o r t  t h e  p resen ce  in  the f o e t a l  serum n o t  only  o f  a n t i -  

haem olys in  in  t i t r e  f u l l y  e q u a l  to t h a t  o f  the  mother ,  b u t  

a l s o  o f  a n t i f i b r i n o l y s i n  a t  a c o n c e n t r a t i o n  a c t u a l l y  h i g h e r  

than  i n  th e  m o th e r ’ s serum. Thus from what i s  known o f  

the  s e r o l o g i c a l  s t a t e  o f  the  f o e t u s ,  th e re  seems no obvious 

re a so n  why the  f o e t u s  should r e a c t  in  so ve ry  d i f f e r e n t  a 

way from the  m o th e r .  No v e ry  d e f i n i t e  c o n c lu s io n s  can be 

d e r i v e d ,  however, from the d a t a ,  and the only  h y p o th e s i s  

s u g g e s t e d  i s  t h a t  the damage in  the m othe r’ s h e a r t ,  in  a l l  

i t s  s e v e r i t y ,  was the r e s u l t  o f  i n t e r a c t i o n  o f  a simple 

i n f e c t i o n ,  p o s s i b l y  s t r e p t o c o c c a l  w i t h  t i s s u e s  which had 

been  p r e p a r e d  o r  s e n s i t i s e d  in  the p a s t ,  t h a t  a s  i t  were 

the  D ragon’ s t e e t h  had been sown in  the  m o the r ’ s h e a r t  

b e f o r e  the  f o e t u s  was conce ived .

Thus to summarise the above ,  the f a i l u r e  to  prove i n t r a 

u t e r i n e  i n f e c t i o n  by  the agen t  o f  rheum atic  d i s e a s e  g iv es  us 

no immedia te  c lu e  to  i t s  n a tu r e  s ince  cases  o f  f o e t a l  i n 

f e c t i o n  have been  shown to be caused  by examples o f  th e  

t h r e e  main ty p es  o f  i n f e c t i v e  a g e n t s ,  s c h iz o m y c e te s , 

v i r u s e s  and p r o t o z o a .  The p o s s i b i l i t y  t h a t  t h e  h e a r t  o f  

the  f o e t u s  would n o t  be the b e s t  s i t e  f o r  d i a g n o s t i c  exam

i n a t i o n  i s  improbable  in  view b o t h  o f  the  h igh  in c id e n c e  

o f  c a r d i a c  damage in  younger c h i l d r e n  s u f f e r i n g  from a c u t e ^
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a c u t e  r h e u m a t i c  d i s e a s e ,  and a l s o  the  known s u s c e p t i b i l i t y  

o f  t h e  f o e t a l  h e a r t  to pyogenic i n f e c t i o n .  The d i s t a n t  

p o s s i b i l i t y  s t i l l  rem ains ,  however, t h a t  the r e a c t i o n  of  

the  t i s s u e s  to  rheum at ic  i n f e c t i o n  a r e  d i f f e r e n t  in  l a t e r  

f o e t a l  l i f e  from those  seen in p o s t n a t a l  l i f e ,  even though 

t h i s  h a s  been  shown n o t  to be so in  o t h e r  d i s e a s e s .  The 

s tu d y  o f  the  s e r o l o g i c a l  s t a t e  o f  the  f o e tu s  su g g e s t s  no 

obv ious  r e a s o n  why the f o e t u s  should f a i l  to behave in  a 

manner s i m i l a r  to the m other .

I t  rem ains  to a s s e s s  the a c t u a l  changes in  the f o e t a l  

v a l v e s .  The l e s i o n s  themselves do n o t  have the  a p p e a r 

an ce s  a s  seen  in  the  e a r l y  s t a g e s  o f  rheum at ic  in f lam m ation  

o f  th e  c h i l d ’ s c a r d i a c  v a lv e s ;  in  t h i s  case the i n f i l t r a 

t i o n s  a r e  in  a d i s t a l  p o r t io n  o f  the  va lve  whereas in  the 

r h e u m a t ic  v a lv e  t h e y  a r e  ob v io u s ly  most i n t e n s e  a t  the 

r o o t  o f  the v a l v e ,  and spread  d i s t a l l y  from t h e r e .  The 

c e l l u l a r  i n f i l t r a t i o n  in  t h i s  case i s  n o t  on ly  con f ined  to  

a d i s t a l  p a r t  o f  th e  valve b u t  i s  more i n t e n s e  th e re  than 

has been  seen in  any rheum atic  c a s e .  D esp i te  the extreme 

d eg re e  o f  v a l v u l i t i s  th e re  i s  n o t  th e  s l i g h t e s t  su g g e s t io n  

o f  v e g e t a t i o n  f o r m a t io n .  I t  can t h u s  be s t a t e d  t h a t  the  

h i s t o l o g i c a l  p i c t u r e  in  the  va lv e s  i s  n e i t h e r  c h a r a c t e r i s t i c  

n o r  even  s u g g e s t i v e  o f  rheum atic  d i s e a s e ,  w h i le  the  complete  

ab sen ce  o f  morbid  change in  the a u r i c l e s ,  in  the a u r i c u l o -
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a u r i c u l o - v e n t r i c u l a r  r e g i o n ,  o r  in  the m yocard ia l  stroma 

em p h a s i se s  the  d i s s i m i l a r i t y .

The o n ly  known l e s i o n  of  the  f o e t a l  v a lv e  to w hich  the 

p r e s e n t  case  cou ld  he l ik e n e d  i s  the s o - c a l l e d  to x ic  endo

c a r d i t i s .  A f t e r  an i n t e n s i v e  s e a r c h  f o r  examples o f  t h i s

l e s i o n ,  one sm a l l  focus  was found ( f i g u r e  63 ) ;  t h i s

a p p a r e n t l y  comforms to  the  d e s c r i p t i o n s  given f o r  t o x i c  

e n d o c a r d i t i s  b u t  i t  i s  a much more d e f i n i t e  l e s i o n  th an  

any o f  t h o s e  i l l u s t r a t e d  in  the p u b l i c a t i o n s  on t h i s  sub 

j e c t .  I t  i s ,  however, a ve ry  s l i g h t  a b n o rm a l i ty  in  com

p a r i s o n  w i t h  th e  changes found in  the p r e s e n t  c a s e .  Thus 

the  p r e s e n t  c a s e  shows a degree o f  v a l v u l i t i s  g r e a t l y  in  

e x c e s s  o f  any o f  the  i l l u s t r a t e d  forms o f  t o x i c  e n d o c a r 

d i t i s ;  some o f  the  v e r b a l  d e s c r i p t i o n s ,  however, o f  the 

more s e v e re  c a s e s  o f  t o x ic  e n d o c a r d i t i s  would f i t  the  p i c 

t u r e  and  so i t  seems im poss ib le  to  do o the rw ise  than a c c e p t

t h i s  a s  t o x i c  e n d o c a r d i t i s .  I t  c e r t a i n l y  b e a r s  no resem 

b l a n c e  to  any o t h e r  a b n o rm a l i ty  thus  f a r  d e s c r ib e d  in  the  

v a l v e s  o f  the  f o e t a l  h e a r t .



CONCLUSION.

The work d e t a i l e d  above began w i th  a s tu d y  o f  the 

m orb id  anatomy o f  a c u t e  rheumatic  d i s e a s e .  Out o f  i t  

a r o s e  the  n e ed  f o r  r e s e a r c h  i n t o  t e c h n i c a l  methods;  t h i s  

was m a i n t a i n e d  c o n c u r r e n t l y  and has n o t  o n ly  provided  r e 

s u l t s  o f  g e n e r a l  va lue  b o th  f o r  p r e s e n t  use and f o r  f u t u r e  

s t u d y ,  b u t  has  a l s o  a l low ed  the o b se rv a t io n  and i l l u s t r a 

t i o n  o f  c e r t a i n  changes n o t  p r e v io u s ly  d e sc r ib e d  in  the  

r h e u m a t i c  h e a r t .

My s t u d i e s  on a c u t e  rheum atic  d i s e a s e  have been com

p a re d  and c o r r e l a t e d  w i t h  those pu b l ish ed  by o th e r  i n v e s t i 

g a t o r s ;  on t h e s e  b a s e s  th e re  has been b u i l t  up a composite  

h i s t o l o g i c a l  p i c t u r e  which i s  though t  to be c h a r a c t e r i s t i c  

o f  th e  d i s e a s e .  On t h i s  the p r e s e n t  t h e s i s  i s  founded.

The t h e s i s  pu t  fo rw ard ,  in  o p p o s i t io n  to the a c c e p te d  

b e l i e f ,  i s  t h a t  the  t r a n s m is s io n  of  acu te  rheum atic  d i s e a s e  

to  the  f o e t u s  canno t  be accep ted  a s  p roved .  C r i t i c a l  

e x a m in a t io n  o f  the  p u b l ish ed  c l i n i c a l  da ta  on rheum atic  

d i s e a s e  i n  g e n e r a l ,  makes t h i s  t r a n s m is s io n  seem im probab le ,  

"while a rev ie w  o f  the  p u b l ished  cases  o f  f o e t a l  rheumatism 

show's t h a t  i n  none i s  the  d i a g n o s i s  a d e q u a te ly  e s t a b l i s h e d .  

The p r e s e n t  c ase  o f  p o s s ib l e  t r a n s m i s s io n ,  the  f i r s t  to  

r e c e i v e  m i c r o s c o p i c a l  s tudy  o f  the  t i s s u e s ,  has r e v e a l e d  t h e /
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the  a b sen ce  o f  any c h a r a c t e r i s t i c a l l y  rheumatic  l e s i o n  in  

the  f o e t a l  h e a r t .  D e f in i t e  changes, however, a re  p r e s e n t  

i n  the  f o e t a l  v a l v e s ,  and, in  co n ju n c t io n  w i t h  the  v a r io u s  

c l i n i c a l  and a n a to m ic a l  a b n o r m a l i t i e s  in  the  r e p o r t e d  cases  

o f  f o e t a l  rheum atism ,  they  must be taken to mean t h a t  the  

f o e t u s  can be a f f e c t e d  i n  some way o r  o t h e r ,  even though 

the  r e s u l t  i s  n o t  the complex, r ec o g n ise d  c l i n i c a l l y  o r  

h i s t o l o g i c a l l y  a s  a c u te  rheumatic  d i s e a s e .  On the  grounds 

d e t a i l e d  above i t  i s  on ly  p o s s ib le  to sa y  t h a t  the mani

f e s t a t i o n s  o b se rv ed  in  the fo e tu s  a re  those o f  a r e a c t i o n  to 

t o x in  and n o t  those  o f  a cu te  rheum atic  d i s e a s e .

Thus an o b s e r v a t i o n a l  s tudy  of  the morbid anatomy o f  

a c u t e  r h e u m a t ic  d i s e a s e ,  based  on an improved t e c h n i c a l  p ro 

c e d u r e ,  and a s tu d y  o f  the p a th o l o g i c a l  changes o c c u r r in g  

in  th e  f o e t a l  and i n f a n t i l e  endocardium have t o g e th e r  been 

fo c u s s e d  on the  q u e s t io n  o f  the i n t r a - u t e r i n e  t r a n s m is s io n  

o f  a c u t e  rh e u m a t i c  d i s e a s e .  The c onc lus ion  drawn from 

t h i s  i s  t h a t  no c o n f i r m a t io n  has been found f o r  the  acc ep ted  

b e l i e f  t h a t  a c u t e  rheum at ic  d i s e a s e  may be t r a n s m i t t e d  to 

the  f o e t u s .



RFERERENCES I .

ABBOTT, M .E . ,  Modern Medicine,  O s ie r ,  S i r W . ,  and McOrae,
T . ,  London, 1927 3rd ed .  Lv, 627.

ABRAHAM, J . ,  Z b l .  f .  gynak . ,  L e ip s ig ,  1937, p .2698.

ABRAHAMS, R . ,  Med. R ec . ,  N. York, 1896, I ,  547.

ALPERS, B . J . ,  and PATTEN, G.A., . Amer. J .  D is .  C h i l d . ,
Chicago, 1936, l i i ,  144.

ANITSCHKOW, N . ,  B e i t r .  p a th .  A n a t . ,  J e n a ,  1913, l v ,  373.

ARIEL, M.B . ,  Virchow’ s Arch. f .  pa th ,  Anat.  u .  P h y s io l ,  
B e r l i n ,  1930, c c l x x v i i . 501.

ASCHOPP, L . ,  P a th o lo g i sc h e  Anatomie, 1936, 8 t h  e d . ,  2 ,  31.

ASCHOPP, L . ,  Annals of  the  Rheumatic D ise a s e s ,  London,
1939, i ,  161.

BAEHR, 0 . ,  KLEMPERER, P . ,  and SOKIFRIN, A.,  Trans.  Assoc.
Amer. Phys. ,  P h i l a d e l p h ia ,  1935, 1, 139.

BALDASSARI, V . ,  Z b l .  f .  a l l g .  P a t h . ,  Jen a ,  1909, xx, 97.

BARLOW, T . ,  B r i t .  Med. J . ,  1883, i i ,  509.

BARTAK, P . ,  Casop.  l e k .  c e s k . ,  P raze ,  1935, I x x j v , 1400.

BELLET, S . ,  and GOULEY, B .A . ,  Amer. J .  Med. S c . ,  P h i l a d e l p l i a ,
1932, c l x x x i i i ,  458.

BERBLINGER, W. ,  Die M issbildungen des Herzens, in  Handbuch
d .  a l l g .  Pa th .  u . d .  p a th .  Anat .  d .  K in d . ,  
Bruning u .  Schwalbe, Miinchen, 1921.

BRANNAN, D . ,  and GOODPASTURE, E.W., Arch. I n t .  Med.,
Chicago, 1924, x x x l v , 739.

BROCHIN, Gaz. des  Hop., P a r i s .  1876, x l i x , 881.

BURKY, E . L . ,  J o u m .  Immunol, B a l t . ,  1933, xxi v ,  127.



CAPELLI, E . ,  S p e r im e n ta le ,  F i r e n z e ,  1933, l x x x v i i , 129.

CHIARI, H . ,  Die p a t h .  Anat. des aku ten  Rheumatismus,
Dresden,  1938.

CLAWSON, B . J . ,  Arch .  P a t h . ,  Chicago, 1929, v i i i ,  664.

CLAWSON, B . J . ,  BELL, E . T . ,  and HARTZELL, T .B . ,  Amer. J .
P a t h . ,  B o s t . ,  1926, i i ,  193.

COBURN, A . F . ,  The F a c to r  o f  I n f e c t i o n  in  the  Rheumatic
S t a t e ,  1931, London.

COOMBS, C . F . ,  Rheumatic Hear t  D isease ,  1924, B r i s t o l .

CRUIKSHANK, J  .N. ,  Med. Res. Council ,  Spec. Rep. S e r . ,  Lond.
1930, No. 145.

CZ'IRER, L . ,  Virchow’ s Arch. f .  p a th .  Anat. u .  P h y s io l ,  B e r l .
1913, c c x i i i ,  272'.

DENZER, B . S . ,  J o u r n .  Amer. Med. Assoc. Chicago, 1924,
l x x x i l . 12 43.

DIAMOND, M.,  Arch .  P a t h . ,  Chicago, 1932, x i v . 137.

DISSMANN, E . ,  F r a n k f u r t .  Z t s .  f .  p a t h . ,  Munich, 1932
x l i i i , 476.

DONAT, R . ,  I b i d .  1939. l i i i . 120.

DOW, D .R . ,  and HARPER, W.F.,  J .  A n a t . ,  Cambridge, 1936,
l x x i .  117.

DUNN, J  .Shaw and McNEE, J.W. B r i t .  Med. J .  1917, i i  745.

EASON, J . ,  and THOMSON, W.A.R., Edin.Med. J .  1934, x l i ,  583.

EBERTH, and BELAJEFF, A . ,  Virchow’ s A rc h . ,  1866,x x x v i i , 124

EHRLICH, J . C . ,  and LA PAN, B . ,  A r c h .  P a t h . ,  Chicago, 1939,
x x v i i i ,  361.

FARBER, S . ,  and HUBBARD. J . ,  Amer .J o u r n  .Med .Sc i  . ,  P h i l a d . ,
1933, c l x x x v i , 705.

FARBER, S . ,  and WILSON, J . L . ,  Arch.  P a t h . , Chicago,  1932,
’ * x i v .  437 and 450.



FELDMANN , R . ,  J a h rb  . K i n d e r h e i lk . , B e r l . ,1937 ,  c l .  138.

FELSEN, J . ,  SCHUMER, H.,  and OSOFSKY, A.G., Journ.Amer.Med•
A s s o c . ,  Chicago, 1937, c v i i i . 1 7 8 3 .

FERGUSON, J . H a i g ,  E d inb .H osp .R ep . , 1893, i , 6 0 8 .

FINDLAY, L . ,  The Rheumatic I n f e c t i o n  in  Childhood, Lond.1931.

FISCHER, B . ,  Z b t . f . a l l g . P a t h . , Jen a ,  1908, x ix .9 3 7 .

FISCHER, V .E . ,  Amer . J o u r n .P i s  .C h i ld .C h icago ,  1934,x l v i i i  .590 .

GANEFF, N . ,  I . D . ,  Wurzburg 1910, quoted by Fa rber  and
Hubbard, Cape H i ,  L oeser ,  e t c . ,

GEIGER, R . ,  Z t s c h r . f . K i n d e r h e i l k , B e r l . , 1926,x l ,  370.

GEIPEL, P . ,  Deut . A r c h . f . k l i n  .Med. ,  L e ip z ig ,  1906 , lxxxv .75 .

GLAHN, W.C. v o n . ,  A m e r . J . P a t h . , B o s t . , 1 9 2 6 . i i . 1.

GLAHN, W.C. v o n . ,  and PA P PEN HE IME R, A.M., Amer .J  . P a t h . , B o a t .
1926. i i .  235.

GLANZMANN, E . ,  D ie .  rheum atische  I n f e k t i o n  im K i n d e s a l t e r ,
L e i p s i g ,  1935.

GROSS, L . ,  ANTOPOL, W., and SACKS, B . ,  A r c h .P a t h . , Chicago,
1930, x .  840.

— and KUGEL, M. A. ,  Amer. J o u m . Pa t h .  ,Bo s t . ,  1931,
v i i . 445.

ROTHSCHILD, M.A., KUGEL, M.A. and,Amer.Heart  Jo u rn .
S t .L o u i s ,  1933, i x ,  586.

and EHRLICH, J . C . ,  Amer .Journ  . P a t h . , Bos t . ,  1934,
x *  4 6 7  * a *

I b i d . ,  1934, x* 489*b •

KUGEL, M.A., and EPSTEIN, E .Z . ,  I b i d .  1 9 3 5 , x i . 253.

I b i d ,  1935, x i*  6 31 *a *

I b i d . ,  1935, x i .  71 1 .b .



- and F r i e d ,  B.M.,  I b i d . ,  1936, x i i . 31.

-  F r i e d b e r g ,  C .K . ,  a n d , I b i d ,  1936, x i i .  183. a .

-  and  F r i e d b e r g ,  C.K.,  I b i d . ,  1936,x i i .469 .b .

“ “ I b i d . ,1 9 5 6 , x i i .855 . c .

-  -  Arch.Int.Med.,Chicago,1936,I v i i i . 6 2 0 . d.

GUTHRIE, A., Journ.Amer.Med.Assoc.,Chicago, 188 8 .x .746 .

HADFlELD, G . ,  and GARROD, L .P . ,  Recent Advances in  Patho
logy ,  1938, 3rd ed . ,London .

v .  HANSEMANN, Verhandl  . d . d e u t s c h . p a t h . G e s e l l s c h . , Jena , 1909,
x i i i  .205.

HEFFERNAN, E . B . ,  M ed .Journ .A ust . ,Sydney ,  1922,i . 608.

HELLMANN , B . ,  Z t s c h r . f  .K i n d e r h e i l k . , B e r l .  ,1926, x l . 92 .

HITCHCOCK, C .H . ,  and EHRICH, W., A r c h . P a th . , Chicago . ,  1930,
i x .  625.

ICHTEIMANN, I . M . ,  Virchows A r c h . f . p a t h . A n a t . u . P h y s i o l . ,
B e r l . ,193 4 .c c x c i i . 186.

IPSEN, C . ,  W ien .K l in  .W schr . ,  1912,xxv. 506.

I b i d .  1915,x x v i i i , 691.

JACOBSTHAL, V irchow ’ s A r c h . f . p a  t h . A n a t . u . P h y s i o l . , B e r l . ,

1900,c l i x . 361.
JALESKI, T .C . ,  A m e r . J . P a t h . , B o s t .  ,1934 ,x73W.

JOHANSSON, H . ,  Acta  p a t h o l . m i c r o b i o l . scand . ,Copenh . , 1937,
x i v . 85.

KERR, A .B . ,  and LENDRUM, A .C . ,  B r i t . J . S u r g e r y , 1936,
x x i i i .615.

KISSANE, R.W. and KOONS, R.A.,  A rc h . In t .M ed . , Chicago, 1933,
l i i . 9 0 5 .

KLINGE, F . , E r g .d.allg.Pa t h . u . p a th .A n a t . ,M un ich ,  1933,
xxvii .1-336.



KOCKEL, R. 

KOBAK, A . J

KUGEL, M.A

LAHM, W., 

LANGWILL, ! 

LEWDRUM, A 

LEWDRUM, A 

LEVINSON, ,

LIDDELL, R

LIPPARD, V

LOOSER, A.

MacCALLUM,

MCINTOSH,

MASSON P . ,

MILLER, D.. 

MONCKEBERG

Zb t . f . a l l g . P a t h . , J e n a ,1908, x i x .  937.

, and PILOT, I . ,  Proc.Soc.Exper.Biol. ,N.York,
1930, x x v i i i .584.

, and EPSTEIN, E .Z . ,  Arch.Pa t h . , Chicago,
1928 ,v i . 247.

Z b t . f . a l l g .  P a t h . ,  Jena ,  1927,x i i .  149.

: .G . ,  Edinb .Hosp .Rep . , 1900, v i . 124 .

C . ,  J . P a t h . a n d  B a c t . , E d inburgh ,1939,x l i x .590.

C . ,  and McFARLANE, D., I b i d ,  1940,1 .381.

> .A . ,  and LEARNER, A.,  Ar ch. Pa t h . , Chicago, 1932 .
x i v .  810.

M., and TANGYE, C .E . ,  B r i t .M e d . J o u r n . ,Lond. ,191S,
11.389.

W . ,  and W HEELER, G. W . ,  Ame r . J o u m . Di s . Chi I d . ,
C h icago ,1936.111.61.

V irchow’ s Arch.  f .  pa t h .A n a t .u .  P h y s i o l . , B e r l . ,
1915,c c x i x .509.

W.G.,  BULL. Johns Hopkins Hosp., B a l t . , 1924,
xxxv.329.

Textbook o f  P a th o lo g y ,1924, 3 r d . e d .  P h i l a d e l p h ia .

I b i d . ,  1932, 5 th  ed.  n

and WOOD, C .L . ,  A m er .Jou rn .D is .C h i ld .C h icago ,
1935,x l i x . 835.

RIOPELLE, J . L . ,  and MARTIN, P . ,  Ann.d'Anat.path.
1 9 3 7 , x i v . 3 5 9 .

.M.,  A r c h . P e d i a t . , N . Y o r k , 1 8 9 9 , x v i . 6 8 6 .

I . G . ,  Handbuch d . sp ez  . p a th .  Anat .u .  H is t . , Henke,
p . ,  and Lubarsch, 0 . ,  B e r l in ,1924, v o l . 11.



ROWNTREE, L .G . ,  and SHIONOYA, T . ,  J .E x p .M e d . , B a l t 1927,
x l v i .7 .

HUGE, K . ,  I . D .  K i e l ,  1905, q u o te d  by C a p e l l i ,  F a r b e r  and
Hubbard and L o e s e r .

ST. LAWRENCE, W., Jou rn .A m er .M ed .A ssoc . , C h ic a g o ,1922,
l x x i x . 2 0 5 1 .

SCHAEFER, B e r l . k l i n . W s c h r . , 18 8 6 ,x x i i i .79 .

SENATOR, H.,  i n  Cyc lopoed ia  o f  the  P r a c t i c e  o f  M ed ic in e ,  von 
Z iem ssen ,  E n g l i s h  T r a n s • ,L ond . , 1 8 7 7 , v o l . 16, 
pages 17 and 18.

SHAW, A . F . B . ,  A rc h .D i s .C h i ld h o o d ,  London, 1929 , i v .  155.

SQUIRE, J . E . ,  B r i t . M e d . J o u r n . , Lond. , 1 8 8 6 , i .7 75 .

STEINBISS, W., Virchow’ s A r c h . f . p a t h . A n a t . u . P h y s i o l , B e r l . ,
1 9 2 5 ,c c x l i i i .22 .

STIASSNY, S . ,  Z b t . f .  a l l g .  P a th .  , Jena  , 1901, x i i  .417 .

STOCKMAN, R . ,  Rheumatism and A r t h i t i s ,  E d in bu rgh  1920.

STOHR, G . ,  A r c h . P a t h . , Chicago ,  1 9 5 4 ,x v i i .5 11 .

STRAUS, S . ,  Z b t .  f . G y n a k . , L e i p s i g , 1 9 3 0 ,p . 1235.

STRUMPNELL, A . ,  A Textbook o f  M ed ic in e ,  2nd American e d n . ,
1893 H.K. Lewis ,  L o n d . ,  page 900.

SUWALISCHIK, I . D .  Bonn, 1908,  q u o ted  by C a p e l l i  and L o e s e r .

SWIFT, H .F . ,  J .E xp .M ed . ,B a l t . , 1 9 2 4 , x x x i x . 497.

A m e r . J o u r n .M e d .S c i . , P h i l a d . , 1 9 2 5 , c l x x . 6 3 1 .

Jo u rn  .Amer .Med .Assoc . , C h icago ,  1929 jx c i i ^ .2071 .

TAUSSIG, H .B . ,  and OPPENHEIMER, E .H . ,  B u l l  Johns  Hopkins
H o s p . B a l t . ,  1 9 5 6 , l i x .155

THAYER, W .S . ,  I b i d .  1 9 2 5 ,x x x v i .9 9 .

TINGLE, C .D . ,  A r c h . D i s . C h i l d . , L o n d .>192 6 , i .255 .



TJNNA, P .G . ,  Virchow’ s A r c h . f . p a t h . A n a t . u . P h y s i o l . , B e r l . ,
1913, cjcxiv. 320.

DE VECCHI,B., A r c h . P a t h . , C h i c a g o ,1931 ,x i i  .49 .

WHITE, P .D . ,  A m e r . J o u r n . D i s . C h i l d . C h i c a g o , 1926 ,x x x i i  .536 .

WHITMAN, R .C . ,  and GREENE, L.W., A r c h . I n t . M e d . , Ch icago ,
1922, x x i x . 2 6 1 .

WEINER, A . S . ,  and-SILVERMAN, I . J . ,  J .E x p .M e d . , B a l t . , 1 9 4 0 ,
I x x l  . 2 1 .

WILLER, H . ,  and BECK, L . ,  Z t s .  f . K r e i s l a u f f o r s c h . , D re sd e n ,
1932 , x x i v .635 .

WOLF, A . ,  and COWEN, D . ,  B u l l . N e u r o l o g . I n s t . ,New Y o r k , 1938,
v i i  .2 66 .

WOHLWILL, F . ,  and BOCK, H.,  B e i t r . p a t h . A n a t . , J e n a ,1 9 3 0 ,
I x x x v . 469.

VON ZALKA, E . ,  F r a n k f u r t .Z t s . f . P a t h . , M u n ich ,192 4 .x x x . 144.



108.

APPENDIX
ON THE TECHINCAL ASPECTS OF THE HISTOLOGICAL 

STUDY OF THE HEART

The c o n t in u e d  a d d i t i o n ,  o ve r  th e  l a s t  f i f t y  y e a r s ,  o f  

newly  fou n d  o b s e r v a t i o n s  on the morbid anatomy o f  a c u t e  

Rheumatic  D isease  may be e x p l a i n e d  by a change i n  the  

d i s e a s e  i t s e l f ,  b u t  the  p o s s i b i l i t y  e x i s t s  t h a t  g r a d u a l  

improvement in  h i s t o l o g i c a l  t e c h n iq u e  has p lay ed  a l a r g e  

p a r t  i n  r e v e a l i n g  the  changes  n o t e d  by the l a t e r  w o r k e r s .  

W ith  t h i s  p o s s i b i l i t y  in  mind an a t t e m p t  was made to  r e 

a s s e s s  c r i t i c a l l y  the  a c c e p t e d  t e c h n i c a l  m ethods .  In  the  

s tu d y  o f  the  rh e u m a t i c  h e a r t  i t  was c o n s i d e r e d  n e c e s s a r y  

n o t  o n ly  to  examine the f i n e s t  changes  under  th e  h i g h  power 

b u t  a l s o  the  d i s t r i b u t i o n  o f  th e  c h a n g e s ,  and so the  need  

a r o s e  f o r  t h i n  and p r e c i s e  s e c t i o n s  from b l o c k s  o f  c o n s i d e r 

a b l e  s i z e ;  the  commonly used  r o u t i n e  methods f a i l e d  to 

f u l f i l  t h e s e  demands w i t h  t h i s  r a t h e r  d i f f i c u l t  t i s s u e ,  and  

so c o n t r o l l e d  t e s t s  were made o f  v a r i o u s  su g g e s te d  f i x a t i v e s  

and methods o f  i m p r e g n a t i o n .  The r e s u l t s  o f  t h i s  work and 

the  m o d i f i c a t i o n s  i n t r o d u c e d  a r e  d e t a i l e d  be low; th e se  

have p roved  n o t  o n ly  s a t i s f a c t o r y  in  the  study o f  the 

rh e u m a t i c  h e a r t ,  b u t  a l s o  o f  g e n e r a l  h i s t o l o g i c a l  v a l u e ,  

and a s  such  have been  a d o p te d  by c o l l e a g u e s  f o r  t h e i r  own 

w o rk .
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Langeron (1934,  p . 322) s t a t e s ,  Ml a  f i x a t i o n  e s t  l a  p i e r r e  

a n g u l a i r e ,  l e  fondement  de t o u te  bonne h i s t o l o g i e "  and 

th o u g h ,  a s  w i l l  be shown l a t e r ,  i t  i s  no more than th e  f i r s t  

s t e p ,  i t  i s  the  b a s i c  e s s e n t i a l  o f  good h i s t o l o g y .  I t  i s  

v i r t u a l l y  im p o s s ib l e  to  g ive  a compendious d e f i n i t i o n  o f  

good h i s t o l o g y ,  f o r  th e  s t a n d a r d  o f  any s i n g l e  w o rk e r  i s  

i n e v i t a b l y  b a se d  on h i s  t r a i n i n g ,  and i f  he be accus tom ed 

t o  and s a t i s f i e d  w i t h  t h e  r e s u l t s  o f  a h i g h l y  a c i d  f i x a t i v e  

then  l y s e d  b lo o d  and r a t h e r  empty n u c l e i  w i l l  seem no l o s s  

to  him. Tennyson’ s p h r a s e ,  uWe n e ed s  must love  the h i g h 

e s t  when we see  i t n ( G u i n e v e r e ) ,  i s  n o t  a lw ays  t r u e  o f  the  

m orb id  a n a t o m i s t ’ s r e a c t i o n  to  a s e c t i o n ,  b u t  even though  

e v e r y  h i s t o l o g i c a l  s e c t i o n  i s  no more than  a consummation 

o f  a r t e f a c t s ,  seen i n  a g l a s s  d a r k l y ,  t h e r e  does e x i s t  a 

c e r t a i n  s t a n d a r d  o f  e x c e l l e n c e .  And on t h i s ,  in  p a r t  

a e s t h e t i c  and o th e r w i s e  u t i l i t a r i a n  b a s i s ,  f i x a t i v e s  can 

be r e l a t i v e l y  ju d g e d .  C e r t a in  a b s o l u t e  demands can be  

f o r m u la te d  f o r  g e n e r a l  h i s t o l o g y ,  and a f i x a t i v e  s o l u t i o n  

sho u ld  f a l l  s h o r t  o f  p roduc ing  t h e s e ,  o n ly  when i t  p r o v i d e s  

some s p e c i f i c  a c t i o n  n o t  o th e r w i s e  p r o c u r a b l e ,  a s  f o r  

example w i t h  Flemming’ s s o l u t i o n .  A f i x a t i v e  must  have 

su c h  p e n e t r a t i n g  power t h a t  i t s  i n h i b i t i o n  o f  enzym at ic  

a c t i o n  in  the t i s s u e s  w i l l  o c cu r  r a p i d l y  and so f a r  as  

p o s s i b l e  c o n te m po raneou s ly  t h r o u g h o u t  the  t i s s u e .  In  i t s ^



110.

i t s  i n t e r a c t i o n  w i t h  the t i s s u e  i t  must  form the  same 

f i x a t i o n  compound th ro u g h o u t  the mass and  to  a u n i fo rm  

d e g r e e ,  n o t  p ro d uc ing  a d i f f e r e n t  d e g re e  a t  the  p e r i p h e r y  

o r  i n  th e  d e p t h s .  I t  must  p r e s e r v e  c e r t a i n  g e n e r a l l y  r e 

c o g n is e d  e le m e n ts  in  the t i s s u e s ,  and th o se  w i t h  d i a g n o s t i c  

s i g n i f i c a n c e .  There should  b e ,  e i t h e r  a s  an e f f e c t  o f  

the  p r im a ry  s o l u t i o n  o r  t h r o u g h  the a c t i o n  o f  a se c o n d a ry  

f i x a t i v e  a s t a b i l i s i n g  c o a g u l a t i n g  e f f e c t  t h a t  w i l l  p r e v e n t  

immedia te  m a c e r a t i o n  o r  s w e l l i n g ,  d i s t o r t i o n  o r  r e t r a c t i o n ,  

o r  the  l a t e r  p r o d u c t i o n  o f  th e se  changes by the  d e h y d r a t i n g  

and c l e a r i n g  s o l u t i o n s .  To p re v e n t  a m b ig u i ty  i n  p h o to 

m ic ro g ra p h s  i t  should  n o t  produce i r r e m o v a b le  d e p o s i t s  o r  

r e f r a c t o r y  b e h a v i o u r  to the s t a n d a r d  s t a i n i n g  m ethods .  For 

the  p a t h o l o g i s t ,  the  c a r d i n a l  v i r t u e s  o f  good f i x a t i o n  and 

good a f t e r  t r e a t m e n t  a r e  the  e asy  v i s u a l  s e p a r a t i o n  o f  the  

v a r i o u s  e le m e n ts  i n  the  mounted s e c t i o n ,  and the p o s s i b i l i t y  

o f  an e a s i e r  r a t h e r  than a more d i f f i c u l t  d i a g n o s i s .

Judged by t h e s e  s t a n d a r d s ,  the  commonly u sed  s o l u t i o n s  

o f  f o r m a l in  in  w a t e r  o r  s a l i n e ,  n e u t r a l  o r  a c i d ,  a r e  poor 

f i x a t i v e s .  They p e n e t r a t e  s lo w ly  a s  has  been shown by 

U n d e r h i l l  (1932) a l t h o u g h  i t  i s  p e rh a p s  worthy  o f  n o te  t h a t  

a b l o c k  o f  l i v e r  some 2 cm. s q u a r e ,  a f t e r  72 ho u rs  f i x a t i o n  

i n  fo rm o l  s a l i n e  (1 0  pe r  c e n t  o f  comm erc ia l  fo rm aldehyde )  

s t i l l  showed a sm a l l  a r e a  i n  the  c e n t r e  w i t h  a d i s t i n c t /



d i s t i n c t  p ink  c o lo u r  i n  marked c o n t r a s t  to  the  g r e y  shade 

o f  th e  r e m a i n d e r ,  an a r e a  which  a l t h o u g h  presumed to have 

e s c a p e d  f i x a t i o n  was on ex am in a t io n  o f  th e  f i n a l  s e c t i o n  

i n d i s t i n g u i s h a b l e  from the  t i s s u e s  a t  the  edge o f  th e  b l o c k .  

B e fo re  d e h y d r a t i o n  t h i s  t i s s u e  r e c e i v e d  t r e a t m e n t  f o r  24 

h o u r s  w i t h  s a t u r a t e d  su b l im a te  ( s a t u r a t e d  aqueous s o l u t i o n  

o f  m e r c u r ic  c h l o r i d e )  w hich  may w e l l  have s t a b i l i s e d  the  

t i s s u e ,  b u t  the  s i g n i f i c a n t  p o i n t  i s  t h a t  d e s p i t e  the  

c o l o u r  a p p e a ra n c e s  t h e r e  was no obv ious  ev id e n ce  t h a t  the  

c e n t r a l  a r e a  had undergone more a u t o l y s i s  than the p e r i p h e r y .  

Formol s o l u t i o n  c o n t i n u e s  to p e n e t r a t e  ( U n d e r h i l l ) ,  a f a c u l t y  

w h ic h  i s  o f  c o u rse  n o t  p o s s e s se d  by a l l  f i x a t i v e s ,  b u t  t h i s  

may n o t  c a t c h  up on a u t o l y s i s  i n  l a r g e r  p i e c e s  o f  t i s s u e  

o r  where the  c o n s i s t e n c y  i s  d e n s e .  As a f i x a t i v e  i t  f a i l s  

to  ha rden  the  t i s s u e  q u i c k l y  enough to  a l lo w  e asy  t r imming 

o f  l a r g e  b l o c k s ,  w hereas  i f  the d e s i r e d  b l o c k  be c u t  a t  the 

b e g in n i n g  t h e r e  i s  a h i g h  p r o b a b i l i t y  o f  i t s  u n d e rg o in g  

t w i s t i n g  in  the  f i x a t i v e ,  e s p e c i a l l y  i f  two ty pes  o f  t i s s u e  

such  a s  muscle  and c o n n e c t iv e  t i s s u e  a r e  p r e s e n t ,  a t w i s t 

i n g  t h a t  i s  c e r t a i n  to  be a g g r a v a t e d  d u r in g  d e h y d r a t i o n .  

T i s s u e s  f i x e d  in  f o r m a l in  show a h i g h  f i n a l  c o e f f i c i e n t  o f  

s h r in k a g e  ( U n d e r h i l l ) .  The p r o c e s s  o f  d e h y d r a t i o n  has  to  

be v e r y  g r a d u a l  and slow a f t e r  f o rm o l  f i x a t i o n .  F i n a l l y ,  

in  p o s t  mortem m a t e r i a l  o r  i n  t i s s u e s  the s i t e  o f  h aem o rrh ag e /
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haem o rrh age ,  t h e r e  i s  a s t r o n g  l i a b i l i t y  to  the  fo r m a t io n  

o f  an i n t r a c t a b l e  d e p o s i t  in  r e l a t i o n  to  the  b l o o d .  By 

i t s e l f  f o r m a l in  s o l u t i o n  i s  a bad f i x a t i v e  f o r  pos t -m or tem  

m a t e r i a l .

The s u b l im a te - b i c h r o m a te  g roup  o f  f i x a t i v e s  have a 

sm a l l  b u t  v a lu a b le  p lac e  in  t h i s  work .  Z e n k e r ’ s s o l u t i o n  

i s  too a c i d  f o r  human pos t -m ortem  m a t e r i a l .  Z e n k e r - fo rm o l  

a more s lo w ly  a c t i n g  m ix tu re  seems to  produce an i n t e n s i f i e d  

form o f  t h e  fo r m a l in  d e p o s i t  In r e l a t i o n  to  b l o o d .  Zenker  

s o l u t i o n  w i t h o u t  a c i d  o r  f o r m a l in  has  e x c e l l e n t  p r o p e r t i e s  

in  the  f i x a t i o n  o f  sm a l l  p o r t i o n s  o f  s o f t  c e l l u l a r  o r  open 

t i s s u e s  b u t  u n l e s s  the  m a t e r i a l  i s  f a i r l y  f r e s h  i t  t en d s  to  

i n c r e a s e  the  l y s i s  o f  red  c e l l s .  The b ic h ro m a te  e le m e n t  o f  

the  m ix tu r e  p e n e t r a t e s  s lo w ly  and the  long  f i x a t i o n  needed  

f o r  l a r g e  p o r t i o n s  o f  t i s s u e  p roduces  an overchrom ing  o f  

the  s u r f a c e  which  v i t i a t e s  s t a i n i n g .  The b ic h ro m a te  i s  

r e p u t e d  to  c o n t in u e  i t s  a c t i o n  on the t i s s u e  even a f t e r  

embedding in  p a r a f f i n ,  b u t  I  have n o t  y e t  e x p e r i e n c e d  t h i s  

r e p o r t e d  d i f f i c u l t y  in  s t a i n i n g  such  t i s s u e .  None o f  t h e s e  

m ix t u r e s  i s  t h e r e f o r e  a good f i x a t i v e  f o r  l a r g e  o r  to u gh  

p o r t i o n s  o f  pos t -m or tem  m a t e r i a l .

B o u in ’ s s o l u t i o n  i s  much too a c i d  f o r  human p o s t 

mortem m a t e r i a l ,  even i f  the  c o n te n t  o f  a c e t i c  a c i d  i s  much 

r e d u c e d ,  in  t h a t  b lo o d  i s  l y s e d  and the  c o n n e c t iv e  t i s s u e  /



t i s s u e  assumes a s w o l le n  g e l a t i n o u s  form. Tarkham (1931) 

h a s  shown t h a t  p i c r i c  a c i d  by i t s e l f  p roduces  s w e l l i n g  and 

d i s s o c i a t i o n  o f  l ig a m e n t  and te n d o n ;  w h i l e  U n d e r h i l l  proved 

i t  to  be a slow p e n e t r a t o r .  The m o d i f i c a t i o n s  su g g e s t e d  

by A l l e n  (McClung & A l l e n ,  1937, p . 561) w h ich  c o n t a i n  u rea  

a s  a r e p u t e d  a i d  to  p e n e t r a t i o n ,  were t r i e d  b u t  fo u nd  to  be 

l i t t l e  more p e n e t r a n t  t h a n  the simple  p i c r o f o r m o l  s o l u t i o n s .  

They a r e  good f i x a t i v e s  f o r  the  c e l l u l a r  t i s s u e s  o f  f r e s h  

s u r g i c a l  m a t e r i a l .  H o l l a n d e r s  s o l u t i o n  (Langeron ,  1934, 

p . 3 4 5 ) ,  a p i c r o f o r m o l  m ix tu re  c o n t a i n i n g  copper  a c e t a t e ,  

w i t h  d im in i s h e d  o r  no a c e t i c  a c i d  i s  an e x c e l l e n t  f i x a t i v e  

f o r  f a i r l y  f r e s h  pos t -m or tem  m a t e r i a l ,  b u t  f o r  t h e  p r e s e n t  

purpose  i t s  p e n e t r a t i o n  was too slow and t h e r e  was s t i l l  some 

l i a b i l i t y  to  d i s t o r t i o n  d u r in g  d e h y d r a t i o n .  Thus none o f  

th e  p i c r o f o r m o l  type o f  s o l u t i o n s  was c o n s i d e r e d  s a t i s f a c 

t o r y  f o r  th e  s tudy  o f  the human h e a r t .

The Susa f i x a t i v e  o f  H e idenha in  (Romeis,  1932,  p . 91) 

w h ic h  i s  a f o r m o l - s u b l i m a t e  s o l u t i o n  c o n t a i n i n g  a c e t i c  and  

t r i c h l o r a c e t i c  a c i d s ,  has  the  a d v an tag e  o f  making t i s s u e s  

r a t h e r  more p l a s t i c  than  any o t h e r  f i x a t i v e  b u t  i t s  a c t i o n ,  

even when the  a c e t i c  a c i d  i s  o m i t t e d ,  o f  l y s i n g  the  b lo o d  and 

o f  making the  c o n n e c t iv e  t i s s u e  s w o l l e n ,  made i t  seem u n d e 

s i r a b l e  a s  a f i x a t i v e  f o r  pos t -m or tem  m a t e r i a l .

S a t u r a t e d  aqueous m e rc u r ic  c h l o r i d e ,  c o r r o s i v e  /
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c o r r o s i v e  s u b l i m a t e ,  d e s p i t e  i t s  h i g h  c o a g u l a n t  a c t i v i t y ,  

i s  a r a p i d  p e n e t r a t o r  b u t  i t  c au se s  d i s t o r t i o n  o f  t h e  

t i s s u e  d u r i n g  f i x a t i o n  and p roduces  a b l o c k  which  i s  

d i f f i c u l t  to  c u t ;  f u r t h e r ,  u n l e s s  the t i s s u e  i s  v e ry  f r e s h ,  

th e  b lo o d  i s  u s u a l l y  l y s e d .

The i d e a l  f i x a t i v e  f o r  pos t -m or tem  m a t e r i a l  i s  f o r m o l -  

s u b l i m a t e ,  90 c . c .  o f  s a t u r a t e d  aqueous c o r r o s i v e  s u b l im a te  

w i t h  10 c . c .  o f  commercial  f o r m a l i n ,  a s t a b l e  m ix tu r e  t h a t  

seems to combine the c o a g u la n t  v i r t u e  o f  th e  c o r r o s i v e  w i t h  

t h e  more k i n d l y  a c t i o n  o f  the  f o r m a l i n .  The c o a g u l a t i o n  o f  

t i s s u e  i s  more r a p i d  and l e s s  d e s t r u c t i v e  w i t h  t h i s  than 

w i t h  any o t h e r  known f i x a t i v e  and so i t  becomes p o s s i b l e  to  

t r i m  and s e l e c t  b l o c k s  from l a r g e r  p o r t i o n s  a f t e r  some f o u r  

o r  f i v e  h o u rs  f i x a t i o n .  The d eg ree  o f  f i x a t i o n  a l r e a d y  

a c h ie v e d  means t h a t  the  f a c e s  t h u s  chosen w i l l  rem ain  more 

o r  l e s s  u n d i s t o r t e d  d u r in g  f u r t h e r  f i x a t i o n .  The main 

d i s a d v a n t a g e s  o f  t h i s  s o l u t i o n  a r e  t h a t  in  pos t-m ortem  

m a t e r i a l  i t  p roduces  a v e ry  o b v io u s  d e p o s i t  in  r e l a t i o n  to 

th e  b lo o d ,  and i f  the case  be a t  a l l  o ld  i t  e x a c e r b a t e s  the  

l y s i s  o f  th e  b l o o d .  xA.cidifying the m ix tu re  l e a d s  to l e s s  

d e p o s i t  b u t  much more complete  l y s i s ;  an a t t e m p t  t o  s t r i k e  

a medium by p a r t i a l  n e u t r a l i s a t i o n  o f  t h e  a c i d  (5 p e r  c e n t ,  

a c e t i c  a c i d )  w i t h  p o ta s s iu m  h y d r o x i d e ,  was o c c a s i o n a l l y  

s u c c e s s f u l  b u t  in  some c a se s  i t  p roduced  p a i n f u l l y  e v i d e n t /



e v i d e n t  and q u i t e  i r r e m o v a b le  d e p o s i t .  The f i n a l  t e c h 

n i q u e  was th e  use o f  f o r m o l - s u b l im a te  f o r  f o u r  to s i x  

h o u r s  f o l lo w e d  by  t h r e e  o r  f o u r  days  in  s a t u r a t e d  aqueous 

s u b l i m a t e .  I f  the  m a t e r i a l  i s  long  dead then  an h o u r  o r  

so i n  5 p e r  c e n t ,  aqueous  f o r m a l in  f i x e s  the  b lo o d  w i t h  

m in im al  l y s i s ;  t h i s  i s  fo l lo w ed  by  f o r m o l - s u b l i m a t e  to  

g i v e  a c o a g u l a t i n g  e f f e c t ,  so t h a t  the b l o c k s  may be  

tr immed t h r e e  o r  f o u r  h o u rs  l a t e r ;  a f t e r  a s h o r t  f u r t h e r  

s p e l l  ( h a l f  an  hour a p p e a r s  ample)  in  the  f o r m o l - s u b l i m a t e  

th e  t i s s u e  i s  t r a n s f e r r e d  to s a t u r a t e d  aqueous s u b l i m a t e .

I f  th e  t i s s u e  i s  removed from the  f o r m a l i n - c o n t a i n i n g  f i x a 

t i v e  w i t h i n  s i x  ho u rs  t h e r e  w i l l  v e ry  r a r e l y  be any ev id e n ce  

o f  f o r m a l i n  d e p o s i t  i n  the  b l o o d .  This  se con d a ry  use  o f  

s a t u r a t e d  su b l im a te  does n o t  seem to  have the  und u e  h a r d 

e n in g  e f f e c t  seen when i t  i s  used  a s  a p r im a ry  f i x a t i v e .

The t i s s u e  i s  l e f t  i n  the  s u b l im a te  f o r  t h r e e  o r  f o u r  days 

a t  l e a s t ,  and can be l e f t  t h e re  f o r  a month w i t h  no obv ious  

d e t e r i o r a t i o n .  Thus the  t e c h n iq u e  o f  f i x i n g . a  h e a r t  i s  

in  summary; open ing  o f  chambers in  the  u s u a l  way f o r  

e x a m in a t io n ,  with, a v o id a n c e  o f  w a t e r  o r  rou g h  spo n g ing ;  

f i x a t i o n ,  in  f o r m o l - s u b l i m a t e  i f  f a i r l y  f r e s h ,  o r  5 p e r  c e n t  

f o r m a l i n  i f  o l d  w i t h  t r a n s f e r  a f t e r  an hour  to  fo rm ol  

s u b l i m a t e ;  the  s e m i lu n a r  v a lv e s  a r e  l o o s e l y  packed w i t h  

c o t t o n  wool soaked in  f i x a t i v e :  v a r i o u s  c u t s  a r e  made t o / '



to  a i d  p e n e t r a t i o n ,  ones which w i l l ,  d e s p i t e  the  b u l g i n g  

t h a t  e n s u e s ,  n o t  p r e v e n t  the  l a t e r  s e l e c t i o n  o f  d e s i r e d  

p o r t i o n s ;  b l o c k s  a re  cu t  a f t e r  5 to  6 h o u r s ,  ( t h e s e  may

be t h i c k  and a r e  then b i s e c t e d  the  n e x t  d a y ,  u n d e r c u t t i n g  

to  r e v e a l  th e  b e t t e r  f i x e d  f a c e )  and  r e t u r n e d  to  the  f i x a 

t i v e  f o r  h a l f  to  one hours  t i s s u e s  a r e  f i n a l l y  t r a n s f e r r e d  

to  s a t u r a t e d  aqueous s u b l i m a t e .  At the v e ry  l e a s t  the  

b l o c k s  su g g e s te d  by  Gross e t  a l  (1930) shou ld  a lways be 

t a k e n ;  s in c e  t h e y  in c lu d e  a l l  the  s i g n i f i c a n t  a r e a s  f o r  

e x a m in a t io n  o f  the  rh eu m a t ic  h e a r t .  I t  I s  p o s s i b l e  t h a t  

t h i s  e m p i r i c a l l y  d i s c o v e r e d  sequence o f  f i x a t i o n  f u l f i l s  

L an g e ro n ’ s demand, ” que l a  mort  des  c e l l u l e s  d o i t  e t r e  

immedia te  e t  que l e u r  c o a g u l a t i o n  d o i t  e t r e  m e d ia t e ” ,

( p . 322)  a s  f a r  a s  i s  co m p a t ib le  w i t h  the n eed  o f  b e in g  a b le  

to  t r i m  w i t h i n  a few h o u r s  the  f a c e s  w h ich  a r e  to be u l t i 

m a t e l y  examined.

I t  was hoped t h a t  s a t u r a t e d  s u b l im a te  m igh t  be the  

an sw er  to  the  p a t h o l o g i s t 1 s s e a r c h  f o r  a s o l u t i o n  i n  w h ich  

t i s s u e s  cou ld  be l e f t  i n d e f i n i t e l y ,  b u t  i t  was found  t h a t  

one y e a r 1s immersion produced a d e t e r i o r a t i o n  in  the  u l t i 

mate d e f i n i t i o n  and s t a i n i n g  comparable  to t h a t  seen i n  

t i s s u e s  s t o r e d  i n  30 p e r  c e n t ,  g l y c e r i n  o r  60 p e r  c e n t  

a l c o h o l ,  b o t h  of  w h ich  a p p e a r  p r e f e r a b l e  to  10 p e r  c e n t  

f o r m a l i n .  The s h o r t e r  time o f  im m ers ion ,  up to t h r e e  o r  j
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o r  f o u r  w eeks ,  however has a b e n e f i c i a l  e f f e c t  in  improving  

th e  u l t i m a t e  s t a i n i n g  and. in  c o n s o l i d a t i n g  the  t i s s u e  w i t h 

o u t  any  d i s t i n c t  h a r d e n i n g .  This  c o n s o l i d a t i n g  o r  s t a b i l 

i s i n g  e f f e c t  i s  d i f f i c u l t  to  d e f i n e ,  b u t  i t s  a d v a n ta g e s  a r e  

q u i t e  d i s t i n c t ;  the r e s u l t  may be d e s c r i b e d  as  th e  f o r m a t io n  

o f  a f i r m  b u t  p l a s t i c  coagulum w h ich  w i t h  a minimum o f  

s h r i n k a g e ,  d i s t o r t i o n  o r  s w e l l in g  c o n t i n u e s  to  f i l l  the  

space  o r i g i n a l l y  f i l l e d  by the c y to p la s m ic  c o l l o i d s .  The 

” f e r m e n t ” on which  the oxydase r e a c t i o n  depends  i s  d e s t r o y e d  

by  c o r r o s i v e  su b l im a te  (Shaw Dunn 1 911) .  In  the  e a r l i e r  

s t a g e s  a l l  the t i s s u e s  were t r e a t e d  w i t h  io d in e  in  a l c o h o l  

d u r i n g  d e h y d r a t io n  b u t  f o r  the l a s t  two y e a r s  t h i s  has  been 

o m i t t e d  w i t h o u t  any c l e a r  e v id e n c e  o f  damage to  the  r a z o r s .

In f a c t  d u r i n g  the l a s t  fo u r  y e a r s  an i n c r e a s i n g  p e rc e n t a g e  

o f  the  r o u t i n e  s u r g i c a l  t i s s u e s  has  been f i x e d  in  f o r m o l -  

s u b l im a te  and no a t t e m p t  has been made to  remove th e  m ercury  

d u r in g  d e h y d r a t i o n .  D esp i te  the many w a rn in g s  o f  t h e  

e a r l i e r  h i s t o l o g i s t s  on the  d a n g e r  o f  su b l im a te  c r y s t a l s ,  

ou r  f i n d i n g  has been  t h a t  the  g e n e r a l  s t a n d a r d  o f  th e  c u t t i n g  

has  improved r a t h e r  th an  d e t e r i o r a t e d ;  t h i s  a p p l i e s  n o t  

o n ly  to  the  tough  specimens such a s  sk in  l e s i o n s  b u t  a l s o  to  

such  d e l i c a t e  t i s s u e  a s  u t e r i n e  c u r e t t i n g s  w hich  a r e  r e c e i v e d  

d i r e c t l y  i n t o  formo1 - s u b l i m a t e .
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The F u r t h e r  Out look on F i x a t i o n  o f  T is s u e s  w i t h  S p e c i a l  

R e fe ren c e  to  the  P a t h o l o g i s t 1 s Work.

Of the  many m o d i f i e d  o r  new f i x a t i v e  s o l u t i o n s  s u g g e s t 

ed i n  the l i t e r a t u r e  o f  th e  l a s t  40 y e a r s ,  the m a j o r i t y  have 

come from those working  w i t h  th e  t i s s u e s  o f  a n im a l s  o t h e r  

th a n  man. The i n c r e a s e  in  number o f  t h e s e  s o l u t i o n s  i s  

p r o b a b ly  due to  a g rowing r e a l i s a t i o n  among c o m p ara t iv e  

a n a t o m i s t s  t h a t  the  t i s s u e s  o f  d i f f e r e n t  s p e c i e s  demand 

d i f f e r e n t  t e c h n i q u e s ,  and i t  i s  i n t e r e s t i n g  t h a t  t h i s  d i s 

t i n c t i o n  i s  now a p p l i e d  to the v e ry  s t a i n i n g  methods ( S c o t t  

1 9 4 0 ) .  The p a t h o l o g i s t  i s  o f  a l l  the  h i s t o l o g i s t s  the  

most  co nce rned  w i t h  human t i s s u e s  b u t  in  t h e  s t r e s s  o f  

r o u t i n e  work and burdened  by the n e c e s s i t y  o f  a d i a g n o s i s  

he i s  a l l  too  a p t  to  a c c e p t  a u n i v e r s a l  v a l i d i t y  f o r  f i x a 

t i v e s  h a l lo w ed  by time and o c c a s i o n a l  s u c c e s s e s  in  t h e  p a s t .  

I t  i s  obv ious  t h a t  t h i s  a t t i t u d e  o f  mind has  v e s t e d  in  i t  

th e  seeds  o f  d e cay  b u t  t h e r e  e x i s t s  a p r e s e n t  t r o u b l e ,  

s e r i o u s  enough,  and t h a t  i s  the  f a i l u r e  to  r e a c h  the same 

s t a n d a r d  o f  s u c c e s s  a s  d id  our  e l d e r s  w i t h  f o r m a l i n  f i x a t i o n  

I t  would a p p e a r  on o l f a c t o r y  g rounds  t h a t  th e  chem ica l  c o n 

s t i t u t i o n  o f  c o m p a r a t iv e ly  e x p e n s iv e  f o r m a l in  s o l u t i o n s  i s  

s t i l l  n o t  u n i fo rm ,  and some w r i t e r s  ( R u s s e l l ,  1939) emphasiz  

the  h i s t o l o g i c a l  im por tance  o f  u s i n g  some p a r t i c u l a r  b r a n d .

A/



A c o m p a ra t ive  s tudy  o f  the  f o r m a l in s  produced by 

B r i t i s h  Drug Houses ,  by S c h e r in g ,  and by  a l o c a l  m a n u f a c t u r 

e r  f a i l e d  to r e v e a l  any d i f f e r e n c e  i n  h i s t o l o g i c a l  m e r i t ;  

none had a p p a r e n t l y  the  v i r t u e  p o s s e s s e d  by  f o r m a l i n  a s  a 

f i x a t i v e  30 y e a r s  a g o .  I t  i s  b e l i e v e d  t h a t  the  p ro c e d u re s  

g iv en  above c o n s t i t u t e  the  b e s t  schema f o r  the  f i x a t i o n  o f  

pos t -m or tem  t i s s u e s  b u t  much rem ains  to  be i n v e s t i g a t e d  

b e f o r e  the  p a t h o l o g i s t  can say t h a t  o p p o r t u n i t i e s  a re  n o t  

b e in g  w a s t e d .  The method as  su g g e s te d  i s  ex pens iv e  in  t h a t  

the  s a l t s  o f  m ercu ry  a r e  d e a r ,  and i t  i s  p o s s i b l e  t h a t  

s e co n d a ry  f i x a t i o n  cou ld  be a s  w e l l  i f  n o t  b e t t e r  done by 

o t h e r  m e t a l l i c  s a l t s .  Lead c h l o r i d e  a d v o c a te d  b y  M a l lo ry  

(1936)  a s  a mordant  f o r  m yel in  in  p e r i p h e r a l  n e r v e s  f o l l o w 

in g  f o r m a l in  f i x a t i o n  shows i t s e l f  to  have many o f  th e  

v i r t u e s  o f  m e rc u r ic  c h l o r i d e  judged  by  s t a b i l i s a t i o n  o f  

t i s s u e ,  e a se  o f  c u t t i n g ,  and by  the  d i s p o s i t i o n  and p r e c i 

s io n  o f  the  c o lo u r s  on haemalum and e o s i n  s t a i n i n g .  Z inc  

c h l o r i d e ,  the f i x a t i v e  s u g g e s te d  by  Unna (1913) f o r  th e  

s tu d y  o f  plasma c e l l s  has been found to  be an e x e c r a b l e  

p r im ary  f i x a t i v e ,  v e ry  much worse than  m e r c u r ic  c h l o r i d e ,  

and a t  a c o n c e n t r a t i o n  o f  4 p e r  c e n t  has  c l e a r l y  l e s s  m e r i t  

than  the  m e rc u r ic  s a l t  a s  a seco n da ry  f i x a t i v e .  The s a l t s  

o f  c o p p e r ,  a s  p r e s e n t  in  H o l l a n d e r  f i x a t i v e ,  have e x c e l l e n t  

m o rd an t in g  p r o p e r t i e s ,  shown by the b r i l l i a n c e  o f  s t a i n i n g /
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s t a i n i n g  in  t i s s u e s  f i x e d  p r i m a r i l y  o r  s e c o n d a r i l y  i n  t h i s  

s o l u t i o n ;  t h e y  do n o t ,  however,  have th e  same s t a b i l i s i n g  

e f f e c t  a s  m e r c u r i c  c h l o r i d e  o r  l e a d  c h l o r i d e .  I t  i s  

p o s s i b l e  t h a t  the  s t a b i l i s i n g  v a lu e  o f  t h e s e  m e t a l l i c  s a l t s  

i s  d i r e c t l y  r e l a t e d  to  t h e i r  w e i g h t ;  ( t h e  s p e c i f i c  g r a v i t y  

o f  m ercu ry  i s  1 3 .6 ,  o f  l e a d  1 1 .3 5 ,  o f  copper  8 . 9 5 ,  o f  z i n c  

6 . 9 2 ) ;  the  m o rd an t in g  v a lu e  seems i f  a n y th i n g  to  run i n  

th e  o p p o s i t e  d i r e c t i o n .  I n v e s t i g a t i o n  o f  th e  heavy m e t a l s  

a s  p r im a ry  f i x a t i v e s  i s  n o t  y e t  complete  and some id e a  o f  

the  magni tude  o f  the  t a s k  can be seen  in  th e  work o f  

S c h i l l e r  (1 9 3 0 ) ,  a s t r o n g  a d v o ca te  o f  Uranium; to  t h i s  has  

s t i l l  to  be added  t h e i r  use  a s  se co n d a ry  f i x a t i v e s .

A f u r t h e r  l i n e  o f  r e s e a r c h  f o r  t h e  p a t h o l o g i s t  i s  the  

problem o f  the  t e m p e ra tu re  o f  f i x a t i o n .  McClung and A l l e n  

( 1 9 3 7 , p . 564)  p o i n t  o u t  the  v e ry  d i f f e r e n t  type  o f  a c t i o n  

shown by  Flemming’ s f l u i d  when used  a t  37°G. and a t  0 ° C . ,  

and  a d v i s e  i t s  use  a t  0 °C. whereas  th ey  s t a t e  t h a t  the  

p i c r o f o r m o l  s o l u t i o n s  should  be u se d  a t  35 to  40°C. In  

an a t t e m p t  to  make l a r g e  u n d i s t o r t e d  s e c t i o n s  o f  b r e a s t  

t i s s u e ,  the  whole b r e a s t  a s  r e c e i v e d  from the surgeon  was 

immersed in  a bowl o f  f o r m a l in  o r  f o r m o l - s u b l i m a t e  and 

p l a c e d  in a r e f r i g e r a t o r  (minus 1 5 ° c . )  f o r  s i x  h o u r s ;  i t  

was t h e n  removed, s l i c e d ,  pu t  back  i n t o  th e  f i x a t i v e  and 

l e f t  a t  room t e m p e r a t u r e .  This  manoeuvre was c a r r i e d  o u t /
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o u t  on b r e a s t s  w i t h  obv ious  carc inom a from which a p p a r e n t 

l y  i n v o lv e d  g l a n d s  were a v a i l a b l e  f o r  o r d i n a r y  h i s t o l o g i c a l  

e x a m in a t io n ;  the  tumour in  the b r e a s t  i n  t h e s e  c a se s  showed 

a v e r y  b i z a r r e  a p p e a r a n c e ,  somewhat r e m i n i s c e n t  o f  mucoid 

earcinojma. A c o n t r o l l e d  e x p e r im e n t  was then  made by  b i 

s e c t i n g  a b r e a s t  t h r o u g h  a s c i r r h o u s  carcinoma p r e s e n t  in  

i t s  s u b s t a n c e ,  f i x i n g  one h a l f  a s  d e t a i l e d  above and t a k i n g  

p o r t i o n s  from the  o t h e r  h a l f  f o r  the  u s u a l  method o f  exam in

a t i o n .  This  confirmed, the s u s p i c i o n  t h a t  a t  l e a s t  t h i s  

method o f  c o ld  f i x a t i o n  i s  u s e l e s s  f o r  the  p a t h o l o g i s t .

Heat  a s  a f i x a t i v e  and c o a g u la n t  has  g e n e r a l l y  been  u sed  

f o r  the  sake o f  speed b u t  in  c e r t a i n  t i s s u e s  i t  a p p e a r s  to  

have a s p e c i f i c  v a l u e .  Seminoma o f  t e s t i s  i s  a t i s s u e  

w h ic h  i s  e x t r a o r d i n a r i l y  d i f f i c u l t  to  f i x  w e l l  b u t  o f  the 

v a r i o u s  methods t r i e d  q u i t e  the  b e s t  r e s u l t  e v e r  a c h i e v e d  

f o l lo w e d  f i x a t i o n  f o r  10 m in u te s  i n  w a t e r  j u s t  o f f  the  b o i l ,  

f o l lo w e d  by  t r a n s f e r  to 95 per  c e n t ,  a l c o h o l .

A p a r t  from e x p e r i m e n t a l  work on a n i m a l s ,  the p a t h o l o g i s t  

seldom d e a l s  w i t h  a b s o l u t e l y  f r e s h  t i s s u e s ;  t h i s  i s  b e l i e v e d  

in d e e d  to  have some a d v a n t a g e s .  The passage  o f  one oh  two 

h o u r s  between s u r g i c a l  removal  and f i x a t i o n  may mean the  

l o s s  o f  c e r t a i n  i n t r a c e l l u l a r  f o r m a t i o n s ,  b u t  i n  the  a b sence  

o f  b i l e  o r  o rgan ism s l i t t l e  e l s e  i s  l o s t  and i t  seems to 

g iv e  a b lo c k  which  f i x e s  more e v e n l y  and w h ich  c u t s  b e t t e r .  /
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b e t t e r .  I f  m u sc u la r  t i s s u e  i s  p r e s e n t ,  i t  i s  o f  a d v a n ta g e  

to  pos tpone  f i x a t i o n  u n t i l  the  e x c i t a b i l i t y  o f  th e  muscle  

f i b r e s  has  d i s a p p e a r e d .  The problems o f  t h e  immediate  

f i x a t i o n  o f  f r e s h  a n im a l  t i s s u e  a r e  n o t  c o n f i n e d  to  the  

p a t h o l o g i s t  and have t h e r e f o r e  n o t  been  the  s u b j e c t  to  

s p e c i a l  s t u d y .  There a r e  s t i l l  s u f f i c i e n t  d i f f i c u l t i e s  

f a c i n g  th e  p a t h o l o g i s t ,  n o t  the  l e a s t  o f  which  i s  to  f i n d  

the  i d e a l  compromise t h a t  w i l l  g iv e  t i s s u e s  w i t h o u t  o b v ious  

a u t o l y s i s .  R e g u la t i o n s  and human s e n s i b i l i t i e s  mean t h a t  

d e l a y  o f t e n  i n t e r v e n e s  between d e a t h  and the perform ance  

o f  th e  pos t-m ortem  e x a m in a t io n ,  and c e r t a i n  t i s s u e s  show a 

h o p e l e s s  degree  o f  a u t o l y s i s  w i t h i n  a few m in u te s  a s  has  

been  shown by  Rosenberg (1940) to  happen in  the  duodenum 

o f  th e  t u r k e y ,  and  p resum ably  l i k e w i s e  i n  man. The p a t h o 

lo g y  o f  the g a s t r i c  mucosa o f  man was in  p a r t  unknown u n t i l  

the  method was a d o p te d  o f  runn ing  f o r m a l in  i n t o  the  stomach 

im m e d ia te ly  a f t e r  d e a t h  (Magnus 1937) and th e  d i f f i c u l t y  o f  

c u t t i n g  f r e s h l y  f i x e d  musc le  a v o id e d  by  the i n g e n io u s  e x 

p e d i e n t  o f  l o o s e n in g  s t r i p s  o f  mucosa f o r  s t u d y .  In  a n  

a t t e m p t  to  d i s s o c i a t e  the  e n z y m e - k i l l i n g  and  a n t i - p u t r e 

f a c t i v e  a c t i o n  o f  a f i x a t i v e  from i t s  c o a g u l a t i n g  e f f e c t ,  

some e x p e r im e n t s  were made by  i n t r o d u c i n g  some 10 c . c .  o f  

s a t u r a t e d  sodium f l u o r i d e  by n e e d l e  i n t o  the  abdomen o f  

g u i n e a - p i g s ,  k i l l e d  one hour  b e f o r e  by b l e e d i n g .  The b o d i e s /
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b o d i e s  were l e f t  l y i n g  a t  room t e m p e r a t u r e ;  a f t e r  2 4 h o u r s ,  

p o r t i o n s  o f  s tomach, sm a l l  and l a r g e  i n t e s t i n e , ,  l i v e r ,  

s p l e e n  and k id n e y  were f i x e d  from one f l u o r i d e  and one un 

t r e a t e d  a n im a l ,  and s i m i l a r l y  a t  48 and 96 h o u r s .  T i s su e s  

from the  c o n t r o l  a n im a l  f i x e d  one hour  a f t e r  d e a t h  were 

b e t t e r  p r e s e r v e d  than those  from any o f  t h e  e x p e r i m e n t a l  

a n i m a l s .  There a p p e a re d  to be l i t t l e  v a lu e  in  the  use  o f  

th e  f l u o r i d e  b u t  what was most  s t r i k i n g  in  t h i s  e x p e r im e n t  

was the  a b se n c e  o f  any  i n c r e a s e d  a u t o l y t i c  o r  p u t r e f a c t i v e  

change in  the  u n t r e a t e d  an im al  dead  f o r  96 h o u r s .  The 

g u i n e a - p i g  would th us  ap p ea r  to be u n s a t i s f a c t o r y  f o r  such  

an e x p e r im e n t .  I t  has  n o t  been  conc luded  t h a t  the  v a lu e  

o f  f l u o r i d e s  o r  o t h e r  s u b s ta n c e s  w i t h  a n t i f e r m e n t  a c t i v i t y  

h as  been f u l l y  e x p lo r e d  and t h e i r  use in  a i d i n g  the  p a th o 

l o g i s t  i s  something f o r  the  f u t u r e .  Such methods a s  t h e s e ,  

a s  l i k e w i s e  the  c u r r e n t  methods o f  s o - c a l l e d  embalming in  

w h ich  a f o r m a l i n - g l y c e r i n - p h e n o l  s o l u t i o n  i s  run  i n t o  the  

v e s s e l s ,  d i m i n i s h  o r  c o m p le t e ly  d e s t r o y  the  p o s s i b i l i t y  o f  

b a c t e r i o l o g i c a l  i n v e s t i g a t i o n  by  c u l t u r a l  methods a t  p o s t 

mortem.
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On th e  a f t e r  t r e a tm e n t  o f  the f ix e d  t i s s u e ;

The method o f  d e h y d ra t io n  o f  t i s s u e s  has  a c o n s i d e r a b l e  

e f f e c t  on the e a s e  o f  c u t t i n g  and on the u l t i m a t e  image,  a s  

i s  s u g g e s t e d  by  the  m u l t i p l i c i t y  o f  methods i n  the  l i t e r a 

t u r e .  I t  i s  o ld  knowledge t h a t  t i s s u e  f i x e d  in  f o r m a l in  

n e ed s  v e ry  slow d e h y d r a t io n  b u t  n o t  so f u l l y  r e a l i s e d  t h a t  

the  p ro lon g ed  a c t i o n  o f  a b s o l u t e  e t h y l  a l c o h o l  can produce  

an i r r e v e r s i b l e  h a rd e n in g ;  a s  Jo hansen  (1935) p u t s  i t ,  n o t  

o n ly  i s  th e  w a t e r  r e p l a c e d  b u t  the w a t e r  a b s o r b i n g  c a p a c i t y  

o f  t h e  t i s s u e  i s  d e s t r o y e d .  I t  may indeed  be s u g g e s t e d  

t h a t  a b s o l u t e  e t h y l  a l c o h o l  p roduces  a form o f  d e n a t u r i n g ,  

a rem ova l  a s  i t  were o f  the  bound w a te r  o f  the  c e l l s ,  and  

t h a t  some o f  the r e c e n t  more k i n d l y  d e h y d r a n t s ,  such as  

b u t y l  a l c o h o l ,  s t o p  s h o r t  o f  t h i s  i n t i m a t e  d e h y d r a t i o n .  

During the  e a r l y  s t a g e s  o f  the  work b e f o r e  the  p o s s i b l e  use  

o f  b u t y l  a l c o h o l  had been a p p r e c i a t e d ,  an i n v e s t i g a t i o n  was 

made o f  the  use o f  phenol  d u r in g  d e h y d r a t i o n .  This method,  

(Lendrum, 1935) ,  has a d e f i n i t e  v a lu e  and has  now been  in  

r o u t i n e  use f o r  some y e a r s  in  the  d e h y d r a t io n  o f  tough 

s u r g i c a l  t i s s u e s ;  the  g e n e r a l  p l a n  i s  to a l lo w  the t i s s u e s  

d u r i n g  d e h y d r a t io n  to  l i e  o v e r n i g h t  i n  95 p e r  c e n t ,  a l c o h o l  

c o n t a i n i n g  6 pe r  c e n t  o f  p h e n o l .  They a re  p u t  n e x t  day  

i n t o  a b s o l u t e  s p i r i t  (m e th y la t e d  e t h y l  a l c o h o l  a p p r o x i m a t e ly  

75  d e g re e s  o v e r  p ro o f )  f o r  seven h ou rs  w i t h  one change ,  and
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and  th e n c e  i n  the u s u a l  way to a l c o h o l  a n d  c h lo r o f o r m .

Longer  t imes in  the  a b s o l u t e  s p i r i t  g ive  a d i s t i n c t l y  

p o o r e r  r e s u l t  and i t  i s  presumed t h a t  the  phenol  l i n k e d  to  

th e  t i s s u e s  nan be r e l e a s e d  by the  a l c o h o l  on l o n g e r  con

t a c t .  Two p o s s i b l e  e x p l a n a t i o n s  o f  th e  b e n e f i t  may be  

s u g g e s t e d ;  one i s  t h a t  the p resen ce  o f  the  pheno l  e x e r c i s e s  

a t r u e  p l a s t i c i z i n g  e f f e c t  on the  c o l l o i d s  o f  th e  t i s s u e s ,  

a p o s s i b i l i t y  t h a t  has n o t  y e t  been  a d e q u a t e l y  e x p lo r e d  b u t  

one t h a t  opens up i n t e r e s t i n g  l i n e s  f o r  the h i s t o l o g i s t  s i n c e  

the  o r g a n i c  c h em is t  has in  r e c e n t  y e a r s  found many sub

s t a n c e s  w i t h  p l a s t i c i z i n g  e f f e c t .  A nothe r  e x p l a n a t i o n  i s  

t h a t  the  pheno l  slows up the  a t t a c k  o f  the  a b s o l u t e  a l c o h o l  

on the  bound w a t e r  o f  the  t i s s u e s .  As a c l e a r i n g  a g e n t ,  

c h lo ro fo rm  was th o u g h t  to be l e s s  h a r d e n in g  than x y l o l  o r  

b e n z o l .  R a lph  (1938) found c h lo ro fo rm  to  be the  b e s t  

c l e a r i n g  a g e n t  a f t e r  e t h y l  a l c o h o l  d e h y d r a t i o n .

In the hope o f  a v o id in g  the use  o f  a b s o l u t e  e t h y l  

^ a lcoh o l ,  many s u b s ta n c e s  have been p roposed  in  r e c e n t  y e a r s ,  

most  o f  th ese  b e in g  m i s c i b l e  a t  one end w i t h  95 pe r  c e n t ,  

o r  low er  p e r c e n ta g e s  o f  e t h y l  a l c o h o l ,  and a t  the  o t h e r  end 

w i t h  th e  p a r a f f i n  s o l v e n t s .  Examples o f  t h e s e  a r e  a n i l i n  

( P a i n t e r ,  1924) m i s c i b l e  w i t h  50 p e r  c e n t  a l c o h o l ,  and  

c innam ic  a ld eh yd e  (McClung and A l l e n ,  1937, p . ^57)  m i s c i b l e  

w i t h  95 p e r  c e n t .  B o th  o f  th ese  were t r i e d  on human^
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human m a t e r i a l  and found to  o f f e r  no g r e a t  a d v a n t a g e ,  

c e r t a i n l y  n o t  one commensurate w i t h  t h e  u n p l e a s a n t n e s s  o f  

t h e s e  s u b s t a n c e s .  S ince  the combined c e l l o i d i n - p a r a f f i n  

method o f  P e t e r f i  i s  a d v o ca te d  by  Romeis (1932,  p . 107) i t  

was g iv en  c a r e f u l  s t u d y ;  i n  t h i s  method t i s s u e  i s  t r a n s 

f e r r e d  from 95 pe r  c e n t ,  a l c o h o l  to  m e thy l  b e n z o a t e ,  a f l u i d  

w h ich  n o t  o n ly  t o l e r a t e s  a p e rc e n ta g e  o f  w a te r  b u t  i s  a l s o  

a s o l v e n t  f o r  n i t r o c e l l u l o s e .  The r e s u l t s  o b t a i n e d  by  the  

use  o f  t h i s  method were b e t t e r  than  th o s e  w i t h  the  p h e n o l -  

a l c o h o l - c h l o r o f o r m  method.  C e r t a i n  t i s s u e s ,  however,  

seemed r a t h e r  more d i f f i c u l t  to  c u t  than  w i t h  the  c o n t r o l  

method;  t h i s  was e s p e c i a l l y  marked a f t e r  f i x a t i o n  in  

s o l u t i o n s  c o n t a i n i n g  p i c r i c  a c i d .  The t r o u b l e  a p p ea re d  

to  l i e  in  an u n e x p la in e d  o c c a s i o n a l  h a rd e n in g  o r  c o m i f i c a -  

t i o n  o f  th e  c e l l o i d i n .  The method had d e f i n i t e  m e r i t s  b u t  

f u r t h e r  i n v e s t i g a t i o n  was pos tponed  b y  t h e  d i s c o v e r y  o f  

some c o n t r i b u t i o n s  on the use o f  b u t y l  a l c o h o l .

N - b u t y l  a l c o h o l  ( b u t a n o l ) ,  CH3 . CH2 • CHg . CBgOH, i s  

a w a t e r  c l e a r  l i q u i d  w i t h  a s l i g h t l y  b u t y r i c  b u t  n o t  i n t o l 

e r a b l e  o d o u r ;  i t  d i s s o l v e s  o n ly  one t w e l f t h  i t s  w e i g h t  o f  

w a t e r  b u t  b e in g  f r e e l y  m i s c i b l e  w i t h  e t h y l  a l c o h o l  i t  a l l o w s  

the  p r e p a r a t i o n  o f  a s e r i e s  o f  s o l u t i o n s  such  t h a t  t i s s u e s  

can be b r o u g h t  g r a d u a l l y  to  a b s o l u t e  b u t a n o l  w i t h o u t  u n d e r 

g o ing  the  d e n a t u r i n g  a c t i o n  o f  a b s o l u t e  e t h y l  a l c o h o l .  Prom/
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Prom b u t a n o l  t i s s u e  can be t r a n s f e r r e d  d i r e c t l y  to  p a r a f f i n ,

a l t h o u g h  i t  i s  o f  a d v an tag e  to  use  an i n t e r m e d i a t e  s t e p  o f

b u t a n o l  and p a r a f f i n .  U nl ike  x y l o l ,  b u t a n o l  i s  l i g h t e r

th an  p a r a f f i n .  The r e p la c e m e n t  o f  b u t a n o l  by  p a r a f f i n  i s

a slow p r o c e s s  and even sm al l  d e l i c a t e  t i s s u e s  sho u ld  be

a l lo w e d  to  rem ain  in  the  oven f o r  f o u r  o r  f i v e  d a y s .  The

l a r g e r  and d e n s e r  t i s s u e s  o f  t h e  w r i t e r ’ s main s t u d y ,  the

h e a r t ,  need  ten  to  f o u r t e e n  days f o r  im p r e g n a t i o n .  I t  was

found  t h a t  a p ro lon g ed  s t a y  in  the  oven f a i l s  t o  produce

an y  obv ious  damage in  the  t i s s u e s ;  a p i e c e  o f  s p l e e n  from

b u t a n o l ,  a f t e r  t h r e e  months in  p a r a f f i n  a t  54°C. was found

to  c u t  e a s i l y  and to show no c ra c k s  in  the  s t a i n e d  s e c t i o n .

S t i l e s  (1934) n o t e s  t h a t  w i t h  h i s  i n s e c t  m a t e r i a l  long
o

p e r i o d s  o f  i n f i l t r a t i o n  w i t h  h o t  p a r a f f i n  a t  58 C. d id  n o t  

h a rd en  the  t i s s u e s ,  and s u g g e s t s  t h a t  i t  i s  n o t  h o t  p a r a f f i n  

t h a t  c a u se s  the  s e r i o u s  h a rd e n in g  o f  t i s s u e  d u r in g  i n f i l 

t r a t i o n  a s  W al ls  (1932) has su rm ise d ,  b u t  r a t h e r  h o t  p a r a f f i n  

f o l l o w in g  c e r t a i n  ty p e s  o f  d e h y d r a t io n  and c l e a r i n g .  In 

t h i s  r e s p e c t  i t  i s  i n t e r e s t i n g  t h a t  Tarkhan (1931) has  shown 

t h a t  t i s s u e s  d e h y d ra t e d  by  e t h y l  a l c o h o l  a n d  c l e a r e d  by  

x y l o l ,  c o n t in u e  to s h r i n k  i n  m e d i c i n a l  p a r a f f i n  ( B . P . )  a t  

room t e m p e r a t u r e .  The o r i g i n a l  p u b l i c a t i o n  on b u t a n o l  i s  

a p p a r e n t l y  t h a t  o f  M i l e .  Labraud (1921) whose s e r i e s  i s  

g iv en  in  the t a b l e  be low ;  she mixed e q u a l  p a r t s  o f  b u t a n o l /
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w a t e r  to g iv e  a s e r i e s  f a i r l y  comparable  to  the  u s u a l  e t h y l  

a l c o h o l  s e r i e s .  The amounts g iv en  in  h e r  pap e r  have been 

changed f o r  pu rp oses  o f  com par ison ,  to show amounts o f  

a b s o l u t e  e t h y l  a l c o h o l ,  b u t a n o l  and w a t e r  i n  100 c . c .  

q u a n t i t i e s .  A f t e r  t h i s  the p u b l i c a t i o n s  o f  s p e c i a l  i n t e r 

e s t  to  a p a t h o l o g i s t  were those  o f  S t i l e s  (1934) and Lang 

. (1 9 3 7 ) ;  the  fo rm er1 s s e r i e s  i s  a p p a r e n t l y  o f  q u i t e  

e m p i r i c a l  n a t u r e .  Lang’ s su g g e s t e d  d i l u t i o n s  a r e  b a s e d  on 

th e  t h e o r e t i c a l  p o s s i b l e  one-phase  m ix tu r e s  o f  th e  t h r e e  

l i q u i d s  w i t h  an a t t e m p t  to  k eep  the  e t h y l  a l c o h o l  c o n t e n t  

a s  low a s  p o s s i b l e ;  t h i s ,  a l t h o u g h  seem ing ly  d e s i r a b l e  on 

t h e o r e t i c a l  g ro u n d s ,  may n o t  be wise  when th e r e  i s  much 

r o u t i n e  use  o f  t h e  b o t t l e s ,  b e c a u se  o f  t h e  d a n g e r  o f  e x 

c e e d in g  th e  w a t e r  t o l e r a n c e  o f  the  b u t y l - e t h y l  m ix tu r e  and 

th u s  fo rm ing  a two-phase sy s tem .

W ater 70 40 20 5 -

Labraud E th a n o l 15 29 39 4 7 .5  - -

B u ta n o l 15 31 41 4 7 .5  100 100

Water  4 9 .5  2 2 .5  4 .5

S t i l e s  E th a n o l  40 . 5 52 . 5 40 . 5 2 5

B u t y l  10 25 55 75 100 100 100
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Water 95 89 82 70 57 43 30 18 9 3 -

Lang E th a n o l 5 11 16 23 28 30 30 27 21 12 -

B u t a n o l - - 2 7 15 27 40 55 70 85 100

S t i l e s * s  s imple  method o f  p r e p a r i n g  h i s  d i l u t i o n s  i s  

g iv e n  i n  h i s  paper  and quoted  in  Muir and R i t c h i e ’ s Manual 

o f  B a c t e r i o l o g y  (1 9 3 7 ) .  M i l e .  L a b ra u d ’ s d i l u t i o n s  were 

n o t  t r i e d  a s  t h e y  were o n ly  d i s c o v e r e d  r e c e n t l y ,  b u t  a 

th o ro u g h  t r i a l  has  been made o f  S t i l e s ’ s g r a d a t i o n  and o f  

the  one o f  Lang’ s g r a d a t i o n s  e s p e c i a l l y  commended by him.

I t  was found t h a t  w i t h  human t i s s u e ,  b o t h  f r e s h  and p o s t 

mortem, t h a t  the  method s u g g e s te d  by  S t i l e s  gave the  b e t t e r  

r e s u l t s ;  p resum ably  the  e t h y l  a l c o h o l  has v i r t u e s  t h a t  a r e  

overshadowed in  the u s u a l  m ethods .  This  method o f  dehy

d r a t i o n  has now been in  c o n s t a n t  u se  s in c e  1934.  I t  has  

s e v e r a l  o u t s t a n d i n g  a d v a n ta g e s  and so f a r  o n ly  two obv ious  

d raw backs .  I t  i s  u n f o r t u n a t e l y  a slow method and sometimes 

w i t h  t h e  tougher  t i s s u e s  t h e r e  i s  a p e c u l i a r  d r y n e s s  in  th e  

t i s s u e  even when a p p a r e n t l y  f u l l y  embedded; t h i s  f a i l i n g  

may p o s s i b l y  be due to  o v e r r a p i d  d e h y d r a t io n  and im preg na 

t i o n ,  b u t  t h i s  was n o t  f u l l y  i n v e s t i g a t e d  a t  the  time 

b e c a u se  o f  a f u r t h e r  improvement  t h a t  was t h e n  made in  the  

t e c h n i q u e ,  and  w i l l  be d e s c r i b e d  be low .  Some o f  t h e /
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th e  e a r l i e r  w orke rs  who f a i l e d  to g e t  good r e s u l t s  w i t h  

b u t a n o l  a lm o s t  c e r t a i n l y  a l lo w e d  too  s h o r t  a t im e  f o r  

im p re g n a t io n  w i t h  p a r a f f i n .  The h i s t o l o g i c a l  a d v a n ta g e s  

o f  th e  method a r e  obvious  in  the  s t a i n e d  s e c t i o n ;  i f  

im p re g n a t io n  has  been  completed the t i s s u e  c u t s  b e t t e r  t h a n  

a f t e r  P e t e r f i ’ s m e th y l  b e n z o a te  c e l l o i d i n - p a r a f f i n  method,  

and i t  had been  a l r e a d y  found t h a t ,  w i t h  th e  e x c e p t io n  o f  

t i s s u e s  f i x e d  in  s o l u t i o n s  c o n t a i n i n g  p i c r i c  a c i d ,  the 

P e t e r f i  p rocedu re  was p r e f e r a b l e  to  the  s t a n d a r d  e t h y l  

a l c o h o l - c h l o r o f o r m  s e r i e s .  The improvement in  t i s s u e  

t r e a t e d  by  b u t a n o l  was seen a f t e r  a l l  the  s t a n d a r d  f i x a 

t i v e s ,  p a r t i c u l a r l y  a f t e r  f i x a t i o n  in  fo rm ol  s a l i n e  o r  

K a i s e r l i n g .  These f i x a t i v e s  as  a l r e a d y  p o in te d  o u t  have 

n o t  been found s a t i s f a c t o r y  in  the  s tudy  o f  c a r d i a c  t i s s u e  

b u t  d u r in g  an i n v e s t i g a t i o n  on the  P a n e th  c e l l  r e p o r t e d  

e ls e w h e re  (K e r r  and Lendrum, 1936) i t  was found t h a t  they  

p r e s e r v e d  the  g r a n u l e s  o f  t h i s  c e l l  b e t t e r  t h a n  f i x a t i v e s  

c o n t a i n i n g  c o r r o s i v e  s u b l i m a t e .  I t  became obv ious  a t  t h i s  

t ime t h a t  n o t  on ly  d id  the  b u t a n o l  method g iv e  b e t t e r  

h i s t o l o g i c a l  p r e s e r v a t i o n  b u t  i t  a l s o  improved the  s t a i n 

ing  q u a l i t i e s  o f  t h e  t i s s u e  th u s  f i x e d .  S t i l e s  a l s o  in  

h i s  m a t e r i a l  found t h a t  the  P e t e r f i  method was b e t t e r  than  

th e  s t a n d a r d  b u t  n o t  a s  good as  the  b u t a n o l  m ethod .  The 

sc h e d u le  a d v o c a te d  by  Lang gave t i s s u e  w h ich  c u t  a s  w e l l  

a s  t h a t  t r e a t e d  by  S t i l e s ’ s method b u t  t h e r e  was a /



a s l i g h t  s w e l l in g  and l a c k  o f  d e f i n i t i o n  in  the  f i n a l  

p i c t u r e ,  s i m i l a r  to  t h a t  seen in  t i s s u e s ,  p r e p a r e d  by  th e  

two Dioxan t e c h n iq u e s  t e s t e d  (McWhorter and W ei r ,  1936, 

and Mossman, 1937);  f o r  t h i s  r e a s o n  th e s e  t e c h n iq u e s  were 

soon dropped and S t i l e s ’ s method made the  r o u t i n e .  Perhaps  

the  o u t s t a n d i n g  advan tage  o f  the  b u t a n o l  method i s  th e  f a c t  

t h a t  t i s s u e  can be l e f t  w i t h o u t  harm in  any o f  th e  d i l u t i o n s ;  

th e  g e n e r a l  r o u t i n e  fo l lo w e d  has  been  to move the  t i s s u e s  

once a d a y  b u t  an  e x t r a  t w e n ty - f o u r  h ours  a p p a r e n t l y  does 

no harm, and i t  i s  p ro b a b ly  o f  b e n e f i t  to  l e a v e  to u g h  

t i s s u e  f o r  some days  in  the l a s t  b u t y l  b o t t l e .  S t i l e s  

found  t h a t  s e c t i o n s  from a p h id s  s t o r e d  in  t h i s  r e a g e n t  f o r  

one y e a r  b e f o r e  embedding were p e r f e c t l y  s a t i s f a c t o r y .

At t h i s  s t a g e  in  the work i t  was d e c id e d  to r e i n v e s t i 

g a t e  the  p o s s i b i l i t i e s  o f  P e t e r f i ’ s p r i n c i p l e  o f  double  

embedding, f o r  i t  had been r e a l i s e d  t h a t  im p re g n a t io n  w i t h  

t h i n  n i t r o c e l l u l o s e  gave a s u p p o r t  to d e l i c a t e  t i s s u e s  which  

was o f  h i s t o l o g i c a l  ad v an tag e  and added something w hich  the  

b u t a n o l  te c h n iq u e  d id  n o t  g i v e .  The obv ious  drawback to 

the  double  embedding method was the  h a rd e n in g  o r  c o r n i f i c a t i o n  

o f  th e  n i t r o c e l l u l o s e ,  a change which  u n d e r  o t h e r  c i rcum 

s t a n c e s  had been the  o r i g i n  o f  much r e s e a r c h  in  th e  c e l l u l o s e  

and l a t e r  the  s y n t h e t i c  p l a s t i c  i n d u s t r i e s .  There i t  had 

been  found t h a t  a f i l m  o f  n i t r o c e l l u l o s e ,  f o r  exam ple /
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example c e l l u l o s e  p a i n t ,  tended  on d r y i n g  to become b r i t t l e  

and so b r e a k  a t  c o r n e r s ;  the a d d i t i o n  o f  c a s t o r  o i l  to 

t h e s e  s y n t h e t i c  p a i n t s  was t r i e d  and found to  im p a r t  a 

p l a s t i c i t y  to  the  f i l m .  T h is ,  however,  was b u t  a tem po ra ry

improvement and a f t e r  a t ime the c a s t o r  o i l ,  w h ich  b e lo n g s

to  th e  n o n - s o l v e n t  group o f  p l a s t i c i z e r s ,  t en d ed  to come 

o u t  o f  t h e  p a i n t ,  a f a c t  t h a t  was o n ly  too obv ious  on the

m otor  c a r s  in  the  e a r l y  n i n e t e e n  t w e n t i e s .  S ince  th en  a

number o f  s u b s ta n c e s  has been  found showing b o t h  c o n s i d e r 

a b l e  s t a b i l i t y  and a d i s t i n c t  p l a s t i c i z i n g  e f f e c t  on n i t r o 

c e l l u l o s e  f i l m .  The u t i l i t y  o f  t h e s e  s u b s ta n c e s  has been  

f u r t h e r  i n c r e a s e d  th ro u g h  the r e a l i s a t i o n  t h a t  many a r e  a l s o  

c a p a b le  o f  e x e r t i n g  a p l a s t i c i z i n g  e f f e c t  on s y n t h e t i c  

p l a s t i c s .  This  l a t t e r  a c t i o n  has  been  u t i l i s e d  i n  h i s t o 

l o g i c a l  t e c h n iq u e  by the  i n c o r p o r a t i o n  o f  one o f  th e se  

p l a s t i c i z e r s ,  t r i c r e s y l  p h o sp h a te ,  i n  a x y l o l  s o l u t i o n  o f  

a g l a s s  c l e a r  p l a s t i c ,  a p o ly m e r is ed  s t y r e n e ,  to r e p l a c e  

Canada ba lsam  ( K i r k p a t r i c k  and Lendrum, 1 9 3 9 ) .  The use  o f  

t h i s  same s u b s t a n c e ,  t r i c r e s y l p h o s p h a t e , was t r i e d  i n  th e  

s t a n d a r d  P e t e r f i  method.  Norm al ly  i n  t h i s  method a f t e r  th e  

t i s s u e  has  l a i n  f o r  some time i n  the  m ethy l  b e n z o a t e -  

n i t r o c e l l u l o s e  s o l u t i o n ,  i t  i s  t r a n s f e r r e d  t o  c h lo ro fo rm  o r  

b e n z o l  i n  which  the n i t r o c e l l u l o s e  i s  i n s o l u b l e ;  the  t i s s u e  

w i t h  i t s  im p re g n a t io n  o f  n i t r o c e l l u l o s e  th u s  p r e c i p i t a t e d  i s



i s  t h e n  t r a n s f e r r e d  to  p a r a f f i n  f o r  i t s  second  im p r e g n a t i o n .

T r i c r e s y l p h o s p h a t e  i s  s o lu b le  i n  c h lo ro fo rm ,  and t h e o r e t 

i c a l l y  i t  sh o u ld  be l e a c h e d  o u t  from the n i t r o c e l l u l o s e  

when the t i s s u e  i s  t r a n s f e r r e d  t o  c h lo ro fo rm ,  b u t  i n  p r a c 

t i c e  t h i s  l o s s  i s  a p p a r e n t l y  n o t  complete  in  t h a t  th e  b lo c k  

has  a p l a s t i c i t y  which i s  n o t  p r e s e n t  i f  th e  t r i c r e s y l p h o s -  

p h a te  i s  o m i t t e d  from the t e c h n iq u e .  Thus i t  i s  presumed 

t h a t  the improved c o n s i s t e n c y  o f  t h e  b l o c k  i s  due to  a 

p l a s t i c i z i n g  e f f e c t  b r o u g h t  a b o u t  by  the t r i e r e s y l p h o s p h a t e  

and n o t  c o m p le t e ly  removed by s i x  to  s i x t e e n  h o u r s ’ immer

s io n  i n  c h lo r o f o r m .  I t  i s  o f  i n t e r e s t  t h a t  t h i s  m o d i f i c a 

t i o n  a l l o w s  the  use o f  t i s s u e s  f i x e d  in  p i c r i c  a c i d  s o l u t i o n s ;  

i t  would a p p e a r  t h a t  the p i c r i c  a c i d  had ,  in  the  o r i g i n a l  

method ,  i n t e n s i f i e d  c o r n i f i c a t i o n  o f  the  n i t r o c e l l u l o s e .

Almost a l l  p l a s t i c i z e r s  a r e  s o lu b l e  in  t h e  f l u i d s  w hich  a r e  

b o t h  n i t r o c e l l u l o s e  p r e c i p i t a n t s  and p a r a f f i n  s o l v e n t s ,  such  

a s  b e n z o l ,  t o l u o l ,  x y l o l ,  c h lo ro fo rm ,  and h e p ta n e ,  b u t  

t h r o u g h  the c o u r t e s y  o f  Dr. G our lay  o f  I m p e r i a l  Chemical  

I n d u s t r i e s  I t  became p o s s i b l e  to t r y  o u t  a p l a s t i c i z e r  

( I . C . I .  number 120 - 501) r e l a t i v e l y  i n s o l u b l e  in h e p t a n e .

This  was used  in  p lace  o f  t r i c r e s y l p h o s p h a t e  and in  comparable  

amount a lo n g  w i t h  the  n i t r o c e l l u l o s e  in  m e th y l  b e n z o a t e ;  

from t h i s  s o l u t i o n  the  t i s s u e  was t r a n s f e r r e d  to  h e p ta n e  and 

th e n c e  to p a r a f f i n .  The end r e s u l t s  w e re ,  however ,  i n f e r i o r /
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i n f e r i o r  to  th ose  by the t r i c r e s y l p h o s p h a t e  and. ch lo ro fo rm  

m ethod .  The form o f  n i t r o c e l l u l o s e  used  in  t h i s  work was 

i n  the  e a r l i e r  s t a g e s  the p u r i f i e d  p y r o x y l in  m ark e ted  by 

S c h e r in g  a s  C e l l o i d i n ,  and. l a t e r  the  e q u a l l y  s a t i s f a c t o r y  

p y r o x y l i n ,  N e c o l o i d i n e ,  made by  I m p e r i a l  Chemical I n d u s t r i e s .

As the  a d d i t i o n  o f  a p l a s t i c i z e r  to  P e t e r f i 1s method 

a p p e a re d  to  have  p re v e n te d  c o m i f i c a t i o n  o f  the  n i t r o 

c e l l u l o s e ,  i t  was n e x t  dec id ed  to  combine b u t a n o l  d e h y d ra 

t i o n  w i t h  double  embedding. A f t e r  s a t u r a t i o n  w i t h  b u t a n o l ,  

t h e  t i s s u e  was l e f t  f o r  24 ho u rs  in  e q u a l  p a r t s  o f  b u t a n o l  

and  m e thy l  b e n z o a t e ,  and then  f o r  the same time in  pure 

m e th y l  b e n z o a t e .  Thence i t  was t r a n s f e r r e d  to  m e th y l  

b e n z o a t e  c o n t a i n i n g  2 pe r  c e n t ,  o f  n i t r o c e l l u l o s e  and 1 .5  

p e r  c e n t ,  o f  t r i c r e s y l p h o s p h a t e ; t h e r e  the  t i s s u e  was l e f t  

f o r  7 to  14- d a y s .  I t  was found adv an tag e o u s  to use  t h e s e  

long  t im es  r a t h e r  than  the  b r i e f  immersions a d v o c a te d  by 

P e t e r f i .  To f i x  the  c e l l o i d i n  b o t h  c h lo ro fo rm  and b e n z o l  

have been t r i e d ;  a l t h o u g h  Romeis p r e f e r s  t h e  l a t t e r ,  

c h lo ro fo rm  seems to me to be t h e  b e t t e r .  The t i s s u e  i s  

l e f t  i n  the  oven f o r  e i g h t  to  t w e n t y - f o u r ,  o r  even t h i r t y -  

s i x  h o u r s ,  depend ing  on the s i z e  and. c o n s i s t e n c e .  Romeis 

s t a t e s  t h a t  h e a t  has a c rum bl ing  e f f e c t  on the n i t r o c e l l u 

l o s e  b u t  t h i s  danger  i s  a p p a r e n t l y  a v o id e d  o r  a t  l e a s t  much 

r e d u c ed  by the  a c t i o n  o f  the  p l a s t i c i z e r .

Thi s /
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This  now r a t h e r  l e n g t h y  a l t h o u g h  h i g h ly  f l e x i b l e  method 

gave c l e a r l y  b e t t e r  r e s u l t s  than  any o t h e r  method y e t  t e s t 

ed and i t  rem a ined  to  be seen  i f  any  s h o r t  c u t s  were p o s s 

i b l e  w h ich  would r e t a i n  th e  a d v a n ta g e s  g a in e d .  As a w ork 

ing  h y p o t h e s i s  i t  was a c c e p t e d  t h a t  the  su c c e s s  o f  the  

method r e s t e d  on t h r e e  h i t h e r t o  u n r e l a t e d  p r i n c i p l e s ,  the  

use  o f  b u t a n o l  w i t h  th e  av o id a n ce  o f  a b s o l u t e  e t h y l  a l c o h o l ,  

the  com b in a t io n  o f  t h i s  e x c e l l e n t  type o f  d e h y d r a t i o n  w i t h  

th e  doub le  embedding method o f  P e t e r f i ,  and  t h e  use o f  a 

p l a s t i c i z i n g  s u b s ta n c e  in  a s s o c i a t i o n  w i t h  th e  n i t r o c e l l u 

lo s e  .

W i th  th e  f u l l  method, o u t l i n e d  a b o v e ,  a s  s t a n d a r d ,  

e x p e r im e n t s  were  n e x t  performed to  t e s t  the use  o f  t e r t i a r y  

b u t y l  a l c o h o l ,  (CHg)^* COH, ( t r i m e t h y l  c a r b i n o l ) ,  a s  a d v o c a te d  

by  Johansen  ( 1 9 3 5 ) .  The s e r i e s  were e x a c t l y  comparable  

e x c e p t  t h a t  t e r t i a r y  b u t y l  a l c o h o l  was used i n  th e  e x p e r i 

m e n ta l  s e t  and n - b u t y l  a l c o h o l  in  t h e  c o n t r o l .  The

r e s u l t s  shows no obvious  g a in  from t h e  use o f  t h e  t e r t i a r y  

a l c o h o l ;  i t s  odour  i s  u n p l e a s a n t .  I s o b u t y l  a l c o h o l ,

(CHgJgCH. CBgOH, a l s o  has an u n p l e a s a n t  odour ,  and  i s  s a i d  

to  c au se  headaches  on i n h a l a t i o n  ( B a i r d ,  1936) ;  i t  was n o t  

t r i e d .

Me t h y  la  1, C f ^ O C I ^ g  was t r i e d  a c c o rd in g  to the  method 

s u g g e s te d  by Dufrenoy (1935) b u t  a s  i t  showed no a d v a n t a g e /
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a d v a n ta g e  over  the  s t a n d a r d ,  i t s  u s e s  were n o t  f u r t h e r  

i n v e s t i g a t e d .

The n e x t  a t t e m p t  was to  s h o r t e n  the  method by so 

m o d ify in g  n - b u t y l  a l c o h o l  t h a t  i t  would become a s o l v e n t  

f o r  n i t r o c e l l u l o s e .  No known n i t r o c e l l u l o s e  i s  s o lu b l e  in  

n - b u t y l  a l c o h o l ,  b u t  the  a d d i t i o n  o f  sm a l l  q u a n t i t i e s  (10  

to  20  p e r  c e n t . )  o f  k e to n e s  such a s  a c e t o n e ,  o r  a l k y l  a c e t i c  

e s t e r s  such  as  b u t y l  a c e t a t e  a l l o w s  the  s o l u t i o n  o f  3 p e r  

c e n t  o f  n i t r o c e l l u l o s e .  T is su e s  were b r o u g h t  to  b u t a n o l  

in  the  u s u a l  way, and thence  to b u t a n o l  c o n t a i n i n g  20  p e r  

c e n t ,  o f  b u t y l  a c e t a t e ,  and then  to t h i s  m ix tu re  c o n t a i n 

in g  3 p e r  c e n t ,  o f  n i t r o c e l l u l o s e  and 2 pe r  c e n t ,  o f  t r i -  

c r e s y l  p h o s p h a t e .  Here t h e y  were l e f t  f o r  the  same time a s  

the  c o n t r o l  t i s s u e s  were in  the  m ethy l  b e n z o a te  s o l u t i o n  o f  

p l a s t i c i z e d  n i t r o c e l l u l o s e ,  and then b o t h  s e t s  were f i x e d  

in  c h lo ro fo rm  and embedded in  p a r a f f i n .  S e v e ra l  s e r i e s  

were a g a i n  compared and. a g a in  the  s t a n d a r d  method proved 

th e  b e t t e r .

The n e x t  su b s ta n c e  t h a t  seemed to  j u s t i f y  i n v e s t i g a t i o n
CHg -  OH

was e t h y l e n e  g l y c o l  monoethyl  e t h e r ,  _ q -  C2 H5

( C e l l o s o l v e ) ,  a sub s ta n c e  w hich ,  p resum ably  i n  v i r t u e  o f  

th e  p resence  o f  b o t h  an e t h e r  and an a l c o h o l  g ro u p ,  i s  a 

n i t r o c e l l u l o s e  s o l v e n t  and i s  m i s c i b l e  w i t h  w a t e r .  I t s  

v a l u a b l e  use a s  a s o l v e n t  f o r  a n i l i n e  dyes has been  r e p o r t e d
/



r e p o r t e d  e lsew h e re  (Lendrum, 193 9 ) .  In t h e  t r e a t m e n t  o f  

t i s s u e s  i t  was u sed  b o t h  as  a s u b s t i t u t e  f o r  m ethy l  b e n z o a te  

in  the  s t a n d a r d  method,  and  a l s o  in  a s e r i e s  w i t h o u t  b u t y l  

a l c o h o l .  In  t h i s  l a t t e r  scheme, t i s s u e s  were  t r a n s f e r r e d  

from 50 p e r  c e n t  e t h y l  a l c o h o l  to  e q u a l  p a r t s  o f  50 pe r  

c e n t  e t h y l  a l c o h o l  and c e l l o s o l v e  and thence  th ro u g h  t h r e e  

s t a g e s  o f  pure  c e l l o s o l v e  to  e e l l o s o l v e  c o n t a i n i n g  4 p e r  

c e n t  n i t r o c e l l u l o s e  w i t h  3 per  c e n t  t r i c r e s y l p h o s p h a t e . 

F i x a t i o n  o f  th e  n i t r o c e l l u l o s e  was done by c h lo ro fo rm  and 

fo l lo w e d  by p a r a f f i n  im p r e g n a t io n .  This  sc h e d u le  was 

r a t h e r  more r a p i d  than the  s t a n d a r d ,  b u t  th e  r e s u l t s  were 

n o t  so good, a l t h o u g h  th e y  proved b e t t e r  than  th e  o r i g i n a l  

P e t e r f i  method.  The use o f  c e l l o s o l v e  in  p l a c e  o f  m e th y l  

b e n z o a t e  i n  the  s t a n d a r d  method g i v e s  r e s u l t s  w hich  i f  i n f e r 

i o r  to  th e  s t a n d a r d  a r e  b u t  v e ry  s l i g h t l y  s o .  For o v e r  a 

y e a r  now t i s s u e s  have been  put  t h r o u g h  b o t h  s e r i e s ,  and  

from e x a m in a t io n  o f  a l a r g e  number o f  t i s s u e s  the  im p r e s s io n  

has  been  g a in e d  t h a t  the m ethyl  b e n z o a te  method i s  s l i g h t l y  

b e t t e r .

The F u r t h e r  Out look  on A f t e r - T r e a t m e n t  o f  F ix ed  T i s s u e s .

Ample room s t i l l  e x i s t s  f o r  t h e  a p p l i c a t i o n  o f  modem 

d i s c o v e r i e s  in  o r g a n ic  c h e m is t r y  to  the  s t i l l  h i g h ly  

i m p o r t a n t  t e c h n iq u e  o f  h i s t o l o g y .  The more immediate  l i n e s  

o f  i n v e s t i g a t i o n  seem to me to i n c l u d e  the w id e r  use o f  t h e /



t h e  newer s o l v e n t  m i x t u r e s ,  s t a r t i n g  w i t h  such  s imple  mix

t u r e s  a s  the  b u t y l - a c e t o n e  m ix t u r e s  su g g e s te d  by  Lang, and 

g o in g  from  them to s o l u t i o n s  o f  p l a s t i c i z e d  n i t r o c e l l u l o s e  

in  b u t y l - a c e t o n e . Many a l k y l  e s t e r s  such a s  m ethy l  s a l i 

c y l a t e ,  b u t y l  l a c t a t e ,  o r  e t h y l  l a c t a t e ,  t h i s  l a s t  much 

c h e a p e r  th an  m e th y l  b e n z o a t e ,  a re  n o t  o n ly  s o l v e n t s  f o r  

n i t r o c e l l u l o s e  b u t  have some power o f  p l a s t i c i z i n g  the  

m ass .  P r e l i m i n a r y  ex p er im e n ts  w i t h  e t h y l  l a c t a t e  have 

p roved  d i s a p p o i n t i n g .  A c e ta te  c e l l u l o s e ,  r e a d i l y  a v a i l 

a b l e  in  many h o s p i t a l s  from d i s c a r d e d  ’’ s a f e t y ” X-ray  f i l m ,  

may be w or thy  o f  t r i a l  in  p lace  o f  n i t r o c e l l u l o s e .  I t  i s  

f o r  example s o l u b l e  in  d ioxan  b u t  d i f f i c u l t y  has been e x 

p e r i e n c e d  in  f i n d i n g  a f l u i d  w h ich  w i l l  p r e c i p i t a t e  the  

c e l l u l o s e  from t h i s  s o l u t i o n  (Mossman, 1 937) .  The a d d i t i o n  

o f  10 p e r  c e n t  o f  a c e to n e  t o  d io x a n ,  a s  to  b u t a n o l ,  g i v e s  a 

m ix t u r e  c a p a b le  o f  d i s s o l v i n g  n i t r o c e l l u l o s e .

Another  l i n e  o f  i n v e s t i g a t i o n  now und e r  s tu d y  in  

America i s  t h e  use  f o r  embedding o f  th e  new w a t e r - t o l e r a n t  

w axes ,  the s o - c a l l e d  soap  waxes (Lebowich 1936, M or i tz  1939) 

so f a r  th e s e  do n o t  a p p e a r  t o  be s e r i o u s  r i v a l s  to p a r a f f i n  

i n c l u s i o n .  I t  i s  an ob se rv ed  f a c t  t h a t  a f t e r  the  e t h y l  

a l c o h o l  t e c h n iq u e  t i s s u e s  s t a i n  more p r e c i s e l y  than a f t e r  

d io x an  d e h y d r a t i o n ;  t h i s  may be r e l a t e d  to  t h e  r e d u c in g  

a c t i o n  w h ich  Z i r k l e  (1950) b e l i e v e s  e t h y l  a l c o h o l  t o /



t o  e x e r c i s e  on t i s s u e s .  In r e l a t i o n  to  t h i s  i t  i s  p o s s ib l e  

t h a t  some o f  the  newer d e h y d r a t in g  and embedding t e c h n iq u e s  

may be r e j e c t e d  because  o f  weak and u n c e r t a i n  s t a i n i n g .  I t  

sh o u ld  be r e a l i s e d ,  however, t h a t  s t a i n i n g  methods m igh t  be 

m o d i f i e d  to  s u i t  the d i f f e r e n t  methods o f  embedding th ro u g h  

th e  use  o f  s o l v e n t s  o t h e r  than w a te r  o r  e t h y l  a l c o h o l ;  i t  

ha s  been  found f o r  example when t e s t e d  on h i s t o l o g i c a l  

s e c t i o n s  from p a r a f f i n ,  t h a t  s e v e r a l  ye l low dyes t a r t r a z i n e ,  

t a r t r a z i n e  N . S . ,  p r im rose  and f a s t  y e l lo w ,  o f  l i t t l e  va lue  

i n  aqueous o r  a l c o h o l i c  s o l u t i o n  show l i v e l y  t i n c t o r i a l  

a c t i v i t y  when d i s s o l v e d  in  c e l l o s o l v e  (Lendrum, 1939) a l 

most a s  i f  t h e y  had a c q u i r e d  a new auxochromic l i n k a g e .

Such changes m ight  w e l l  be n e c e s s a r y  i f  r e s e a r c h  p roduces  

a s a t i s f a c t o r y  embedding mass b ased  on aqueous s o l u t i o n .

On the  o t h e r  hand a n o t h e r  p o s s i b l e  method o f  s t a i n i n g ,  d e 

r i v e d  from a thus  f a r  l i t t l e  used  p r i n c i p l e ,  i s  the  use  o f  

s o l u t i o n s  o f  the  f r e e  a c i d  o r  b a se  o f  a dye in  a s o l v e n t  

such  a s  x y l o l  (McLean, 1934, K r a j i a n ,  1 938) .  That  t h i s  

works  w i t h  a c i d  dyes has  been f u l l y  c o n f i rm e d ,  and a j a r  o f  

x y l o l - e o s i n  has  p roved ,  over  the  l a s t  t h r e e  y e a r s ,  a u s e f u l  

a d j u n c t  to  the  s t a i n s  on the work ben ch .  I t s  main use  has 

been  to  r e s t o r e  the  c y to p la s m ic  c o lo u r i n g  in  s e c t i o n s  o v e r -  

t r e a t e d  by  th e  b lu e  dye in  the  e o s in - m e th y le n e  b l u e  method.  

The use  o f  b a s i c  dyes i n  s i m i l a r  s o l u t i o n  has p roved  much/
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much l e s s  s u c c e s s f u l .

A f u r t h e r  source  o f  p o s s i b l e  t e c h n i c a l  improvement may 

l i e  i n  the  newer s y n t h e t i c  p l a s t i c s .  By the  use o f  th e  

a p p r o p r i a t e  d e g re e  o f  p l a s t i c i z i n g  i t  may b e  p o s s i b l e  t o  

p roduce  a c o ld  embedding m a t e r i a l  comparable to  p y r o x y l i n ,  

h a v in g  the  same s u p p o r t i n g  f u n c t i o n  and l a c k  o f  d i s t o r t i o n ,  

and a t  the  same time p o s s e s s i n g  the  a d v a n ta g e s  o f  p a r a f f i n ,  

a b i l i t y  to  be c u t  on the  c o n v e n ie n t  ro c k in g  o r  r o t a r y  micro ' 

tome and to g ive  s e c t i o n s  o f  ex trem e t h i n n e s s .

For  the  h i s t o l o g i s t  t h e r e  l i e s  open a wide  r e g i o n  o f  

new and u n t r i e d  m a t e r i a l s ,  and f o r  the  morbid  a n a t o m i s t  i t  

i s  s t i l l  t r u e  t h a t  an improvement in  t e c h n iq u e  may w e l l  be 

th e  p re lu d e  to  new and u nexp ec ted  d i s c o v e r i e s .
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The i l l u s t r a t i o n s  a r e  m a in ly  from the  t i s s u e s  o f  the  

r h e u m a t i c  m o th e r . a n d  t h e  f o e t u s .  Thes-e a r e  a l l  d e s i g n a t e d  

A.C.C. (Ayr County C o u n c i l )  f o l lo w e d  by  two num bers ;  the  

f i r s t  number i s  t h a t  o f  th e  b l o c k  o f  t i s s u e ;  the  second  i s  

o f  t h e  s e c t i o n  f rom  t h a t  b l o c k .  The n o m e n c la tu r e  o f  th e  

v a r i o u s  b l o c k s  a s  g iv en  b e lo w ,  f o l l o w s  t h a t  o f  Gross e t  a l .  

(1930)  b u t  the  te rm s  u sed  a r e  e x p l a n a t o r y  enough .  The 

i l l u s t r a t i o n s  a r e  d e s c r i b e d  and d i s c u s s e d  in  the  c h a p t e r  

on the  Morbid Anatomy o f  the  m o th e r  and f o e t u s .  The r e 

m a in in g  i l l u s t r a t i o n s  o f  rh e u m a t ic  changes  a r e  from my 

o t h e r  m a t e r i a l  and a r e  i n c l u d e d  f o r  the  pu rpose  o f  c o m p a r i 

son w i t h  t h e  Ayr c a s e ,  a n d  to  e l u c i d a t e  the  v e r b a l  d e s c r i p 

t i o n s ;  o n ly  such  l e s i o n s  from t h i s  m a t e r i a l  a r e  shown a s  

seem to me to  be t r u l y  rh e u m a t i c  and y e t  have  n o t  been  

s a t i s f a c t o r i l y  i l l u s t r a t e d  i n  the  l i t e r a t u r e .  They a r e  

t h u s  complementary  t o  the i l l u s t r a t i o n s  o f  G ro s s ,  K l i n g e ,  

and o t h e r s .  A g a i n s t  the  com prehens ive  a r r a y  o f  t h e i r  

m a t e r i a l  a s  a v a i l a b l e  in  t h e i r  p u b l i c a t i o n s ,  and th e  

a d d i t i o n s  from my o t h e r  m a t e r i a l  shown h e r e ,  the  i l l u s t r a 

t i o n s  o f  the  r h e u m a t i c  m othe r  and f o e t u s  must  be j u d g e d .



Figure 1
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F i g u r e  1. ACC. 2 0 / 3 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& E.  c70.
T h i s  shows t h e  w i d e s p r e a d  n a t u r e  of  t h e  changes  i n  t h e  s t rom a  of 
t h e  l e f t  v e n t r i c l e  c l o s e  t o  t h e  i n s e r t i o n  of t h e  p o s t e r i o r  
m i t r a l  f l a p .  27 Aschof f  b o d i e s  a r e  p r e s e n t  on t h e  f i e l d .
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Figures  2 & 3

F i g u r e  2.  ACC. l / L .  P o s t e r i o r  m i t r a l  b lo c k ,  H.& E.  c l 4 0 .  T h i s  
shows a group of  t y p i c a l  c o r o n a l  Aschof f  b o d i e s  i n  t n e  v e n t r i c 
u l a r  myocard ium.

Wi
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F i g u r e  3.  ACC. 9 5 / 3 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& S .  c l 4 5 .  
A Further group of t y p i c a l  c o r o n a l  Aschof f  b o d i e s  i n  t h e  
v e n t r i c u l a r  myocardium.



Figures  4 &

F i g u r e  4 .  ACC.2 / 1 .  P o s t e r i o r  l e f t  v e n t r i c l e  b lo c k ,  H.& E .  c250. 
T h i s  shows t h e  s t r u c t u r e  of  t h e  e a r l y  c o r o n a l  Aschof f  body.

F i g u r e  5. Co lour  sk e tc h  of f i g u r e  4, d a t a  a s  g iv en ,  o bse rve d  
by w h i t e  l i g h t .



Figures  5 & 7

F i g u r e  6.  ACC. 2 0 / 2 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& S .  cl30.  
T h i s  i s  a  l o n g i t u d i n a l  form of  t h e  c o r o n a l  Aschof f  body from 
t h e  v e n t r i c u l a r  myocardium.

F i g u r e  7.  AOG. 3 7 / 1 .  P o s t e r i o r  l e f t  v e n t r i c l e  b l o c k ,  H.& S .  
c390. T h i s  shows t h e  development  of  t h e  c o r o n a l  Aschof f  body, 
t h e  s t a g e  c a l l e d  mosa ic  by G r o s s .



Figure 8

F i g u r e  8 .  ACC.5 3 / 2 .  R igh t  v e n t r i c l e  b l o c k .  C e l e s t i n  b l u e ,  
haemalum, and p h l o x i n  f o l l o w e d  by d i f f e r e n t i a t i o n  i n  p’nospho-  
m olybd ic  a c i d .  c520. T h i s  shows a  granu loma w i t h  l a t t i c e  c e l l s  
and g i a n t  forms d e r i v e d  from t h e s e .



F i g u r e  9 ,  Royal H o s p i t a l  Si ck  C h i l d r e n ,  c a se  3588.  L e f t  
v e n t r i c l e  b l o c k ,  H.& E.  cl350. T h i s  shows below a t y p i c a l  
l a t t i c e  c e l l ,  w i th  above m u l t i n u c l e a t e d  fo rm s .

F i g u r e  10.  I n f a n t  I I .  P o s t e r i o r  m i t r a l  f l a p ,  H.& E. cl875.
I n  t h i s  l a t t i c e  c e l l  can be seen t h e  f i n e  t h r e a d s  of  ch ro m a t in  
r u n n in g  from t h e  c e n t r a l  bs.r t o  t h e  d i s t i n c t  n u c l e a r  membrane. 
Also v i s i b l e  i s  a n u c l e o l u s ,  s t r o n g l y  e o s i n o p n i l i c  i n  t h e  s e c t i o n ,



Figure 11

F i g u r e  11. R a b b i t ,  l e f t  v e n t r i c l e .  H.& E. c365. T h i s  shows 
a f o c u s  of m y o c a r d i t i s  found i n  t h e  e x a m i n a t i o n  of an u n t r e a t e d ,  
presumed h e a l t h y  a n im a l .



Figure 12
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F i g u r e  12 .  ACC. 9 5 / 3 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& S .  cl3 . T h i s  
g e n e r a l  view shows two c e l l u l a r  f o c i  i n  t h e  sw o l len  a u r i c u l a r  
endocard ium .  V a l v u l a r  t h i c k e n i n g  and two a r e a s  of v e g e t a t i o n  a r e  
seen ,  a l s o  c o n g e s t i o n  of t h e  a u r i c u l o v e n t r i c u l a r  r e g i o n .



F igures  13 & 14

F i g u r e  13 .  ACC. 6 2 / 1 .  R igh t  a u r i c u l a r  b l o c k .  H.& E.  c50. Four 
f o c a l  l e s i o n s  a r e  p r e s e n t  i n  t h e  sw o l le n  endocard iu m .

F i g u r e  14 .  ACC. 9 8 / 1 .  L e f t  a u r i c u l a r  b l o c k .  H.& E.  c95. Two 
l e s i o n s  a r e  p r e s e n t ,  showing t h e  c e l l s  a r r a n g e d  i n  rows;



Figures  15 & 16

F i g u r e  15 .  ACC.1/1 . P o s t e r i o r  m i t r a l  b l o c k .  H.& E.  c65. T h i s  
shows t h e  more i n t e n s e  b a n d - l i k e  f o r m a t i o n  of c o l l a g e n  change 
d e s c r i b e d  by MacCallum.

F i g u r e  15 .  Royal H o s p i t a l  Si ck  C h i ld re n*  case  3827. L e f t  
a u r i c u l a r  b l o c k ;  H.& E.  cl45. T h i s  i s  t h e  t y p i c a l  band l e s i o n  
of  t h e  a u r i c l e ,  showing a band of a l t e r e d  c o l l a g e n  w i th  
a p p o s i t i o n  of  granuloma c e l l s .



Figures  17 & 18

F i g u r e  1 7 ,  ACC, 1 5 / 4 .  L e f t  a u r i c u l a r  b l o c k .  O rce in ,  c e l e s t i n  
b l u e ,  haeraalum and t a r t r a z i n e .  c 3 6 0 .  T h i s  shows t h e  r e l a t i o n  of 
t h e  granuloma c e l l s  t o  t h e  e l a s t i c  t i s s u e  of t h e  a u r i c u l a r  
endocard iu m .

F i g u r e  1 8 .  Colour  s k e tc h  of  t h e  f i e l d  shown i n  f i g u r e  17,  d a t a  
as  g iv e n ,  o b se rve d  by w h i t e  l i g h t .



Figure 19

F ig u re  19.  Royal H o s p i t a l  Sick  C h i l d r e n ,  c a se  4154.  P o s t e r i o r  
m i t r a l  b l o c k .  W e i g e r t ’s e l a s t i c a ,  haemalum, p h l o x i n  and t a r t r a -  
z i n e .  cl55. In  t h e  main coa t  of t h e  endocard ium t h e  granuloma 
c e l l s  a r e  seen l y i n g  i n  rows be tween  t h e  e l a s t i c  l a m in a e .  Above, 
t h e  s u b e n d o t h e l i a l  l a y e r s  a r e  seen t o  be sw o l len  and have  a  l a y e r  
of p h l o x i n o p h i l  f i b r i n  bo th  on t h e  s u r f a c e  and p a r t l y  i n  t h e  
s u b j a c e n t  t i s s u e .



F igures  20 & 21
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F i g u r e  21.  Co lour  s k e tc h  of f i e l d  shown i n  f i g u r e  20:  s in c e  
b e in g  p h o to g ra p h e d  t h e  s e c t i o n  ha.s been r e s t a i n e d  w i t h  p h l o x i n  
and t a r t r a z i n e ,  and from t h i s  t h e  s k e tc h  was made.  Note absence  
of f i b r i n  ( p h l o x i n o p h i l )  i n  t h e  c o r o n a l  n o d u l e .  The r e t i c u l a r  
body may be r e l a t e d  t o  a  l y m p h a t i c .  Observed by w h i t e  l i g h t .

F i g u r e  20. ACC. 2 0 / 8 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& S .  c220.
T h i s  shows one c o r o n a l  and one r e t i c u l a r  Aschof f  body.  The f i b r i n  
shows b l a c k  i n  v i r t u e  of t h e  b lu e  g ree n  s c r e e n i n g  used .



Figures  22 & 23

F i g u r e  22.  ACC. 1 5 / 2 .  L e f t  a u r i c u l a r  block: . Haemalum, p h l o x i n  
a,nd t a r t r a z i n a .  c375. Blue g ree n  s c r e e n .  T h i s  i s  an e a r l y  s t a g e  
of  f i b r i n  d e p o s i t i o n ;  a g a i n  t h e  c e n t r a l  space may be a l y m p h a t i c .  
A mast  c e l l  i s  seen above .

F i g u r e  23.  Co lour  s k e tc h  of  f i e l d  shown i n  f i g u r e  22, d a t a  as
g iv en ,  obse rved  by w h i t e  l i g h t .



F igures  24 & 25

F i g u r e  24. ACC.2 0 / 9 .  P o s t e r i o r  m i t r a l  b l o c k .  H.& S .  c270. Blue 
g re e n  s c r e e n .  T h i s  shows i n  t h e  g e n e r a l  view of a  l a r g e  r e t i c u l a r  
Aschof f  body from t h e  a u r i c u l a r  endocard ium, how t h e  d a r k l y  s t a i n e d  
f i b r i n  t a k e s  s u p o o r t  on t h e  c o l l a g e n  f i b r e s  of  t h e  p a r t .  The c e l l s  
a r e  m ain ly  smal l  and many a r e  p y k n o t i c .

F i g u r e  25.  ACC. 1 5 / 2 .  L e f t  a u r i c u l a r  b l o c k .  Haemalum, p h l o x i n  
and t a r t r a z i n e .  c240. Blue g r e e n  s c r e e n .  The g e n e r a l  r e l a t i o n  
of  f i b r i n  (d a rk )  t o  t h e  s t roma i s  a g a in  seen ;  t h e  n e x t  f i g u r e  
i s  f rom t h e  upper  r i g h t  hand  a r e a .



Figures  26 & 27

F i g u r e  26.  ACC. 1 5 / 2 .  As above,  c600. T h i s  i s  an area f rom t h e  
p r e v i o u s  f i g u r e  of  a  f a i r l y  e a r l y  r e t i c u l a r  Aschof f  body:  i t  shows 
f i b r i n  a d h e r i n g  t o  t h e  s u r f a c e  of what a p p e a r s  t o  be a  swo l len  
c o l l a g e n o u s  band.

F i g u r e  27.  Colour  sk e tc h  of  f i e l d  shown i n  f i g u r e  36, d a t a  as
g iv en ,  obse rved  by w h i t e  l i g h t .



F igures  28 & 29

F ig u re  28. Royal H o s p i t a l  S ick  C h i l d r e n ,  c a se  4155.  L e f t  v e n t r i c l e  
b l o c k .  P i c r o - M a l l o r y  s t a i n i n g  method .  c200. Orange s c r e e n .
T h i s  shows up as  b l a c k  t h e  b lu e  s t a i n e d  c o l l a g e n  of t h e  a r e a .

B^igupe 29.  Same d a t a  as  f o r  f i g u r e  28, bu t  t a k e n  th ro u g h  a  b lu e  s c r e e n  
The r e d  s t a i n i n g  e l e m e n t s  now show up d a r k l y .  The d i s p o s i t i o n  of 
t h e  f i b r i n  i n  t h e  two ne tw orks  s hou ld  be c o r r e l a t e d  w i t h  t h e  
p r e v i o u s  i l l u s t r a t i o n .



Figures  30 & 31

F i g u r e  30.  E n l a r g e m e n t (c500) of 
t h e  l e f t  f i b r i n o u s  ne tw ork  from 
f i g . 29.  Th i s  shows t h e  d e p o s i t 
i o n  of  f i b r i n  on t h e  c o l l a g e n  
f i b r e .

F ig u re  31.  Royal H o s p i t a l  Si ck  C h i l d r e n ,  ca se  from Dr .Graham’s ward .  
Subcu taneous  rh e u m a t i c  n o d u l e .  Haemalum, p h l o x i n  and t a r t r a z i n e .  
c230. Blue g reen  s c r e e n .  The f i b r i n  shows up b l a c k .
The e n d o th e l iu m  of t h e  b lood  v e s s e l  shou ld  be n o t e d .



Figures  32  & 3

F i g u re  32. ACC. 1 4 2 / 1 .  L e f t  v e n t r i c u l a r  b l o c k .  H.& S .  c390. 
Blue g ree n  s c r e e n .  T h i s  shows t h e  p r e c i p i t a t i o n  of  f i b r i n  i n  
t h e  s u b e n d o t h e l i a l  t i s s u e  of a  c r y p t  of t h e  l e f t  v e n t r i c u l a r  
w a l l ,  w i th  a s s o c i a t e d  granuloma c e l l s .

F i g u r e  33. Colour  ske tc h  of f i e l d  shown i n  f i g u r e  32y 
s i n c e  b e in g  pho to g ra p h e d  t h e  s e c t i o n  h a s  been re  s t a i n e d  w i th  
p h l o x i n  and t a r t r a z i n e ,  and from t h i s  t h e  ske tch  was made. 
Observed by w h i t e  l i g h t .



Figures  34 & 3 5

F i g u r e  34. 'ICG, 1 5 / 7 .  L e f t  a u r i c u l a r  b l o c k .  Haemalum, p h l o x in  
and t a r t r a z i n e .  c l 9 0 .  Blue g ree n  s c r e e n .  T h i s  shows f i b r i n  
d e p o s i t i o n  a l o n g s i d e  a  v e in ,  comparable  t o  t h e  s u b e n d o c a r d i a l  
d e p o s i t i o n  of f i g s .  32 and 33.  Granuloma c e l l s  a r e  p r e s e n t  i n  
g r e a t e r  number.

F i g u r e  35. Co lour  s ke tc h  of f i e l d  shown i n  f i g u r e  34, d a t a  
as  g iven ,  obse rved  by w h i t e  l i g h t .



Figure 36
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F i g u r e  36.  ACC. 1 1 3 / 7 .  L e f t  v e n t r i c u l a r  b l o c k .  M a l a c h i t e  g ree n  
and a c r i d i n e  r e d .  Roughly 400. P r o j e c t i o n  drawing  showing f i b r i n ,  
emera ld  g ree n ,  i n  r e l a t i o n  t o  a v e i n .  The granuloma c e l l s  show th e  
t y p i c a l  r e d  s t a i n i n g .  Observed by w h i t e  l i g h t .



Figures  37 & 38

F i g u re  37. AGO. 20/L0.  P o s t e r i o r  m i t r a l  block: . W e i g e r t ’ s 
e l a s t i c a ,  haemalum, p h l o x i n  and t a r t r a z i n e .  c300. Blue g reen  
s c r e e n .  Th i s  shows t h e  f i b r i n ,  da rk ,  d e p o s i t e d  i n  t h e  t i s s u e s  
a t  t h e  apex of t h e  pouch of t h e  p o s t e r i o r  m i t r a l  f l a p .  In  t h i s  
l e s i o n  t h e  granuloma c e l l s  a r e  as  y e t  s c a n t y .

F i g u r e  38. Colour  ske tc h  of f i e l d  shown i n  f i g u r e  o9,
d a t a  as  g iven ,  obse rved  by w h i t e  l i g h t .



Figures  39 & 40
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F i g u r e  39.  AGO.4 6 / 1 .
T r i c u s p i d  v a lv e  b l o c k .  
P h o s p h o t u n g s t i c  h a e ra a to x y l in .  
cl60. The s c r e e n i n g  shows up 
t h e  f i b r i n  as  b l a c k .  I t  i s  
d e p o s i t e d  bo th  a t  t h e  s u r f a c e  
and i n  t h e  t i s s u e  of  t h e  
somewhat oedematous bu t  no t  
undu ly  c e l l u l a r  v a l v e .

F i g u r e  40 .  AGO.9 5 / 6 .
P o s t e r i o r  m i t r a l  b l o c k .  
W e i g e r t ’ s e l a s t i c a , h a e m a l u m ,  
p h l o x i n e  and t a r t r a z i n e .  ■ 
c95. Blue g r e e n  s c r e e n .
There  i s  l i t t l e  or  no 
e l a s t i c a  i n  t h i s  a r e a ,  
bu t  i n  v i r t u e  of t h e  s c r e e n 
in g ,  t h e  p h l o x i n o p h i l  f i b r i n  
i s  shown up b l a c k .
There i s  c o n s i d e r a b l e  
d e p o s i t  i n  t h e  v a l v u l a r  
t i s s u e ,  w i th  e a r l y  a p p o s i t i o n  
of granuloma c e l l s ,  j u s t  
d i s c e r n i b l e  i n  t h e  o u t e r  
meshes of t h e  d e p o s i t s .



Figure 41

F i g u r e  41 .  Colour  s k e tc h  of t h e  s e c t i o n  from which f i g u r e  40 
was p h o t o g ra p h e d .



Figures  42 & 43

F i g u r e  42,  AGO. 4 8 / 1 .  T r i c u s p i d  va lv e  b l o c k .  P h o s p h o t u n g s t i c  
h a e ra a to x y l in .  c l 2 5 .  T h i s  s l i d e  i l l u s t r a t e s  t h e  d i f f e r e n t i a l  
s t a i n i n g  obse rved  a lm os t  c o n s t a n t l y  i n  t h e  f i b r i n  of rheum at ic  
v e g e t a t i o n .  Although t h e  m a t e r i a l  i s  u n i fo r m ly  e o s i n o p h i l i c ,  
t h i s  s t a i n  as  do o t h e r s  shows t h e  c h a r a c t e r i s t i c  f i b r i n  r e a c t i o n  
a t  t h e  s u r f a c e  and i n  t h e  deep r o o t s ,  w i th  l o s s  t h e r e o f  i n  t h e  
c e n t r e  of t h e  main mass .  V er ruca  fo rm a t i o n  i s  p r o b a b l y  due t o  
l o c a l  p r o l i f e r a t i o n .

F i g u re  43.  Colour  s ke tc h  of f i e l d  shown i n  f i g u r e  42, d a t a
as  g iven ,  obse rved  by y e l lo w  l i g h t .



Figures  44 & 45
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F ig u re  4 4 .  ACC. 2 0 / 4 .  P o s t e r i o r  m i t r a l  b l o c k .  Haemalum and 
e o s i n - p h l o x i n .  cl25. Blue g re e n  s c r e e n .  T h i s  shows t h e  
v e g e t a t i o n  on t h e  l i n e  of c o n t a c t  of t h e  p o s t e r i o r  m i t r a l  f l a p .  
The s e c t i o n  was f u l l y  d i f f e r e n t i a t e d  i n  s p i r i t  t o  show up t h e  
more p h l o x i n o p h i l  f i b r i n ;  t h i s  i n  v i r t u e  of t h e  s c r e e n i n g  i s  
seen as  t h e  d a r k e r  m a t e r i a l ,  m a in ly  on t h e  under  s id e  of t h e  
v e g e t a t i o n ,  ru n n in g  i n t o  t h e  s u b s ta n c e  of t h e  v a l v e .

F i g u r e  45.  ACC. 4 9 / 1 .  L e f t  c o ro n a r y  a r t e r y  b l o c k .  H.& S .  
c40. T h i s  shows a v e in  i n  t h e  myocardium w i th  a c e l l u l a r  
l e s i o n ;  r e l a t e d  t o  t h i s  a r e  two small  p a p i l l a e  of  p r o l i f e r a t e d  
i n t i m a l  t i s s u e .  Also i n  t h e  f i e l d  a re  two Aschof f  b o d i e s .



Figure

F i g u r e  45.  Royal H o s p i t a l  Si ck  C h i l d r e n ,  ca se  3827.
L e f t  a u r i c u l a r  b l o c k .  V e r h o e f f ’ s e l a s t i c a  method.  c65. 
T h i s  shows t h e  i n t e r n a l  e l a s t i c  l am ina  of t h e  a u r i c u l a r  
endocard ium as  a w e l l  d e f i n e d  l i n e ;  i n t e r n a l  t o  t h i s  a re  
seen t h e  i n t i m a l  c u s h io n s  of s o f t  p r o l i f e r a t e d  t i s s u e .



Figures  47 & 48

F i g u r e  47 .  ACC. 55 /1 .  Pulmonary a r t e r y  b l o c k .  H.& E.  
c45 .  Blue g ree n  s c r e e n .  In  t h e  apex of t h e  pocke t  of t h e  
pulmonic va lv e  t h e r e  a r e  smal l  p a p i l l a e ,  showing i n  t h e i r  
s u b s ta n c e  t h e  d e p o s i t  of f i b r i n .

F i g u r e  48 .  Royal  H o s p i t a l  Sick C h i l d r e n ,  ca se  3588.  A or t ic  
and m i t r a l  b l o c k .  P h o s p h o t u n g s t i c  h a e m a to x y l i n .  cl30. This  
shows a o r t i c  v a l v e .  The v e g e t a t i o n ,  seen s p r o u t i n g  from th e  
oedematous c e l l u l a r  va lv e  t i s s u e  i n  which t h e r e  i s  obvious  f i b r i n  
d e p o s i t  ( b l a c k ) ,  i s  no t  on a  c o n t a c t  s u r f a c e  bu t  i n  t h e  po c k e t  of  
t h e  v a l v e .  For  r e l a t i o n s h i p  see nex t  f i g u r e .



F ig u re  49 .  Low power s k e t c h  of 
t h e  s e c t i o n  from w h i c h . f i g u r e  48 
was p h o t o g ra p h e d .  I t  shows th e  
p o s t e r i o r  a o r t i c  cusp ;  from t h e  
r e g i o n  of  i t s  i n s e r t i o n  t h e  
dense f i b r o e l a s t i c  t i s s u e  runs  
down to  form th e  a n t e r i o r  f l a p  
of  t h e  m i t r a l .
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Figure 51

F ig u re  51. AGO. 2 o / 2 .  Lung. P i c r o - M a l l o r y  method.  c70 .  Green 
s c r e e n .  The septum r u n n in g  v e r t i c a l l y  i n  t h e  pho tograph  shows 
a c e l l u l a r  oedema, and a s e r i e s  of d i s t e n d e d  v e s s e l s ,  s e v e r a l  
of  which a r e  l y m p h a t i c s .  Also v i s i b l e  a t  t h i s  power a r e  t h e  
v a r i c o s e  c a p i l l a r i e s ,  and t h e  a l v e o l a r  c o n t e n t  of c e l l s ,  
exuda te  and o c c a s i o n a l l y  f i b r i n .



Figure 52
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F ig u re  52. AGO. 3 1 / 2 .  Lung. P i c r o - M a l l o r y .  cl90. Blue g reen  
s c r e e n .  T h i s  i s  t y p i c a l  of many a r e a s  i n  t h e  lung  and shows 
c e n t r a l l y  and bot tom l e f t  a t e r m i n a l  duc t  c h a r a c t e r i s e d  by i t s  
l a c k  of  e xuda te  i n  comparison  w i th  t h e  a l v e o l i ,  and by i t s  
l i n i n g  of  f u c h s i n o p h i l  m a t e r i a l  ( b l a c k )  which a p p e a r s  t o  
o c c lude  some of  t h e  a l v e o l i  ( s o - c a l l e d  " h y a l i n e  membrane"'!.  
T h i s  m a t e r i a l  does n o t  g ive  q u i t e  t h e  same r ed  by t h i s  method 
as  does f i b r i n .



Figure 53

F i g u r e  53. AGO. 2 5 / 1 .  Lung. P i c r o - M a l l o r y .  c245. Blue g reen  
s c r e e n .  T h i s  shows t h e  way i n  which t h e  f u c h s i n o p h i l  m a t e r i a l  
i s  p l a s t e r e d  a c r o s s  t h e  mouths of t h e  a l v e o l i .



Figure 54

F i g u r e  54. Colour  s k e tc h  of f i g u r e  53, d a t a  a s  g i v e n .  
Observed by y e l lo w  l i g h t .  The c o l o u r  d i f f e r e n t i a t i o n  of t h e  
v a r i o u s  e l e m e n t s  i s  w e l l  shown by t h i s  s t a i n  and i s  no t  
i n t e n t i o n a l l y  e x a g g e r a t e d  i n  t h i s  s k e t c h .  The c o l o u r  of  t h e  
h y a l i n e  membrane i s  to ward  c e r i s e .



Figures  55 & 56

F i g u re  55.  ACC. 3 2 / 2 .  Lung. 
P i c r o - M a l l o r y .  c l 4 5 .  Blue 
g reen  s c r e e n .  T h i s  p lu g  of 
m a t e r i a l  i s  more o b v io u s ly  
composed of f i b r i n  t h a n  t h e  
h y a l i n e  membrane" i l l u s t r a t e d  
i n  t h e  p r e v i o u s  f i g u r e s ,  i n  
t h a t  i t  i s  formed o.f f i n e  
t h r e a d s  and g i v e s  t h e  r a t h e r  
more v e r m i l i o n  c o l o u r  
c h a r a c t e r i s t i c  of f i b r i n .  
Masson b e l i e v e s  t h a t  c e n t r a l  
s o f t e n i n g  of t h i s  mass l e a d s  
t o  t h e  f o r m a t i o n  of t h e  
h y a l i n e  membrane.
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Fig u re  56.  ACC. 3 2 / 2 .  Lung. 
Colour  s k e tc h  of  t h e  f i e l d  
shown in  f i g u r e  55, d a t a  a s  
g i v e n .  Observed by y e l l o w  
l i g h t .



Figure 57

F i g u r e  57. ACC. 3 1 / 2 .  Lung. P i c r o - M a l l o r y .  Blue g reen  s c r e e n .  c!4-5. 
T h i s  shows i n  t h e  upper  h a l f  of t h e  p r i n t ,  w e l l  advanced 
o r g a n i s a t i o n  of a l v e o l a r  e x u d a t e ;  t h e r e  i s  no e v id e n c e  of f i b r i n  
i n  t h e  m ass .  The g e n e r a l  i n t e n s e  engorgement  i s  w e l l  seen i n  
t h e  lower  h a l f .



Figures  58 & 59
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F i g u r e  58.  A5C. 8 9 / 1 .  F o e t a l  m i t r a l  v a l v e ,  p o s t e r i o r  f l a p ,  
H.& S .  c275. T h i s  shows an abnormal  c e l l u l a r i t y  of  t h e  
a u r i c u l a r  a s p e c t  of t h e  v a l v e ,  w i th  no s ig n  of  an 
e n d o t h e l i a l  l e s i o n .

F i g u r e  59. A8C. 89 /4 5 .  F o e t a l  m i t r a l  v a l v e ,  p o s t e r i o r  f l a p .
H.& F .  c320. T h i s  shows a s h a r p l y  f l e x e d  p o r t i o n  of t h e  m i t r a l  
v a lv e  abou t  t h e  l e v e l  -of t h e  l i n e  of  c l o s u r e .  The c o n t a c t  surfa .ce  
of t h e  v a lv e  i s  uppe rm os t .  The i n f i l t r a t i o n  i s  h e r e  i n t e n s e  and 
c o n t a i n s  many po lymorphs ;  d e s p i t e  t h i s  a lmos t  p u r u l e n t  
a g g r e g a t i o n  t h e r e  i s  no s u g g e s t i o n  of v e g e t a t i o n .



F i g u r e  60.  ACC. 8 9 /2 9 .  F o e t a l  m i t r a l  v a l v e ,  p o s t e r i o r  f l a p .  
H.& E.  c480. T h i s  shows a somewhat more f o c a l  i n f i l t r a t i o n ,  
a g a i n  from t h e  c o n t a c t  s u r f a c e  of t h e  m i t r a l  about  t h e  
r e g i o n  of  t h e  l i n e  of c l o s u r e .
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F i g u r e  61.  A3C. 9 3 / 4 .  F o e t a l  t r i c u s p i d  v a l v e .  E o s in  and 
m e th y le n e  b l u e .  c370. T h i s  f o c a l  l e s i o n  shows t h e  same type  
of c e l l s  w i t h  c o n v o lu t e d  v e s i c u l a r  n u c l e i  a s  compose t h e  c e l l u l a r  
zone of f i g u r e  58, and a p r o p o r t i o n  of t h e  c e l l s  i n  f i g u r e s  59 and 
60; a s  i n  t h e s e  l a t t e r  two, t h e r e  a r e  a l s o  polymorphs and somewhat 
more d e f i n i t e  e v id e n c e  of n e c r o s i s ,  i n  t h e  p r e s e n c e  of pykno t ic  
n u c l e a r  f r a g m e n t s  and f i n e  e o s i n o p h i l i c  g r a n u l a r  d e b r i s  
l y i n g  between t h e  c e l l s .
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F i g u re  62.  I n f a n t  I .  A o r t i c  v a l v e .  H.& E. c700. 
T h i s  shows an a r e a  of c e l l u l a r i t y  i n  t h e  v a lv e ,  
c o n t a i n i n g  numerous l a t t i c e  c e l l s .



F ig u re  63.  I n f a n t  I I .  T r i c u s p i d  v a l v e .  H.& E.  c325.
T h i s  f o c u s  i n  t h e  s u b e n d o t h e l i a l  t i s s u e  i s  composed m ain ly  
of mononuclear  c e l l s .  Some n u c l e a r  d e b r i s  i s  p r e s e n t ,  
i n d i c a t i v e  of a n e c r o t i c  p r o c e s s  — t o x i c  e n d o c a r d i t i s .


