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STUDIES OF THE INCIDENCE, ETIOLOGY AND MORPHOGENESIS 

OF THE ANAEMIAS OF PREGNANCY.

INTRODUCTION:-

Anaemia i n  a s s o c i a t i o n  w i t h  p re g n a n cy  i s  a  

c o n d i t i o n  which  h a s  been  n o t e d  from e a r l i e s t  t i m e s ,  b u t  

v e ry  few s e r i o u s  s t u d i e s  were made u n t i l  c o m p a r a t i v e l y  

r e c e n t l y .  The f i r s t  s p e c i f i c  r e f e r e n c e  on t h i s  s u b j e c t  

i s  t h a t  o f  Charming (1842) who d e s c r i b e d  t e n  f a t a l  c a s e s  

o f  s e v e r e  anaemia  a s s o c i a t e d  w i t h  p reg n a n cy  i n  h i s  “ Notes  

on Antiaemia, p r i n c i p a l l y  i n  i t s  c o n n e x io n s  w i t h  t h e  

p u e r p e r a l  s t a t e  and f u n c t i o n a l  d i s e a s e s  o f  t h e  u t e r u s ” .

From t h e n  on  p u b l i c a t i o n s  a p p e a re d  r e g u l a r l y  and i n  

i n c r e a s i n g  n u m bers .  L eb e r t  (1854)  and Gusserow (1871)  

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

The n e x t  r e f e r e n c e  t o  t h i s  “ r a r e  t y p e  o f  anaemia" was 

made by B ierm er  (1872) who n o te d  i t s  r e s e m b la n c e  t o  

" p r o g r e s s i v e  p e r n i c i o u s  a n a e m i a " . The same y e a r  T r o u s s e a u  

(1872) drew a t t e n t i o n  to  an i r o n  d e f i c i e n c y  anaemia  and 

rem arked  how i t  became more a p p a r e n t  d u r i n g  p r e g n a n c y .  

E h r l i c h  and L azarus  ( 1 8 9 8 ) ,  i n  d e s c r i b i n g  p e r n i c i o u s  

a n a e m ia ,  commented on c a s e s  o c c u r r i n g  i n  a s s o c i a t i o n  

w i t h  p reg n a n cy  and grouped them s e p a r a t e l y  on t h e  g rounds  

o f  a e t i o l o g y .  But i t  was l e f t  t o  O s ie r  (1919) to  

d i s t i n g u i s h  t h i s  anaemia  from A d d iso n ia n  p e r n i c i o u s  

anaemia  by t h e  f r e q u e n c y  o f  i t s  r e c o v e r y  w i t h o u t  r e c u r r e n e e .

As i n  t h e  c a s e  o f  A d d iso n ia n  p e r n i c i o u s  anaemia



t h i s  s e v e r e  and o f t e n  f a t a l  anaemia  o f  p reg n a n cy  was 

r e g a r d e d  a s  a h a e m o l y t i c  p r o c e s s  ( O s i e r  1919 ,  Minot  1921 ,  

Rowland 1924,  A l l a n  1 9 2 8 ) ,  With t h e  a d v e n t  o f  l i v e r  

t h e r a p y  i n  t h e  t r e a t m e n t  o f  A d d iso n ia n  p e r n i c i o u s  anaemia  

however i n t e r e s t  was r e k i n d l e d  and B r a u l t  ( 1 9 2 8 ) ,

A udeber t  and F a b re  (1928) and D e v ra ig n e  and L a e n n e c (1928) 

were a l l  a b l e  t o  d e m o n s t r a t e  t h e  f a v o u r a b l e  r e s p o n s e  t o  

l i v e r  by p a t i e n t s  s u f f e r i n g  from p e r n i c i o u s  anaemia  o f  

p r e g n a n c y .  Up to  t h i s  d a t e  t h e n  i n t e r e s t  a p p e a r s  t o  

have  c e n t r e d  a round  two d i s t i n c t  t y p e s  o f  a n a e m ia ,  one 

w hich  was a p p a r e n t l y  due to  i r o n  d e f i c i e n c y  and a second 

w hich  showed many o f  t h e  f e a t u r e s  o f  A d d iso n ia n  p e r n i c i o u s  

a n a e m ia ,  i n c l u d i n g  r e s p o n s e  to  l i v e r  t h e r a p y ,  b u t  w h ic h ,  

u n l i k e  t h a t  c o n d i t i o n  d i d  n o t  u s u a l l y  p r o g r e s s  beyond t h e  

te rm  o f  p r e g n a n c y .  I t  was n o t  u n t i l  a much l a t e r  d a t e  

t h a t  any a t t e m p t  was made to  p rod u ce  a co m prehens ive  

c l a s s i f i c a t i o n  o f  anaem ias  o c c u r r i n g  i n  p r e g n a n c y .  One o f  

th e  f i r s t  o f  t h e s e  was p u b l i s h e d  by Smallwood ( 1 9 3 6 ) ,  who 

b a sed  h i s  c l a s s i f i c a t i o n  on t h e o r i e s  c u r r e n t  i n  th e  sp h e r e  

o f  g e n e r a l  m e d i c i n e .  H is  g r o u p in g  was a s  f o l l o w s

(1)  D e f i c i e n c y  Anaemia

a )  i r o n  d e f i c i e n c y  ( i )  hypochrom ic  ty p e  i n d u c e d  by

p r e g n a n c y .

( i i )  i d i o p a t h i c  hypochrom ic  ty p e  

c o m p l i c a te d  o r  p r e c i p i t a t e d



by p r e g n a n c y .

b )  d e f i c i e n c y  o f  t h e  a n t i - a n a e m i c  l i v e r  p r i n c i p l e ,  

w h ich  may be due t o .

( i )  a  d e f i c i e n c y  o f  t h e  e x t r i n s i c  

f a c t o r  a s  i n  t r o p i c a l  m a c ro 

c y t i c  anaem ia  ( B a l f o u r  1927 ,  

W i l l s  and Mehta 1929 ,  W i l l s  

1931 ,  1932 ,  1933)

( i i )  a d e f i c i e n c y  o f  t h e  i n t r i n s i c  

f a c t o r  due t o  t r u e  A d d iso n ia n  

p e r n i c i o u s  anaemia  o r  p e r n i c i o u s  

anaemia  o f  p r e g n a n c y .

(2 )  H a em o ly t ic  Anaemias These anaem ias  he c l a s s i f i e s  

a c c o r d i n g  t o  t h e  c o n d i t i o n  o f  t h e  bone marrow a s : -

a )  p l a s t i c

b) h y p o p l a s t i c

c )  a p l a s t i c

(3 )  P o s t  H aem orrhagic  g r o u p : o f  which t h e  m a j o r i t y  a r e  

due t o  a n t e p a r t u m  and p o s t  partura  h a em o r rh ag e ,

(4)  Anaemia o f  p u e r p e r a l  s e p s i s ,

(5)  O th e r  anaem ias  c o m p l i c a te d  by p reg nancy  e , g .  

l e u k a e m i a .

E l l i o t t  (1944) f o l lo w e d  t h e  method o f  Smallwood 

i n  p r i n c i p l e  b u t  w i t h  m in o r  m o d i f i c a t i o n s  i n  d e t a i l .  He 

d e s c r i b e d  f o u r  g ro up s  a s  f o l l o w s : -



(1)  D e f i c i e n c y  a n a e m i a : -

a )  i r o n  d e f i c i e n c y  anaemia  o f  p r e g n a n c y .

b)  a n t i - a n a e m i c  l i v e r  p r i n c i p l e  d e f i c i e n c y .

c )  mixed i r o n  and a n t i - a n a e m i c  l i v e r  p r i n c i p l e  

d e f i c i e n c y •

(2)  Unproved g r o u p : -

a )  Acute h a e m o l y t i c  anaemia o f  p r e g n a n c y .

b) P r o t e i n  d e f i c i e n c y  anaemia o f  p r e g n a n c y .

c )  V i tam in  B d e f i c i e n c y  anaemia  o f  p r e g n a n c y .

(3 )  U n c l a s s i f i e d  g roup  o f  an aem ias  which  do n o t  conform 

t o  t h e  above g ro u p s  y e t  can  be c o n s i d e r e d  a s  

p o s s i b l y  due t o  p r e g n a n c y .

(4)  Anaemia c o m p l i c a t e d  by p reg n an cy  i n c l u d i n g  t r o p i c a l  

m e g a l o c y t i c  a n a e m ia .

Many a u t h o r s ,  how ever ,  a p p e a re d  to  be 

d i s s a t i s f i e d  w i t h  t h e s e  c l a s s i f i c a t i o n s  drawn from g e n e r a l  

m e d i c i n e ,  s i n c e  p r a c t i c e  r e v e a l e d  many d i s c r e p a n c i e s .  

S tev en so n  (1938) f o r  i n s t a n c e  u sed  t h e  o l d e r  t e r m in o lo g y  

o f  " p e r n i c i o u s "  and " s e c o n d a ry "  anaemias  and t h e s e  she 

s u b d i v i d e d  a s  f o l l o w s : -

(1 )  P e r n i c i o u s  Anaemia i n  p regnancy  and t h e  p u e r p e r u i m .

a )  A d d iso n ia n  anaemia

b j  P s e u d o - p e r n i c i o u s  anaemia w h ic h ,  she s a i d ,  was due 

t o  a tem po ra ry  d e f i c i e n c y  o f  t h e  i n t r i n s i c  f a c t o r  

and p o s s i b l y  o f  t h e  e x t r i n s i c  f a c t o r  and may be



i )  p l a s t i c  o r  i i ) h y p o p l a s t i c  i n  t y p e .

(2)  Secondary  Anaemia .

a )  I d i o p a t h i c  hypochrom ic  anaemia  c o m p l i c a t e d  by 

p regn an cy  o r  f i r s t  m a n i f e s t e d  i n  i t  o r  i n  t h e  

p u e r p e r u i m ,  and due t o  i r o n  d e f i c i e n c y .

b)  M i c r o c y t i c  hypochrom ic  anaemia  due t o  a t em p ora ry  

i r o n  d e f i c i e n c y .

c )  M i c r o c y t i c  hypochrom ic  anaemia  due t o  some known 

c au se  e . g .  h a e m o r rh a g e ,  s e p s i s ,  n e p h r i t i s .

(3)  “P e r n i c i o u s  Secondary" anaemia  combing th e  m orpho

l o g i c a l  f e a t u r e s  and p o s s i b l y  th e  a e t i o l o g i c a l  

f a c t o r s  o f  b o t h .

(4/) Anaemia a s s o c i a t e d  w i t h  o t h e r  c o n d i t i o n s  c o m p l i c a te d  

by p regnancy  e . g .  m a l a r i a ,  s y p h i l i s ,  l u i k a e m i a .

Even as  l a t e  a s  1943 D i l l o n  p r e f e r r e d  t o  d i v i d e  

h i s  c a s e s  o f  p reg n an cy  anaem ias  s im ply  i n t o  m i ld  and s e v e r e  

g r o u p s .  The r e a s o n s  f o r  t h i s  c o n t i n u e d  i n d e c i s i o n  i n  

r e g a r d  t o  t h e s e  anaem ias  a r e  m a n i f o l d .  F i r s t l y ,  t h e r e  i s  

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

by a s tu d y  o f  t h e  p e r i p h e r a l  b lo o d  a l o n e .  For  i n s t a n c e  

i t  h a s  been  r e p e a t e d l y  shown t h a t  th e  p e r i p h e r a l  b lood  

p i c t u r e  i n  p e r n i c i o u s  anaemia  o f  p reg nancy  i s  f r e q u e n t l y  

a t y p i c a l  and o f t e n  f r a n k l y  m i s l e a d i n g  (S te v e n s o n  1936 ,  

Abramson 1938 ,  S e g e rd a h l  1941,  M i l l e r  and S t o d d a r t  1942 ,  

D a v id so n ,  D av is  and I n n e s  1942 > L esche r  1942 ,  C a l l e n d e r



1 9 4 4 ) .  With  t h i s  i n  v iew W o lf f  and L im a rz i  (1946)  have 

c l a s s i f i e d  t h e  anaem ias  o f  p reg nancy  a c c o r d i n g  t o  th e  

marrow p i c t u r e .  T h e i r  c l a s s i f i c a t i o n  i s  t h e r e f o r e  much 

s i m p l e r .

(1)  N o r m o b la s t i c  e r y t h r o p o i e s i s  w i t h  a more immature  

ty p e  o f  e r y t h r o i d  d e v e lo p m e n t ,  su ch  as  o c c u r s  i n  

i r o n  d e f i c i e n c y  a n a e m ia s .

(2)  M e g a l o b l a s t i c  e r y t h r o p o i e s i s , su ch  a s  o c c u r s  i n  

A d d iso n ia n  p e r n i c i o u s  a n a e m ia ,  p e r n i c i o u s  anaemia  

o f  p reg n an cy  and t r o p i c a l  m a c r o c y t i c  a n a e m i a •

(3)  A p l a s t i c  marrow w i t h  marked h y p o p l a s i a  o f  a l l  

c e l l u l a r  e l e m e n t s ,  which  may b e : -

i ) p r im ary

i i )  s e c o n d a r y ,  due t o  c h e m i c a l s ,  

Roentgen  r a y s  e t c .

Secondly  t h e  c a u s e s  o f  anaemia  i n  p regn an cy
9

a p p e a r  t o  be much more numerous and c o m p l i c a t e d  t h a n  i n  

g e n e r a l  m e d ic a l  p r a c t i c e .  Elsom (1937)  c la im e d  t o  

p ro d u ce  a m a c r o c y t i c  anaemia  i n  p r e g n a n t  women w i t h  a 

d i e t  d e f i c i e n t  i n  v i t a m in  B and l a c k  o f  t h i s  v i t a m i n  i s  

m en t io n ed  as  a c a u s e  o f  anaemia  by E l l i o t t  i n  h i s  

c l a s s i f i c a t i o n .  B e t h e l  (1936) d e s c r i b e d  an  anaemia  o f  

n o rm al  c o l o u r  in d e x  and no rm al  o r  s l i g h t l y  r a i s e d  c e l l  

volume a s s o c i a t e d  w i t h  p r e g n a n c y ,  w h ich  he c o n s i d e r e d  was 

due t o  a p r o t e i n  d e f i c i e n c y .  E x p e r im e n ta l  e v id e n c e  adds



w e ig h t  t o  t h i s  h y p o t h e s i s  (Whipple 1935 ,  Minot  1939 ,  Hahn 

and Whipple  1939 ,  M i l l e r ,  W h ip p le ,  R o b s c h i e t  -  R obb ins  

1947 a )  b) c )  ) .

'T h i r d l y ,  a s  w i l l  be shown s h o r t l y  i t  i s  

d i f f i c u l t  t o  e s t a b l i s h  a c c u r a t e  c r i t e r i a  o f  anaemia  owing 

to  t h e  n a t u r a l  hydraem ia  which  o c c u r s  i n  p r e g n a n c y .

A s tu d y  o f  a l l  t h e s e  r e v i e w s  shows t h a t  a 

m i c r o c y t i c  hypochrom ic  anaemia i s  t h e  anaemia commonly 

o c c u r r i n g  i n  t h i s  c o u n t r y  a s s o c i a t e d  w i t h  p regnancy  

(Dav idson  e t  a l  1935 ,  1942 ,  1944,  F u l l e r t o n  1936 ,  1943,  

B oyco t t  1936,  Re id  and M ack in to sh  1937 ,  H a m il to n  and 

W rig h t  1942,  Widdowson 1943,  MRU. r e p o r t  1943) . 

I n v e s t i g a t i o n s  c a r r i e d  o u t  i n  America r e p o r t  s i m i l a r  

r e s u l t s  ( A d a i r ,  Dieckmann and G ran t  1936,  O b e r s t  and 

P l a s s  1936,  D i l l o n  1943 ,  Evans 1943,  E l l i o t t  1 9 4 4 ) .  I n  

I n d i a ,  h o w ev er ,  a m a c r o c y t i c  anaemia  i s  commoner ( W i l l s  

and Mehta .1929, W i l l s  1931,  1932,  1933, M u d e l ia r  and Menon 

1 9 4 2 ) .

P r i o r  t o  r e c e n t  work p e r n i c i o u s  o r  as  i t  was 

known “ se v e r e  anaemia o f  p r e g n a n c y " ,  was r e g a r d e d  as  a 

r a r e  c o m p l i c a t i o n  ( O s i e r  1 9 1 9 ) .  Beckman (1921) e s t i m a t e d  

i t s  o c c u r r e n c e  a s  s i x  i n  s i x t y  tho u sa n d  d e l i v e r i e s .

Evans (1929) found no c a se  o f  " s e v e r e  anaemia" o u t  o f  

4 ,0 8 3  p a t i e n t s .  R e id  and M ack in to sh  (1937)  d i d  n o t  f i n d  

one c a se  i n  a s e r i e s  o f  1108 p r e g n a n c i e s .  Whitby ( 1 9 3 2 ) ,



W ilk in s o n  (1932) B e t h e l !  (1936)  Musser  (1940)  seldom 

e n c o u n t e r e d  p e r n i c i o u s  anaemia  o f  p r e g n a n c y .  S tevenson  

(1938) found t h i r t y  c a s e s  i n  Glasgow i n  s i x  y e a r s .

O p in io n  i n  r e g a r d  t o  b o t h  t h e s e  t y p e s  o f  

anaemia  h a s  t e n d e d  to  a l t e r  i n  r e c e n t  y e a r s  w i t h  t h e  

i n t r o d u c t i o n  o f  more modern and e x a c t  m ethods o f  

i n v e s t i g a t i o n ,  p a r t i c u l a r l y  marrow b i o p s y .  Large  

h aem oglob in  s u r v e y s  have  been  c a r r i e d  o u t  by D av idson  and 

F u l l e r t o n  i n  Aberdeen (1935) D av idson  e t  a l .  i n  E d inburgh  

( 1 9 4 2 ) ,  MRG r e p o r t  (1943)  and Roscoe and D onaldson  ( 1 9 4 6 ) .  

The r e p o r t s  g iv e  th e  i m p r e s s i o n  t h a t  t h e  i n c i d e n c e  o f  

anaemia  i n  p r e g n a n t  women has  f a l l e n  d u r in g  t h e  p a s t  t e n  

t o  f i f t e e n  y e a r s .  The p e r c e n t a g e  o f  p a t i e n t s  w i t h  

h aem o g lo b in  r e a d i n g s  l e s s  t h a t  7 0$  Haldane  has  f a l l e n  from 

1 7 .5 $  d u r i n g  th e  y e a r  1935 to  3 . 9 $  i n  t h e  y e a r  1943 i n  t h e  

c i t y  o f  A berdeen .  As s t a t e d  above many c a s e s  h i t h e r t o  

r e g a r d e d  a s  i r o n  d e f i c i e n c y  anaem ias  were found to  be 

a t y p i c a l  c a s e s  o f  p e r n i c i o u s  anaemia o f  p reg n a n cy  ( S e g e rd a h l  

1941 ,  M i l l e r  and S tu d d e r t  1942 ,  D a v id so n ,  D av is  and I n n e s  

1942 b L e s c h e r  1942,  c a l l e n d e r  1 9 4 4 ) .  Also E l l i o t t  (1944) 

i n  a d e t a i l e d  s tudy  o f  a sm a l l  group o f  p a t i e n t s  s u f f e r i n g  

from  m i c r o c y t i c  hypochromic  anaemia  r e p o r t e d  some c a s e s ,  

w hich  d id  n o t  r e s p o n d  to  i r o n  i n  th e  way c h a r a c t e r i s t i c  Qf 

n o n - p r e g n a n t  c a s e s .

P e r n i c i o u s  anaemia  o f  p regnancy  was o r i g i n a l l y



r e g a r d e d  a s  a h a e m o l y t i c  anaemia  ori-gin-aj c ^  (Minot  1921,  

Rowland 1 92 4 ,  A l l a n  1928 ,  W i t t s  1 9 3 2 ) ,  b u t  th e  m e g a lo 

b l a s t i c  change i n  t h e  bone marrow s u g g e s t s  t h a t  i t  i s  

p r i m a r i l y  a d y s h a e m o p o ie t i c  a n a e m ia ,  a l t h o u g h  a 

h a e m o l y t i c  component may a l s o  be p r e s e n t .  Swan (1933) 

and L e s c h e r  (1942) r e p o r t  i n  a l l ,  t e n  c a s e s  o f  so c a l l e d  

h a e m o l y t i c  anaemia o f  p r e g n a n c y .  G a l l e n d e r  (1944) 

c o n s i d e r s  t h e s e  c a s e s  to  be p e r n i c i o u s  anaemia  o f  p regn an cy  

and h e r  f i g u r e s  would s u g g e s t  t h a t  p e r n i c i o u s  anaemia  o f  

p reg n a n cy  i s  n o t  an  uncommon c o m p l i c a t i o n .  With t h e  

i n t r o d u c t i o n  o f  l i v e r  t h e r a p y  and modern m ethods o f  

i n v e s t i g a t i o n  i t  h a s  been  shown t h a t  t r u e  h a e m o ly t i c  

anaemia  o f  p reg n an cy  i s  an e x t r e m e ly  r a r e  c o n d i t i o n  and 

B e t h e l l  (1944)  s t a t e s  t h a t  no c a s e  o f  t r u e  a c u t e  h a e m o ly t i c  

anaemia o f  p regn an cy  h a s  been  r e c o r d e d  i n  t h e  l a s t  t e n  

y e a r s .

One o f  t h e  c h i e f  d i f f i c u l t i e s  i n  d i a g n o s i n g  

anaemia  o f  p reg n an cy  and one which  c a u s e s  d i f f i c u l t y  i n  

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

t h e  o c c u r r e n c e  o f  a no rm al  hydraem ia  d u r i n g  t h e  c o u r s e  o f  

p r e g n a n c y .  T r o u s s e a u  (1872) was th e  o b s e r v e r  t o  s u g g e s t  

t h a t  such a c o n d i t i o n  e x i s t e d  i n  no rm al  p reg n a n cy  and 

t h a t  i t  was t h e  c au se  o f  a so c a l l e d  " p h y s i o l o g i c a l  

a n a e m i a " , which  co u ld  be d i f f e r e n t i a t e d  from a t r u e  

anaemic  s t a t e .  Many w o rke rs  u s i n g  a v a r i e t y  o f  methods



have  v e r i f i e d  t h e  o c c u r r e n c e  o f  h y d rae m ia  i n  p r e g n a n c y .

(Nasse 1876 ,  Meyer 1887 ,  Z unst  1911,  Z a n g e m e is t e r  1904,

M ahner t  1921 M i l l e r ,  K i e th  and Rowntree  1915) b u t  i t  was 

n o t  u n t i l  1934 ,  when Dieckmann and Wegner c a r r i e d  o u t  

t h e i r  i n v e s t i g a t i o n s  on no rm al  p r e g n a n t  women by i n j e c t i n g  

r e d  dye i n t r a v e n o u s l y ,  t h a t  t h e  c o n d i t i o n  was a b s o l u t e l y  

e s t a b l i s h e d .  They found t h a t  t h e  hy d raem ia  became a p p a r e n t  

abou t  t h e  t h i r d  month o f  p r e g n a n c y ,  was maximal d u r i n g  t h e  

2 5 t h  to  t h e  2 5 t h  weeks and te n d e d  t o  become l e s s  marked 

d u r i n g  t h e  l a s t  m on th .  At te rm  th ey  e s t i m a t e d  t h a t  t h e  

t o t a l  b lo o d  volume had i n c r e a s e d  2 3 $ ,  t h e  p lasma volume 

25$  and t h e  t o t a l  e r y t h r o c y t e  mass 2 0 $ ,  t h e  5$  d i s c r e p a n c y  

c a u s i n g  t h e  a p p a r e n t  a n a e m ia .

O b e rs t  and P l a s s  (1936) co n f i rm ed  t h e s e  f i n d i n g s

i n  p r i n c i p l e .  Thomson, H i r s h e i m e r ,  Gibson and Evans (1938)
D onaldsfound  h i g h e r  h a e m o d i l u t i o n  r e a d i n g s  m  t h e i r  s e r i e s .  Roscoe an<

(1946) u s i n g  Evans b l u e ,  which t h e y  c la im  g i v e s  b e t t e r  

r e s u l t s  t h a n  v i t a l  r e d  and i s  n o t  r a p i d l y  removed by th e  

r e t i c u l o  - e n d o t h e l i a l  sy s te m ,  p roduced  r e s u l t s  which a g re e d  

w e l l  w i t h  t h o s e  o f  t h e  p r e c e d i n g  a u t h o r s .  Blood volume 

e s t i m a t i o n s  were c a r r i e d  o u t  on t h e  same p a t i e n t s  d u r i n g  tfche 

f i r s t ,  second and t h i r d  t r i m e s t e r s  and from t h e  r e s u l t s  they 

had hoped t h e y  would be a b le  t o  d e te rm in e  t h e  no rm al  

h a e m o d i l u t i o n  a t  a giv.en s t a g e  o f  p regn an cy  and hen ce  t h e  

n o rm al  h aem og lob in  e t c .  — U n f o r t u n a t e l y  t h e  i n c r e a s e  o f
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"blood vo lum e,  c e l l  mass and h a em og lo b in  was n o t  c o n s t a n t  

and no d e f i n i t e  c o n c l u s i o n  c o u ld  be drawn from t h e s e  

r e s u l t s .  They were a b l e ,  h o w ever ,  t o  s u g g e s t  t h e  n o rm al  

h aem o g lob in  l e v e l s  to  be e x p e c te d  i n  t h e  d i f f e r e n t  months 

o f  p reg n a n cy  f o r  women o f  e ach  age g r o u p .  A l low ing  f o r  

a s t a n d a r d  d e v i a t i o n  o f  e i g h t , i t  i s  o b v io u s  t h a t  below 

t h e s e  l e v e l s  t h e  c o n d i t i o n  was one o f  anaemia  and c o u ld  

n o t  i n  any se n se  be a t t r i b u t e d  w ho l ly  to  h y d r a e m ia .

Many o t h e r  a u t h o r s  have s u g g e s t e d  lo w er  l i m i t s  o f  

n o r m a l i t y  (T ab le  1 ) .  For  t h e  p u rp o se  o f  t h i s  t h e s i s  t h e  

f i g u r e s  o f  Roscoe and Donaldson (1946) have  b een  u s e d .



12

METHODS,

A* C l i n i c a l  M e tho d s ,

CD Each p a t i e n t  a t t e n d i n g  t h e  a n t e n a t a l  c l i n i c  a t t a c h e d  

t o  t h e  h o s p i t a l  h a s  b lo o d  t a k e n  o f f . a t  h e r  f i r s t  

v i s i t , f o r  t h e  e s t i m a t i o n  o f  h a e m o g lo b in ,  Kahn and 

Rhesus  t e s t s .  Care  was t a k e n  i n  w i th d ra w in g  venous 

b lo o d  w i t h o u t  o b s t r u c t i o n .  The b loo d  was c o l l e c t e d  

i n  h e p a r i n  t u b e s  a n d ,  w i t h  few e x c e p t i o n s ,  a l l  t h e  

i n v e s t i g a t i o n s  were c a r r i e d  o u t  w i t h i n  s i x  h o u r s  o f
cV

w i t h d r a w l .
/

(2 )  As soon  a s  c a s e s  o f  anaemia were d e t e c t e d  th e y  

i m m e d ia te ly  came under  d i r e c t  s u p e r v i s i o n  o f  t h e  

l a b o r a t o r y  f o r  f u r t h e r  i n v e s t i g a t i o n  and t r e a t m e n t ,  

and r em a in e d  under  such  s u p e r v i s i o n  t h r o u g h o u t  t h e  

whole o f  p regnancy  and the  p u e r p e r i u m .

(3)  A c a s e  r e c o r d  was k e p t  o f  e ac h  p a t i e n t  a n d ,  a s  can  

be s e en  from t h e  accompanying specimen c a r d ,  d e t a i l s  

o f  t h e  p a t i e n t * s  o b s t e t r i c a l  and g e n e r a l  m e d i c a l  

c o n d i t i o n s  were r e c o r d e d  i n  a d d i t i o n  t o  t h o s e  

d i r e c t l y  r e l a t i n g  t o  t h e  c o n d i t i o n  o f  h e r  b l o o d .

By t h i s  means i t  h a s  been  p o s s i b l e  t o  a s s e s s  t h e  

s t a t i s t i c a l i m p o r t a n c e  o f  anaemia p e r  se and to  

e l i m i n a t e  t h o s e  changes  due t o  o t h e r  c o n d i t i o n s ,  

su ch  a s  i n f e c t i o n s •

(4 )  S t e r n a l  p u n c t u r e s  were pe r fo rm ed  and smears  made
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a c c o r d i n g  t o  t h e  t e c h n i q u e  o f  D a v i s ,  Glasgow.

( p e r s o n a l  c o m m u n ic a t io n ) .

B• H a e m a to l o g i c a l  E s t i m a t i o n s .

(1)  A s a h l i  haem og lo b ino m ete r  was u s e d ,  twhich  was 

s t a n d a r d i s e d  e ach  y e a r  u s i n g  b lo o d  o f  known oxygen 

c a p a c i t y  and checked  a t  s i x  m on th ly  i n t e r v a l s  a g a i n s t  

a haemin s t a n d a r d .  100$ on t h e  s c a l e  was found t o  be 

e q u i v a l e n t  t o  16 gms o f  h a e m o g lo b in .  Prom a number o f  

h aem oglob inom ete r  t u b e s ,  tw e lv e  were  c a r e f u l l y  

s e l e c t e d ,  e a c h  tu b e  r e a d i n g  w i t h i n i l . 5 $ .  E ig h t  

h a em o g lo b ino m ete r  p i p e t t e s ,  w hich  had b e en  s p e c i a l l y  

s e l e c t e d  b e c a u se  t h e y  d i d  n o t  r e q u i r e  a c o r r e c t i o n  

f a c t o r ,  were  u s e d .  They were checked  and re c h e c k e d

a t  r e g u l a r  i n t e r v a l s .  A f te r  u s e ,  p i p e t t e s  and tu b e s  

were  washed t h o r o u g h ly  i n  d i s t i l l e d  w a t e r ,  s p i r i t  and 

e t h e r  and d r i e d  w i t h  t h e  use  o f  a pump. H ead ings  were  

t a k e n  10 m ins  a f t e r  s e t t i n g  up and a l l  c o l o u r  m a tc h in g  

was done by d a y l i g h t .

(2 )  The same c o u n t i n g  chamber w i t h  a doub le  p l a t f o r m  and 

improved Neubauer r u l i n g  was used  t h r o u g h o u t  th e  

whole s u r v e y .  Two c o u n t s  were  made on e a c h  b l o o d .  

T hree  r e d  and t h r e e  w h i t e  c e l l  p i p e t t e s  were used  

and checked  from t im e  t o  t i m e ,  c o r r e c t i o n  f a c t o r s  

were  added where n e c e s s a r y .

(3)  H a e m a to c r i t  t u b e s  were  u n o b t a i n a b l e  when t h e  work



was commenced and tw e lv e  2 c c h aem o g lo b in o m e te r  

t u b e s ,  which  were s t a n d a r d i s e d  w i t h  t h e  u s e  o f  a 

m i c r o b u r e t t e  made good s u b s t i t u t e s , .  L a t e r  a s  

W in t r o b /e  t u b e s  became a v a i l a b l e ,  t h e y  were 

s t a n d a r d i s e d  a g a i n s t  t h e  o r i g i n a l  tu b e s  and b ro u g h t  

i n t o  u s e .  A f i n e l y  b a l a n c e d  c e n t r i f u g e ,  maximum 

speed  2 4 ,0 0 0  r e v s / m i n .  was found  t o  g i v e  optimum 

p a c k in g  o f  t h e  c e l l s  w i t h o u t  h a e m o ly s i s  a f t e r  30 

m in s .  s p i n n i n g .  S t r i c t  a d h e re n c e  was k e p t  t o  t h i s  

t im e  and s p e e d .

Mean c e l l  d i a m e t e r  e s t i m a t i o n s  were made u s i n g  an  

Eve’s h a l o m e t e r ,  w hich  was c a l i b r a t e d  a g a i n s t  a 

s e r i e s  o f  b lo o d  f i l m s  from n o rm a l  h e a l t h y  m a les  and 

f e m a l e s •

Red c e l l  f r a g i l i t y  t e s t s  were c a r r i e d  o u t  a c c o r d i n g  

t o  t h e  method o f  Greed (1 9 3 8 ) .

Prom t h e  above t h e  mean c o r p u s c u l a r  volume (M.G.V.) 

mean c o r p u s c u l a r  haem oglob in  c o n c e n t r a t i o n  (M.G.H.C) 

and mean c e l l  t h i c k n e s s  (M.G.T.)  were d e d u c e d .

S t a i n i n g  M ethods .
-  ^  —  -  -  -

Blood f i l m s  ( a )  Leishman

(b)  P r u s s i a n  b lu e  s t a i n i n g  r e a c t i o n  f o r  

i r o n  a c c o r d i n g  t o  th e  t e c h n iq u e  o f  Davis  & McPadzean

( 1 9 4 7 ) .

( c ).j^ oC d i p y r i d y l  and p o t a s s i u m  t h i o c y a n a t



r e a c t i o n  f o r  i r o n  (Case 1944)

(d)  Dry c r e s y l  b l u e  method f o r

r e t i c u l o c y t e s .

(e )  Grams s t a i n .

( f )  F e u lg e n s  r e a c t i o n  f o r  n u c l e o  -

p r o t e i n s .

Marrow f i l m s  ( a )  May Grunwald.

(b) W e t c r e s y l - b l u e  method f o r

r e t i c u l o c y t e s .

D av idson  (1930) and c u r r i e ( 1 9 4 4 )  b o t h  m e n t i o n ' t h e  

p r e s e n c e  o f  r e t i c u l o c y t e s  i n  bone m arrow, b u t  

n e i t h e r  a u t h o r  g i v e s  any d e t a i l s  o f  t h e  method o f  

s t a i n i n g .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  th e  common 

wet p r o c e d u r e  was u s e d .  I t  was o b v i o u s l y  i m p o s s i b l e ,  

h o w e v e r ,  t o  make th e  no rm al  c o v e r s l i p  p r e p a r a t i o n  and 

t h e  f o l l o w i n g  m o d i f i c a t i o n  was found  t o  g iv e  

s a t i s f a c t o r y  r e s u l t s .  One drop  o f  a 1% s o l u t i o n  o f  

c r e s y l  b l u e  i n  norm al  s a l i n e  was mixed w i t h  one drop  

o f  t h e  a s p i r a t e d  m a t e r i a l  and l e f t  f o r  j- m in .  The 

e x c e s s  s t a i n  was poured  o f f  and smears  were  made and 

s t a i n e d  a s  b e f o r e  w i t h  May Grunwald.

(c )  P r u s s i a n  b l u e  r e a c t i o n ,  see  a b o v e .

(d)  d i p y r i d y l  r e a c t i o n ,  see  a b o v e .

(e )  P e u lg e n s  r e a c t i o n .

B io c h e m ic a l .M e th o d s .
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(1)  Plama p r o t e i n s  -  t o t a l  p lasma p r o t e i n s  were  e s t im a t e d  

u s i n g  t h e  method o f  P h i l l i p s  and Van S lyke  (1 9 4 5 ) .

A s h o r t  s e r i e s  done a s  a ch eek  u s i n g  th e  method o f  

King (1946)  gave r e s u l t s  c o n s i s t e n t l y  0 . 2  gm % 

h i g h e r  t h a n  t h e  co p p e r  s u l p h a t e  m ethod .

(2 )  Q u a l i t a t i v e  and q u a n t i t a t i v e  Van d e r  Bergh e s t i m a t i o n s  

were c a r r i e d  o u t ,  c o l o u r  m a tc h in g s  b e in g  made i n  t h e  

Lovibond c o m p a r a t o r .

(3)  S c h l e s i n g e r s  t e s t  f o r  u r o b i l i n  i n  t h e  u r i n e  was used  

and a r b i t r a r y  s t a n d a r d s  o f  f l u o r e s c e n c e  on a 

sys tem  a d o p t e d ,  a s  a ro u g h  q u a n t i t a t i v e  g u id e#

(4)  I o d i n e  t e s t  was used  f o r  b i l e  i n  t h e  u r i n e .

(5)  I c t e r i c  i n d e x  was e s t i m a t e d  u s i n g  s t a n d a r d  p o t a s s i u m  

b i c h r o m a t e  s o l u t i o n .

(6)  S p e c t r o s c o p i c  e x a m in a t io n  o f  t h e  b lood  and u r i n e  i n  

a c a s e  o f  h a e m o ly t i c  a n aem ia .

E. B i o l o g i c a l  m e th o d s .

These  were employed i n  a c a s e  o f  h a e m o l y t i c  anaemia  

i n  an  a t t e m p t  t o  d e t e c t  a n t i b o d i e s  i n  t h e  p a t i e n t 1s 

b l o o d .  The v a r i o u s  e x p e r im e n t s  p e r fo rm ed  w i l l  be 

d e s c r i b e d  i n  t h e  t e x t  o f  t h e  t h e s i s .

S t a t i s t i c a l  m e t h o d s .

These  a r e  d e s c r i b e d  a s  r e q u i r e d  i n  t h e  t e x t .



GENERAL REVIEW.

1 . INTRODUCTION: -

T h is  s e c t i o n  d e a l s  w i t h  th e  i n c i d e n c e  o f  anaemia  

among p a t i e n t s  a t t e n d i n g  t h e  a n t e - n a t a l  c l i n i c .  I t  i s  

t h e  r e s u l t  o f  a su rv e y  c a r r i e d  o u t  d u r i n g  t h e  m onths  o f  

A p r i l  t o  September 1946 and t h r o u g h o u t  t h e  whole  o f  

1947 .  C ases  o f  anaemia a d m i t t e d  d i r e c t l y  t o  t h e  

h o s p i t a l  a s  e m e rg e n c ie s  a r e  n o t  i n c l u d e d  i n  t h i s  p a r t  

o f  t h e  t h e s i s ,  a s  t h e y  would r a i s e  t h e  i n c i d e n c e  o f  

anaem ia  c o n s i d e r a b l y .

O the r  f a c t o r s  c o n s i d e r e d  are t h e  s i g n i f i c a n c e  o f  

ag e  and p a r i t y  i n  t h e  c a u s a t i o n  o f  a n a e m ia ;  t h e  s e a s o n a l  

v a r i a t i o n  i n  t h e  a v e r a g e  m onth ly  haem og lob in  and t h e  

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

d e f i c i e n c y .

D u r in g  s i x  months o f  1946 1 ,1 8 0  r o u t i n e  haemo- 

b l o b i n  e s t i m a t i o n s  were  pe rfo rm ed  and f o r  1947 t h e  

t o t a l  was 3 , 4 1 5 .  Roscoe and D ona ldson  (1946 a )  i n  a 

su rv e y  o f  haem oglob in  l e v e l s  d i v i d e d  t h e i r  p a t i e n t s  i n t o  

age g ro u p s  and fo u n d  t h a t  w i t h  i n c r e a s i n g  age t h e  l o w e s t  

n o rm a l  haem oglobin  showed a d e c l i n e .  F o r  i n s t a n c e  i n  

t h e  35 t o  40 age g r o u p ,  t h e  lo w e s t  no rm al  h aem oglob in  * 

r e a d i n g  i n  t h e  e i g h t h  month o f  p regn an cy  was 74 p e r  

c e n t  on t h e  Haldane  s t a n d a r d ,  w h e reas  i n  t h e  20 t o  25



TABLE II.

NORMALS. NORMALS. AN AMI A. ANAEMIA.

SAHLI % 65 60 50 5 0-

QMS. Ht> % 1 0 .4 9 .6 8 8 -

HALDANE %
A

7 1 .7 66 5 5 .2
.................-  ................

5 5 . 2 -

TABLE III.

YEAR.

a/7° . 

SEVERE 

AN AMI AS

%

MODERATE 

AN AMI AS

°77°

LOW 

1 NORMALS

' %

NORMALS.

1946 4 17 29 50

1947 4 . 8 1 7 .8 2 4 . 5 5 2 .9
\



age  g ro u p  th e  r e a d i n g  was 82 p e r  c e n t .  The s t a n d a r d  

d e v i a t i o n  i n  a l l  g ro u p s  was 8 .  I t  i s  o b v io u s  t h a t  i f  

Roscoe  and D o n a ld so n 1s h y p o t h e s i s  i s  c o r r e c t  t h e n  women 

i n  t h e  y ou n g e r  age  g ro u p s  w i l l  be  i n  an  anaem ic  s t a t e  

a t  haem oglob in  l e v e l s ,  which  would come w i t h i n  t h e  r a n g e  

o f  n o r m a l i t y  f o r  o l d e r  age  g r o u p s .  T h is  i s  how ever ,  a  

moot p o i n t  and i n  t h e  p r e s e n t  t h e s i s  a haem o g lo b in  l e v e l  

o f  70 p e r  c e n t  Haldane  i s  c o n s i d e r e d  t h e  l o w e s t  l e v e l  o f  

n o r m a l i t y  f o r  a l l  age g r o u p s .  70 p e r  c e n t  Haldane  ( 9 .6 6  

gms haem o g lo b in  p e r  c e n t )  i s  e q u i v a l e n t  t o  60 p e r  c e n t  

( 9 . 6  gms haem oglob in  p e r  c e n t )  on a S a h l i  h a e m o g lo b in o 

m e t e r ,  s t a n d a r d i s e d  a t  100 p e r  c e n t  e q u i v a l e n t  t o  16 gms 

h a e m o g lo b in .  On t h e  S a h l i  s c a l e  t h e r e f o r e  i t  was 

c o n s i d e r e d  t h a t  a l l  women w i t h  h aem oglob in  r e a d i n g s  

f a l l i n g  w i t h i n  t h e  r a n g e  60-65  p e r  c e n t  c o u ld  be 

c l a s s i f i e d  a s  ,flow n o r m a l s ” , t o  be  k e p t  u n d e r  o b s e r v a t i o n .  

Below 60 p e r  c e n t  t h e  “ a n ae m ias” were d i v i d e d  i n t o  

" m o d e r a te  a n ae m ias” w i t h  h aem og lob in  r e a d i n g s  above 50 

p e r  c e n t  (8 gms haem oglob in  p e r  c e n t )  and " s e v e r e  

anaem ias"  w i t h  h aem oglob in  r e a d i n g s  be low  50 p e r  c e n t  

(T ab le  I I ) .

IT .  INCIDENCE.

The 1946 and 1947 r e a d i n g s  were a s s e s s e d  

a c c o r d i n g  t o  t h e  above s t a n d a r d s  and t h e  r e s u l t s  a r e  

shown i n  T ab le  I I I . The p e r c e n t a g e  number o f  p a t i e n t s



TABLE, IV*

[Nondeng:E OF SEVERE ANAEMIA.

Month Jan Feh Mar Apr May June Ju ly Aug Sep Oct Nov D ec.

Ho o f  

o a se s 7 17 15 25 8 11

ii
1

10 20 17 14 1 8 6

TABLE V.

NORMALS. MODERATE. 1 SEVERE.

AVERAGE i

AGE - YEARS. 2 6 .8 2 8 .3 3 0 .7

AVERAGE

PARITY 2 .1 3 .5 3 .6



CHART I
V A R lw r iO iS S  iM  THE H A E M O ^ U O B iN .  

-A V S tC A ^ E S  !DURJIN<5 IQ A-b  A N D  ± 9 4 ^ -

Hb

0 “ — o  1 9 4 -6

X x 194-t

191i



19

in  each  group shows on ly  s l i g h t  v a r ia t io n s  in  th e  two 

y e a r s ,  th e r e  b e in g  no s ig n i f i c a n t  r i s e  or  f a l l  in  th e  

in c id e n c e  o f  anaem ia. Prom th e  t a b le  i t  w i l l  a ls o  be 

seen  th a t  one out o f  every  tw enty to  tw e n ty - f iv e  

p a t ie n t s  a tte n d in g  th e  c l i n i c  wrs s e v e r e ly  anaem ic. The 

in c id e n c e  o f  th e s e  sev ere  anaem ias was co n sid er ed  in  the  

l i g h t  o f  v a r io u s  en v iron m en ta l and s o c i a l  f a c t o r s ,  in  an 

attem p t to  f in d  some g e n e r a l c o r r e la t io n  w hich m ight 

p o in t  to  a c a u s e . A lthough th e  average m onthly haemo

g lo b in  rea d in g s  fo r  each year show a tendency to  r i s e  

in  summer and f a l l  in .w in t e r ,  no c o r r e la t io n  cou ld  be 

found betw een th e  in c id e n c e  o f  sev ere  anaemia and t h i s  

se a so n a l v a r ia t io n  (T able IV ) .

This v a r ia t io n  was q u ite  r e g u la r  w ith  th e  e x c e p t io n  o f  a 

tem porary r i s e  during th e  Ghristm&s se a so n , but th e  

numbers a tte n d in g  th e  o u t -p a t ie n t  departm ent f e l l  during  

the h o lid a y  season  and t h i s  may account fo r  th e  a l t e r a t io n  

in  th e  c u r v e . I t  i s  a ls o  in t e r e s t in g  to  n o te  t h a t ,  whereas 

th e  peak haem oglobin rea d in g  was in  August in  1 9 4 6 , i t  was 

reached  in  May 1947 and f e l l  r a p id ly  t h e r e a f t e r . (C h a rt*1*) 

Age i s  an oth er  fa c to r  which m ight be ex p ected  to  

in f lu e n c e  the haem oglobin r e a d in g . Prom ta b le  V i t  can  

be seen  th a t  th e  women w ith  normal haem oglobin v a lu e s  

had an average age o f  2 6 .8  y e a r s ,  th a t th o se  w ith  

m oderate anaemia showed a r i s e  to  2 8 .3  y e a r s ,  w h ile  women



w ith  s e v e r e  anaemia had th e  h ig h e s t  average age o f  3 0 .7  

y e a r s .  When th e se  f ig u r e s  were examined s t a t i s t i c a l l y ,  

th e  standard d e v ia t io n  in  th e  normal group was 3 #237 and 

in  th e  se v e r e  group 2 .8 1 2 .  I t  would th e r e fo r e  appear  

th a t  th e  age was a s ig n i f i c a n t  fa c to r  on ly  in  se v e r e  

anaem ia. T h is o f  cou rse  r e f e r s  to  a d ir e c t  com parison  

betw een e s ta b l is h e d  c a se s  and norm als and cannot be 

a p p lie d  to  any o th e r  c ir c u m sta n c e s .

When p a r ity  was co n sid ered  in  r e la t io n  to  th e  

haem oglobin  r e a d in g  i t  was found th a t the women w ith  

norm al haem oglobin v a lu e s  had an average p a r ity  o f  2 . 1 ,  

th a t  the average p a r ity  r o se  to  3 .5  in  women w ith  

m oderate anaemia and to  3 .6  in  women w ith  se v er e  - anaemia 

(Table V ). S t a t i s t i c a l  a n a ly s is  o f  th e s e  f i g u r e s ,  

h ow ever, showed a standard d e v ia t io n  o f  1 .6 9 8  fo r  th e  

norm al women and 2 .8 1 0  fo r  th e  se v er e  an aem ias. P a r ity  

would n o t th e r e fo r e  appear to  be s t a t i s t i c a l l y  

s ig n i f i c a n t  as a f a c to r  in  anaem ia.

I l l  LOW NORMALS.

In a l l  ty p e s  o f  anaemia i t  i s  d i f f i c u l t  to  o b ta in  

c l i n i c a l  m a te r ia l  fo r  a study o f  th e  g e n e s is  o f  th e  

anaemic s t a t e ,  but i t  was f e l t  th a t  th e  group o f  low  

norm als co n ta in ed  a number o f  in d iv id u a ls ,  who m ight w e l l  

be in  th e  i n i t i a l  s ta g e s  o f  anaem ia. A s e r i e s  o f  85 

p a t ie n t s  were s e le c t e d  during 1947 from t h i s  group . The
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a v e ra g e  d u r a t i o n  o f  p reg n an cy  was 5 .4  m o n th s ,  w i t h

i n d i v i d u a l  v a r i a t i o n s  b e tw een  4 and 7 m o n th s .  M onthly

h a em o g lo b in  r e a d i n g s  were made a s  u s u a l ,  b u t  w henever a

p a t i e n t 1s haem o g lo b in  showed a ten d e n cy  to  f a l l ,  th e

h aem og lob in  r e a d i n g s  were made ev e ry  f o r t n i g h t .  The
t o

h aem og lo b in  i n  t h e s e  c a s e s  was a l lo w e d  to  f a l l A55 p e r  

c e n t  S a h l i ,  i . e .  a d e f i n i t e  anaem ia d e v e lo p e d ,  b e fo r e  

i r o n  th e r a p y  was commenced.

Prom t h i s  s e r i e s  o f  85 women, t h r e e  g ro u p s  

c o u ld  be e v e n t u a l l y  dem arca ted  ( G h a r t l l ) .  I t  was found  

t h a t  i f  t h e  h aem og lo b in  f e l l  be low  58 p e r  c e n t  S a h l i ,  

t h e  f a l l  became p r o g r e s s i v e  and no im provem ent c o u ld  be  

lo o k ed  f o r  w i th o u t  s p e c i f i c  a n t i - a n a e m ic  t h e r a p y .  S ix ty  

o f  t h e  p a t i e n t s  rem a in ed  above 58 p e r  c e n t  S a h l i  t h r o u g h 

o u t  p re g n a n c y ,  b u t  a more d e t a i l e d  a n a l y s i s  r e v e a l e d  t h a t  

t h e s e  s i x t y  p a t i e n t s  c o u ld  be f u r t h e r  s u b d iv id e d  i n t o  44 

p a t i e n t s ,  whose haem og lob in  r m a i n e d  above 60 p e r  c e n t  

S a h l i  t h r o u g h o u t  p regnancy  and 16 whose haem og lob in  f e l l  

be low  60 p e r  c e n t  d u r in g  th e  second t r i m e s t e r ,  b u t  r o s e  

above 60 p e r  c e n t  to w ard s  t e r m .  A t h i r d  g roup  showed a 

p r o g r e s s i v e  f a l l  a n d ,  a s  s t a t e d  a b o v e ,  w ere  a l lo w e d  to  

d e t e r i o r a t e  to  55 p e r  c e n t  S a h l i  b e f o r e  t r e a tm e n t  was 

commenced.

A n a ly s in g  t h i s  c o n t r o l  g roup  o f  w low n o rm a ls11 

by t h e  above m e th o d , i t  was found  t h a t  f o u r  p a t i e n t s



o r  4 .7  p e r  c e n t  im p ro v e d , f i f t y - s i x  p a t i e n t s  o r  6 5 .9  p e r  

c e n t  showed no change  and 25 p a t i e n t s  o r  2 9 .4  p e r  c e n t  

d e t e r i o r a t e d  (T ab le  V I ) .  Of t h e  d e t e r i o r a t i o n s  12 p e r  

c e n t  o c c u r r e d  d u r in g  th e  s i x t h  m onth o f  p re g n a n c y , 24 

p e r  c e n t  d u r in g  th e  s e v e n th  m o n th , 44 p e r  c e n t  d u r in g  

t h e  e i g h t h  m onth and  20 p e r  c e n t  d u r in g  t h e  n i n t h  m o n th , 

showing t h a t  th e  ten d e n cy  t o  d e v e lo p  anaem ia  was m ost 

m a n i f e s t  d u r i n g  th e  e i g h t h  m on th . A l l  th e  d e t e r i o r a t i o n s  

on r e a c h in g  l e v e l s  be low  55 p e r  c e n t  S a h l i  were g iv e n  

i r o n  ( F e r r i  e t  ammon. c i t  g r .  xxx t . i . d .  o r  F e r r o u s  

s u lp h .  g r . v  t . i . d . ,  w h ich ev e r  th e  p a t i e n t  c o u ld  t o l e r a t e  

b e s t ) .  N in e te e n  o f  th e  p a t i e n t s  r e c e i v e d  t r e a tm e n t  f o r  

a t  l e a s t  one m onth and th e y  showed an  a v e ra g e  r i s e  i n  

haem og lob in  o f  6 . 3 ^  d u r in g  th e  f i r s t  m onth o f  t h e r a p y .

The r e s u l t s  a r e  r e c o r d e d  g r a p h i c a l l y  (C h a rt  H ) .

V a r i a t i o n s  o c c u r re d  i n  th e  h aem og lob in  r e a d i n g s  

t a k e n  i n  i n d i v i d u a l  p a t i e n t s  th ro u g h o u t  p r e g n a n c y ;  a 

f a c t  w hich  h a s  been  d e m o n s tra te d  by many a u t h o r s ,  who >
showed t h a t  t h e  haem og lob in  te n d e d  t o  f a l l  g r a d u a l ly  a s  

p reg n a n cy  a d v a n c e d ,  r e a c h in g  a minimum a b o u t  t h e  e i g h t h  

m onth and som etim es r i s i n g  to w ard s  te rm  (Kuhnel 1926 , 

McGeorge 1935 , B o y c o tt  1936 , O b e rs t  and  P l a s s  1936 , 

Thomson, H i r s h e im e r ,  G ibson and Evans 1938 , Dieckmann 

and  Wegner 1943 , Meyer -  W edell 1943 , Roscoe and 

D onaldson  1946 (b )  ) .  .R e fe r e n c e  t o  t h e  a n a l y s i s  o f  th e



t h r e e  g ro u p s  o f  low n o rm a ls  w i l l  show t h a t  t h e  second  

g roup  o f  s i x t e e n  p a t i e n t s  c o u ld  n o t  be c o n s id e r e d  anaem ic  

a l t h o u g h  t h e i r  haem o g lob in  l e v e l  f e l l .  T hese  c a s e s  a r e  

s i m i l a r  to  t h o s e  r e p o r t e d  by th e  a u t h o r s  m en tio n ed  above 

and th e y  p r o v id e  c r i t e r i a  f o r  e s t i m a t i n g  th e  p r o g r e s s  o f  

any p a r t i c u l a r  p a t i e n t .  The maximum f a l l  o f  h aem o g lo b in  

r e c o r d e d  i n  t h e s e  p a t i e n t s  was 4 p e r  c e n t  S a h l i ,  and 

t h e r e f o r e  from  t h i s ,  i t  seems r e a s o n a b le  to  assume t h a t  

any v a r i a t i o n  from  th e  o r i g i n a l  l e v e l  o f  h aem o g lo b in  i n  

low n o rm a ls  w i t h i n  -  5 p e r  c e n t  S a h l i  a t  any one t im e  

sh o u ld  n o t  be c o n s id e r e d  s i g n i f i c a n t .

Some doub t may be f e l t  a s  to  t h e  v a l i d i t y  o f  

t h i s  s t a t e m e n t  i n  v iew  o f  th e  f a c t  t h a t  th e  p a t i e n t s  o f  

t h i s  group  were f i r s t  se en  a t  v a r i o u s  s t a g e s  o f  p re g n a n c y .  

I t  i s  a  w e l l  known f a c t  t h a t  hyd raem ia  a p p e a r s  a b o u t  t h e  

t h i r d  m onth d f  p re g n a n c y ,  r e a c h e s  a maximum d u r in g  th e  

2 5 th  t o  3 5 th  week and te n d s  t o  become l e s s  m arked d u r in g  

th e  l a s t  m onth (Dieckmann and Wegner 1936 , O b e rs t  and 

P l a s s  1 936 , Thomson, H i r s h e im e r ,  G ibson and Evans 1938, 

R oscoe and D onaldson  1 9 4 6 ) .  Now some o f  th e  p a t i e n t s  i n  

t h i s  s e r i e s  came to  c l i n i c  a s  e a r l y  a s  th e  4 t h  m onth o f  

p re g n a n c y ,  w h i le  o t h e r s  d e la y e d  t h e i r  f i r s t  v i s i t  t i l l  

t h e  7 t h  m onth and th e  d eg ree  o f  h y d raem ia  and t h e r e f o r e  

th e  o r i g i n a l  h aem o g lob in  r e a d in g  would va ry  m ark ed ly  i n  

i n d i v i d u a l  p a t i e n t s .  Thus a  low n o rm al p a t i e n t  w i th  a



haem o g lo b in  r e a d i n g  e q u a l  t o  60 p e r  o e n t  S a h l i  a t  the  

4 th  m onth o f  p reg n a n cy  m ig h t  p o s s i b l y  show a low er 

r e a d i n g  a t  t h e  7 t h  m on th , due to  th e  developm ent o f  

h y d rae m ia  a n d ,  had  she r e p o r t e d  f o r  th e  f i r s t  t im e  

t h e n ,  she would have  been  c o n s id e r e d  a n a e m ic .  I t  was 

th o u g h t  a d v i s a b l e  t o  examine th e  f i g u r e s  s t a t i s t i c a l l y  

to  see  w h e th e r  t h e  m onth when th e  o r i g i n a l  h aem og lo b in  

r e a d i n g  was t a k e n  was s i g n i f i c a n t  o r  n o t .  T h is  was 

found  to  be 4 .8  m onths i n  th e  p a t i e n t s  who d e t e r i o r a t e d  

and 5 .6  m onths i n  th o s e  who m a in ta in e d  t h e i r  o r i g i n a l  

h a em o g lo b in  r e a d i n g .  The s ta n d a rd  d e v i a t i o n  was 1 .2 5 .

I t  can  t h e r e f o r e  be s a id  t h a t  i t  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  w h e th e r  th e  f i r s t  haem og lob in  e s t i m a t i o n  

was made d u r in g  t h e  4 th  o r  t h e  7 t h  m o n th .

F u r t h e r  i t  was f e l t  t h a t  p a t i e n t s  i n  t h i s  s e r i e s  

w i th  haem og lob in  r e a d in g s  n e a r e r  60 p e r  c e n t  S a h l i  m ig h t  

be more l i a b l e  to  become anaem ic  th a n  p a t i e n t s  w i t h  

haem og lo b in  r e a d i n g s  s l i g h t l y  h i g h e r ,  b u t  l e s s  t h a n  65 

p e r  c e n t  S a h l i .  However, on a n a ly s in g  th e  o r i g i n a l  

haem og lob in  r e a d i n g s  i t  was found  t h a t  th e  a v e ra g e  

o r i g i n a l  haem og lob in  r e a d i n g s  o f  th e  tw e n ty  f i v e  p a t i e n t s  

who d e t e r i o r a t e d  was 6 1 .5  p e r  c e n t  S a h l i ,  compared w i th  

an a v e ra g e  o f  6 1 .8  p e r  c e n t  i n  th e  r e m a in d e r .  The 

s t a n d a rd  d e v i a t i o n  was 1 .1 .  Thus i t  would a p p e a r  t h a t



t h e  dev e lo p m en t o f  anaem ia  by p a t i e n t s  o f  t h e  11 low 

n o rm a l11 g roup  i s  in d e p e n d e n t  o f  th e  o r i g i n a l  haem og lob in  

r e a d i n g  w i t h i n  th e  r a n g e  o f  t h a t  g ro u p .

The i n d i v i d u a l  a g e s  i n  whole s e r i e s  o f  low 

n o rm a ls  v a r i e d  from s e v e n te e n  t o  f o r t y  f o u r  y e a r s .  Of 

t h e  t o t a l ,  f o r t y  f e l l  w i t h in  t h e  group 17 to  24 y e a r s .  

R oscoe  and D ona ldson  (1946 (a )  ) s t a t e  t h a t  a g r a d i e n t  

i n  h a em o g lo b in  e x i s t s  i n  r e l a t i o n  t o  a g e .  Two c o r o l l a r i e s  

a r i s e  from  t h i s  h y p o t h e s i s .  F i r s t l y ,  th e  lo w e s t  no rm al 

h a em o g lo b in  i n  a young p re g n a n t  woman w i l l  a lw ays be 

h i g h e r  t h a n  t h a t  i n  an  o l d e r .  F u r t h e r ,  t h i s  means t h a t  

an  anaem ic  s t a t e  can  be s a id  to  e x i s t  i n  t h e s e  young 

women a t  haem og lob in  l e v e l s ,  w hich  would be c o n s id e r e d  

n o rm a l  f o r  o l d e r  age g r o u p s .  I f  t h e s e  h y p o th e s e s  a r e  

c o r r e c t  th e n  i t  would be l o g i c a l  to  e x p e c t  a  h ig h e r
*

i n c i d e n c e  o f  anaem ia to  d ev e lo p  i n  th e  g roup  o f  f o r t y  

young p r e g n a n t  women o f t h i s  s e r i e s .  I n  f a c t  o n ly  

e i g h t  o f  t h i s  g roup  d e t e r i o r a t e d  and became d e f i n i t e l y  

a n a e m ic ,  w hereas  s e v e n te e n  o f  th e  r e m a in in g  f o r t y  f i v e  

i n  t h e  o l d e r  age g ro u p s  showed a p r o g r e s s i v e  f a l l  i n  

haem oglob in*  E x p re ss e d  on a p e r c e n ta g e  b a s i s ,  20 p e r  

c e n t  o f  young p r e g n a n t  women i n  t h e  low n o rm a l 

haem o g lo b in  l e v e l  g roup  (60 -  65 p e r  c e n t  S a h l i )  

d e t e r i o r a t e  and become a n ae m ic ,  b u t  i n  o l d e r  age g ro u p s  

t h i s  f i g u r e  becomes 38 p e r  c e n t .  T here  i s  t h e r e f o r e  no



p re p o n d e ra n c e  o f  young p r e g n a n t  women among t h o s e  t e n d in g  

t o  d e v e lo p  a n a e m ia .  I n  a d d i t i o n  t h e  a v e ra g e  ag e  o f  t h e  

tw e n ty  f i v e  p a t i e n t s ,  who d e t e r i o r a t e d  was 2 8 .6  y e a r s  

compared w i t h  an  age  o f  2 6 .6  y e a r s  i n  t h o s e  who m a in ta in e d  

t h e i r  h aem o g lo b in  l e v e l .  On s t a t i s t i c a l  a n a l y s i s  th e  

s t a n d a r d  d e v i a t i o n  was 3 . 4 .  I t  i s  t h e r e f o r e  a p p a r e n t  

t h a t  age  i s  n o t  i n  any way a s i g n i f i c a n t  f a c t o r  i n  t h e  

dev e lo p m en t o f  anaem ia  i n  low n o rm al p a t i e n t s .

P a r i t y  was examined n e x t  to  see  i f  i t  m ig h t  be 

i m p o r t a n t .  The a v e ra g e  p a r i t y  o f  t h e  d e t e r i o r a t i o n s  was 

2 . 4  w h e reas  th e  a v e ra g e  p a r i t y  o f  th o s e  who m a in ta in e d  o r  

im proved  t h e i r  haem og lob in  was 2 . 1 .  The s t a n d a r d  

d e v i a t i o n  was 1 .2 5 .  I t  i s  o b v io u s  from  t h i s  t h a t  p a r i t y  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  e i t h e r .

lit i s  q u i t e  a p p a re n t  t h a t  p reg n an cy  p e r  se  i s  

n o t  a  c a u se  f o r  anaem ia  i n  no rm al p a t i e n t s ,  s i n c e  o n ly  a 

p e r c e n t a g e  o f  t!low n o rm a ls11 i n  any age group d e v e lo p ed  

an  anaem ic  p r o c e s s .  I t  h a s  a l s o  been  shown th a n  anaem ia  

m ost commonly a p p e a r s  d u r in g  th e  l a t t e r  p a r t  o f  p regnan cy  

when t h e  demands o f  th e  f o e t u s  a r e  g r e a t e s t .  From t h i s  

one m ig h t  c o n c lu d e  t h a t  t h e  f a c t o r  d e te r m in in g  w h e ther  

anaem ia  w i l l  d e v e lo p  i n  any i n d i v i d u a l  o f  th e  low norm al 

h aem og lob in  g ro u p ,  i s  t h a t  o f  h e r  own s t o r e s  o f  i r o n .

Coons (1932) showed t h a t  h ig h  s to r a g e  r a t e s  o c c u r r e d  i n  

t h e  m o th e r  e a r l y  i n  p regn an cy  th ou gh  f o e t a l  in c re m e n ts



w ere g r e a t e s t  d u r i n g  th e  l a s t  t h r e e  m o n th s .  I n  an 

a t t e m p t  to  d i s c o v e r  c o n c o m ita n t  f a c t o r s ,  w hich  m ig h t  

a f f e c t  t h e  s t o r a g e  o f  i r o n  i n  t h e s e  women, a su rv e y  was 

made o f  t h e i r  m e d ic a l  h i s t o r y  and c o n d i t i o n  i n  t h e  e a r l y  

m onths o f  p re g n a n c y .  I t  was found  t h a t  tw e lv e  o f  th e  

t w e n t y - f i v e  p a t i e n t s ,  who d e t e r i o r a t e d  o r  48 p e r  c e n t  

had s u f f e r e d  from  some form o f  m ild  g a s t r o - i n t e s t i n a l  

u p s e t  d u r in g  th e  e a r l y  m onths o f  p re g n a n c y ,  such  a s  

n a u s e a ,  c o n s t i p a t i o n ,  m orn ing  s i c k n e s s  and a n o r e x i a ;  

w hereas  o n ly  tw e n ty  o u t  o f  t h o s e  who m a in ta in e d  them 

s e l v e s  o r  33 p e r  c e n t  had t h i s  h i s t o r y .

(T ab le  V II )  These f i g u r e s  would t h e r e f o r e  a p p e a r  to  

be s i g n i f i c a n t  a n d ,  f o l lo w in g  t h i s  p o i n t  a s t e p  f u r t h e r ,  

i t  was se e n  t h a t  o f  t h e  t w e n ty - f i v e  d e t e r i o r a t i o n s ,  t h e  

tw e lv e  who had  a h i s t o r y  o f  g a s t r o - i n t e s t i n a l  u p s e t  

e a r l y  i n  p reg n an cy  d e v e lo p ed  anaem ia  a t  an a v e ra g e  

d u r a t i o n  o f  p reg nancy  o f  7 .2 5  m o n th s ,  w hereas  th e  

r e m a in in g  t h i r t e e n ,  w i th  a  n e g a t iv e  h i s t o r y ,  d ev e lo p ed  

anaem ia a t  8 .3  m o n th s .  These f i g u r e s  were a n a ly s e d  

s t a t i s t i c a l l y .  The s t a n d a r d  d e v i a t i o n  was 0 .8 7 .  I n  

a d d i t i o n  t h r e e  o f  th e s e  p a t i e n t s  w i th  a  h i s t o r y  o f  

g a s t r o - i n t e s t i n a l  u p s e t  s u f f e r e d  f  rom i n f e c t i o n s  l a t e r  

i n  p re g n a n c y ,  b u t  th e  i n c id e n c e  o f  i n f e c t i o n  was j u s t  

a s  h ig h  i n  th o s e  p a t i e n t s  who d id  n o t  become a n a e m ic .

I t  i s  im p o r ta n t  to  em ph as ise  a l s o  t h a t  th e  i n f e c t i o n s



i n  a l l  o a s e s  were o f  m i ld  d e g re e  and  were t r e a t e d  a t  t h e  

o u t - p a t i e n t  d e p a r tm e n t .  T h e r e fo r e  i t  would a p p e a r  t h a t  

g a s t r o - i n t e s t i n a l  u p s e t  i n  th e  e a r l y  m onths o f  p reg n an cy  

p l a y s  a p a r t  i n  t h e  deve lopm en t o f  anaem ia  i n  t h e  l a t e r  

m onths o r  t h a t  i t  h a s t e n s  t h e  o n s e t  o f  t h e  a n a e m ia .  I t  

i s  p o s s i b l e  t h a t  i t  a f f e c t s  th e  s t o r a g e  o f  i r o n .

Of t h e  re m a in in g  t h i r t e e n  p a t i e n t s  i n  t h i s  g ro u p ,  

tw e lv e  had no h i s t o r y  o f  any s i g n i f i c a n t  a b n o rm a l i ty  i n  

t h e  e a r l y  m onths o f  p reg n an cy  and one can  o n ly  c o n c lu d e  

t h a t  t h e r e  was a r e l a t i v e  d e f i c i e n c y  p r i o r  t o  p reg n an cy  

and t h a t  p o s s i b l y  th e  i n t a k e  o f  h a e m o t in ic  f a c t o r s  was 

d e f i c i e n t  th ro u g h o u t  p re g n a n c y .  T h is  p o s s i b i l i t y  w i l l  

have  to  be  i n v e s t i g a t e d  a t  some f u t u r e  d a te  by means o f  

a  s o c i a l  s u r v e y .

S ince  i t  seems t h a t  a lm o s t  a t h i r d  o f  th e  11 low 

n o rm a l11 p a t i e n t s  a t t e n d i n g  th e  o u t - p a t i e n t  d e p a r tm e n t  o f  

t h i s  h o s p i t a l  w i l l  become a n a e m ic ,  i t  was c o n s id e r e d  

w o r th  w h i le  t o  t r y  o u t  sm a ll  g ro u p s  o f  t w e n t y - f i v e  

p a t i e n t s  on v a r i o u s  su p p lem en ts  to  see  what e f f e c t  th e y  

would have on th e  in c id e n c e  o f  anaem ia  (T ab le  V I ) •

(1 ) Twenty f i v e  o th e r w is e  n o rm al p a t i e n t s ,  i n  th e  

low norm al haem oglob in  g ro u p ,  a v e r a g in g  5 -6  m onths 

p re g n a n t  were g iv e n  i r o n  a s  b e f o r e  f o r  p e r i o d s  

a v e r a g in g  two to  t h r e e  m onths and n o t  l e s s  th a n  one 

m on th . 40 p e r  c e n t  o f  t h e  p a t i e n t s  im p ro v e d , 52 p e r



c e n t  showed no change  .and 8 p e r  c e n t  d e t e r i o r a t e d ,  i . e .  

two p a t i e n t s  o u t  o f  th e  tw en ty  f i v e  d e t e r i o r a t e d .  

D e t e r i o r a t i o n  commenced a t  th e  7 t h  m o n th , was r e l i e v e d  

s l i g h t l y  d u r in g  th e  8 th  m o n th , when t h e  dose  o f  i r o n  was 

i n c r e a s e d ,  h u t  f e l l  a g a in  d u r in g  th e  l a s t  m on th . N e i th e r  

anaem ia  was s e v e r e .

(2 )  Twenty f i v e  s i m i l a r  p a t i e n t s ,  a v e r a g in g  6 m onths 

p r e g n a n t ,  were g iv e n  150 mgm d a i l y  o f  v i ta m in  0 f o r  one 

m o n th , th e n  50 mgm. d a i l y  f o r  p e r i o d s  a v e r a g in g  two to  

t h r e e  m o n th s .  16 p e r  c e n t  o f  th e  p a t i e n t s  im p ro v e d ,  72 

p e r  c e n t  showed no c h a n g e ,  12 p e r  c e n t  d e t e r i o r a t e d  i . e .  

t h r e e  p a t i e n t s  d e t e r i o r a t e d .  One o f  t h e  p a t i e n t s ,  who 

d e t e r i o r a t e d  d e v e lo p e d  a p y u r i a  and t h e  f a l l  i n  

h aem og lob in  d a te d  from  t h a t .  The t h r e e  c a s e s  w ere p u t  on 

i r o n  and th e y  showed an a v e ra g e  I n c r e a s e  o f  9 p e r  c e n t  

h aem og lob in  d u r in g  t h e  f i r s t  m onth o f  i r o n  t h e r a p y .

(3 )  A s i m i l a r  g ro u p ,  a v e r a g in g  5 .8  ifionths p r e g n a n t ,  

were g iv e n  s p e c i a l  d i e t a r y  a d v i c e .  They were s u p e r v i s e d  

by t h e  d i e t i c i a n ,  who saw them ev ery  v i s i t  and a d v is e d  

them a s  t o  what fo o d s  they  sh o u ld  t a k e  and how th e y  

sh o u ld  be coo ked . I n  a d d i t i o n  a  l e t t e r  was g iv e n  to  th e  

p a t i e n t  to  ta k e  t o  h e r  b u t c h e r  a s k in g  him to  c o - o p e r a t e  

by g iv in g  t h e  p a t i e n t  p r i o r i t y  l i v e r  and k id n e y .  On an  

a v e ra g e  m ost p a t i e n t s  r e c e i v e d  J  lb  o f  l i v e r  e a c h  week 

f o r  p e r i o d s  n o t  l e s s  th a n  one m on th . Of t h i s  g r o u p ,



32 p e r  c e n t  i m p r o v e d , .52 p e r  c e n t  showed no change and 

16 p e r  c e n t  d e t e r i o r a t e d .  The d e t e r i o r a t i o n s  were 

g iv e n  i r o n  and  th e  a v e ra g e  haem o g lo b in  i n c r e a s e  i n  t h e  

f i r s t  m onth  was 13 p e r  c e n t  S a h l i .

(4 ) The l a s t  group  c o n s i s t e d  o f  t h i r t y  s i m i l a r  

p a t i e n t s ,  a v e r a g in g  6 m onths p r e g n a n t .  These p a t i e n t s  

were g iv en  m arm ite  1 dram t h r e e  t im e s  d a i l y .  T re a tm e n t  

was o n ly  c a r r i e d  out f o r  one m on th , b e c a u se  a t  th e  end 

o f  t h a t  t im e  th e  p a t i e n t s  com pla ined  o f  n a u s e a .  The 

haem o g lob in  was t a k e n  a t  tw o-w eekly  i n t e r v a l s  and t h e  

p a t i e n t s  who showed a s l i g h t  drop i n  h a e m o g lo b in ,  

were a sk ed  to  r e p o r t  back  to  c o n f i rm  an a n a e m ia ,  sh o u ld  

i t  o c c u r .  No im provem ent was found  a f t e r  one m onth*s 

t h e r a p y .  80 p e r  c e n t  o f  t h e  p a t i e n t s  showed no change 

and 20 p e r  c e n t  d e t e r i o r a t e d .  They were g iv e n  i r o n  a s  

b e f o r e  and a f t e r  one m onth*s t h e r a p y ,  t h e  haem og lob in  

had r i s e n  11 p e r  c e n t  on t h e  a v e r a g e .

The r e s u l t s  o f  th e ra p y  i n  th e s e  f o u r  s u b s i d i a r y  

g ro u p s  a r e  shown i n  t a b l e  V I ,  t h e  c o n t r o l  group  o f  “ low 

n o rm als"  b e in g  u se d  a s  a s t a n d a r d  o f  c o m p a r is o n .  A lthough  

th e  num bers a r e  s m a l l ,  s e v e r a l  t e n t a t i v e  c o n c lu s io n s  may 

be  d raw n . F i r s t l y ,  t h e  c o n t r o l  group showed th e  h i g h e s t  

p e r c e n ta g e  d e t e r i o r a t i o n  and th e  lo w e s t  p e rc e n ta g e  

im provem en t.  Secondly th e  b e s t  r e s u l t s  were o b ta in e d  

w i th  i r o n  t h e r a p y ,  w hich  re d u c e d  th e  p e r c e n ta g e



d e t e r i o r a t i o n  by m o r e . th a n  one t h i r d  and i n c r e a s e d  th e  

p e r c e n t a g e  im provem ent e i g h t  t im e s  compared w i th  th e  

c o n t r o l  s e r i e s .  F u r t h e r ,  v i ta m in  G a p p e a re d  to  r e d u c e  

th e  i n c i d e n c e  o f  d e t e r i o r a t i o n ,  w h i le  a s p e c i a l  d i e t  

had more e f f e c t  on th e  p e rc e n ta g e  im provem ent.

The a p p a r e n t  m a in ta in a n c e  o f  t h e  h aem og lo b in  

l e v e l s  by t h e  a d m i n i s t r a t i o n  o f  v i t a m in  G may be due to  

i t s  a b i l i t y  t o  i n c r e a s e  th e  a b s o r p t io n  and e f f e c t i v e  

u t i l i z a t i o n  o f  t h e  i r o n .  I t  h a s  been  shown t h a t  v i ta m in  

G by i t s  r e d u c in g  a c t i o n  c o n v e r t s  i r o n  compounds i n t o  a  

form w hich  i s  r e a d i l y  a b so rb ed  (P o w ell  1 9 4 4 ) .  A c o n d i t i o n  

o f  anaem ia  h ow ev er ,  due to  a d e f i c i e n c y  o f  v i t a m in  C h a s  

been  p ro d u ced  e x p e r im e n ta l ly  i n  a n im a ls  (Meyer and 

McCormack 1928 , M e t ie r  e t  a l . 1 9 4 0 ) .  W hether such  a  

c o n d i t i o n ,  due s o l e l y  to  a v i ta m in  G d e f i c i e n c y ,  e x i s t s  

i n  man h a s  n o t  been  d e f i n i t e l y  proved  (M cM illan and 

I n g l i s  1 9 4 4 ) .  None o f  th e  p a t i e n t s  i n  th e  low n o rm al 

s e r i e s  showed any s ig n s  o f  c l i n i c a l  sc u rv y  and i t  would 

t h e r e f o r e  be even  l e s s  l i k e l y  f o r  anaem ia  to  d e v e lo p  

due t o  a s u b - c l i n i c a l  d e f i c i e n c y  o f  t h a t  v i t a m i n .

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

d e t e r i o r a t i o n  i n  th e  haem oglob in  l e v e l s  i n  one group  

o f  p a t i e n t s ,  w h i le  i n c r e a s i n g  them i n  a n o t h e r ,  s u g g e s t  

t h a t  t h e r e  i s  an  i n a b i l i t y  on th e  p a r t  o f  t h e  f i r s t  

g roup  to  a b so rb  o r  u t i l i s e  i r o n  from  t h e  d i e t  and t h a t



t h e  d i e t  was r e l a t i v e l y  d e f i c i e n t  i n  some s u b s ta n c e  

n e c e s s a r y  f o r  t h e s e  p r o c e s s e s .

The r e s u l t s  w i th  m arm ite  were e x tre m e ly  

d i s a p p o i n t i n g  and t h e  haem oglob in  v a lu e s  a p p ro x im a te d  to o  

c l o s e l y  t o  t h e  c o n t r o l  s e r i e s  to  be o f  any s i g n i f i c a n c e .

When d e t e r i o r a t i o n  o c c u r r e d  i n  a l l  f o u r  g roup s  

i r o n  th e r a p y  was commenced, a s  i n  th e  c o n t r o l  g ro u p .  The 

a v e ra g e  h a em o g lo b in  r i s e  d u r in g  th e  f i r s t  month o f  th e r a p y  

was c a l c u l a t e d  f o r  eac h  g ro u p .  I t  was i n t e r e s t i n g  to  

n o te  t h a t  p a t i e n t s  i n  t h e  m arm ite  and s p e c i a l  d i e t  g roups 

showed a h i g h e r  a v e ra g e  i n c r e a s e  f o r  t h e  month on i r o n  

th a n  th e  c o n t r o l  p a t i e n t s ,  s u g g e s t in g  t h a t  p r e v io u s  

t r e a tm e n t  w i t h  o t h e r  h a e m o t in ic  f a c t o r s ,  such  a s  v i ta m in  

B complex o r  a n t i - a n a e m ic  l i v e r  p r i n c i p l e ,  may enhance  

th e  r a t e  o f  r e g e n e r a t i o n  o f  haem og lob in  when i r o n  i s  

g i v e n .

IV ANAEMIAS.

D u rin g  1946 p a t i e n t s  w i th  a d e f i n i t e  anaem ia  

i . e .  w i t h  haem og lob in  r e a d i n g s  below  60 p e r  c e n t  were 

t r e a t e d  e m p i r i c a l l y  w i th  i r o n  a t  t h e  a n t e n a t a l  c l i n i c ,  

t o  e s t a b l i s h  th e  v a lu e  o f  t h i s  form o f  t h e r a p y ,  when 

a p p l i e d  to  o u t - p a t i e n t s .  Haemoglobin r e a d in g s  were 

made a t  m on th ly  i n t e r v a l s ,  u n l e s s  t h e r e  was e v id e n c e  

o f  d e t e r i o r a t i o n ,  when r e a d in g s  were made w e ek ly .  I n  

a d d i t i o n ,  i f  t h e  i n i t i a l  haem og lob in  was v e ry  low



i . e .  be low  45 p e r  o e n t  o r  i f  th e  p a t i e n t  seemed l i k e l y  

t o  p ro v e  u n s a t i s f a c t o r y ,  r e a d i n g s  were made a t  f o r t n i g h t 

ly  i n t e r v a l s .

I n  a l l ,  140 e a s e s  were t r e a t e d  by t h i s  m ethod 

th e  a v e ra g e  p e r io d  o f  t r e a tm e n t  b e in g  2 .2  m o n th s .  For 

s t a t i s t i c a l  p u r p o s e s ,n o  p a t i e n t  r e c e i v i n g  l e s s  th a n  

one month* s t r e a tm e n t  was in c lu d e d  i n  t h e  g roup  and 

once  th e  haem og lo b in  re a c h e d  no rm al l e v e l s ,  no f u r t h e r  

a c c o u n t  was t a k e n  o f  th e  r e a d in g s  i n  th e  a n a l y s i s ,  

th o u g h  f o r  c l i n i c a l  p u rp o se s  th e  p a t i e n t  s t i l l  c o n t in u e d  

to  a t t e n d  a t  m on th ly  i n t e r v a l s .  The a v e ra g e  d u r a t i o n  o f  

p reg n a n cy  was 5 .6  m onths w i th  i n d i v i d u a l  v a r i a t i o n s  from 

3 t o  8 m o n th s .

No a t t e m p t  was made to  g ra d e  th e  s e v e r i t y  o f  th e  

anaem ia  i n i t i a l l y ,  b u t  t h e  a v e ra g e  h aem og lob in  r e a d in g  i n  

t h e s e  p a t i e n t s  was 51 p e r  c e n t  S a h l i .  Out o f  th e  whole 

g roup  o n ly  t e n  p a t i e n t s  r e q u i r e d  to  be a d m i t te d  to  

h o s p i t a l  a n d ,  o f  t h e s e  t e n ,  f o u r  a d m is s io n s  w ere  made 

b e c a u se  o f  some c o m p la in t  o t h e r  th a n  a n a e m ia .

E v e n tu a l ly  t h e  p a t i e n t s  were found  to  f a l l  i n t o  t h r e e  

g ro u p s  n a m e ly .

A. Those who re s p o n d  to  t r e a t m e n t ,  112 i n  a l l  o r

8 0 .0  p e r  c e n t  o f  th e  t o t a l .

B. Those who showed no r e s p o n s e  t o  t r e a t m e n t ,  b u t  

m a in ta in e d  t h e i r  o r i g i n a l  haem og lob in  l e v e l .
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FURE ÂKAEMIAS 
JMONTHL'f INCREMENTS OF 6 2  

PATIENTS TREATED WITH IRON 

_A» OUT PATIENTS

42,

o^a

o I X .  3. if. o I. 2- 3.



T h is  g ro up  was form ed o f  26 p a t i e n t s  o r  1 8 ,6  p e r  

c e n t .

0 .  Two c a s e s  who d e t e r i o r a t e d .

For th e  p r e s e n t ,  a t t e n t i o n  w i l l  be c o n f in e d  to  

g ro up  A.

Group A.

The p a t i e n t s  i n  t h i s  group  showed an a v e ra g e  r i  

i n  h a em o g lo b in  o f  5 .8  p e r  c e n t  S a h l i  p e r  m on th , and t h e  

a v e ra g e  h aem o g lob in  r o s e  from  51 p e r  c e n t  S a h l i  a t  t h e  

b e g in n in g  o f  t r e a t m e n t  to  a f i n a l  r e a d i n g  a t  th e  end o f  

t r e a tm e n t  o f  65 p e r  c e n t  S a h l i .  In  o r d e r  t o  gu^ge t h e  

r e s p o n s e  t o  t r e a t m e n t ;  th e  a v e ra g e  h aem o g lob in  f o r  th e  

whole group was c h a r t e d  i n  a  g ra p h  (C h a rt  5 a ) .  From 

t h i s  g ra p h  i t  w i l l  be se en  t h a t  t h e  g r e a t e s t  r i s e  i n  

haem o g lo b in  o c c u r r e d  d u r in g  t h e  f i r s t  m onth ( 8 .2  p e r  

c e n t ) .  I n  th e  s u c c e e d in g  two m onths th e  i n c r e a s e  was 

much l e s s  s t r i k i n g  and was in d e e d  a lm o s t  e x a c t l y  h a lv e d  

4 p e r  c e n t .  I n  th o s e  c a s e s  r e q u i r i n g  t r e a tm e n t  f o r  

f o u r  m onths i t  was found  t h a t  i n  t h e  f i n a l  m on th , t h e  

c u rv e  te n d e d  t o  r i s e  s l i g h t l y  to  4 .9  p e r  c e n t .  W ith 

th e  e x c e p t io n  o f  t h i s  m on th , th e  c u rv e  f o r  t h i s  group 

i s  a  s t r a i g h t  l i n e  and i n  t h i s  r e s p e c t  th ey  re se m b le  

anaem ias  i n  n o n -p r e g n a n t  women (Whitby and B r i t t o n  

1 9 4 6 ) .

P r e l im in a r y  s u b - d i v i s i o n s  i n t o  m o d e ra te  and



s e v e r e  g r a d e s  r e v e a l e d  m arked d i f f e r e n c e s  i n  t h e  n a t u r e  

and d e g re e  o f  r e s p o n s e  t o  t r e a tm e n t  i n  t h e s e  g r a d e s .  I n  

t h e  m o d e ra te  anaem ias  t h e  a v e ra g e  i n c r e a s e  o f  haem og lob in  

p e r  m onth  was 5 .7  p e r  c e n t  S a h l i  and th e  t o t a l  a v e ra g e  

i n c r e a s e  o f  h aem o g lob in  from b e g in n in g  t o  end o f  t r e a t 

ment was 1 3 .9  p e r  c e n t  S a h l i .  The r e s p o n s e  i n  

r e l a t i o n  t o  d u r a t i o n  o f  t r e a tm e n t  i s  d i a g r a m m a t r i c e l ly  

r e p r e s e n t e d  i n  c h a r t  3 c .  From t h i s  i t  w i l l  be se en  

t h a t  t h e  i n c r e a s e  does n o t  vary  v e ry  much from month 

t o  m o n th .  T h e re  i s  a s l i g h t  cu rv e  w i th  a f a l l  i n  t h e  

l a t e r  m onths o f  t r e a t m e n t .

I n  t h e  s e v e re  g r a d e ,  th e  a v e ra g e  m on th ly  r i s e  

was 6 .2  p e r  c e n t  and th e  t o t a l  a v e ra g e  haem og lob in  r i s e  

from  b e g in n in g  to  end o f  t r e a tm e n t  was 17 p e r  c e n t  

S a h l i .  A m on th ly  g ra p h  o f  th e  r e s p o n s e  i n  t h e s e  

p a t i e n t s  showed a v e ry  d i s t i n c t  d i f f e r e n c e  from  t h a t  

i n  t h e  " m o d e ra te ” g ro u p .  D uring  th e  f i r s t  m onth th e  

haem og lob in  i n c r e a s e d  by 1 0 .8  p e r  c e n t  b u t  i n  th e  

f o l lo w in g  m onth t h i s  f i g u r e  was e x a c t l y  h a lv e d  and i n  

t h e  t h i r d  m onth th e  i n c r e a s e  was s t i l l  l e s s .  A 

s l i g h t l y  g r e a t e r  i n c r e a s e  was r e c o rd e d  i n  th e  4 th  

m onth o f  t r e a t m e n t .  C h a r t  3b . r e p r e s e n t s  t h e s e  

c h a n g e s .

I n  b o th  o f  t h e s e  g roups  th e  c u rv e s  a s  d e p ic te d  

i n  g ra p h s  / 3 c  and 3b a r e  a t y p i c a l  when compared w i th



t h o s e  f o r  an ae m ias  i n  ,n o n -p re g n a n t  v/omen (Whitby and 

B r i t t o n  1946)* I n  th e  l a t t e r ^ t h e  r a t e  o f  haem oglob in  

r e g e n e r a t i o n  i s  s a i d  to  be i n v e r s e l y  p r o p o r t i o n a l  to  th e  

h a em o g lo b in  l e v e l .  E xam ina tio n  o f  th e  d e t a i l s  o f  c l i n i c a l  

h i s t o r y  o f  p a t i e n t s  i n  Group A r e v e a l e d  t h a t  th ey  c o u ld  

be f u r t h e r  s u b - d i v i d e d .  Of t h e  t o t a l , 62 p a t i e n t s  had 

symptoms w h ich  co u ld  be a t t r i b u t e d  s o l e l y  to  th e  anaem ic  

p r o c e s s ,  36 had some form  o f  m ild  g a s t r o - i n t e s t i n a l  

d i s o r d e r ,  10 s u f f e r e d  from a m ild  i n t e r c u r r e n t  i n f e c t i o n  

and 4 d e v e lo p ed  h y p e r t e n s io n  d u r in g  t h e  c o u rs e  o f  

t r e a t m e n t •

The p a t i e n t s  w i th  m ild  i n f e c t i o n  and h y p e r t e n s i o n  

showed an  a v e ra g e  i n c r e a s e  i n  haem oglob in  p e r  m o n th , which 

a p p ro x im a te d  to o  c l o s e l y  to  t h a t  o f  t h e  whole s e r i e s  t o  be 

o f  any s i g n i f i c a n c e  and a s  th e  numbers w ere s m a l l ,  no 

f u r t h e r  a n a l y s i s  c o u ld  be m ade.

As s t a t e d  a b o v e ,  62 p a t i e n t s  c o u ld  be r e g a r d e d  a s  

" p u re  a n a e m ia s " ,  i n  t h a t  anaem ia was th e  o n ly  a p p a r e n t  

c o m p l i c a t in g  f a c t o r  i n  t h e  p re g n a n c y .  The c u rv e  o f  th e  

a v e ra g e  m on th ly  i n c r e a s e s  (C h a r t  3d) was r a t h e r  s i m i l a r  

t o  t h a t  o f  C h a r t  3 c ,  w h ic h ,  a s  w i l l  be rem em bered , was 

c o n s t r u c t e d  from  a l l  th e  m o d era te  anaem ias  i n  Group A.

The c u rv e  h o w e v er ,  was a t  a h i g h e r  l e v e l  and d u r in g  t$ie 

f o u r t h  m onth o f  t r e a t m e n t ,  i t  te n d e d  to  r i s e  i n s t e a d  o f  

f a l l i n g  a s  i n  C h a r t  3 c .
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Of t h e s e  62 p a t i e n t s ,  41 s u f f e r e d  from  a m o d e ra te  

d e g re e  o f  a n a e m ia ,  and t h e  re m a in d e r  had haem og lo b in  

r e a d i n g s  l e s s  th a n  50 p e r  c e n t  S a h l i ,  As c an  be seen  

from C h a r t  3 e ,  t h e  cu rv e  o f  m on th ly  h aem o g lob in  in c re m e n ts  

was a lm o s t  th e  same a s  t h a t  o f  C h a r t  3 c ,  f o r  a l l  m o d e ra te  

anaem ias  i n  Group A p a t i e n t s .  C h a r t  3 f  shows th e  r e s p o n s e  

o f  s e v e re  “ p u re  anaem ias"  and th e  c u rv e  i s  p a r a l l e l  t o  

t h a t  f o r  t h e  whole o f  Group A ( s e e  C h a r t  3a) b u t  r u n s  a t  a  

s l i g h t l y  h i g h e r  l e v e l .

Prom a l l  o f  t h e  f o r e g o in g  i t  w i l l  be e v id e n t  t h a t  i n  th e  

c a se  o f  " p u re "  an aem ias  c o m p l ic a t in g  p regnan cy  t h e  

r e s p o n s e  to  i r o n  th e ra p y  i s  com parab le  t o  t h a t  i n  non 

p re g n a n t  women. As a g e n e r a l  o b s e r v a t i o n ,  i t  may be 

n o te d  t h a t  t h e  r e s p o n s e  to  th e ra p y  i n  th e  m o d e ra te  g ro u p ,  

a l th o u g h  n o t  so s t r i k i n g  i n i t i a l l y  i s  m a in ta in e d  more 

s t e a d i l y  th a n  i n  th e  s e v e re  g ro u p . By th e  second  month 

o f  t r e a t m e n t ,  h o w ever ,  th e  haem oglob in  l e v e l  o f  m ost o f  

th e  p a t i e n t s  i n  th e  s e v e re  g rad e s  had r i s e n  above 50 p e r  

c e n t  and t h e i r  r e s p o n s e  t h e r e a f t e r  c o u ld  n o t  be e x p e c te d  

t o  d i f f e r  much from  t h a t  i n  th e  i n i t i a l l y  m o d e ra te  g r a d e s .

I n v e s t i g a t i o n  o f  t h e  36 p a t i e n t s  s u f f e r i n g  from  

g a s t r o - i n t e s t i n a l  d i s o r d e r  a s  w e l l  a s  anaem ia was 

co n d u c ted  a lo n g  s i m i l a r  l i n e s .  The a v e ra g e  i n c r e a s e  p e r  

m onth  f o r  t h i s  s e r i e s  was c h a r t e d  as  b e fo r e  ( 3 g ) .  I t  

can  be se en  t h a t  t h e  c u rv e  i s  s t e e p e r  and a lm o s t  L sh a p e d .
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T h is  change  i n  t h e  shape  o f  th e  c u rv e  became even more 

a p p a r e n t  when th e  p a t i e n t s  were g ra d e d  a c c o rd in g  t o  th e  

s e v e r i t y  o f  t h e i r  a n a e m ia .  M odera te  anaem ia was p r e s e n t  

i n  22 and  i t  was s e v e re  i n  1 4 . The g raph  f o r  th e  p a t i e n t s  

w i th  m o d e ra te  anaem ia  was v e ry  s i m i l a r  to  t h a t  o f  th e  

m o d e ra te  an aem ias  w i th o u t  g a s t r o - i n t e s t i n a l  u p s e t .  The 

i n i t i a l  haem og lob in  r i s e  was 7 .4  p e r  c e n t  S a h l i  and in '  

th e  1 s t  m o n th , f e l l  s l i g h t l y  to  5 .4  p e r  c e n t  and 5 .3  p e r  

c e n t  S a h l i  d u r in g  th e  2nd and 3rd  m onths and r o s e  a g a in  

d u r in g  th e  l a s t  month (G hart 3 h ) .  T here  were o n ly  3 

p a t i e n t s  i n  t h i s  l a t t e r  group so th e  r i s e  i s  o f  d o u b t f u l  

s i g n i f i c a n c e .  I t  would t h e r e f o r e  a p p e a r  t h a t  m ild  

g a s t r o  i n t e s t i n a l  u p s e t ,  a s  a f u r t h e r  c o m p l ic a t io n  to  

m o d e ra te  anaem ia  i n  a p re g n a n t  woman, h a s  l i t t l e  

i n f l u e n c e  on th e  c o u rs e  of i r o n  t h e r a p y .  When th e  14 

c a s e s  o f  s e v e re  anaem ia w i th  symptoms o f  m ild  g a s t r o  

i n t e s t i n a l  u p s e t  were a n a ly se d  a s  a b o v e ,  th e  “ c u rv e ” 

was n o t  s t r i k i n g  and c o m p le te ly  a t y p i c a l  (G hart  3 i ) .

The a v e ra g e  haem og lob in  i n c r e a s e  d u r in g  th e  f i r s t  month 

was th e  h i g h e s t  r e c o rd e d  f o r  th e  whole s e r i e s  v i z .  1 2 .9  

p e r  c e n t  S a h l i ,  b u t  t h e r e a f t e r ,  t r e a tm e n t  w i th  i r o n  

seemed t o  have l i t t l e ,  i f  a n y ,  e f f e c t  on th e  h aem oglob in  

l e v e l s  o f  t h e s e  p a t i e n t s ,  a s  th e  haem oglob in  in c re m e n ts  

d u r in g  t h e  2 n d ,  3 rd  and 4 th  m onths were 3 .1  p e r  c e n t ,

1 . 7 p e r  c e n t  and 1 .4  p e r  c e n t  S a h l i  r e s p e c t i v e l y .  These



f o u r t e e n  c a s e s  would t h e r e f o r e  a c c o u n t  f o r  t h e  a p p a r e n t  

i n a d e q u a t e  r e s p o n s e  o f  th e  34 s e v e re  anaem ias  a n a ly s e d  

o r i g i n a l l y  and would m odify  th e  g ra p h  a c c o r d in g ly  i n  t h i s  

s e r i e s  (G h a r t  3 b ) .  Because o f  t h e i r  v e ry  s a t i s f a c t o r y  

r e s p o n s e  to  i r o n  th e ra p y  i n  th e  f i r s t  m onth , th e y  

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

a s  h a v in g  im p ro v ed , b u t  when haem oglob in  r e a d i n g s  were 

r e p e a t e d  d u r in g  th e  2nd 3rd  and 4 th  m o n th s ,  i t  was found 

t h a t  l i t t l e  f u r t h e r  improvement o c c u r r e d  d e s p i t e  th e  

c o n t in u a n c e  o f  i r o n  th e ra p y  i . e .  a " p l a t e a u ” i n  

h a em o g lo b in  l e v e l s  had been  r e a c h e d .  S e v e ra l  t e n t a t i v e  

c o n c l u s i o n s  can  be drawn from th e s e  r e s u l t s .  F i r s t l y  

t h e s e  14 p a t i e n t s  p ro b a b ly  had an i r o n  d e f i c i e n c y  o r  

th e y  would n o t  have shown such  a s t r i k i n g  r e s p o n s e  t o  

i r o n  th e ra p y  i n i t i a l l y .  S ince  t h i s  r e s p o n s e  was h ig h e r  

i n  th e  1 s t  m onth th a n  t h a t  shown by t h e  s e r i e s  o f  20 

" p u r e  a n a e m ia s " ,  a t  s i m i l a r  haem oglob in  l e v e l s ,  t h e  

i r o n  was p ro b a b ly  ab so rb ed  e f f i c i e n t l y ,  i . e .  th e  g a s t r o 

i n t e s t i n a l  c o m p la in t  w hether  i t  was m orn ing  s i c k n e s s ,  

h e a r t b u r n ,  n a u se a  o r  c o n s t i p a t i o n  d id  n o t  p r e v e n t  th e  

a b s o r p t i o n  o f  i r o n .  T h i r d l y ,  when th e  " p l a t e a u "  was 

r e a c h e d  and no f u r t h e r  improvement o c c u r r e d ,  two 

h y p o t h e s i s  can  be p o s t u l a t e d ,

( a )  t h a t  a b re a k  o c c u r re d  i n  th e  "mechanism" o f  i r o n  

a b s o r p t i o n ,  t r a n s p o r t a t i o n  o r  u t i l i z a t i o n  o r



(b )  t h a t  t h e  i r o n  d e f i c i e n c y  h a v in g  been  r e c t i f i e d  and 

th e  body s t o r e s  s a t i s f i e d  a n o th e r  d e f i c i e n c y  had become 

a p p a r e n t .  T hese  h y p o th e s i s  w i l l  be d i s c u s s e d  l a t e r  i n  

t h i s  t h e s i s .

When t h e  r e s p o n s e  to  t r e a tm e n t  was b e in g  

c o n s id e r e d  i n  th e  112 p a t i e n t s ,  who im proved a s  a r e s u l t  

o f  i r o n  t h e r a p y ,  i t  was n o te d  t h a t  20 o f  th e  p a t i e n t s  

showed a d e la y e d  r e s p o n s e  to  i r o n .  D u rin g  th e  f i r s t  

m onth t h e  im provem ent i n  each  c a s e  and t h e  a v e ra g e  f o r  

t h e  g roup  was l e s s  th a n  -  5 p e r  c e n t  S a h l i .  T h e r e a f t e r  

t h e  h aem o g lo b in  r o s e  s a t i s f a c t o r i l y ,  18 o f  th e  p a t i e n t s  

r e a c h i n g  n o rm al  haem oglob in  l e v e l s  b e fo r e  d e l i v e r y .

The in c id e n c e  o f  " p u re  a n a e m ia s " ,  c a s e s  c o m p l ic a te d  by 

g a s t r o  i n t e s t i n a l  u p s e t  and by i n f e c t i o n  was found  to  

be  t h e  same i n  t h i s  s e r i e s  a s  f o r  t h e  whole g ro u p .

(T ab le  V I I . )  T h e re fo re  th e  c a s e s  o c c u r r e d  p r o p o r t i o n a t e l y  

th ro u g h o u t  and i n  no way would u p s e t  p r e v io u s  

o b s e r v a t i o n s .  The i n c id e n c e  o f  s e v e re  anaem ia  was 20 

p e r  c e n t  compared w i th  30 p e r  c e n t  i n  th e  whole s e r i e s  

b u t  a s  t h e  num bers i n  t h i s  group were s m a l l ,  t h i s  i s  

o f  d o u b t f u l  s i g n i f i c a n c e .  The a v e ra g e  d u r a t i o n  o f  

p reg n an cy  a t  th e  f i r s t  v i s i t  to  th e  c l i n i c  was 

a p p ro x im a te ly  t h a t  o f  th e  whole s e r i e s .  Thus i t  would 

a p p e a r  t h a t  n e i t h e r  t h e  in c id e n c e  o f  m ild  g a s t r o  

i n t e s t i n a l  u p s e t ,  i n f e c t i o n  o r  o f  s e v e re  anaem ia o r  th e



d u r a t i o n  o f  p reg n an cy  co u ld  su pp ly  s i g n i f i c a n t  c a u se  f o r  

t h e  d e la y e d  r e s p o n s e  t o  th e r a p y .  The a v e ra g e  haem oglob in  

i n c r e a s e  p e r  m onth was c a l c u l a t e d  a s  b e fo r e  and a g ra p h  

draw n (C h a r t  3 j ) • I t  w i l l  be se en  t h a t  t h e  a v e ra g e  r i s e  

i n  h a em o g lo b in  d u r in g  th e  1 s t  m onth was 2 .5  p e r  c e n t ,  

t h a t  i t  r o s e  s h a r p ly  to  5 .9  p e r  c en t  i n  t h e  2nd month 

and  t h e r e a f t e r  by g e n t l e  r i s e s  to  7 .2  p e r  c e n t  a t  the  

4 t h  m on th . Why t h i s  d e la y  i n  r e s p o n s e  sh o u ld  o c c u r  i s  

d i f f i c u l t  to  s a y .  No o b v io u s  c au se  co u ld  be found  bu t 

b e f o r e  any o p in io n  can  be g iv en  i n v e s t i g a t i o n s  w i l l  

have  t o  be c a r r i e d  o u t  on a l a r g e r  s e r i e s  o f  p a t i e n t s  

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

g a s t r i c  s e c r e t i o n  by r o u t i n e  t e s t  m eal e x a m in a t io n s ,  o f  

t h e i r  r a t e  o f  a b s o r p t io n  o f  i r o n  by p lasm a i r o n  

e s t i m a t i o n s  and o f  t h e i r  h a em o p o ie s is  by marrow b io p s y .  

CROUP B.

As s t a t e d  p r e v io u s ly  t h i s  g roup  c o n s i s t e d  o f  

tw e n ty  s i x  p a t i e n t s  who f a i l e d  t o  re s p o n d  to  i r o n  

t h e r a p y .  A ltho ugh  a t  f i r s t  s i g h t  th e y  m ig h t  a l l  be 

c l a s s i f i e d  a s  " r e s i s t a n t ' 1 to  t r e a t m e n t ,  c l o s e r  s c r u t i n y  

su g g e s te d  p o s s i b l e  r e a s o n s  f o r  t h e i r  a p p a re n t  r e s i s t a n c e  

i n  many o f  th e  c a s e s .

T h i r t e e n  o f  t h e  c a se s  r e c e iv e d  t r e a tm e n t  f o r  o n ly  

one m o n th , and a s  has  a l r e a d y  been  n o te d  u n d er  Group A, 

many c a s e s  o f  anaem ia show a d e la y  i n  r e s p o n s e  d u r in g  th e



f i r s t  m onth  o f  t r e a t m e n t .  I t  does n o t  a p p e a r  j u s t i f i a b l e  

t h e r e f o r e ,  t o  s t a t e  t h a t  t h e r e  was d e f i n i t e  r e s i s t a n c e  to  

t r e a tm e n t  i n  t h e s e  p a t i e n t s .

Of th e  r e m a in d e r ,  f i v e  c a s e s  had some c o m p la in t  

i n  a d d i t i o n  t o  a n a e m ia .  Two p a t i e n t s  had m o d e ra te ly  

s e v e r e  i n f e c t i o n s  n e c e s s i t a t i n g  c o n fin e m e n t to  bed a n d ,  

a s  h a s  b e en  shown by Pepper 1927, W in trobe  1942 , S a i f i  

and Vaughan 1 944 , C a r tw r ig h t  e t  a l . 1 9 4 6 ,  t h e s e  p a t i e n t s  

do n o t  r e s p o n d  to  i r o n  th e ra p y  w h ile  th e  i n f e c t i v e  

p r o c e s s  i s  a c t i v e .  I n  t h e s e  c a s e s  th e  i n f e c t i o n  

p e r s i s t e d  o v e r  a  p e r io d  o f  s e v e r a l  m onths and would 

a c c o u n t  f o r  th e  f a i l u r e  to  re sp o n d  to  i r o n .  Of th e  

r e m a in in g  t h r e e ,  two p a t i e n t s ,  one o f  whom was 

s e v e r e l y  a n a e m ic ,  had m ild  g a s t r o  i n t e s t i n a l  d i s o r d e r s  

and th e  t h i r d ,  a m i ld  p y u r i a .  A l l  t h r e e  were t r e a t e d  

a s  o u t - p a t i e n t s .  I n  t h e  c a s e  o f  th e  p a t i e n t  w i th  

s e v e re  anaem ia  one m igh t r e a s o n a b ly  have  e x p e c te d  a  

m o d if ie d  r e s p o n s e  to  th e ra p y  w i th  th e  L -shaped  cu rv e  

o f  in c r e m e n ts  shown by s i m i l a r  p a t i e n t s  i n  group A, 

b u t  none o f  t h e  t h r e e  shou ld  have been  c o m p le te ly  

r e s i s t a n t  to  t r e a t m e n t .

A t h i r d  g roup  o f  t h r e e  p a t i e n t s  w i th  no o t h e r  

c o m p la in t  beyohd a n ae m ia , f a i l e d  t o  re sp o n d  to  i r o n  

t h e r a p y ,  even  when c o n t in u e d  o ve r  a p e r io d  o f  s e v e r a l  

m o n th s .  A l l  had com ple te  i n v e s t i g a t i o n s  o f  t h e i r



p e r i p h e r a l  b lo o d ,  b u t  i n  each  c a s e  th e  p i c t u r e  was t h a t  

o f  a n o rm o c y t ic  hypochrom ic  a n a e m ia .  One o f  t h e s e  p a t i e n t s  

was a d m i t te d  t o  h o s p i t a l  and re sp o n d e d  to  i r o n  th e r a p y  

soon a f t e r  a d m is s io n .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  t h i s  

p a t i e n t  d e t e r i o r a t e d  a f t e r  l e a v in g  h o s p i t a l  and i n  a 

s u c c e e d in g  p regn ancy  h e r  haem oglob in  was re d u c e d  to  45 

p e r  c e n t  S a h l i  and h e r  bone marrow c o n ta in e d  m e g a l o b l a s t s ,

T hese  t h r e e  g ro u p s  a c c o u n t  f o r  tw en ty  one o f  the  

tw e n ty  s i x  p a t i e n t s .  The re m a in in g  f i v e  m ust be o m i t te d  

f o r  s e v e r a l  r e a s o n s .  T hree  were u n c o - o p e r a t i v e  and i t  i s  

d o u b t f u l  i f  th e y  to o k  th e  i r o n  m ix tu re  p r e s c r i b e d  

r e g u l a r l y .  The re m a in in g  two had i n i t i a l  h aem og lob in  

r e a d i n g s  o f  55 p e r  c e n t  and 57 p e r  c e n t  r e s p e c t i v e l y  and 

a l t h o u g h  n e i t h e r  showed an i n c r e a s e  o f  more th a n  5 p e r  

c e n t  o v e r  th e  whole p e r io d  o f  t r e a t m e n t ,  i t  was n e v e r t h e 

l e s s  s u f f i c i e n t  t o  l i f t  them i n t o  th e  r a n g e  o f  low 

n o r m a l s ,  i n  w hich c a s e  th ey  m igh t be i n c a p a b le  o f  f u r t h e r  

r e s p o n s e .

Thus o f  t h e  t o t a l  o f  tw en ty  s i x  p a t i e n t s  s i x  

c o u ld  be d e f i n i t e l y  d e s c r ib e d  a s  " r e s i s t a n t "  to  t r e a t 

ment •

GROUP C . ,

Of t h e  two p a t i e n t s  who d e t e r i o r a t e d  one showed 

no r e s p o n s e  t o  i r o n  th e ra p y  and d e v e lo p ed  d i a r r h o e a  and 

v o m it in g  i n  th e  9 th  m o n th -o f  p re g n a n c y ,  d e t e r i o r a t i n g



t h e r e a f t e r .  The o t h e r  p a t i e n t  r e c e iv e d  i r o n  a s  an  o u t 

p a t i e n t  f o r  two m o n th s ,  d u r in g  which tim e  th e  haem og lob in  

f e l l  8 p e r  c e n t .  She was a d m i t te d  to  h o s p i t a l  a week 

b e f o r e  te rm  and was g iv e n  i r o n  i n  l a r g e  d o s e s ,  b u t  no 

im provem ent was r e c o r d e d  tho u g h  th e  b lo o d  p i c t u r e  was 

t y p i c a l  o f  a  m i c r o c y t i c  hypochrom ic a n a e m ia .

I n  v iew  o f  th e  se v e re  g a s t r o  I n t e s t i n a l  d i s o r d e r  

i n  th e  f i r s t  c a s e ,  i t  i s  n o t  c e r t a i n  i f  t h i s  p a t i e n t  was 

r e s i s t a n t  to  i r o n  t h e r a p y .  The second p a t i e n t  o b v io u s ly  

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

i r o n  th e r a p y  up to  se v e n .

DISCUSSION.

The i n c i d e n c e  o f  anaem ia i n  p re g n a n t  women would a p p e a r  

t o  v a ry  c o n s id e r a b ly  th ro u g h o u t  G re a t  B r i t a i n .  R e c e n t  

s u rv e y s  have  shown e s t im a t i o n s  a s  low a s  3 .9  p e r  c e n t  

i n  A berdeen  ( F u l l e r t o n  e t  a l  1944) and as  h ig h  a s  1 6 .8  

p e r  c e n t  i n  London (H am ilton  and W righ t 1 9 4 2 ) .  Even 

r e p o r t s  from  th e  same a re a  v a r y .  In  a su rv e y  o f  women 

a t t e n d i n g  a London a n t e - n a t a l  c l i n i c  (Thomas 1942) 

fo u nd  a 50 p e r  c e n t  i n c id e n c e  o f  anaemiaamong h i s  

p a t i e n t s  i n  th e  l a t e r  months o f  p re g n a n c y .  I n  th e  

E d in b u rg h  su rv e y  1942 D avidson  e t  a l  e s t im a te d  t h e  

I n c id e n c e  o f  anaem ia  a s  24 p e r  c e n t , b u t  a more r e c e n t  

su rv e y  would s u g g e s t  t h a t  t h i s  f i g u r e  i s  to o  h ig h  

(D av idson  e t  a l  1 9 4 4 )* —



I n  1943 a g e n e r a l  su rv e y  o f  th e  whole o f  G re a t  

B r i t a i n  was c a r r i e d  ou t by th e  M ed ica l  R e s e a rc h  c o u n c i l .  

The r e s u l t s  o f  t h i s  su rvey  p u b l i s h e d  i n  1945 , show an  

a v e ra g e  i n c i d e n c e  o f  anaem ia o f  6 .7  p e r  c e n t  among 

p r e g n a n t  women.

None o f  th e  r e c e n t  su rv e y s  h a s  c o v e re d  an 

i n d u s t r i a l  a r e a  com parab le  w i th  Glnsgow and C ly d e s id e .  

A lth o u g h  s e v e r a l  s e r i e s  were r e p o r t e d  p r i o r  to  1939 , 

t h e s e  may n o t  be a p p l i c a b l e  owing to  changed c irc u m 

s t a n c e s  a s  a r e s u l t  o f  th e  war and i t s  a f t e r m a t h .  Of 

t h e s e  B o y co tt  (1936) i n  a su rvey  o f  222 p a t i e n t s  

a t t e n d i n g  an  a n t e - n a t a l  c l i n i c  found 11 p e r  c e n t  o f  the  

women had  haem o g lob in  r e a d in g s  l e s s  th a n  70 p e r  c e n t  

H a ld a n e .  Meyer -  W eddell (1943) re v ie w e d  a s e r i e s  o f  105 

women a t t e n d i n g  a London c l i n i c  be tw een  1936 and 1939 and 

r e p o r t e d  a  16 p e r  c e n t  i n c id e n c e  o f  a n a e m ia .  W hereas R e id  

and M a ck in to sh  (1937) i n  a ve ry  much l a r g e r  s u r v e y ,  

i n c l u d i n g  1100 women, gave th e  f i g u r e  a s  10 .2  p e r  c e n t .

The m ost r e c e n t  su rv e y s  have d e a l t  w i th  se ra i-  

i n d u s t r i a l  a r e a s  o r  c e r t a i n  c l a s s e s  i n  i n d u s t r i a l  a r e a s .  

The su rv e y s  o f  D avidson  e t  a l  1942 and 1944 and F u l l e r t o n  

e t  a l  1944 b e lo n g  to  t h e  fo r m e r ,  w hereas t h e  su rv ey  o f  

H am ilto n  and W right 1942, which d e a l t  w i th  th e  u p p e r  

a r t i s a n  and low er m id d le  c l a s s e s  was an  example o f  t h e  

l a t t e r .



The r e s u l t s  o f  the  p r e s e n t  su rv e y  show a h i g h  

i n c i d e n c e  o f  a n a e m ia .  Taking  100 p e r  c e n t  Haldane a s  

e q u i v a l e n t  t o  1 3 .8  gms haem oglob in  p e r  c e n t  and c o n v e r t i n g  

t h e  S a h l i  r e a d i n g  t o  a H a ld a n e ,  i t  can  be s a i d  t h a t  17 .6  

p e r  c e n t  o f  t h e  women had haem oglob in  r e a d i n g s  l e s s  t h a t  

70 p e r  c e n t  Haldane* R e f e r e n c e  to  t h e  group o f  11 low 

n o rm a ls "  h o w e v e r ,  w i l l  r e v e a l  t h a t  2 9 .4  p e r  c e n t  o f  th e  

p a t i e n t s  i n  t h i s  group  u l t i m a t e l y  became anaemic and a 

f u r t h e r  1 8 .8  p e r  c e n t  had r e a d i n g s  below 60 p e r  c e n t  a t  

one t im e  i n  t h e i r  p regnancy  th ou g h  th e y  d i d  n o t  d e v e lo p  

a n a e m ia .  I t  w i l l  be seen  t h a t  o f  a l l  t h e  women a t t e n d i n g  

t h e  c l i n i c  f o r  t h e  f i r s t  t i m e ,  which on t h e  a v e r a g e  i s  

be tw een  t h e  f i f t h  and s i x t h  month o f  p r e g n a n c y ,  t h o s e  

w i t h  haem o g lo b in  r e a d i n g s  l e s s  t h a n  60 p e r  c e n t ,  

d i a g n o s e d  as  a n a e m ia s ,  w i l l  n o t  i n c l u d e  t h e  2 9 .4  p e r  c e n t  

who u l t i m a t e l y  became an aem ic ,  b u t  may i n c l u d e  t h e  1 8 .8  

p e r  c e n t ,  who t e m p o r a r i l y  showed haem oglob in  r e a d i n g s  

below 60 p e r  c e n t .  From t h e s e  r e s u l t s  i t  can  be deduced 

t h a t  1 0 .6  p e r  c e n t  o f  th e  " low norm al  g ro u p  w i l l  d e v e lo p  

anaemia  and t h i s  c o r r e c t i o n  added t o  t h e  o r i g i n a l  

e s t i m a t i o n  g i v e s  an amended f i g u r e  o f  2 0 . 1  p e r  c e n t  i . e .

2 0 . 1  p e r  c e n t  o f  t h e  p a t i e n t s  s e en  f o r  t h e  f i r s t  t im e  a t  

c l i n i c  a r e  l i k e l y  t o  b e ,  o r  w i l l  become an aem ia .

T h ree  l a r g e  su rv e y s  have been  c a r r i e d  o u t  i n



r e c e n t  y e a r s  and t h e  r e s u l t s  a s  w e l l  as  v a r y i n g  from 

t h e  a b o v e ,  d i f f e r  w id e ly  from each  o t h e r .  (Davidson  e t  a l  

1942 and 1944) ( F u l l e r t o n  e t  a l  1944) (H am il ton  and 

W right  1942) Dav idson  e t  a l  and Ham il ton  and W right  

d e a l t  w i t h  p a t i e n t s  o u t w i th  t h e  c l a s s  a t t e n d i n g  th e  o u t 

p a t i e n t  d e p a r tm e n t  i n  Glasgow, and i n  many ways t h e i r  

r e s u l t s  a r e  n o t  comparable  w i t h  t h o s e  i n  Glasgow. 

F u l l e r t o n  on t h e  o t h e r  h an d ,  drew h i s  p a t i e n t s  from th e  

p o o r e r  c l a s s e s  and w i th  th e  s t a n d k r d i s a t i o n  o f  d i e t  

and income which h as  o c c u r r e d  i n  r e c e n t  y e a r s ,  i t  m igh t  

have  b e e n  e x p e c te d  t h a t  h i s  s e r i e s  would have b e en  

c o m p a r a b le .  I f  t h i s  was s o ,  t h e n  any d i f f e r e n c e  between 

t h e  p a t i e n t s  i n  Aberdeen and Glasgow would be 

e n v i r o n m e n t a l  and Glasgow1 s slums a r e  c e r t a i n l y  worse 

t h a n  A berdeen1s .  However, i t  i s  g e n e r a l l y  a d m i t t e d  

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

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

c i r c u m s t a n c e s  i s  o b v io u s ly  i m p o r t a n t  and a s u r v e y ,  

eco n om ic ,  d i e t a r y  and s o c i a l  o f  t h e  p a t i e n t s  a t t e n d i n g  

t h e  o u t - p a t i e n t  d e p a r tm e n t s  i s  i n  p r o g r e s s .  So f a r  i t  

can  be s a i d  t h a t  o f  a sm a l l  s e r i e s ,  s e l e c t e d  a t  random, 

o f  p a t i e n t s  a t t e n d i n g  the  o u t - p a t i e n t  d e p a r t m e n t ,  th e  

a v e r a g e  income p e r  h e a d ,  a f t e r  r e n t ,  c o a l ,  g a s ,  

i n s u r a n c e  commitments e t c . ,  have been  d e d u c t e d ,  i s  

2 5 / 3 ,  w i t h  v a l u e s  r a n g i n g  from 1 2 / -  t o  4 5 / - .  S ince



t h e  v a l u e  o f  money i s  g e n e r a l l y  r e g a r d e d  as  o n ly  one t h i r d  

o f  what i t  was p r e - w a r ,  t h e s e  f i g u r e s  c a n n o t  be compared 

d i r e c t l y  w i t h  t h o s e  o f  McGance e t  a l  ( 1 9 3 8 ) .  P o s s i b l y  

t h e i r  l o w e s t  income group o f  6 / -  p e r  head w i l l  be 

com parab le  w i t h  t h e  1 2 / -  p e r  head group o f  t h e  p a t i e n t s  

a t  p r e s e n t  a t t e n d i n g  th e  o u t - p a t i e n t  d e p a r t m e n t .

Most w a r - t im e  su rv e y s  show a d im in i s h e d  i n c i d e n c e  

o f  anaemia  a s  compared w i t h  p re -w a r  y e a r s  (Davidson  e t  a l  

1935 ,  F u l l e r t o n  e t  a l  1944,  Davidson e t  a l  1942 ,  and 

D av idson  e t  a l  1 9 4 4 ) .  I n  Aberdeen,  F u l l e r t o n  r e p e a t e d  

t h e  su rv e y  o f  1935.  The r e s u l t s  showed a s t r i k i n g  

d e c r e a s e  i n  t h e  i n c i d e n c e  o f  anaemia among p r e g n a n t  

women. The a v e r a g e  haem oglobin  had r i s e n  from 7 8 . 1  p e r  

c e n t  Haldane  t o  8 2 .6  p e r  c e n t  and on ly  3 . 9  p e r  c e n t  o f  

t h e  women now had r e a d i n g s  below 70 p e r  c e n t  H a ld a n e ,  

compared w i t h  1 7 .5  p e r  c e n t  b e f o r e .  I n  E d in bu rgh  1942, 

D av id son  found  t h a t  o f  570 p r e g n a n t  women 24 p e r  c e n t  

had haem og lo b in  r e a d i n g s  below 70 p e r  c e n t  Haldane  and 

o n ly  two y e a r s  l a t e r ,  t h e  same o b s e r v e r s  were a b l e  t o  

r e p o r t  an  a v e r a g e  r i s e  i n  haem oglob in  o f  9 . 8  p e r  c e n t  

o v e r  t h e  p r e v i o u s  r e a d i n g .  This  second group  was 

s m a l l e r  and th e  i n c i d e n c e  o f  anaemia was n o t  g i v e n ,  b u t  

th ey  were a b l e  t o  say t h a t  th e  i n c r e a s e  i n  the  a v e ra g e  

haem og lob in  r e a d i n g  was m ain ly  due to  an  improvement i n  

t h e  women w i t h  haemoglobin  r e a d i n g s  l e s s  t h a n  70 p e r



c e n t  H a l d a n e ,  i . e .  t h e  d e g re e  o f  anaemia was l e s s  s e v e r e  

i n  1944 .

C o n f l i c t i n g  r e p o r t s  have been  made by o b s e r v e r s  

i n  o t h e r  p a r t s  o f  t h e  c o u n t r y .  R e id  and M a ck in to sh !  1937) 

i n  a su rv e y  o f  1100 women i n  London found an i n c i d e n c e  

o f  anaem ia  o f  1 0 .2  p e r  c e n t .  Kay and A ls to n  (1941) i n  a 

su rvey  o f  2205 women i n  th e  y e a r s  1936 to  1939 gave th e  

f i g u r e  a s  5 . 3  p e r  c e n t .  O ther  r e p o r t s  have been  

p u b l i s h e d  b u t  t h e  numbers s t u d i e d  have  been  r a t h e r  sm a l l  

t o  have  any g e n e r a l  a p p l i c a t i o n  (Mackay 1935 ,  McCance 

1938 ,  Meyer-W eddel l  1943, B o y c o t t  1956,  S i n c l a i r  1 9 4 2 ) .  

The M ed ica l  R e s e a r c h  C o u n c i l  rev ie w ed  a l l  t h e s e  s u rv e y s  

and p u b l i s h e d  a r e p o r t  (1945) o f  t h e  haem og lob in  l e v e l s  

i n  G r e a t  B r i t a i n  i n  1943.  T h e i r  r e s u l t s  f o r  p r e g n a n t  

women showed a mean haem oglob in  r e a d i n g  h i g h e r  t h a n  

t h o s e  o f  Aberdeen 1935 and Edinburgh  1942,  a g r e e i n g  

c l o s e l y  w i t h  t h o s e  o f  Edinburgh  1944 and s l i g h t l y  

be low  t h e  o p t im a l  p r e - w a r  r e a d i n g s  o f  McCance (1 9 3 8 ) .

I n  s h o r t ,  i t  would a p p e a r  t h a t  th e  i n c i d e n c e  o f  

anaem ia  i n  p o o r e r  c l a s s  women a t t e n d i n g  a n t e - n a t a l  

c l i n i c s  h a s  f a l l e n  s i n c e  1942,  b u t  i t  would a p p e a r  t o  

h ave  i n c r e a s e d  a t  t h e  same t im e  among t h e  a r t i s a n  

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

t h a t  th e  i n t r o d u c t i o n  o f  th e  n a t i o n a l  wheat l o a f  has  

r a i s e d  th e  i r o n  i n t a k e  o f  t h e  p o o r e r  c l a s s e s  (Davidson



e t  a l  1944) F u l l e r t o n  e t  a l  1944) whereas  r a t i o n i n g  has  

r e s t r i c t e d  t h e  d i e t  o f  th e  a r t i s a n  c l a s s e s .  (Ham il ton  and 

W righ t  1 9 4 2 ) .

C o n co m itan t  w i t h  t h e  i n t r o d u c t i o n  o f  t h e  n a t i o n a l  

wheat  m ea l  l o a f  be tween th e  y e a r s  o f  D a v id so n 1s s u r v e y s  

i n  E d in b u r g h ,  i t  was f e l t  t h a t  t h e r e  m igh t  be a n o th e r  

f a c t o r  which  would p rove  s i g n i f i c a n t .  Dur ing  1944,  

f o r c e s  were b e in g  massed i n  N or th  A f r i c a ,  t h e  

M e d i t e r r a n e a n ,  i n  I t a l y  and on th e  s o u t h  c o a s t  o f  England 

f o r  t h e  i n v a s i o n  o f  E u rop e .  Many men were  t h e r e f o r e  away 

from home and i t  was th o u g h t  t h a t  a co n seq u e n t  d e c l i n e  i n  

t h e  b i r t h  r a t e  o v e r  t h a t  p e r io d  m ig h t  r e d u c e  t h e  i n c i d e n c e  

o f  anaemia  a t  t h a t  t i m e .  When t h e  r e g i s t r a r  g e n e r a l * s  

r e p o r t s  f o r  1936 t o  1946 were s t u d i e d ,  ho w ev er ,  th ey  showed 

t h a t  f o r  S c o t l a n d ,  t h e  b i r t h  r a t e  had rem ained  f a i r l y  

s t e a d y  from 1937 onwards t i l l  1944, when i t  began to  r i s e  

s l o w l y ,  w h e reas  i n  E n g la n d ,  t h e  b i r t h  r a t e  had been  r i s i n g  

s t e a d i l y  f rom 1941 onw ards .  From t h e s e  f i n d i n g s  i t  would 

a p p e a r  t h a t  t h e  b i r t h  r a t e  had no b e a r i n g  on t h e  i n c i d e n c e  

o f  anaemia  i n  t h e  m o th e r s .

No p r e - w a r  su rvey  on which to  b a s e  a  com par iso n  i s  

a v a i l a b l e  f o r  Glasgow and t h e r e f o r e  no c o n c l u s i o n  can be 

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

i n  t h e  c l a s s  o f  m o th e r s  t a k e n  f o r  t h i s  s u r v e y ,  c e r t a i n l y  

e n v i r o n m e n ta l  c o n d i t i o n s  a r e  no b e t t e r  i n  Glasgow s i n c e



t h e  w a r ;  i f  a n y t h i n g  th ey  a r e  w o rse .  D ie t  may he a f a c t o r

a s  s u p p o r t e d  hy ( F u l l e r t o n ,  1944 D av id so n ,  1 9 4 4 ) .  However

i t  can be s a i d  t h r t  d u r in g  t h e  y e a r s  1946 and 1947 t h e
*

i n c i d e n c e  o f  anaemia was s t a t i c  i n  Glasgow, t h a t  t h e  

l e v e l s  a t  which  i t  rem a ined  were f a r  from s a t i s f a c t o r y ,  

and t h a t  t h e  i n c i d e n c e  o f  s e v e r e  anaemia was e x c e p t i o n a l l y  

h i g h .  P ro b a b ly  env ironm ent  p l a y s  t h e  m a jo r  p a r t  i n  su c h  

c o n d i t i o n s ,  b u t  p r o o f  o f  t h i s  a w a i t s  t h e  c o m p le t io n  o f  our  

su rvey  m en t ion ed  p r e v i o u s l y .

Though th e  i n c i d e n c e  of  anaemia d u r in g  1946 and 

1947 was f a i r l y  c o n s t a n t ,  i t  hos  been shown t h a t  t h e  

a v e r a g e  m onth ly  haem oglob in  r e a d i n g  te n d e d  to  r i s e  i n  

summer t im e  and f a l l  i n  w i n t e r .  Why t h e  peak  o f  t h i s  

c u rv e  sh o u ld  o c c u r  i n  August ,  1946 and i n  May, 1947 i s  

d i f f i c u l t  t o  e x p l a i n ,  b u t  i t  i s  i n t e r e s t i n g  to  n o t e  t h a t  

i n  J u l y ,  August ,  and Septem ber ,  1947, t h e  w e a th e r  was 

e x c e p t i o n a l l y  warm, t o  t h e  e x t e n t  o f  b e in g  o p p r e s s i v e  t o  

some o f  t h e s e  women l i v i n g  i n  c l o s e l y  p o p u l a t e d  d i s t r i c t s  

o f  t h e  c i t y ,  i n  a su rvey  of  haem oglob in  l e v e l s  i n  s c h o o l  

c h i l d r e n  i n  1942,  1943,  and 1944 Davidson  e t . a l  (1944) 

p u b l i s h  a g ra p h  o f  t h e  haemoglobin  r e a d i n g s  t a k e n  i n  th e  

same c h i l d r e n  i n  March,  June and December,  1943.  I t  i s  

i n t e r e s t i n g  t d  n o t e  t h a t  f o r  1943 th e  a v e r a g e  r e a d i n g  

f o r  June  i s  h i g h e r  t h a n  e i t h e r  t h a t  o f  l a r c h  o r  December 

i . e .  a s i m i l a r  peak  was r e a c h e d  i n  t h e  summer t i m e .



The s i g n i f i c a n c e  o f  age and p a r i t y  as  f a c t o r s  i n  

t h e  c a u s a t i o n  o f  anaemia i n  p r e g n a n t  women h a s  lo n g  b een  

a p ro b lem  f o r  d i s c u s s i o n .  Mackay (1935) th o u g h t  t h a t  age 

had  no i n f l u e n c e  on t h e  i n c i d e n c e  o f  a n a e m ia ,  D av idson  

(1935)  found t h a t  t h e  p e r c e n t a g e  o f  anaem ias  r o s e  d u r i n g  

t h e  c h i l d - b e a r i n g  p e r i o d  a s  t h e  age r o s e .  B oyco t t  (1936) 

and R e id  and M ack in to sh  (1937) a g re e d  w i t h  MacKay. On 

th e  o t h e r  hand F u l l e r t o n  (1936 ( a )  ) was o f  t h e  o p i n i o n  

t h a t  th e  a v e r a g e  haem oglobin  o f  n o n - p r e g n a n t  and p r e g n a n t  

women f e l l  g r a d u a l l y  th ro u g h o u t  r e - p r o d u c t i v e  l i f e ,  and 

t h a t  t h i s  downward g r a d i e n t  was p a r a l l e l  i n  e ac h  g r o u p ,  

t h e  p r e g n a n t  women h a v in g  r e a d i n g s  5 p e r  c e n t  below th e  

n o n - p r e g n a n t  due to  t h e  e x i s t a n c e  of  h y d r a e m ia .  A f t e r  

t h e  menopause  he found t h a t  th e  haem oglob in  r o s e  once 

more and a p p ro x im a te d  i n  b o th  g r o u p s .  I n  a more r e c e n t  

s u r v e y ,  F u l l e r t o n  e t .81(1944)  found no d e c r e a s e  i n  th e  

a v e r a g e  haem og lob in  l e v e l  i n  th e  o l d e r  age g r o u p s ,  and 

i n  t h i s  r e v i s e d  o p i n io n  he ag re ed  w i th  Davidson  e t . a l .  

( 1 9 4 2 ) .  The M ed ica l  R e s e a r c h  C o u n c i l  survey  f o r  1943 

(1945)  ho w ev er ,  found r e s u l t s  s i m i l a r  t o  t h o s e  o f  

D av id son  ( 1 9 3 5 ) .  With such a v a r i e t y  o f  o p i n i o n s  

e x p r e s s e d  even  by t h e  same a u t h o r s ,  i t  i s  d i f f i c u l t  t o  

come t o  any c o n c l u s i o n  when th e  l i t e r a t u r e  i s  r e v i e w e d .  

More r e c e n t  work by Roscoe and Donaldson  (1946 a & b) 

would s u g g e s t  t h a t  o l d e r  women show a r e l a t i v e l y  g r e a t e r
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i n c r e a s e  i n  p lasma d u r i n g  p re g n a n c y ,  which may a c c o u n t  

f o r  t h e  low er  a v e ra g e  haem oglob in  r e a d i n g s  o b t a i n e d  i n  

t h e  o l d e r  age g ro u p s .  T h e i r  s e r i e s  o f  p a t i e n t s  was sm a l l  

however  and l a r g e r  numbers w i l l  have  t o  be i n v e s t i g a t e d *

In  t h e  p r e s e n t  su rv ey  age d id  n o t  a p p e a r  t o  be a f a c t o r
i

i n  m o d e ra te  anaemia and was on ly  s i g n i f i c a n t  i n  t h e  

s e v e r e  anaemias*  With t h i s  p o i n t  i n  v ie w ,  i t  i s  i n t e r e s t 

i n g  t o  n o t e  t h a t  s u rv e y s  w i th  a h i g h  i n c i d e n c e  of  anaemia 

such  as  D av idson  (1935) and F u l l e r t o n  (1936) showed a 

r e l a t i o n s h i p  be tw een  th e  l e v e l s  and a g e .  The su rvey  o f  

D av id son  (1942) i s  an e x c e p t i o n ,  how ever .

More agreem ent  i s  r e a c h e d  r e g a r d i n g  t h e  s i g n i f i c a n c e  

o f  p a r i t y .  R e id  and M ack in tosh  (1937) were o f  t h e  o p i n i o n  

t h a t  p a r i t y  p la y e d  a p a r t  i n  th e  deve lopm ent  o f  anaemia  

a f t e r  t h e  f i f t h  p regnancy  and where s o c i a l  c o n d i t i o n s  were 

p o o r ,  i t s  e f f e c t  m igh t  become a p p a r e n t  i n  e a r l i e r  

p r e g n a n c i e s .  Davidson (1935) however c o n s i d e r e d  p a r i t y  t o  

Igave no i n f l u e n c e  on haem oglobin  l e v e l s  and F u l l e r t o n  

(1936 a )  s t a t e d  t h a t  p a r i t y  wrs  r e a l l y  an e f f e c t  o f  

a g e .  R e c e n t  su rv e y s  su c h  as  t h o s e  o f  th e  M edica l  R e s e a r c h  

C o u n c i l  (1945) F u l l e r t o n  e t . a l  (1944) and Roscoe and 

Dona ldson  (1946) r e v e a l e d  no c o r r e l a t i o n  be tw een  haemo

g l o b i n  l e v e l s  and p a r i t y .  I n  our  p r e s e n t  su rvey  i t  h a s  

been  shown t h a t  women w i t h  norm al  haem oglob in  v a l u e s  had 

an  a v e r a g e  p a r i t y  o f  2 . 1 ,  t h a t  t h e  a v e ra g e  p a r i t y  r o s e  to



3*5 i n  women w i t h  m odera te  anaemia and t o  3 . 6  i n  women 

w i t h  s e v e r e  a n a e m ia .  S t a t i s t i c a l  a n a l y s i s  o f  t h e s e  

f i g u r e s  showed t h a t  th e  d i f f e r e n c e s  i n  t h e  a v e r a g e  

p a r i t y  o f  t h e  v a r i o u s  haem oglobin  g ro u p s  were n o t  

s i g n i f i c a n t  and t h e r e f o r e  p a r i t y  d id  n o t  a p p e a r  t o  be 

a f a c t o r  i n  t h e  c a u s a t i o n  o f  t h e  a n aem ia .

By now i t  w i l l  be seen  t h a t  many f a c t o r s  such 

a s  d i e t ,  e n v i r o n m e n t , s o c i a l  h a b i t s ,  age p a r i t y ,  e t c . ,  

have  to  be c o n s i d e r e d  when r e v i e w i n g  t h e  a e t i o l o g y  o f  

hypochrom ic  anaemia  o f  p reg n a n cy .  The m a j o r i t y  o f  

a u t h o r s  a r e  o f  t h e  o p in io n  t h a t  d i e t a r y  d e f i c i e n c y  

does  p l a y  a p a r t  i n  d e te r m in in g  th e  i n c i d e n c e  o f  

anaemia  i n  p regnancy  (Davidson a n d  F u l l e r t o n  1933,

R e id  and  M ack in to sh  1937 .  McCance 1938, Ham il ton  and 

W righ t  1 9 4 2 ) .  On t h e  o t h e r  hand Watson (1938) 

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

An i n a d e q u a t e  d i e t  i n e v i t a b l y  r e s u l t s  i n  a 

d i m i n i s h e d  i r o n  i n t a k e  which i s  now g e n e r a l l y  a c c e p te d  

a s  a f a c t o r  i n  th e  c a u s a t io n  o f  b o th  i d i o p a t h i c  

hypochrom ic  anaemia and hypochromic anaemia o f  p r e g n a n c y . 

Numerous a u t h o r s  have p u b l i s h e d  p a p e r s  on th e  d i e t a r y  

i r o n  r e q u i r e m e n t s  d u r in g  p re g n a n cy .  Goons (1932) 

c a l c u l a t e d  t h a t  14.7ngm. o f  i r o n  were n e c e s s a r y  a s  a 

d a i l y  i n t a k e  to  g iv e  a p o s i t i v e  b a la n c e  o f  3 .16  mgm.



Ohlson  and Daum (1935) a g re ed  w i th  t h e s e  r e s u l t s ,  h u t  

McCance e t . e l  (1938) c o n s i d e r e d  v a l u e s  a s  h i g h  a s  20 

mgm. d a i l y  were n e c e s s a r y .  More r e c e n t l y  t h e  N a t i o n a l  

R e s e a r c h  C o u n c i l  U .S .  A. (1947) p u t  th e  d a i l y  r e q u i r e m e n t  

a t  15 mgm. Lower t h r e s h o l d  v a l u e s  have however been 

p r o p o s e d .  F a r r a r  and Goldhamer (1936) k e p t  two women 

i n  p o s i t i v e  i r o n  b a la n c e  f o r  long p e r i o d s  on d a i l y  

i n t a k e s  o f  5 .2  mgms. and Kyer and B e t h e l l  (1936) were 

a b l e  t o  m a i n t a i n  t h e  haem oglobin  l e v e l s  o f  h e a l t h y  

young women d u r in g  th e  l a s t  t h r e e  months o f  p regnancy  

on a d i e t  s u p p ly in g  on ly  7.1mgm o f  i r o n  d a i l y .  However,  

no a c c o u n t  was t a k e n  o f  the  i r o n  s t o r e s  w h ich ,  a c c o r d i n g  

t o  coons  (1932) a r e  l a i d  down d u r in g  t h e  e a r l i e r  months 

and may have  r e l e a s e d  t h e  n e c e s s a r y  i r o n  w h i le  t h e  

h aem o g lo b in  l e v e l  was m a i n t a i n e d .  From t h e  p r a c t i c a l  

a s p e c t  Davidson  and F u l l e r t o n  (1938) were a b l e  to  show 

t h a t  t h e  m a j o r i t y  o f  women in  t h e i r  s e r i e s  were i n  

n e g a t i v e  i r o n  b a l a n c e  and t h e i r  d i e t s  were low i n  

a n im a l  p r o t e i n .  The ave rag e  d a i l y  i n t a k e  was 7 .7 1  mgm 

and a c c o r d i n g  to  Elvehjem (1935) and S h a c k le to n  and 

McCance (1936) on ly  75 p e r  c e n t  o f  t h i s  i n t a k e  was 

a v a i l a b l e  and o f  t h a t  on ly  a p o s s i b l e  50 p e r  c e n t  

c o u ld  be a s o rb e d  •

I t  s been  shown by many a u t h o r s  t h a t  t h e  

i n c i d e n c e  o f  anaemia i n  c e r t a i n  p a r t s  o f  t h e  c o u n t r y



h a s  f a l l e n  (D av idson  e t  a l . 1 9 3 5 ,  F u l l e r t o n  1944-,

D av idson  e t . a l  1942 and 1944) .  ‘T h is  improvement h a s

been  a t t r i b u t e d  t o  t h e  i n t r o d u c t i o n  o f  t h e  n a t i o n a l  l o a f ,

which h a s  r a i s e d  t h e  i r o n  i n t a k e  i n  t h e  c o u n t r y  (McCance

and Widdowson 1 9 4 0 ) .  K l a t s e i n  (1940) and Fuhr  and

S teenbock  (1943)  have shown, how ever ,  t h a t  where t h e r e

i s  an  u p s e t  i n  th e  c a l c iu m ,  phosphorus  r a t i o  and

e s p e c i a l l y  when t h e r e  i s  an i n c r e a s e d  amount o f  p h y t i c

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

when v i t a m i n  D i s  g i v e n ,  o p t i o n a l  a b s o r p t i o n  o f  i r o n  i s

m a i n t a i n e d .  I t  would t h e r e f o r e  be i n t e r e s t i n g  to

c o r r e l a t e  t h e  i n c i d e n c e  o f  anaemia n o t  o n ly  w i t h  th e

i r o n  i n t a k e  b u t  a l s o  w i t h  r e f e r e n c e  t o  t h e  c a l c i u m ,

p h o sp h o ru s  and v i t a m in  D i n t a k e .  R e s u l t s  o f  t h i s  from

o u r  s o c i a l  survey  a r e  n o t  a s  y e t  a v a i l a b l e ,  b u t  i t  i s

i n t e r e s t i n g  t o  n o te  t h a t  th e  a v e ra g e  d a i l y  i r o n  i n t a k e

o f  e i g h t  women a t t e n d i n g  th e  o u t - p a t i e n t  d e p a r tm e n t  a t

p r e s e n t  i s  16 .7  mgms. T h is  v a lu e  a c c o r d i n g  to  the

g e n e r a l l y  a c c e p t e d  s t a n d a r d s  i s  ve ry  s a t i s f a c t o r y  b u t

d e s p i t e  t h i s ,  t h e  i n c i d e n c e  o f  anaemia i n  Glasgow

a p p e a r s  t o  be much h i g h e r  t h a n  i n  the  r e s t  o f  t h e

c o u n t r y .  I t  may be t h a t  some d i e t a r y  i m b a l a n c e ,  such

a s  t h a t  su g g e s t e d  above i s  p r e s e n t .  However, f u r t h e r

i n v e s t i g a t i o n  i s  r e q u i r e d  b e f o r e  any d e f i n i t e  o p i n io n  

can  be g i v e n .



Of t h e  p a t i e n t s ,  i n  th e  " low  norm al  group" who 

were g iv e n  s p e c i a l  d i e t a r y  ad v ice  d u r i n g  t h e i r  p r e g n a n c y ,  

i t  h a s  b e en  shown t h a t  32 p e r  c e n t  im proved ,  52 p e r  c e n t  

showed no c h a n g e ,  and 16 p e r  c e n t  d e t e r i o r a t e d .  The 

p a t i e n t s  were seen  on the  a v e ra g e  be tw een  t h e  f i f t h  and 

s i x t h  months o f  pregnancy and rem a ined  under  s u p e r v i s i o n  

t i l l  t e r m .  com par ing  t h e  r e s u l t s  i n  t h i s  g roup  w i th  a 

s i m i l a r  c o n t r o l  group i t  was shown t h a t  s p e c i a l  d i e t  

i n c r e a s e d  th e  p e r c e n t a g e  improvement ,  bu t  d id  n o t  

p r e v e n t  t h e  a p p e a ra n c e  o f  an aem ia .  I t  would t h e r e f o r e  

a p p e a r  t h a t  d i e t  a lo n e  i n  th e  l a t e r  months i s  n o t  

s u f f i c i e n t  to  c o r r e c t  an anaemic s t a t e  and t h i s  would 

f u r t h e r  s u g g e s t  t h a t  t h e  s t o r a g e  a r r a n g e m e n ts  i n  t h e  

e a r l y  months o f  p regnancy  have been  u p s e t .

L i t t l e  a t t e n t i o n  h a s  been  p a i d  i n  r e c e n t  s u r v e y s  

o f  anaemia  o f  p regnancy  t o  the  h e a l t h  o f  t h e  p a t i e n t  

d u r i n g  th e  e a r l y  months o f  g e s t a t i o n .  S t r a u s s  and 

G a s t l e  (1 93 2 ,  1933) were t h e  p i o n e e r s  to  i n v e s t i g a t e  

t h e  r e l a t i o n s h i p  o f  g a s t r i c  f u n c t i o n  and anaemia  o f  

p r e g n a n c y .  They showed t h a t  th e  pH o f  t h e  upper  

i n t e s t i n a l  t r a c t  was a f a c t o r  i n  t h e  a b s o r p t i o n  o f  

i r o n ;  t h a t  75 p e r  c e n t  o f  t h e i r  c a s e s  o f  anaemia showed 

a h y p o c h l o r h y d r i a  d u r in g  pregnancy  and 80 p e r  c e n t  o f  

t h e s e  showed an i n c r e a s e d  s e c r e t i o n  o f  h y d r o c h l o r i c  

a c i d  i n  t h e  p u e rp e r iu m .  They a l s o  d e m o n s t r a te d  t h a t



a maximal  f a l l  i n  haem oglob in  o c c u r r e d  when th e  d i e t  was 

i n a d e q u a t e  and h y p o c h lo r h y d r i a  p r e s e n t .  D av ies  and 

S h e l ly  (1954)  con f i rm ed  t h e s e  r e s u l t s ,  b u t  B e th e 11 e t  a l  

(1938) found  no c o r r e l a t i o n  be tween  th e  d e g re e  o f  anaemia 

and t h e  amount o f  f r e e  a c id  s e c r e t e d .  I n  t h e  p r e s e n t  

su rv ey  i t  h a s  been  shown t h a t  g r s t r o - i n t e s t i n a l  d i s o r d e r s  

i n  t h e  e a r l y  months o f  p regnancy  o c c u r r e d  /in 48 p e r  c e n t  

o f  t h e  p a t i e n t s  i n  " low  normal" group who d e t e r i o r a t e d ,  

w hereas  o n ly  33 p e r  c e n t  o f  t h e  p a t i e n t s  who m a i n t a i n e d  

t h e i r  haem o g lo b in  l e v e l s  gave t h i s  h i s t o r y .

These f i g u r e s  were s t a t i s t i c a l l y  a n a l y s e d  and found 

t o  be s i g n i f i c a n t .  F u r t h e r ,  The Combined Textbook  o f  

O b s t e t r i c s  and Gynaecology (1944) s t a t e s  t h a t  up to  

50 p e r  c e n t  o f  p r e g n a n t  women s u f f e r  from morning  

s i c k n e s s  i n  t h e  e a r l y  months o f  p r e g n a n c y .  A h i s t o r y  

o f  g a s t r o  * i n t e s t i n a l  u p se t  i n  th e  e a r l y  months o f  

p reg nancy  was g iv e n  by 36 p a t i e n t s  s u f f e r i n g  from 

anaemia i n  t h e  l a t e r  m onths .  Of t h e s e  22  had a 

m o d era te  deg ree  o f  anaemia and r e sp o n d ed  w e l l  t o  i r o n  

t h e r a p y .  The r e m a in in g  14 however f a i l e d  to  m a i n t a i n  

t h e i r  i n i t i a l  r e s p o n s e  and t h e i r  haem oglobin  l e v e l  

became s t a t i c  d e s p i t e  c o n t in u e d  t r e a t m e n t .  So f a r  a s  

one cou ld  j u d g e ,  th e  s e v e r i t y  o f  th e  g a s t r o - i n t e s t i n a l  

u p s e t  was o f  t h e  same o r d e r  i n  b o th  g r o u p s .  T h is



s u g g e s t s  t h a t  t h e  s t o r a g e  o f  i r o n  i n  th e  second group 

o f  t h e  p a t i e n t s  was a l r e a d y  d e f i c i e n t  b e f o r e  p regnancy  

commenced. The r e s u l t s  would f u r t h e r  s u g g e s t  t h a t  

d i e t a r y  d e f i c i e n c y  p e r  se i s  r e s p o n s i b l e  f o r  anaemia 

i n  a sm a l l  p e r c e n t a g e  o f  women d u r i n g  t h e  l a t e r  months 

o f  p re g n a n cy  and t h a t  t h e  s e v e r i t y  o f  t h e  anaemia  i s  

i n c r e a s e d  by g a s t r o - i n t e s t i n a l  d i s o r d e r  i n  t h e  e a r l y  

m o n th s .  F i n a l l y  i t  would seem t h a t  g a s t r o - i n t e s t i n a l  

d i s o r d e r  i n  t h e  e a r l y  months o f  p regn an cy  o f  i t s e l f  

may be r e s p o n s i b l e  f o r  many c a s e s  o f  m o d e ra te  anaem ia .  

Tke f a i l u r e  o f  t h e  c a s e s  o f  s e v e r e  anaemia t o  m a i n t a i n  

t h e i r  r e s p o n s e  t o  i r o n  th e r a p y  s u g g e s t s  t h a t  t h e i r  

d i e t a r y  d e f i c i e n c y  i s  n o t  a l t o g e t h e r  one o f  s im p le  

d i m i n i s h e d  i r o n  i n t a k e ,  bu t  i s  p o s s i b l y  a more 

c o m p l i c a t e d  p r o c e s s  i n v o l v i n g  o t h e r  h a e m a t i n i c  f a c t o r s .  

Thus t h e  im p o r ta n c e  o f  g a s t r o - i n t e s t i n a l  d i s o r d e r s  i n  

t h e  e a r l y  months o f  pregnancy when t h e  r a t e  o f  

m a t e r n a l  i r o n  s t o r a g e  i s ,  o r  ought  t o  b e ,  a t  i t s  

maximum (Coons 1932) shou ld  n o t  be u n d e r e s t i m a t e d  and 

t h e  r e s u l t s  o f  t h e  p r e s e n t  survey  su g g e s t  t h a t  m i ld  

g a s t r o - i n t e s t i n a l  u p s e t  i n  t h e  e a r l y  m onths  o f  

p reg nancy  a p p e a r s  t o  be a d e te r m in in g  f a .c to r  i n  t h e  

d eve lopm ent  o f  anaemia i n  th e  l a t e r  m on ths .

F i n a l l y  i n  c o n s i d e r i n g  th e  a e t i o l o g y  o f  

hypochrom ic  anaemia o f  p reg n a n c y ,  th e  q u e s t i o n  o f



pregn an cy  i t s e l f  a s  f a c t o r  must be c o n s i d e r e d  and h e re  

t h e  g r e a t e s t  d i v e r s i t y  o f  o p in io n  o c c u r s .  Most r e v ie w s  

a v o id  t h i s  d i f f i c u l t y  by s u b d i v i d i n g  th e  anaemia i n t o  

a )  hypochrom ic  anaemia  induced  by p regnancy  and b) p r e 

e x i s t i n g  i d i o p a t h i c  hypochromic anaemia c o m p l i c a te d  by 

p reg nan cy  (Snal lwood  1936,  E l l i o t  1944,  S tevenson  1936,  

Whitby and B r i t t o n  1946) and g ive  no i n d i c a t i o n  o f  t h e  

i n c i d e n c e  o f  e i t h e r .  W ithout  th e  knowledge o f  t h e  

h aem oglob in  r e a d i n g  b e f o r e  th e  o n s e t  o f  p regnancy  i t  

i s  d i f f i c u l t  t o  come to  any c o n c l u s i o n .  E l l i o t  (1944) 

s u g g e s t e d  t h a t  a r e t u r n  t o  normal haem og lob in  l e v e l s  

w i t h i n  a few weeks o f  d e l i v e r y  may i n d i c a t e  t h a t  t h e  

haem oglob in  p e r c e n t a g e  was norm al  b e f o r e  p regnancy  and 

t h e r e f o r e  t h e  e x i s t e n c e  o f  anaemia d u r in g  p regnancy  

c o u ld  o n ly  be r e l a t e d  t o  t h e  p re g n a n c y .  Whitby and 

B r i t t o n  (1946) s t a t e  t h a t  any d i s t i n c t i o n  made between 

th e  two i s  m a in ly  t h e o r e t i c a l  and t h a t  b o t h  t y p e s  a r e  

c l i n i c a l l y  s i m i l a r  e x c e p t  t h a t  i d i o p a t h i c  hypochromic  

anaemia  c o m p l i c a te d  by pregnancy  t e n d s  t o  o c c u r  i n  o l d e r  

women and t o  be more c o n s t a n t l y  a s s o c i a t e d  w i t h  a c h l o r -  

h y d r i a .  F u l l e r t o n  (1956a) i s  o f  t h e  o p i n io n  t h a t  i n  the  

m a j o r i t y  o f  c a s e s  th e  anaemia a n t e d a t e s  t h e  p re g n a n c y .

He c a l c u l a t e d  th e  t o t a l  i r o n  r e q u i r e m e n t s  o f  f o e t u s ,  

p l a c e n t a ,  u t e r u s ,  i n c r e a s e d  body t i s s u e s ,  b lo o d  l o s s  

a t  p a r t u r i t i o n  and 7 months l a c t a t i o n  a s  905 mgm o f



i r o n  (Goons 1936 ,  Macy and Hunscher 1934) .  'This he 

s t a t e d  was e q u i v a l e n t  t o  s i x t e e n  m e n s t r u a l  p e r i o d s  w i t h  

a l o s s  o f  57 mgm o f  i r o n  a t  each  p e r i o d .  Since normal 

m e n s t r u a l  l o s s  may vary  up to  78 mgm. o f  i r o n ,  he 

s u g g e s t e d  t h a t  i n  some c a s e s  m e n s t r u a t i o n  m ig h t  cause  

a g r e a t e r  s t r a i n  on t h e  i r o n  r e s e r v e s  t h a n  p regnancy  

(Fow ler  and  B a re r  1935, B a re r  and Fowler  1 9 3 6 ) .  He 

f u r t h e r  e s t i m a t e d  th e  e x p ec te d  f a l l  i n  haem oglob in  i n  

t h e  c a s e  o f  a no rm al  woman who r e t a i n e d  no i r o n  a t  a l l  

from h e r  food d u r i n g  pregnancy and he found t h e  maximum 

f a l l  i n  h a e m o g lo b in ,  which t h e  " i r o n  demand" o f  

p reg nancy  c o u ld  cause  was from 100 p e r  c e n t  t o  78 p e r  

c e n t  H a ld a n e .  He t h e r e f o r e  s a i d  t h a t  " i n  t h e  most 

u n f a v o u r a b l e  c o n d i t i o n s  which p ro b a b ly  do n o t  e x i s t ,  

o n ly  a m o d e ra te  d eg re e  o f  anaemia can  d eve lop  f rom  

u n c o m p l i c a te d  pregnancy" (1936b) .  I n  su p p o r t  o f  t h i s  

h y p o t h e s i s  he was f u r t h e r  a b le  to  show t h a t ,  a l l o w in g  

f o r  t h e  hy d rsem ia  o f  pregnancy th e  haem oglobin  l e v e l s  

o f  p r e g n a n t  and n o n - p r e g n a n t  women were th e  same f o r  

each  age g r o u p ,  i . e .  The in c i d e n c e  of  anaemia, i n  

p r e g n a n t  ^omen i s  no g r e a t e r  t h a n  t h a t  o f  t h e  n o n -  

p r e g n a n t ;  i t  i s  on ly  more a p p a r e n t .

The r e s u l t s  p u b l i s h e d  by t h e  M ed ica l  R e se a rc h  

C o u n c i l  (1945) o f  a survey  of  haem oglob in  l e v e l s  i n  

G re a t  B r i t a i n  show a g r e a t e r  i n c i d e n c e  o f  anaemia



among p a r o u s  women t h a n  among n u l l i p a r a e  and t h e  a u t h o r s  

s u g g e s t  t h a t  i n  t h e  c a se  of  p a ro u s  women th e  demands o f  

p re g n a n cy  c o u ld  n o t  he f u l l y  m e t .  These f i n d i n g s  

t h e r e f o r e  a r e  n o t  i n  agreem ent  w i t h  t h o s e  o f  F u l l e r t o n  

a b o v e •

A lso ,  i n  t h e  p r e s e n t  s u r v e y ,  i t  h^s  been p o s s i b l e  

t o  d e m o n s t r a t e  t h e  ap p ea ra n c e  o f  m odera te  anaemia a t  th e  

e i g h t h  month  o f  p regnancy  i n  2 9 .4  p e r  c e n t  o f  t h e  p a t i e n t s  

who had haem og lo b in  r e a d i n g s  a t  th e  lower  rang e  o f  

n o r m a l i t y  when 5 .4  months p r e g n a n t .  I n  two i n s t a n c e s  the  

haem og lo b in  r e a d i n g  f e l l  as low as  51 p e r  c e n t  S a h l i  

( 8 .1 6  gms. haem og lob in  p e r  c e n t )  b e f o r e  t r e a t m e n t  cou ld  

be commenced and a f u r t h e r  two p a t i e n t s ,  who d eve loped  

m i ld  p y u r i a ,  which was t r e a t e d  a t  th e  o u t - p a t i e n t  

d e p a r t m e n t ,  r e a c h e d  l e v e l s  o f  48 p e r  c e n t  and 47 p e r  

c e n t  S a h l i  (7 .72  gms haemoglobin  p e r  c e n t ) .  A l l  f o u r  

c a s e s  re s p o n d e d  to  i r o n  t h e r a p y .  According  t o  t h e  

s t a n d a r d s  h e r e  two of t h e s e  c a s e s  cou ld  be r e g a r d e d  a s  

" s e v e r e  a n a e m i a s " ,  b u t  s ince  m inor  c o m p l i c a t i o n s  d id  

a r i s e  i n  t h e s e  p a t i e n t s ,  they  u n f o r t u n a t e l y  canno t  be 

c o n s i d e r e d .  Of t h e  o t h e r  two p a t i e n t s ,  who had 

" u n c o m p l i c a te d  p r e g n a n c ie s "  i t  can be s a i d  t h a t  

m o d e ra te  anaemia  d id  deve lop  and though  c o n d i t i o n s  i n  

Glasgow a r e  b a d ,  they  a r e  p ro o ab ly  n o t  " t h e  most 

u n f a v o u r a b l e " • The r e s u l t s  would s u g g e s t  t h a t  the



added s t r a i n  o f  p regnancy  i n  many women whose H b - r e a d in g s  

come w i t h i n  th e  low-normal  r a n g e  i s  s u f f i c i e n t  to  c au se  

anaemia  i n  t h e  l a t e r  m on ths .  I t  i s  p ro b n b le  t h a t  such  

lo w -n o rm al  c a s e s  a r e  r e a l l y  examples o f  d e f i c i e n t  i r o n  

s t o r a g e ,  b u t  t h i s  p o i n t  w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  

v i a  d i e t a r y  and b io c h e m ic a l  a n a l y s e s .

The r e s p o n s e  to  i r o n  th e r a p y  h as  been r e c o r d e d  i n  

t h r e e  g ro u p s  o f  p a t i e n t s  v i z .  a low norm al  g r o u p ,  a group 

o f  m o d e r a te  anaem ias  and a group o f  s e v e r e  a n a e m ia s .  

G o n s i d e r i n g  th e  norm al  group f i r s t  i t  must  be s a i d  t h a t  

in n u m e ra b le  p a p e r s  have been p u b l i s h e d  by v a r i o u s  author .s  

c l a i m i n g  a r i s e  i n  haemoglobin  l e v e l s  a s  compared w i t h  a 

f a l l  i n  a s i m i l a r  c o n t r o l  s e r i e s  (Toland 1936, o o r r i g a n  

and S t r a u s s  1936,  Ham il ton  and Wright 1942,  Lobate  1939, 

L in d e r  and Massey 1 9 39 ) .  O the rs  have f a i l e d  to  n o t e  

t h i s  improvement  (A da ir  and Dieokmann 1936,  Evans 1943.  

Meyer-7/e dde 11 1943,  Roscoe and Donaldson 1946(b)  )• I n  

t h e  p r e s e n t  su rvey  th e  number o f  p a t i e n t s  who r e c e i v e d  

i r o n  i s  sm a l l  and t h e r e f o r e  no d e f i n i t e  c o n c l u s i o n  can 

be d raw n ,  b u t  i t  i s  i n t e r e s t i n g  to  n o t e  t h a t  40 p e r  

Cent o f  t h e  low norm al  p a t i e n t s  r e g i s t e r e d  an  

im provem en t ,  compared w i t h  4 .7  p e r  c e n t  o f  th e  c o n t r o l  

s e r i e s .  The improvement on i r o n  f e l l  w i t h i n  t h e  r a n g e  

o f  60 t o  75 p e r  c e n t  Sah l i  o r  9 .6  to  12 gms haem oglob in  

p e r  c e n t .  Though i r o n  th e ra p y  was c o n t in u e d  no h i g h e r



r e a d i n g  was r e c o r d e d .  The p r o p h y l a c t i c  v a lu e  o f  i r o n  

t h e r a p y  i n  t h i s  group cou ld  a l s o  be d e m o n s t r a t e d .  Only 

8 p e r  c e n t  o f  t h e  t r e a t e d  c a s e s  d e t e r i o r a t e d  whereas  

2 9 .4  p e r  c e n t  o f  t h e  c o n t r o l  group became a n ae m ic ,  and 

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

n a t a l  c l i n i c  w i t h  haemoglobin  r e a d i n g s  f a l l i n g  w i t h i n  

th e  " lo w  normal" r a n g e  a re  now r e g a r d e d  as  p o t e n t i a l l y  

anaem ic  and a r e  t r e a t e d  w i t h  i r o n  r o u t i n e l y .

♦ S ix ty  t h r e e  p a t i e n t s  w i th  m o d e ra te  anaemia  were

t r e a t e d  w i t h  i r o n .  The r e s p o n s e  i n  t h e s e  c a s e s  was 

s a t i s f a c t o r y ,  on ly  two o f  t h e  seven  r e s i s t a n t  c a s e s  of 

t h e  whole s e r i e s  f e l l  w i t h in  t h i s  group and one o f  

t h e s e  was t h e  p a t i e n t  who responded  to  i r o n  t h e r a p y  

a f t e r  a d m i s s io n  t o  h o s p i t a l .  The a v e r a g e  r i s e  i n  

h aem o g lo b in  f o r  t h e  m odera te  anaemias  d u r i n g  t h e  f i r s t  

month o f  t h e r a p y  was 7 . 3  p e r  c e n t  S a h l i  and i n  e ach  

s u c c e e d i n g  month  a f u r t h e r  r i s e  o f  a p p r o x im a te ly  6 p e r  

c e n t  was r e c o r d e d .

The r e s p o n s e  t o  i r o n  th e ra p y  i n  th e  c a se  of  

s e v e r e  anaemias  was n o t  so s a t i s f a c t o r y . F iv e  o f  th e  

r e s i s t a n t  c a s e s  f e l l  w i t h in  t h i s  group rnd as  has  

a l r e a d y  been  shown 14 o f  t h e  p a t i e n t s  i n  t h i s  g r o u p ,  

who had  m i ld  g a s t r o - i n t e s t i n a l  d i s o r d e r s  a s  c o m p l i c a t i n g  

f a c t o r s ,  o n ly  p a r t i a l l y  r e sp on d ed  to  t h e  i r o n .  Of t h e  

r e m a in in g  21 " p u r e  anaemias" i n  t h i s  group th e  r e p o n s e



was s a t i s f a c t o r y ,  t h e  haem oglob in  r e a d i n g  r i s i n g  9 p e r  

c e n t  S a h l i  i n  t h e  f i r s t  month o f  t h e r a p y ,  and by s u c c e s s i v e  

s t e p s  o f  6 p e r  c e n t  p e r  month t h e r e a f t e r .

I t  w i l l  t h e r e f o r e  be seen  t h a t  t h e  r e s p o n s e  t o  i r o n  

t h e r a p y  i n  th e  140 p a t i e n t s  s u r v e y e d ,  was by no means 100 

p e r  c e n t .  I n  g e n e r a l ,  however ,  i t  may be s a i d  t o  be 

s a t i s f a c t o r y  a l t h o u g h  n o t  so good a s  t h a t  r e p o r t e d  by 

some a u t h o r s  (S te v en so n  1936, Adair  e t  a l  1936, Smallwood 

1936 ,  D i l l o n  1943,  W olff  and L im arz i  1946,  Whitby and 

B r i t t o n  1 9 4 6 ) .  I n  our  s e r i e s  as  t h e  anaemia  became more 

s e v e r e  t h e  number o f  r e s i s t a n t  c a s e s  i n c r e a s e d .  The 

b lo o d  p i c t u r e  was examined i n  th e  l a t t e r  c a s e s  and was 

found  t o  be  n o rm o c y t ic  o r  m i c r o c y t i c  and hypochromic  i n  

e v e ry  i n s t a n c e .  S e v e ra l  a u t h o r s  have r e p o r t e d  s i m i l a r l y  

r e s i s t a n t  c a s e s  and a few have su g g e s te d  a p o s s i b l e  

c a u se  f o r  t h e  r e s i s t a n c e .  E l l i o t  (1944) i n  a su rvey  o f  

28 anaemic  women found t h a t  some o f  h i s  c a s e s  d id  n o t  

show a c h a r a c t e r i s t i c  r e s p o n s e  to  i r o n .  Minot and 

H ea th  (1932) d e s c r i b e d  a few c a s e s  which d id  n o t  re sp on d  

s a t i s f a c t o r i l y  and th e y  c o n s i d e r e d  t h i s  was due t o  a 

h y p o c h l o r h y d r i a .  B e t h e l l  (1936) found a few c a s e s  

r e s i s t a n t  to  i r o n  th e r a p y  and he su g g e s te d  t h a t  they  

may be due t o  a p r o t e i n  d e f i c i e n c y .

& f u r t h e r  p o s s i b i l i t y  ha s  t o  be c o n s i d e r e d  i n  

view o f  t h e  r e c e n t  work r e g a r d i n g  the  p e r i p h e r a l  b lo o d



p i c t u r e  o f  p e r n i c i o u s  anaemia o f  p r e g n a n c y .  Numerous 

c a s e s  showing a t y p i c a l  b lood  p i c t u r e  have been  r e c o r d e d .  

( S te v e n s o n  1936 ,  Abramson 1938, S e g e rd h a l  1941,  M i l l e r  

and  S t u d d e r t  1942, D av idson ,  Davis  and I n n e s  1942 (b)  

L esch e r  1942 ,  G a l l e n d e r  1944) .  Many c a s e s  p r e v i o u s l y  

r e g a r d e d  a s  i r o n  d e f i c i e n c y  a n a e m ia s ,  on a cc o u n t  o f  a 

m i c r o c y t i c  o r  n o rm o c y t ic  hypochromic b lood  p i c t u r e  

have  now, by modern ha .em a to log ica l  methods been  proved  

t o  be a c t u a l  c a s e s  o f  p e r n i c i o u s  anaemia o f  p r e g n a n c y .

I t  i s  o b v io u s  t h a t  t h i s  group o f  c a s e s  r e s i s t a n t  t o  

i r o n  t h e r a p y  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  a lo n g  th e  

l i n e s  s u g g e s t e d  by th e  above a u t h o r s  and a l s o  w i th  

r e g a r d  to  t h e i r  r e l a t i o n s h i p  t o  s im ple  i r o n  d e f i c i e n c y  

anaemia  o f  p r e g n a n c y .

‘Twenty f i v e  p a t i e n t s  i n  the  " low normal" group

were g iv en  v i t a m i n  G i n  l a r g e  doses  d u r in g  t h e  l a t e r

months  o f  p r e g n a n c y ,  and th e  r e s u l t s  were compared w i t h

t h o s e  o f  a s i m i l a r  c o n t r o l  g r o u p .  V i tam in  G ap p ea re d  t o

r e d u c e  t h e  i n c i d e n c e  o f  d e t e r i o r a t i o n ,  o n ly  12 p e r  c e n t

o f  t h e  p a t i e n t s  i n  t h i s  group d e v e lo p in g  a n ae m ia ,  a s  
w i t h

eoraparecl^IlD.4  p e r  c e n t  o f  th e  c o n t r o l  g ro u p .  I n  t h i s  

r e s p e c t  v i t a m in  G was a lm ost  a s  e f f e c t i v e  a s  i r o n ,  

w h ic h ,  g iv e n  t o  a s i m i l a r  g ro u p ,  showed an 8 p e r  c e n t  

d e t e r i o r a t i o n .  When improvement w i t h  v i t a m in  G t h e r a p y  

was c o n s i d e r e d ,  th e  r e s u l t s  were n o t  so s a t i s f a c t o r y  as



t h o s e  o b t a i n e d  w i t h  ir_on; on ly  16 p e r  c e n t  improved a s  

compared w i t h  40 p e r  c en t  i n  t h e  group r e c e i v i n g  i r o n .

I t  h a s  been  s u g g e s t e d  by Pow el l  (1944) t h a t  v i t a m in  C 

by i t s  r e d u c i n g  a c t i o n  r e n d e r s  more i r o n  a v a i l a b l e  f o r  

a b s o r p t i o n  and t o  t h i s  f a c t  the  m a i n t a i n a n c e  o f  t h e  

h aem o g lo b in  l e v e l  i n  t h i s  group c o u ld  be a t t r i b u t e d *

A p u re  v i t a m i n  G d e f i c i e n c y  anaemia has  been  produced 

e x p e r i m e n t a l l y  i n  a n im a ls  (Meyer and McGormack 1928, 

M e t i e r  e t  a l  1940) b u t  whether  such a c o n d i t i o n ,  due 

s o l e l y  t o  a v i t a m i n  G d e f i c i e n c y ,  e x i s t s  i n  man, i s  

d o u b t f u l  (McMillan and I n g l i s  1944, G randon ,  Lund and 

D i l l  1 9 4 0 ) .  G e r t a i n l y  our p a t i e n t s  showed no c l i n i c a l  

e v id e n c e  o f  a d e f i c i e n c y  an d ,  s i n c e  a l l  t h e  p a t i e n t s  i n  

t h e  low norm al  g r o u p ,  who d e t e r i o r a t e d ,  re sp on d ed  

s p o n t a n e o u s ly  to  i r o n  t h e r a p y ,  i t  i s  more l i k e l y  t h a t  a 

m i l d  i r o n  d e f i c i e n c y  was the  f a c t o r .  Meyer Weddell  

(1942)  r e p o r t e d  t e n  c a s e s  o f  p r o b a b le  v i t a m in  C 

d e f i c i e n c y  anaemia  o c c u r r i n g  d u r in g  p re g n a n c y ,  b u t  a l l  

t h e s e  c a s e s  had f a i l e d  o r  showed on ly  a m o d i f i e d  

r e s p o n s e  t o  i r o n  and l i v e r  t h e r a p y .  Young e t  a l  (1946) 

r e p o r t e d  on th e  p lasma a s c o r b i c  a c i d  l e v e l s  i n  p r e g n a n t  

women a t  v a r i o u s  p e r i o d s  o f  t h e i r  p regnancy  and i n  t h e  

p u e rp e r iu m .  They found no ev idence  o f  any g e n e r a l  s t a t e  

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

i t  would a p p e a r  and t h e r e  was no e v id en ce  to  show t h a t
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such  a d e f i c i e n c y  e x i t e d  i n  p a t i e n t s  i n  t h e  low norm al  

g r o u p •



Summary.

(1)  A su rv e y  o f  4 ,595  r o u t i n e  haem oglobin  e s t i m a t i o n s
/

i n  p a t i e n t s  a t t e n d i n g  th e  a n t e - n a t a l  c l i n i c  f o r  tk e  f i r s t  

t im e  h a s  been  c a r r i e d  out  and the  i n c i d e n c e  o f  anaemia 

d e t e r m i n e d .

(2)  The haem og lob in  l e v e l  i n  norm al  p r e g n a n t  women 

i s  v a r i a b l e ,  w i t h  a b a s i c  v a lu e  o f  60 p e r  c e n t  S a h l i  o r  

70 p e r  c e n t  H a ld a n e .

(3)  85 women i n  th e  “ low normal  group" i . e .  w i t h

h aem og lo b in  r e a d i n g s  above or  n e a r  th e  b a s i c  l e v e l  were 

f o l lo w e d  t h r o u g h o u t  p re g n a n cy .  Almost one t h i r d  o f  

t h e s e  p a t i e n t s  d e v e lo p ed  anaemia and a s m a l l e r  number 

m ig h t  t e m p o r a r i l y  have been r e g a r d e d  a s  a n ae m ic .  From 

t h e s e  f a c t s  a c o r r e c t i o n  f a c t o r  was deduced f o r  t h e  

t o t a l  i n c i d e n c e  o f  anaemia and an ammended f i g u r e  

s u g g e s t e d .  The r e s u l t s  show t h a t  2 0 .1  p e r  c e n t  o f  a l l  

women a t t e n d i n g  th e  o u t - p a t i e n t  d e p a r tm en t  were anaemic 

i . e .  had  haem og lo b in  r e a d i n g s  l e s s  t h a n  70 p e r  c e n t  

Haldane  and o f  t h e s e  4 .6  p e r  c e n t  were s e v e r e l y  a n aem ic .  

The l i t e r a t u r e  h as  been rev iew ed  and th e  h ig h  i n c i d e n c e  

o f  anaemia  i n  Glasgow s t r e s s e d .

(4)  The s i g n i f i c a n c e  o f  a g e ,  p a r i t y ,  e n v i ro n m e n t ,  

s o c i a l  h a b i t s ,  d i e t  e t c . ,  as  f a c t o r s  i n  th e  c a u s a t i o n  

o f  t h e  anaemia  have  been d i s c u s s e d .  Age was found t o  

be s i g n i f i c a n t  as  a f a c t o r  on ly  i n  s e v e r e  anaemia and



p a r i t y  d i d  n o t  a p p e a r  t o  be s i g n i f i c a n t  a t  a l l .  D i e t a r y  

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

were  p r o b a b l y  r e s p o n s i b l e  f o r  i n c r e a s i n g  th e  s e v e r i t y  o f  an 

a n a e m ia ,  which  became a p p a r e n t  i n  t h e  l a t e r  m o n ths .

(5)  G a s t r o - i n t e s t i n a l  d i s o r d e r  i n  t h e  e a r l y  months o f  

g e s t a t i o n  was a p p a r e n t l y  r e s p o n s i b l e  f o r  many cases, o f  

m o d e r a te  anaem ia  i n  t h e  l a t e r  m on ths .  Where d i e t a r y  

d e f i c i e n c e s  a l s o  e x i s t e d ,  the  anaemia was severe  and d id  

n o t  r e a c t  i n  t h e  u s u a l  manner to  i r o n  t h e r a p y .

(6)  The r e s p o n s e  to  i r o n  t h e r a p y  i n  140 c a se s  o f  

anaemia  s e en  a t  t h e  a n t e - n a t a l  c l i n i c  and fo l lo w e d  r i g h t  

t h r o u g h  t h e i r  p r e g n a n c i e s  h as  been shown. The m a j o r i t y  

r e s p o n d e d  s a t i s f a c t o r i l y  t o  i r o n  t h e r a p y .  S even ,h o w ev e r , 

were r e s i s t a n t  and 14 showed a m o d i f i e d  r e s p o n s e .  I n  t h e  

f i r s t  group  no d e f i n i t e  a e t i o l o g i e s !  cause  f o r  the  

" r e s i s t a n c e "  t o  t h e r a p y  cou ld  be found w hereas  i n  t h e  

second group o f  14 s e v e re  a n aem ias ,  a l l  t h e  p a t i o n t s  gave 

a  h i s t o r y  o f  g a s t r o - i n t e s t i n a l  d i s o r d e r  i n  t h e  e a r l y  

m onths  o f  p regnancy  and t h i s  may have a l t e r e d  t h e i r  

a b i l i t y  t o  d e a l  w i t h  i r o n .

(7 )  I n  a n  a t t e m p t  t o  de te rm ine  what p a r t  minor 

d i e t a r y  d e f i c i e n c e s  might  p lay  i n  t h e  development  o f  

anaemia  i n  p a t i e n t s  o f  th e  "low normal" g r o u p ,  105 

p a t i e n t s  from t h i s  group were g iv e n  a d j u v a n t  t r e a t m e n t  

i n  t h e  l a t e r  months o f  t h e i r  p r e g n a n c ie s  and t h e i r



p r o g r e s s  was n o t e d ,  arS compared w i th  t h e  c o n t r o l  group 

o f  85 u n t r e a t e d  "low normal" p a t i e n t s .  They were 

d i v i d e d  i n t o  f o u r  g roups  r e c e i v i n g  i r o n ,  v i t a m in  G, 

enhanced  d i e t  and m a rm i te .  The b e s t  r e s u l t s  were 

o b t a i n e d  i n  t h e  group r e c e i v i n g  i r o n  where t h e  d e t e r i o r 

a t i o n s  were r e d u c e d  by two t h i r d s  and t h e  improvements  

i n c r e a s e d  n i n e  t im e s  as  compared w i t h  t h e  c o n t r o l  g ro u p .  

V i tam in  G re d u c e d  th e  number o f  d e t e r i o r a t i o n s  by more 

t h a n  h a l f  b u t  had l i t t l e  e f f e c t  on th e  improvement 

r a t e .  Enhanced d i e t  was a b le  to  r a i s e  t h e  haem oglobin  

l e v e l  i n  s i x  t im e s  th e  number o f  p a t i e n t s  b u t  had no 

e f f e c t  on th e  number o f  d e t e r i o r a t i o n s .  The r e s u l t s  

w i t h  m arm ite  appro x im a ted  too c l o s e l y  t o  t h o s e  o f  t h e  

c o n t r o l  group f o r  any c o n c lu s io n  t o  be d raw n.  I t  i s  

s u g g e s t e d  t h a t  an  i r o n  d e f i c i e n c y  was p ro b a b ly  p r e s e n t  

i n  some o f  t h e s e  p a t i e n t s ;  t h a t  v i t a m in  C made more i r o n  

a v a i l a b l e  f o r  a b s o r p t i o n  and th u s  p r e v e n te d  a number o f  

th e  d e t e r i o r a t i o n s  and t h a t  enhanced d i e t  by i n c r e a s i n g  

t h e  t o t a l  i r o n  i n t a k e  remedied t h a t  d e f i c i e n c y  i n  p a t i e n t s  

who were a b l e  t o  a b so rb  i r o n ,  bu t  cou ld  n o t  p r e v e n t  

d e t e r i o r a t i o n  i n  t h o s e  who were n o t .
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CLINICAL ... SURVEY.

INTRODUCTION: -

I n  t h i s  su rvey  a complete  c l i n i c a l  r e c o r d  o f  104 

p a t i e n t s  was k e p t .  From th e  specimen r e c o r d  c a r d  i t  can  he 

seen  t h a t  t h i s  i n c l u d e d  a r e c o r d  of  t h e  p a t i e n t *  s 

o b s t e t r i c a l  h i s t o r y ,  h e r  f a m i ly  h i s t o r y ,  h e r  p r e v i o u s  

h i s t o r y  and h e r  p r e s e n t  c o n d i t i o n ,  7/hen she f i r s t  a p p e a re d  

a t  our  h a e m a t o l o g i c e l  c l i n i c  h e r  c o m p l a i n t s ,  i f  a n y ,  were 

n o t e d ,  b u t  s i n c e  she a l r e a d y  knew she was " b l o o d l e s s ” by 

t h e  t im e  she r e p o r t e d  to  the  l a b o r a t o r y ,  l e s s  a t t e n t i o n  

was p a i d  t o  t h e s e  secondary  c o m p la in t s  th a n  t o  t h e  

i n i t i a l  c o m p la in t  made t o  th e  n u r s e  a t  t h e  a n t e - n a t a l  

c l i n i c .  I n  a d d i t i o n  to  th e  o b s t e t r i c a l  e x a m in a t io n  a 

f u l l  c l i n i c a l  e x a m in a t io n  o f  each  sys tem  i n c l u d i n g  

c a r d i o - v a s c u l a r  sy s te m ,  r e s p i r a t o r y  sy s te m ,  c e n t r a l  

n e rv o u s  s y s te m ,  a l i m e n t a r y  sys tem  and u r i n a r y  sys tem  was 

c a r r i e d  o u t .  R ecords  were kep t  o f  th e  l a b o r a t o r y  

f i n d i n g s  and t h e  r e s p o n s e  t o  t r e a t m e n t .  The back  o f  th e  

r e p o r t  c a r d  was used  f o r  p r o g r e s s  n o t e s  i n c l u d i n g  d e t a i l s  

o f  h e r  l a b o u r ,  th e  pue rpe r ium  and th e  bab y .

Of t h e  104 p a t i e n t s  s e l e c t e d ,  44 were m o d era te  

anaem ias  i . e .  had haemoglobin  r e a d i n g s  between 50 p e r  

c e n t  and 59 p e r  c e n t  S a h l i  and t h e  r e m a in d e r  were s e v e r e  

anaem ias  w i t h  haemoglobin  r e a d i n g s  below 50 p e r  c e n t



S a h l i .  The c a s e s  were rev iew ed  i n  r e s p e c t  o f  symptoms 

and s i g n s .  The s t r i k i n g  f e a t u r e  i n  a l l  t h e s e  c a s e s  was 

t h e  number o f  p a t i e n t s  who h rd  no c o m p la in t  to  make a t  

a l l  and who s t a t e d  they  f e l t  p e r f e c t l y  w e l l .  I t  i s  

o b v io u s  t h e r e f o r e  t h a t  t h e  m a j o r i t y  o f  t h e s e  p a t i e n t s  

would n o t  have  been r e c o g n i s e d  a s  a n aem ic ,  had i t  n o t  

been  f o r  t h e  r o u t i n e  a n t e - n a t a l  haem oglob in  e s t i m a t i o n .  

Of t h e  m o d e ra te  anaemias  on ly  34 p e r  c e n t  o f  the  

p a t i e n t s  com pla ined  o f  any symptom which  c o u ld  be 

r e l a t e d  t o  a n a e m ia ,  and i n  t h e  s e v e r e  group t h i s  f i g u r e  

was e x a c t l y  doub led  68 pe r  c e n t .  Only a f t e r  q u e s t i o n i n g  

would a f u r t h e r  46 p e r  c en t  o f  th e  m o d era te  anaem ias  and 

2 3 .7  p e r  c e n t  o f  th e  sev e re  anaemias adm it  to  f e e l i n g  

n o t  " q u i t e  w e l l " .  I n  o t h e r  words ,  a f t e r  q u e s t i o n i n g  th e  

p a t i e n t s  f u r t h e r ,  n i n e  o f  the  m odera te  anaemias  and f i v e  

o f  t h e  s e v e r e  anaemias  s t i l l  m a i n t a i n e d  th ey  f e l t  w e l l .

Reviewing  th e  symptomatology o f  t h e  p a t i e n t s  i n  

b o t h  g r o u p s ,  i t  was found t h a t  th e  commonest c o m p la in t  

was t h a t  o f  t i r e d n e s s .  59 p e r  c e n t  o f  th e  m o d e r a te ly  

anaemic  p a t i e n t s  had t h i s  c o m p la in t  and 80 p e r  c e n t  o f  

t h e  s e v e r e l y  an ae m ic ,  b u t  i n  th e  14 p e r  c e n t  o f  th e  

l a t t e r  t h e  d e g re e  was more marked.  The same number o f  

p a t i e n t s  i n  e ach  group complained o f  b r e a t h l e s s n e s s  and 

few er  o f  d i z z i n e s s ,  w eakness ,  p a l p i t a t i o n  and syncope .  

Approx im ate ly  one t h i r d  o f  t h e  p a t i e n t s  i n  e a c h  group



had c o m p l a i n t s  r e l a t i n g  to  t h e  g a s t r o - i n t e s t i n a l  sy s te m .  

A n o r e x ia ,  h e a r t b u r n ,  n a u sea  and v o m i t in g  were more common 

t h a n  low er  bowel d y s f u n c t i o n  and c o n s t i p a t i o n  o c c u r r e d  

more f r e q u e n t l y  t h a n  d i a r r h o e a .  I n  t h e  s e v e r e  group 11 

p e r  c e n t  o f  th e  p a t i e n t s  gave a h i s t o r y  o f  i n t e r m i t t e n t  

a t t a c k s  o f  d i a r r h o e a ,  whereas none o f  t h e  m o d e r a te ly  

anaem ic  p a t i e n t s  had t h i s  c o m p l a i n t .  H a l f  o f  t h e  s e v e r e l y  

anaemic  and 43 p e r  c e n t  o f  th e  m o d e r a te ly  anaemic p a t i e n t s  

co m p la ined  o f  e x c e p t i o n a l  t h i r s t ,  due t o  a " d r y n e s s "  o f  

t h e  mouth and from one t h i r d  to  one h a l f  o f  t h e  p a t i e n t s  

i n  b o t h  g ro u p s  had headache  o r  s l e e p l e s s n e s s ,  o r  

e x p e r i e n c e d  " s p o t s  b e f o r e  the  e y e s " .  U r i n a r y  c o m p l i c a t i o n s  

o c c u r r e d  e q u a l l y  i n  b o th  groups i n  one ou t  o f  every  seven  

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

i n  th e  m o d e r a t e l y  anaemic g rou p .

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

f a c e  was n o te d  more f r e q u e n t l y  t h a n  p a l l o r  o f  t h e  mucous 

membranes.  But h e r e  i t  must be s a i d  t h a t  c a s e s  w i t h  h i g h  

b lo o d  p r e s s u r e  w i t h  anaem ia ,  had o f t e n  w e l l  i n j e c t e d  

mucosae and f r e q u e n t l y  good c o l o u r ,  making i t  i m p o s s i b l e  

t o  e s t i m a t e  t h e  d e g re e  of  anaemia on c l i n i c a l  e x a m in a t io n .  

I n  t h e s e  c a s e s ,  o n ly  when t h e  b lood p r e s s u r e  f e l l ,  d id  

t h e  anaemia  become a p p a r e n t ,  i j h e i l o s i s ,  g l o s s i t i s  and 

k o i l o n y c h i a  o c c u r r e d  i n  t h a t  o r d e r  and more f r e q u e n t l y  

i n  t h e  s e v e re  a n a e m ia s .  Twelve c a s e s  o r  20 p e r  c e n t  o f



t h e  p a t i e n t s  i n  t h i s  group had c h e i l o s i s ,  a s  compared w i t h  

6*8 p e r  c e n t  o f  t h e  m odera te  a n a e m ia s ;  14 p e r  c e n t  o f  th e  

s e v e r e l y  anaemic  p a t i e n t s  compla ined  o f  g l o s s i t i s ,  b u t  on 

e x a m in a t io n  a f u r t h e r  21 p e r  c e n t  o f  th e  p a t i e n t s  had 

t o n g u e s  t h a t  were smooth o r  ve ry  r e d  and f i s s u r e d .  One 

c a s e  o f  a c t u a l  g l o s s i t i s  o c c u r r e d  i n  th e  m o d e ra te  anaem ias  

and  an a t r o p h i c  tongue was n o ted  i n  t h r e e  o t h e r  p a t i e n t s  

o f  t h i s  g r o u p .  Only seven  c a s e s  o f  k o i l o n y c h i a  were 

n o t e d  i n  t h e  whole s e r i e s ,  s i x  i n  the  s e v e r e  anaemias  and 

one i n  t h e  m o d e ra te  a n aem ias .  Oedema o c c u r r e d  i n  24 p e r  

c e n t  o f  t h e  s e v e r e  a n ae m ias ,  i n  8 p e r  c e n t  o f  which  i t  

was m arked .  Only 16 p e r  c e n t  o f  t h e  m o d e r a te ly  anaemic 

p a t i e n t s  had oedema and i n  no i n s t a n c e  was i t  m ark e d .  A 

v e n t r i c u l o - s y s t o l i c  murmur was n o t e d  i n  n i n e  o f  th e  

s e v e r e  a n a e m ia s .

On t h e  b a s e s  o f  symptoms and s i g n s  how ever ,  i t  

was seen  t h a t  t h r e e  main groups c o u ld  be d i s t i n g u i s h e d .

A. Anaemias .

B. Anaemias w i t h  to x aem ia .

G. Anaemia w i th  j a u n d i c e .

Group A :-

The m a j o r i t y  o f  th e  p a t i e n t s  f e l l  i n t o  t h i s  g r o u p .  

A l t o g e t h e r ,  i n c l u d i n g  th e  104 m o d era te  and s e v e r e  anaem ias  

m en t io n ed  p r e v i o u s l y ,  c a te g o ry  B p a t i e n t s  a d m i t t e d  d i r e c t l y  

t o  h o s p i t a l  and c a t e g o r y  A p e . t i e n t s  who were a d m i t t e d



d i r e c t l y  t o  h o s p i t a l  from t h e  a n t e - n a t a l  c l i n i c  w i t h o u t  

a t t e n d i n g  t h e  h a e m a t o l o g i c a l  c l i n i c ,  151 o f  t h e  t o t a l  

number o f  p a t i e n t s  s e e n ,  f e l l  i n t o  t h i s  g r o u p .  Of t h e s e ,  

44 were t h e  m o d e ra te  anaemias  c o n s i d e r e d  p r e v i o u s l y ,  and 

107 were s e v e r e  a n ae m ias .  I t  was found t h a t  t h e  i n c i d e n c e  

o f  s i g n s  and symptoms r e c o r d e d  above f o r  th e  whole group 

o f  a n ae m ias  was the  same f o r  t h i s  group depend ing  on 

w h e th e r  t h e  anaemia was m odera te  o r  s e v e r e ,  e xce p t  i n  

f o u r  i n s t a n c e s .

Two p a t i e n t s  ou t  o f  th e  whole s e r i e s  su rveyed  

were  found  t o  be t y p i c a l  c a s e s  o f  p e r n i c i o u s  anaemia  o f  

p r e g n a n c y .  The p a t i e n t s , w h o s e  ages  were 44 y e a r s  and 

31 y e a r s  r e s p e c t i v e l y , w e r e  seen  i n  t h e i r  n i n t h  month o f  

p r e g n a n c y .  They gave h i s t o r i e s  o f  i n c r e a s i n g  w e akn ess ,  

l a s s i t u d e ,  b r e a t h l e s s n e s s  e t c . ,  d a t i n g  from th e  s i x t h  

month o f  p regnancy  and g r a d u a l l y  becoming w orse .  I n  

one p a t i e n t  g a s t r o - i n t e s t i n a l  u p se t  was p r e s e n t ;  t h e  

o t h e r  com pla ined  o f  h e a r t b u r n ,  b u t ,  on f u r t h e r  q u e s t i o n 

i n g ,  i t  was found she had been h a v in g  a v e ry  i n a d e q u a t e  

d i e t  v/hich ex c lu d ed  m i lk  c o m p l e t e ly .  T h is  l a t t e r  

p a t i e n t  a l s o  complained  o f  f r e q u e n t  e p i s t a x i s .  Oedema 

was p r e s e n t  i n  each  c a s e ,  though  n o t  t o  a marked 

d e g r e e .  Both  p a t i e n t s  complained o f  g l o s s i t i s ,  

d r y n e s s  o f  t h e  t h r o a t  and marked t h i r s t ,  one o f  t h e  

p a t i e n t s  c o m p la in in g  o f  a h o a r s e n e s s  which a f f e c t e d



h e r  s p e e c h .

Both  p a t i e n t s  were very  i l l  and were a d m i t t e d  t o  

h o s p i t a l  d i r e c t l y .  P a l l o r  was marked and was th e  t y p i c a l  

" lem on  - ye l low" c o lo u r  n o te d  by S tevenson  ( 1 9 3 6 ) .  The 

mucous membranes were b la n c h e d .  G h e i l o s i s  and K o i lo n y c h ia  

were a b s e n t .  T a c h y c a rd ia  was p r e s e n t  and one p a t i e n t  had 

a v e n t r i c u l o - s y s t o l i c  murmur. The s p l e e n  was e n l a r g e d  and 

c o u ld  be f e l t  one f i n g e r  b r e a d t h  below th e  c o s t a l  m arg in  

i n  one c a s e .  One o f  t h e  p a t i e n t s ,  t h e  o l d e r  o f  th e  two 

women, had a c h r o n i c  b r o n c h i t i s  p r e s e n t  a s  a c o m p l i c a t i n g  

f a c t o r .  E x am in a t ion  o f  t h e  u r i n e  r e v e a l e d  no a b n o r m a l i t y  

i n  e i t h e r  c a s e .

From th e  above f i n d i n g s  i t  w i l l  be seen  t h a t  i n  

t h e s e  two c a s e s  o f  confi rm ed p e r n i c i o u s  anaemia o f  

p re g n a n c y  t h e  symptomatology d id  n o t  vary  c o n s i d e r a b l y  

from t h a t  o f  t h e  o t h e r  severe  anaemias d e s c r i b e d ,  e x ce p t  

t h a t  t h e  symptoms were more m arked;  th e  p a t i e n t s  were 

o b v i o u s l y  i l l  and i n  one case  th e  s p l e n i c  e n la rg em en t  

and e p i s t a x i s  were n o t  t y p i c a l ,  w h i le  t h e  marked degree  

o f  g l o s s i t i s  and h o a r s e n e s s  o f  t h e  v o ic e  i n  t h e  l a t t e r  

were  n o t  found i n  any o f  th e  o t h e r  s e v e r e  a n a e m ia s .

The re m a in in g  two anaemias  i n  group A which 

r e q u i r e  s p e c i a l  a t t e n t i o n  were two c a s e s  o f  h a e m o ly t i c  

a n a e m ia .  As b o th  o f  t h e s e  c a s e s  d i i f e r e d  w ide ly  i n  

t h e i r  symptomato logy ,  th ey  w i l l  have t o  be c o n s i d e r e d



s e p a r a t e l y .  The f i r s t  p a t i e n t ,  a m a r r i e d  woman, age 28 

y e a r s ,  had  s e en  s e r v i c e  w i t h  th e  W.A.A.F. i n  I t a l y  and 

was demobbed on a c c o u n t  o f  t h e  p r e s e n t  p r e g n a n c y .  Her 

h e a l t h  rem a in e d  e x c e l l e n t  t i l l  t h e  s i x t h  month when she 

c om pla in ed  o f  p a i n  i n  th e  l e f t  hypochondrium, f o l lo w e d  a 

week l a t e r  by s w e l l i n g  o f  the  a n k l e s ,  a s l i g h t  y e l l o w i s h  

p a l l o r  o f  t h e  s k i n ,  dysp n oea ,  and extreme w eakn ess .  She 

became r a p i d l y  ve ry  i l l  and was a d m i t te d  t o  a n u r s i n g  

home. A d i a g n o s i s  o f  p e r n i c i o u s  anaemia o f  p regnancy  

was made and t r e a t m e n t  w i th  anahaem in ,  2 c . c  d a i l y ,  o r a l  

l i v e r  and i r o n  was commenced. Her c o n d i t i o n  improved 

c l i n i c a l l y ;  t h e  oedema d i s a p p e a r e d ,  b u t  she s t i l l  f e l t  

weak and s t a t e d  she had f e l t  no l i f e  s i n c e  a d m is s io n  to  

t h e  home. A f t e r  s i x  weeks,  when p r o g r e s s  seemed t o  

have  come to  a s t a n d s t i l l ,  she was a d m i t t e d  t o  h o s p i t a l  

f o r  f u r t h e r  i n v e s t i g a t i o n .

On e x a m in a t io n  she was very  t h i n .  Her t e m p e r a t u r e  

was n o r m a l ,  b u t  th e  p u l s e  r a t e  was s l i g h t l y  e l e v a t e d .

££he looked  anaemic  and th e  sk in  had a f a i n t  i c t e r i c  

t i n g e .  The mucosae were p a l e .  There  was no g l o s s i t i s ,  

c h e i l o s i s ,  k o i l o n y c h i a ,  e t c . ,  n o r  were t h e r e  any 

symptoms r e l a t i n g  to  t h e  g a s t r o - i n t e s t i n a l  t r a c t .  The 

c a r d i a c  b o r d e r s  were w i t h i n  normal l i m i t s  and a 

v e n t r i c u l o - s y s t o l i c  murmur cou ld  be h e a rd  a t  a l l  a r e a s .  

Her b loo d  p r e s s u r e  was no rm al ,  no oedema c o u ld  be



d e t e c t e d  and t h e  ly m p h a t ic  g l a n d s  were n o t  e n l a r g e d  to  

p a l p a t i o n .  The s t r i k i n g  f e a t u r e  o f  t h e  whole e x a m in a t io n  

was t h e  s i z e  o f  t h e  s p l e e n .  I t  c o u ld  he f e l t  f o u r  f i n g e r -  

b r e a d t h s  be low t h e  c o s t a l  m arg in  and was s l i g h t l y  t e n d e r  

on deep  p r e s s u r e .  The l i v e r  was n o t  e n l a r g e d  to  

p a l p a t i o n .  The u t e r u s  was s ix  months s i z e  and no f o e t a l  

h e a r t  c o u ld  be h e a r d .  A d i a g n o s i s  o f  h a e m o ly t i c  anaemia 

was c o n f i rm e d  by ex am in a t io n  o f  t h e  p e r i p h e r a l  b lood  and 

bone m arrow. These  f i n d i n g s  w i l l  be d i s c u s s e d  l a t e r .

The second case  o f  h a e m o ly t i c  anaemia was seen  

a f t e r  d e l i v e r y .  The p a t i e n t ,  a young unm arr ied  g i r l  

aged  21 y e a r s ,  was a d m i t te d  t o  h o s p i t a l  a t  t e rm  w i th  a 

s e v e r e  p r e - e c l a m p t i c  to x ae m ia .  Labour was induced  

s u r g i c a l 3 y a n d  25 ho u rs  l a t e r  she d e l i v e r e d  h e r s e l f  

s p o n t a n e o u s ly  o f  a f e m a le ,  m atu re  l i v e  c h i l d  w e igh ing  

5-J- l b s .  Haemorrhage was m o d e ra te .  Her b lo o d  p r e s s u r e  

rem a in e d  e l e v a t e d  t i l l  t h e  f o u r t h  day when i t  f e l l  to  

140/90  and o n ly  th en  was h e r  p a l l o r  n o t e d .  She became 

r a p i d l y  anaemic  w i t h in  th e  n ex t  two d a y s ,  and had a 

m o d e r a t e l y  s e v e r e  e p i s t a x i s .  Blood t r a n s f u s i o n  was 

n e c e s s a r y  and had to  be r e p e a t e d  seven  days  l a t e r .

A lthough  she was p y r e x i a  1 and c o l i f o r m  b a c i l l i  were 

found  i n  t h e  u r i n e  on c u l t u r e ,  b lo od  c u l t u r e  was 

n e g a t i v e .  J a u n d i c e  was n o t  n o ted  c l i n i c a l l y  b u t  was 

p r e s e n t  i n  t h e  p lasm a .  The sp l e e n  was e n l a r g e d  and



t h e  l i v e r  edge which  c o u ld  he f e l t  one i n c h  helow t h e  

c o s t a l  m a r g i n ,  was t e n d e r  t o  p a l p a t i o n .  The d i a g n o s i s  

o f  a h a e m o l y t i c  anaemia was conf i rm ed  by l a b o r a t o r y  

f i n d i n g s ,  which  w i l l  be d i s c u s s e d  l a t e r  i n  th e  t e x t .  I t  

i s  s u f f i c i e n t  t o  n o t e  h e re  the  s i m i l a r i t y  t h a t  e x i s t s  

c l i n i c a l l y  between p e r n i c i o u s  anaemia o f  p regnancy  and 

a h a e m o l y t i c . anaemia c o m p l i c a t in g  p r e g n a n c y ,  where t h e  

j a u n d i c e ,  a s  h e r e ,  i s  n o t  marked and t h e  s p l e n i c  

e n la rg e m e n t  n o t  t y p i c a l .

GROUP B : -

A l t o g e t h e r  29 p a t i e n t s  were i n c l u d e d  i n  t h i s  

g r o u p .  Of t h e s e  10 were anaemias  who deve loped  

to x ae m ia  i n  t h e  c o u rse  o f  t h e r a p y ,  7 were toxaem ias  

c o m p l i c a t e d  by anaemia and 12 were c a s e s  o f  anaemia who 

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

p r e - e c l a m p t i c  to x ae m ia .

I n  t h e  f i r s t  two groups th e  to xaem ia  was th e  

m a jo r  f a c t o r  i n  e a c h  c a se  and th e  m a j o r i t y  o f  p a t i e n t s  

were  a d m i t t e d  t o  h o s p i t a l  because  o f  i t ,  though  two 

p a t i e n t s  were  a d m i t t e d  to  h o s p i t a l  i n i t i a l l y  b ecau se  

o f  s e v e r e  anaemia  and developed  toxaem ia  w h i le  i n  t h e  

w a rd s .

The r e m a in in g  twelve  c a se s  a r e  i n t e r e s t i n g  

however* Three  were t r e a t e d  a n t e n a t a l l y  i n  t h e  wards 

o f  t h e  h o s p i t a l ,  two pa id  one v i s i t  to  th e  h a e m a t o l o g ic a l



o l i n i c  and th e  r e m a in i n g - s e v e n  were a d m i t t e d  d i r e c t l y  t o  

h o s p i t a l  a s  p r e - e c l a m p t i c  t o x a e m ia s .  Thus f i v e  c a s e s  

were examined p e r s o n a l l y  b e f o r e  d e l i v e r y  and had s t e r n a l  

p u n c t u r e s  d o ne .  The r e c o r d s  were a v a i l a b l e  f o r  t h e  o t h e r  

sev en  and a b lo o d  p i c t u r e  was a v a i l a b l e  i n  ev e ry  c a se  

b e f o r e  d e l i v e r y .  I t  was found t h a t  t h e s e  tw e lve  c a s e s  

f e l l  i n t o  two c l i n i c a l  groups depend ing  on th e  s e v e r i t y  o f  

t h e  a n a e m ia .  The n i n e  p a t i e n t s  who r e c e i v e d  no t r e a t m e n t  

had no c o m p l a i n t  to  make a t  a l l  a p a r t  from oedema,  which  

was o n ly  p r e s e n t  t o  a marked degree  i n  t h r e e  c a s e s .  A l l  

were s e v e r e  anaem ias  w i th  haemoglobin  r e a d i n g s  a v e r a g i n g  

40 p e r  c e n t  S a h l i  and r a n g i n g  between 33 p e r  c e n t  and 48 

p e r  c e n t .  The two p a t i e n t s  who were s e e n  p e r s o n a l l y  had 

no c o m p la in t  t o  make o r i g i n a l l y  and i t  was on ly  a f t e r  

r e p e a t e d  q u e s t i o n i n g  t h a t  they would adm it  to  f e e l i n g  

" s l i g h t l y  t i r e d " .  The blood p r e s s u r e  was r a i s e d  i n  

every  i n s t a n c e  and th e  r e a d i n g s  ranged  from 175/100 t o  

1 4 0 /9 0 .  With  t h e  e x c e p t io n  of  two p a t i e n t s  who had 

p y u r i a  due to  a c o l i f o r m  i n f e c t i o n ,  o n ly  a t r a c e  o f  

a lbumen co u ld  be d e t e c t e d  i n  th e  u r i n e .  P a l l o r  was 

n o te d  i n  t h e  two p a t i e n t s  examined p e r s o n a l l y , who had 

haem og lob in  r e a d i n g s  o f  33 per  c e n t  and 37 p e r  cen t  

S a h l i ; t h e  mucosae were p a le  and c h e i l o s i s  was p r e s e n t  

i n  one* Both  had oedema o f  t h e  f e e t  and a n k l e s ,  b u t  

a p a r t  from t h a t  c l i n i c a l  ex am in a t io n  was o t h e r w i s e



n e g a t i v e •

Of t h e  n i n e  p a t i e n t s ,  one was s u r g i c a l l y  .induced 

on a d m i s s io n  to  h o s p i t a l  and a second was d e l i v e r e d  a t  

home w h i l e  a w a i t i n g  a d m is s io n .  Of t h e  r e m a in d e r  the  

b lo o d  p r e s s u r e  became norm al  w i t h i n  24 h o u rs  o f  

a d m i s s io n  i n  t h r e e ,  w i t h i n  48 ho u rs  i n  two and w i t h i n  a 

week i n  t w o .  A l l  th e  p a t i e n t s  were d e l i v e r e d  .b e fo re  

t r e a t m e n t  was commenced and i t  was n o t  t i l l  t h e  t h i r d  

day o f  t h e  p u e rp e r i a m  t h a t  t h e s e  p a t i e n t s  complained  o f  

any symptoms r e l a t i v e  to  anaem ia .  Four p a t i e n t s  w i th  

i n i t i a l  haem oglob in  r e a d i n g s  o f  l e s s  t h a t  40 p e r  c e n t  

S a h l i  com pla ined  o f  extreme weakness a f t e r  d e l i v e r y  

and f e l t  d i z z y  even when s i t t i n g  up i n  b e d .  P a l l o r  was 

m a r k e d ,  oedema had d i s a p p e a r e d ,  and i n  one c a s e  th e  

s p l e e n  was p a l p a b l y  e n l a r g e d .

Of t h e  t h r e e  c a s e s  t r e a t e d  a n t e n a t a l l y  two 

were a d m i t t e d  a s  n p r e - e c l a m p t i c  t o x a e m i a s " ,  t h e  t h i r d  

a s  "oedema and an ae m ia" .  In  a l l  t h r e e  th e  b lood  

p r e s s u r e  was r a i s e d ,  r e a d i n g s  from 160/90  t o  140/80  

b e in g  r e c o r d e d .  Oedema was marked e x te n d in g  r i g h t  up 

on t o  th e  abdom inal  w a l l  and i n  one p a t i e n t  even th e  

f a c e  and hands  were markedly sw o l l e n .  I n  t h i s  p a t i e n t  

p a l l o r  was n o t  marked and d e s p i t e  th e  s e v e re  anaemia 

(haem oglob in  e q u a l  t o  24 pe r  c e n t  S a h l i )  t h e  mucous 

membranes were m o d e ra te ly  c o lo u r e d .  Only a t r a c e  o f



albumen was found i n  th e  u r i n e s  and t h i s  c l e a r e d  up 

soon  a f t e r  a d m i s s i o n .  A l l  t h r e e  p a t i e n t s  were very  

s e v e r e  anaem ias  w i t h  haemoglobin  r e a d i n g s  v a r y i n g  from 

32 p e r  c e n t  to  23 p e r  c e n t  S a h l i .  They gave h i s t o r i e s  

o f  i n c r e a s i n g  weakness and t i r e d * w ? ^ h  t h e  development  

o f  oedema o f  one m o n th ' s  d u r a t i o n .  One p a t i e n t  was sble 

t o  r e l a t e  h e r  symptoms to  an a t t a c k  o f  d i a r r h o e a  and 

v o m i t in g  one month  p r e v i o u s l y .  She and a n o th e r  p a t i e n t  

had been  h a v in g  an i n a d e q u a te  d i e t ,  b u t  the  t h i r d  

p a t i e n t ,  who came from th e  Outer  H e b r id e s  had a good 

d i e t a r y  i n t a k e  e x ce p t  f o r  th e  a b s o l u t e  e x c l u s i o n  o f  

g r e e n  v e g e t a b l e s  i n  w i n t e r  and oa tm ea l  which had 

become s c a r c e  s i n c e  r a t i o n i n g .  A l l  t h r e e  women 

b e lo n g e d  t o  t h e  o l d e r  age g ro u p ,  t h e i r  a g es  r a n g i n g  

from 36 t o  39 y e a r s .  Two were p r im ig ra t f id a e  and t h e  

t h i r d  was a p a r a  f o u r .

As b e f o r e  the  b lood  p r e s s u r e  f e l l  and t h e  

a lb u m e n u r i a  c l e a r e d  up a f t e r  a d m i s s i o n ,  b u t  t h e  oedema 

which  was g r o s s  i n  t h e s e  t h r e e  c a s e s  t o o k  lo n g e r  to  

d i s a p p e a r .  The p e r i p h e r a l  b lood  p i c t u r e  and marrow 

p i c t u r e  were examined i n  e ach  c a se  b e f o r e  t h e r a p y  was 

commenced•

I t  w i l l  be seen  t h a t  a c l o s e  s i m i l a r i t y  e x i s t s  

be tw een  th e  n i n e  m i l d e r  c a se s  m ent ioned  p r e v i o u s l y ,  

t h e  t h r e e  s e v e r e  c a s e s  above and c a se s  o f  p r e - e c l a m p t i c
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t o x a e m i a .  However s e v e r a l  d i s t i n g u i s h i n g  f e a t u r e s  a r e  

a p p a r e n t  (T ab le  Vlll) • F i r s t l y ,  i n  anaemia s i m u l a t i n g  

to x ae m ia  t h e  b lo o d  p r e s s u r e  i s  u s u a l l y  n o t  as  h i g h  a s  i n  

a  p u re  tox aem ia  and when i t  i s  r a i s e d  the  s y s t o l i c  b lo o d  

p r e s s u r e  would a p p e a r  to  be r e l a t i v e l y  h i g h e r  t h a n  th e  

d i a s t o l i c ,  g i v i n g  t h e r e f o r e  a g r e a t e r  p u l s e  volume. A lso ,  

t h e  b lood  p r e s s u r e  t e n d s  t o  f a l l  soon a f t e r  a d m is s io n  t o  

h o s p i t a l .  Secondly oedema i s  r e l a t i v e l y  more marked and 

may be t h e  o n ly  c o m p la in t  which t h e  p a t i e n t  h a s .  T h i r d l y
f

a l b u m i n u r i a  i s  n o t  a p rom inent  f e a t u r e  i n  anaemia 

s i m u l a t i n g  t o x a e m ia ;  the  albumen i s  p r e s e n t  i n  t h e  u r i n e  

a s  a t r a c e  u s u a l l y  end c l e a r s  up soon a f t e r  a d m i s s io n .  

F i n a l l y  t h e  anaemia  may or  may n o t  be an ob v ious  f e a t u r e .  

I t  h a s  been  shown t h a t  i n  t h i s  group th e  m a j o r i t y  o f  the  

p a t i e n t s  w i t h  s e v e r e  anaemia d id  n o t  com pla in  and d i d  n o t  

lo o k  anaemic  t i l l  a f t e r  d e l i v e r y ,  when i n  th e  t h i r d  day 

o f  t h e  p u e rp e r iu m  and t h e r e a f t e r  when p o s t  pa r tum  

h a e m o d i l u t i o n  was maximal (Obers t  and P l a s s  1936,

C ra w fo rd ,  1940) the  symptoms became p r o p o r t i o n a l  to  t h e  

d e g re e  o f  a n ae m ia .  H a em a to lo g ic a l ly  and b i o c h e m i c a l l y ,  

f e a t u r e s  p e c u l i a r  to  t h i s  group o f  anaemias  were fo un d ,  

b u t  t h e s e  w i l l  be d i s c u s s e d  i n  a l a t e r  s e c t i o n  o f  t h e  

t h e s i s .

The a bsen ce  of  symptoms i n  n in e  ou t  o f  tw e lv e  

p a t i e n t s  i n  t h i s  group o f  severe  anaemias  would s u g g e s t
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t h a t  t h e  r a i s e d  b lood  .p re s su re  was p o s s i b l y  t h e  f a c t o r  

w h ich  p r e v e n t e d  t h e  p a t i e n t ,  from a p p r e c i a t i n g  h e r  anaemic 

s t a t e • I f  t h i s  i s  t r u e ,  th e  r a i s e d  b lood  p r e s s u r e  m ight  

be r e g a r d e d  a s  a compensa tory  r e a c t i o n  o f  t h e  body to  t h e  

anaem ic  s t a t e *  I t  was t h e r e f o r e  d e c id ed  t o  a n a l y s e  th e  

a naem ias  i n  group A and f i n d  the  a v e ra g e  b lood  p r e s s u r e  

s y s t o l i c  and d i a s t o l i c  o f  the  p a t i e n t s  w i th  and w i th o u t  

symptoms i n  e ach  haemoglobin  g ro u p .  The r e s u l t s  a r e  

shown i n  C h a r t  ( V (a )  and (b) ) .  I t  w i l l  be seen  t h a t  

t h e  c u r v e s  f o r  t h o s e  w i th  and w i th o u t  symptoms a r e  

p a r a l l e l ,  b u t  t h e  cu rve  f o r  th e  l a t t e r  i s  d e f i n i t e l y  

h i g h e r  and t h i s  h o l d s  f o r  b o th  s y s t o l i c  and d i a s t o l i c  

r e a d i n g s .  Hence i t  would appea r  t h a t  p a t i e n t s  w i t h  

a n a e m ia ,  who a r e  a sym p tom at ic ,  have on t h e  a v e rag e  a 

h i g h e r  b lo o d  p r e s s u r e  th an  th o se  who have symptoms and 

t h a t  t h i s  o c c u r s  i r r e s p e c t i v e  o f  t h e  degree  o f  anaemia • 

F u r t h e r  a s  t h e  anaemia  becomes more s e v e r e  t h e  number o f  

c a s e s  w i t h o u t  symptoms i n  each  group i s  g r a d u a l l y  

r e d u c e d  and f i n a l l y  i n c l u d e s  t h e  c a s e s  o f  anaemia 

s i m u l a t i n g  toxaem ia  d e s c r ib e d  above.  

ffiOUP c

Stevenson  (1936) f i r s t  s t a t e d  t h a t  a number o f  

h e r  c a s e s  o f  hypochromic anaemia o f  p regnancy  showed s i g n s  

o f  "h a e m o ly s is "  v i z .  p o s i t i v e  Van den Bergh,  e x ce ss  

u r o b i l i n o g e n  i n  t h e  u r i n e  and she was un ab le  to  e x p l a i n ,



"why t h e  s i g n s  o f  h a e m o ly s is  a r e  so s l i g h t  i n  t h e  

" p e r n i c i o u s "  group and why th ey  a r e  p r e s e n t  i n  some c a s e s  

o f  t h e  " s e c o n d a r y "  g ro u p " .  On t h i s  acco u n t  she f e l t  

t h a t  t h e  hypochromic  anaemia o f  p regnancy  m igh t  n o t  be 

a s i n g l e  group o f  anaem ias .

I n  t h e  c o u rs e  o f  t r e a tm e n t  o f  p a t i e n t s ^ w i t h  

hypochromic  anaemia a t  t h e  h a e m a t o l o g ic a l  c l i n i c ^ i t  was 

n o t e d  t h a t  t h e  plasma of  a number o f  th e  p a t i e n t s  

a t t e n d i n g  was j a u n d ic e d  and gave a p o s i t i v e  Van den 

Bergh r e a c t i o n .  These p a t i e n t s  were a l s o  found tdi have 

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

f r a g i l i t y  was n o rm a l .  As the  pregnancy advanced and 

t h e  anaemia  re sp o n d ed  to  t r e a tm e n t  th e  " j a u n d i c e "  

t e n d e d  t o  c l e a r  u p ,  but  would r e a p p e a r  a g a i n  i f  t h e  

p a t i e n t  d e v e lo ped  a g a s t r o - i n t e s t i n a l  u p s e t  o r  an 

i n f e c t i o n ,  such  as  a co ld  o r  p y u r i a .  Some c o n n e c t i o n  

t h e r e f o r e  a p p e a re d  to  e x i s t  between th e  j a u n d i c e ,  th e  

anaemia  and th e  i n c id e n c e  o f  c o m p l i c a t i o n s  a s  m en t ioned  

a b o v e •

At t h e  same t ime i t  was n o te d  t h a t  s e v e r a l  o f  

th e  b lo o d s  t a k e n  o f f  r o u t i n e l y  a t  t h e  a n t e - n a t a l  c l i n i c  

f o r  haem oglob in  e s t i m a t i o n  had j a u n d ic e d  p lasma and 

t h a t  t h e  haem oglobin  i n  t h e s e  c a s e s  was u s u a l l y  n o rm a l .

I t  was t h e r e f o r e  dec ided  to  f o l lo w  t h e s e  p a t i e n t s  r i g h t  

t h r o u g h  t h e i r  p regnancy  w i th  monthly e s t i m a t i o n s  o f



t h e i r  h a e m o g lo b in ,  i c t e r i c  i n d e x ,  Van den Bergh 

u r o b i l i n o g e n  and b i l i r u b i n  e x c r e t i o n .  A t o t a l  o f  1 ,890  

c l i n i c  b l o o d s  were obse rved  and o f  t h e s e  112 o r  5 . 9  p e r  

c e n t  were  found to  g iv e  p o s i t i v e  Van den Bergh 

r e a c t i o n s .  Of t h e  o r i g i n a l  112,  some d id  n o t  r e p o r t  

b a ck  and u l t i m a t e l y  only  70 p a t i e n t s  c o u ld  be fo l lo w e d  

r i g h t  t h r o u g h  t h e i r  p r e g n a n c i e s .

The norm al  p a t i e n t  a t t e n d i n g  t h e  c l i n i c  has  an 

i c t e r i c  in d ex  o f  2 to  3 and a Van den Bergh r e a c t i o n ,  

which  i s  n e g a t i v e  d i r e c t l y  and i n d i r e c t l y ,  whereas t h e  

70 p a t i e n t s  fo l lo w e d  up ,  had e i t h e r  a d i r e c t  o r  an 

i n d i r e c t  Van den Bergh .  However, when t h e s e  70 c a s e s  

were  r e v ie w e d  i t  was found t h a t  s e v e n te e n  p a t i e n t s  who 

had  a n e g a t i v e  d i r e c t  and a p o s i t i v e  i n d i r e c t  Van den 

Bergh which  was i n s u f f i c i e n t  to  e s t i m a t e ,  showed no 

c o r r e l a t i o n  between th e  t h r e e  f a c t o r s ,  v i z ,  j a u n d i c e ,  

anaemia  and c o m p l i c a t i o n .  T h is  would s u g g e s t  t h a t  an 

i n d i r e c t  Van den Bergh i n s u f f i c i e n t  t o  e s t i m a t e  i s  n o t  

s i g n i f i c a n t  i n  r e l a t i o n  to  the  o c c u r r e n c e  o f  anaemia 

and i t  may o c c u r  n o rm a l ly  i n  a p r e g n a n t  woman.

C e r t a i n l y ,  i n  t h e  s e v en te en  c a s e s  fo l lo w ed  each  m onth ,  

t h e  p reg n an cy  was normal  i n  e v e ry  r e s p e c t .  F i n a l l y  

t h e r e f o r e ,  th e  numbers were reduced  to  53 p a t i e n t s  who 

had e i t h e r  a p o s i t i v e  immediate  o r  d e la y ed  d i r e c t  Van 

den Bergh o r  a plasma b i l i r u b i n  e s t i m a t i n g  more t h a n



0 . 8  mg. p e r  c e n t .  These p a t i e n t s  cou ld  t h e n  he d i v i d e d  

i n t o  t h r e e  g roups

(a )  20 p a t i e n t s  who were a l r e a d y  anaem ic .

(b)  21 p a t i e n t s  who developed anaem ia .

( c )  12 p a t i e n t s  who d id  n o t  become anaem ic .

C o n s i d e r i n g  t h e  anaemic p a t i e n t s  f i r s t ,  i t  was

found  t h a t  t h e  av e rag e  t ime o f  t h e  f i r s t  a p p e a ra n c e  a t

c l i n i c  was 6 .7  months and t h a t  the  a v e ra g e  haem oglobin  

f o r  t h e  g roup  was 5 5 .2  p e r  c e n t .  The m a j o r i t y  o f  th e  

p a t i e n t s  were " q u i t e  wel l"  when t h e y  r e p o r t e d  f o r  a 

second  b lo od  t e s t  a month l a t e r ,  b u t  t h e y  gfcve a 

h i s t o r y  o r  were found t o  have some c o m p l i c a t i n g  f a c t o r  

i n  t h e  p r e g n a n c y .  55 p e r  c e n t  o f  the  p a t i e n t s  

com pla ined  o f  a g a s t r o - i n t e s t i n a l  d i s o r d e r ,  which was 

e i t h e r  an a c u t e  a t t a c k  l a s t i n g  a week o r  s o ,  o r  

p e r s i s t e n t  m orn ing  s i c k n e s s  l a s t i n g  m o n th s .  Two o f  

t h e s e  p a t i e n t s  r e q u i r e d  s p e c i a l  a t t e n t i o n .  One p a t i e n t  

de v e lo p ed  s e v e r e  s i c k n e s s  and m a l a i s e ,  became 

c l i n i c a l l y  j a u n d ic e d  w i th  a p lasma b i l i r u b i n  

e s t i m a t i n g  a t  14 mg p e r  c e n t  and was u l t i m a t e l y  

d ia g n o s e d  a s  an  a c u t e  h e p a t i t i s .  T h is  p a t i e n t  became 

ve ry  anaemic. ,  b u t  made a good r e c o v e r y  and re sp o n d ed  

w e l l  t o  i r o n  t h e r a p y .  The second p a t i e n t  came to  

c l i n i c  c o m p la in in g  o f  s w e l l in g  o f  th e  abdomen and 

p e r s i s t e n t  v o m i t i n g .  She was se n t  f o r  an X-Ray and



t o l d  t o  r e p o r t  back  i n  t h r e e  days t i m e .  During  t h i s  t i m e ,  

she became v e ry  much w o rs e ,  t h e  abdomen was t e n s e  a'nd 

t e n d e r ;  s i c k n e s s  p e r s i s t e d  and she was ve ry  d e h y d r a t e d .

The j a u n d i c e  had i n c r e a s e d ;  th e  anaemia was more marked 

and she had o l i g u r i a .  Laparotomy was perform ed end a t  

t h e  o p e r a t i o n ,  she was found to  have a t w i s t e d  o v a r i a n  

c y s t .  She made an u n e v e n t f u l  r e c o v e r y ;  t h e  j a u n d i c e  which 

had e s t i m a t e d  2 . 8  mg. o f  b i l i r u b i n  p e r  c e n t  c l e a r e d  up and 

t h e  haem og lo b in  which  f e l l  from 55 p e r  c e n t  a t  t h e  f i r s t  

v i s i t  t o  38 p e r  c e n t  u l t i m a t e l y ,  re a c h e d  no rm al  l e v e l s  

a f t e r  two months i r o n  t h e r a p y .  Both t h e s e  p a t i e n t s  were 

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

b i l e  was d e t e c t e d  i n  th e  u r i n e  i n  each  c a s e .

A f u r t h e r  15 p e r  c en t  o f  th e  p a t i e n t s  i n  t h i s  

group gave h i s t o r i e s  o r  s t i l l  had s ig n s  o f  a m i ld  p r e 

e c l a m p t i c  t o x a e m ia .  Only one p a t i e n t  r e q u i r e d  a d m is s io n  

t o  h o s p i t a l  on t h i s  a ccoun t  and she was d i s m is s e d  " w e l l 11 

two weeks l a t e r .  One p a t i e n t  had an a c t i v e  t u b e r c u l o u s  

i n f e c t i o n  and one p a t i e n t  was a c a r d i a c .  The r e m a in in g  

f o u r  p a t i e n t s  o r  20 pe r  c e n t  gave no h i s t o r y  w h a tso e v e r  

and a p a r t  from th e  anaemia no o t h e r  a b n o rm a l i t y  co u ld  be 

f o u n d .

E ig h t  p a t i e n t s  i n  t h i s  group were g iv e n  i r o n  and 

r e sp o n d ed  s a t i s f a c t o r i l y .  The ave rag e  r i s e  i n  haem oglobin  

was 12 p e r  c e n t .  A f u r t h e r  seven p a t i e n t s  showed



90

sp o n ta n e o u s  im provem ents .  'The re m a in in g  s i x  p a t i e n t s  

showed l i t t l e  change i n  t h e i r  anaemic s t a t e ,  

i t ) .  I n  t h i s  group the  a v e rag e  i n i t i a l  haem oglob in  was 

6 3 ,9  p e r  c e n t ,  t h e  m a j o r i t y  o f  th e  p a t i e n t s  f a l l i n g  w i t h i n  

th e  " lo w  normal"  r a n g e .  The average  t im e  o f  t h e  f i r s t  

a p p e a ra n c e  a t  c l i n i c  was 4 . 8  months i . e .  c o n s i d e r a b l y  

e a r l i e r  t h a n  th e  p r e v io u s  g ro u p ,  and 75 p e r  c e n t  o f  the  

p a t i e n t s  s t i l l  had symptoms r e l a t i n g  to  th e  c o m p l i c a t i o n  

when th e y  were seen  f o r  t h e  f i r s t  t im e .  A l l  t h e s e  p a t i e n t s  

u l t i m a t e l y  became anaemic and th e  a v e ra g e  time o f  a p p e a ra n c e  

o f  t h e  anaemia  was 6 .2  m onths ,  i . e .  a p p ro x im a te ly  t h e  

a v e r a g e  t im e  o f  ap p ea ra n c e  o f  the  f i r s t  g ro u p ,  who were 

a l r e a d y  anaemic  (Table  1X 0  The a v e ra g e  and u l t i m a t e  

haem oglob in  l e v e l  f o r  the  second group was 5 1 .9  p e r  c e n t  

S a h l i  g i v i n g  an a v e ra g e  drop o f  12 p e r  c en t  S a h l i .

The c o m p l i c a t i n g  f a c t o r s  i n  t h i s  group were 

examined as  b e f o r e  and the  r e s u l t s  showed t h a t  5 2 .4  p e r  

c e n t  o f  t h e  p a t i e n t s  had g a s t r o - i n t e s t i n a l  u p s e t ;  2 3 .8  

p e r  c e n t  had an i n f e c t i o n ,  9 .5  per  c e n t  had to x a e m ia ;  

one c a s e  was a c a r d i a c ,  4 , 8  p e r  c e n t ,  and t h e  r e m a in in g  

two c a s e s  o r  9 .5  p e r  c e n t  had no f a c t o r  p r e s e n t  a s  a 

c o m p l i c a t i o n .  These two p a t i e n t s  had t h e r e f o r e  a 

l a t e n t  j a u n d i c e ;  they  developed  anaemia l a t e r  and no 

a p p a r e n t  c au se  c o u ld  be found f o r  e i t h e r  c o n d i t i o n .

Seven o f  t h e  p a t i e n t s  i n  t h i s  g ro u p ,  who became



TABLE IX .

Time o f  J a u n d ic e  (months) Time o f  Anaemia (months •)

Group B. 4 . 8  

.Group A.

6 .2

6 .7



anaemic  were g iv e n  i r o n  th e r a p y  and th e  a v e ra g e  r i s e  i n  

t h e  haem og lob in  was 12 p e r  c e n t .  Two p a t i e n t s  showed 

s p o n ta n e o u s  improvements i n  t h e i r  anaemic c o n d i t i o n  w i t h 

o u t  i r o n ,  n i n e  p a t i e n t s  deve loped  m odera te  an ae m ia ,  two 

t e n d i n g  t o  r i s e  b e f o r e  term and t h r e e  p a t i e n t s  became 

p r o g r e s s i v e l y  w o rs e ,  d ev e lo p in g  sev e re  anaemia b e f o r e  

t e r m .

(c )  T h is  group c o n s i s t e d  o f  12 p a t i e n t s  seen  f o r  the  

f i r s t  t im e  i n  t h e i r  p re g n a n c i e s  a t  an a v e rag e  o f  6 .4  

months and w i t h  a haemoglobin  r e a d i n g  o f  67 p e r  c e n t

i . e .  h i g h e r  t h a n  i n  th e  p r e v io u s  g r o u p s .  F iv e  p a t i e n t s  

i n  t h i s  g roup  who were seen a t  an e a r l i e r  month o f  

g e s t a t i o n  t h a n  th e  average  f o r  t h e  group d id  11 d e t e r i o r a t e ” 

w i t h i n  th e  r a n g e  o f  n o r m a l i t y  i . e .  th e  haem oglobin  r e a d i n g  

f e l l  more t h a n  5 p e r  c en t  S a h l i ,  bu t  s t i l l  r em a ined  above 

t h e  b a s i c  l e v e l  o f  n o r m a l i t y .  The r e m a in in g  seven  

p a t i e n t s ,  who showed no s i g n i f i c a n t  d e t e r i o r a t i o n ,  were 

n o t  se en  u n t i l  7 . 9  months p r e g n a n t .  Four o f  th e s e  

p a t i e n t s  had no h i s t o r y  o f  any c o m p l i c a t i o n  e a r l y  i n  

p r e g n a n c y .  T h e i r  symptoms were a l l  o f  r e c e n t  o r i g i n .

Two p a t i e n t s  had no symptoms w h a t s o e v e r , and t h e  

r e m a in in g  p a t i e n t  who was seen  i n  th e  n i n t h  month  o f  

h e r  p r e g n a n c y ,  gave a h i s t o r y  o f  s i c k n e s s ,  e a r l y  i n  

p r e g n a n c y .  Whether she had been anaemic b e f o r e ,  and had 

shown sp o n ta n eo u s  improvement, as  n i n e  o f  t h e  c a s e s  i n



t h e  whole  s e r i e s  d i d ,  i .s  d i f f i c u l t  to  s a y ,  b u t  i t  i s  a 

p o s s i b i l i t y •

From t h e  f i n d i n g s  i n  t h i s  g r o u p ,  th e  f o l l o w i n g  

t e n t a t i v e  s u g g e s t i o n s  can be made. F i r s t l y ,  t h e  h i g h e r  

t h e  o r i g i n a l  haem oglobin  r e a d i n g ,  t h e  l e s s  chance  t h e r e  

i s  o f  t h e  p a t i e n t  becoming anaem ic .  Seco nd ly ,  i f  t h e  

c o m p l i c a t i n g  f a c t o r  o ccu rs  e a r l y  i n  p r e g n a n c y ,  even a 

p a t i e n t  w i t h  a h i g h  normal  haemoglobin  r e a d i n g  may show 

a s i g n i f i c a n t  drop i n  the  haemoglobin  r e a d i n g  w i t h i n  the  

r a n g e  o f  “n o r m a l i t y ” . F i n a l l y ,  i f  t h e  c o m p l i c a t i n g  

f a c t o r  a r i s e s  i n  th e  l a t e r  months o f  p r e g n a n c y ,  t h e r e  i s  

l e s s  te n d e n c y  f o r  a p a t i e n t  w i th  a h i g h  norm al  haemo

g l o b i n  r e a d i n g  to  show any s i g n i f i c a n t  change i n  t h e  

l e v e l .

I t  i s  o bv io us  t h a t ,  d e s p i t e  t h e  a p p a r e n t  

c o r r e l a t i o n  be tw een  th e  c o m p l i c a t i n g  f a c t o r ,  J a u n d ic e  

and a n a e m ia ,  t h e  q u e s t i o n  a r i s e s  w he ther  t h e s e  c a s e s  

a r e  n o t  r e a l l y  c a s e s  o f  f a m i l i a l  n o n -h a e m o ly t i c  

J a u n d ic e  a s  d e s c r i b e d  by G i l b e r t  e t . a l ( 1 9 0 7 )  Weber (1917) 

Van den Bergh (1955) Rozendal  e t . a l . ( 1 9 3 5 )  M eu len g rach t  

(1939) Damashek and S inger  (1941) A lwel l  e t  a l  (1946) 

and B a r r i e  (1 9 4 6 ) .  I n  o t h e r  words ,  t h a t  t h e  Ja u n d ice  

was a c o n s t i t u t i o n a l  i n a d e q u a c y ,  t h a t  i t  was common to  

t h e s e  p a t i e n t s  and bore  no r e l a t i o n  to  t h e  c o m p l i c a t i n g  

f a c t o r  and t h e  a n re m ia .  Such d id  n o t  ap p ea r  t o  be th e
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c a s e ,  h o w e v e r ,  s i n c e  t h e  j a u n d ic e  had a l r e a d y  c l e a r e d  up 

i n  t h i r t y  two o f  th e  p a t i e n t s  i n  th e  s e r i e s  by t h e  t im e  

o f  d e l i v e r y ,  w h i le  i n  a n o th e r  tw e lve  p a t i e n t s  t h e  

c o m p l i c a t i n g  f a c t o r s  which a p p a r e n t l y  caused  t h i s  

m e t a b o l i c  u p s e t ,  were s t i l l  a c t i v e .  F u r t h e r ,  i n  e i g h t  

p a t i e n t s  who had an e x a c e r b a t i o n  o f  t h e i r  g a s t r o - i n t e s t i n a 1 

u p s e t ,  i n f e c t i o n  e t c .  the  whole p r o c e s s  was fo l lo w e d  ou t  

c l o s e l y .  The c o m p l i c a t i n g  f a c t o r  and t h e  j a u n d i c e  

a p p e a re d  i n i t i a l l y ,  the  f a l l  i n  th e  haem oglob in  l e v e l  

n o t  o c c u r r i n g  t i l l  a l a t e r  d a t e ,  when i n  most  o f  t h e  

p a t i e n t s  t h e  symptoms had improved.  The j a u n d i c e  u s u a l l y  

c l e a r e d  q u i c k l y ,  b u t  the  u r i n a r y  u r o b i l i n o g e n  rem ained  

above n o rm a l  l e v e l s ,  sometimes f o r  m o n th s .  From t h e s e  

f i n d i n g s  i t  would a p p ea r  t h a t  a d e f i n i t e  r e l a t i o n s h i p  

e x i s t s  betv/een t h e  c o m p l i c a t i o n ,  th e  j a u n d i c e  and th e  

anaemia  and t h e  s t r i k i n g  f e a t u r e  o f  t h e  whole i n v e s t i g a t i o n  

i s  t h a t  such  m inor  c o m p l i c a t i o n s ,  t r e a t e d  a t  t h e  a n t e 

n a t a l  c l i n i c ,  shou ld  have such  a s i g n i f i c a n t  e f f e c t  upon 

a p r e g n a n t  woman.

I n  an a t t e m p t  to  e s t a b l i s h  t h e  norm al  u r o b i l i n o g e n  

e x c r e t i o n  o f  a p r e g n a n t  woman, every  r o u t i n e  u r i n e  s e n t  t o  

t h e  l a b o r a t o r y  f o r  b a c t e r i o l o g i c a l  e x a m in a t io n ,  d u r in g  one 

m onth ,  was t e s t e d .  I n  a l l  135 u r i n e s  were exam ined .  The 

r e s u l t s  a r e  shown i n  T able  IT* Only u r i n e s  g i v i n g  

d e f i n i t e  p o s i t i v e  r e s u l t s  have been r e g a r d e d  as
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s i g n i f i c a n t .  I t  w i l l  be seen  t h a t  o f  twenty  two p a t i e n t s  

a d m i t t e d  on p u r e l y  o b s t e t r i c a l  g r o u n d s ,  on ly  two had 

p o s i t i v e  u r o b i l i n o g e n  t e s t s  and n e i t h e r  was s t r o n g l y  

p o s i t i v e .  S i m i l a r  r e s u l t s  were found i n  c a s e s  o f  a n t i -  

p a r tu m  h a e m o r rh a g e ,  w h i le  a t  the  o t h e r  ex trem e e x c e s s i v e  

v o m i t i n g ,  s e v e r e  anaem ia ,  i n f e c t i o n  and p r e - e c l a m p s ia  

showed a h i g h e r  p e rc e n t a g e  o f  p o s i t i v e  r e s u l t s  i n  t h a t  

o r d e r .

For  c o m p a ra t iv e  p u rp o se s  45 u r i n e s  f rom p a t i e n t s  

i n  t h e  wards o f  t h e  Glasgow Royal I n f i r m a r y  were examined 

and t h e  r e s u l t s  a r e  shown i n  t a b l e  XX . Only t h r e e  

p a t i e n t s  i n  t h i s  s e r i e s  gave s t r o n g l y  p o s i t i v e  r e s u l t s ;  

two were c a r d i a c s ,  i n  th e  t e r m i n a l  s t a g e s  o f  c a r d i a c  

c o n g e s t i v e  f a i l u r e  and the  t h i r d  was a s e v e r e  A ddison ian  

P e r n i c i o u s  Anaemia.

From t h e s e  r e s u l t s  i t  would a p p ea r  t h a t ,  i f  

i n c r e a s e d  u r o b i l i n o g e n  i n  th e  u r i n e  can  be t a k e n  as  

e v id e n c e  o f  a m e t a b o l i c  u p s e t  (h ae m o ly s is  h a v in g  been  

r u l e d  o u t )  t h e n  t h e  same d i s e a s e  i s  more l i a b l e  t o  

c au se  a g r e a t e r  u p se t  i n  th e  m etabo l i sm  o f  a p r e g n a n t  

woman th a n  i n  the  n o n - p r e g n a n t .  Hence th e  s i g n i f i c a n c e  

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

n a t a l  c l i n i c  end t h e i r  r e l a t i o n s h i p  to  j a u n d ic e  and

su b s eq u e n t  an aem ia .

T h is  group o f  53 p a t i e n t s  p o s s i b l y  forms one. o f



t h e  g ro u p s  o f  hypochromic  anaemia w i t h  j a u n d i c e  t o  which  

S tevenson  (1936) r e f e r r e d .  ir/i. a d d i t i o n ,  j a u n d i c e  has
i

been n o t e d  i n  t h e  two c a s e s  o f  h a e m o ly t i c  anaemia 

m en t io n ed  p r e v i o u s l y .  I n  t h e  t h r e e  s e v e re  c a s e s  o f  

anaemia  s i m u l a t i n g  to x ae m ia ,  j a u n d i c e  was p r e s e n t  

i n i t i a l l y ,  b u t  d i s a p p e a r e d  w i th  t r e a t m e n t  and f i n a l l y  

j a u n d i c e  h a s  been  o b se rv ed  t o  o c cu r  i n  c a s e s  o f  anaemia 

u n d e rg o in g  t r e a t m e n t .  These t h r e e  g roups  o f  j a u n d ic e  

and anaemia  w i l l  be c o n s id e r e d  i n  a l a t e r  s e c t i o n  w i th  

r e f e r e n c e  t o  t h e  p a th o g e n e s i s  o f  the  anaemia .

So f a r  i n  t h i s  s e c t i o n  th e  immedia te  h i s t o r y  o f  

t h e  p a t i e n t  h a s  been  c o n s i d e r e d .  I t  i s  o b v i o u s ,  however ,  

t h a t  a  p a t i e n t  w i l l  r e l a t e  h e r  symptoms t o  h e r  p r e v i o u s  

s t a t e  o f  h e a l t h  and h e r  co m p la in t s  w i l l  be p r o p o r t i o n a l  

t o  t h e  a c t u a l  d iv e rg e n c e  from t h a t  s t a t e .  I n  o t h e r  w ord s ,  

i t  seemed p r o b a b l e  t h a t  a p a t i e n t  whose p r e v i o u s  h e a l t h  

was good would be more l i k e l y  to  com pla in  o f  symptoms o f  

anaemia  d u r i n g  h e r  p re g n a n c y , t h a n  a p a t i e n t  who had been  

anaemic  b e f o r e .  I t  has  been shown t h a t  on ly  34 p e r  c e n t  

o f  the  m o d era te  anaemias complained o f  any symptom which 

co u ld  be r e l a t e d  t o  anaemia and i n  t h e  s e v e r e  group t h e  

f i g u r e  was 68 p e r  c e n t .  Only a f t e r  f u r t h e r  q u e s t i o n i n g  

would a f u r t h e r  46 p e r  c e n t  o f  the  m odera te  anaemias  and 

2 3 .7  p e r  c e n t  o f  t h e  s e v e re  anaemias admit  t o  f e e l i n g  n o t  

“ q u i t e  we11“ • I n  o t h e r  words ,  a f t e r  q u e s t i o n i n g  th e



p a t i e n t s  f u r t h e r ,  n in e  of  t h e  m odera te  anaemias  and f i v e  

o f  t h e  s e v e r e  anaem ias  s t i l l  m a in t a in e d  th ey  f e l t  w e l l .

I t  i s  c o n c e i v a b l e  t h a t  a p a t i e n t  w i t h  m odera te  an ae m ia ,  

who f o l l o w s  th e  reg im e  a d v is e d  a t  c l i n i c  and r e s t s  every  

a f t e r n o o n ,  may n o t  a p p r e c i a t e  th e  e x t r a  M burden” o f  

anaemia  and may r e l a t e  any minor symptoms s o l e l y  t o  the  

p r e g n a n c y .  On t h e  o t h e r  h a n d ,  i t  i s  d i f f i c u l t  t o  b e l i e v e  

t h a t  a woman w i t h  sev e re  anaemia should  make no r e l a t i v e  

c o m p l a i n t ,  u n l e s s  she had been anaemic f o r  y e a r s  and 

h a v in g  a d j u s t e d  h e r  mode o f  l i f e  to  t h a t  s t a t e ,  she 

u l t i m a t e l y  d id  n o t  r e c o g n i s e  i t  as  such .  I n  s u p p o r t  o f  

t h i s  a rgument  i t  vms i n t e r e s t i n g  t o  n o t e  t h a t  t h r e e  o f  

t h e  f i v e  s e v e r e  a n a e m ia s ,  who had no c o m p la in t  gave a 

h i s t o r y  o f h a v in g  had anaemia a t  some p r e v i o u s  d a t e ,  

w h e reas  o n ly  two o f  t h e  n in e  c a s e s  w i t h  m odera te  anaemia 

gave t h i s  h i s t o r y .  T h e re fo re  th e  h y p o t h e s i s  i s  p ro b ab ly  

t r u e  t h a t  t h e s e  women had been anaemic f o r  some t ime a n d ,  

h a v in g  a d j u s t e d  t h e i r  mode o f  l i f e  a c c o r d i n g l y ,  th ey  no 

l o n g e r  r e c o g n i s e d  i t s  e x i s t e n c e .

When t h e  p a t i e n t * s  fam i ly  h i s t o r y  was c o n s id e r e d  

t h e  r e s u l t s  showed a fam i ly  h i s t o r y  o f  a.naemia i n  20 p e r  

c e n t  o f  t h e  p a t i e n t s  w i t h  haemoglobin l e s s  t h a n  50 p e r  

c e n t  S a h l i  and an i n c i d e n c e  o f  16 p e r  c e n t  i n  t h o s e  w i th  

haem oglob in  more t h a n  50 p e r  c e n t .  Of t h e  s e v e r e  anaemias  

i n  f o u r  i n s t a n c e s  t h e  r e l a t i v e  had p e r n i c i o u s  a n aem ia ,  i n
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two o a s e s  t h e  m o the r  had p e r n i c i o u s  an ae m ia ,  i n  one a 

f a t h e r ,  and i n  t h e  f o u r t h  a m a t e r n a l  a u n t  had d ie d  a s  a 

r e s u l t  o f  i t .  No case  o f  p e r n i c i o u s  anaemia had o c c u r r e d  

among t h e  r e l a t i v e s  o f  t h e  m o d e ra te ly  anaemic women.

'The p a t i e n t ' s  own h i s t o r i e s  were examined w i t h  

r e f e r e n c e  t o  t h e  i n c id e n c e  o f  p e r n i c i o u s  anaemia and th e  

r e s u l t s  a r e  shown i n  T ab le  m . i t  can be seen  t h a t

2 7 . 3  p e r  c e n t  o f  t h e  p a t i e n t s  i n  th e  m odera te  group gave 

a h i s t o r y  o f  anaemia p r e v i o u s l y ,  a s  compared w i t h  57 p e r  

c e n t  i n  t h e  s e v e r e  g roup ,  the  r a t i o  b e in g  a lm o s t  1 t o  2 .  

When t h e  h i s t o r i e s  were ana ly se d  f u r t h e r  a c c o r d i n g  to  

w h e th e r  t h e  anaemia d a ted  from a p r e v i o u s  p r e g n a n c y ,  

e x c e s s i v e  m e n s t r u a l  l o s s ,  anaemia due to  o t h e r  b lood  l o s s ,  

and anaemia  i d i o p a t h i c  i n  o r i g i n ,  th e  r e s u l t s  showed t h a t  

i n  t h e  l a t t e r  t h r e e  groups th e  i n c i d e n c e  was a p p ro x im a te ly  

t h e  same i n  th e  m odera te  and seve re  a n a e m ia s ,  b u t  i n  t h e  

f i r s t  g roup  i . e .  anaemia d a t in g  from a p r e v i o u s  p re g n a n c y ,  

t h e  p e r c e n t a g e  i n c i d e n c e  i n  t h e  s e v e re  group was t h r e e  

t im e s  t h a t  o f  t h e  m odera te  g rou p .  T h is  means t h a t  t h e  

h i g h e r  i n c i d e n c e  o f  a h i s t o r y  o f  anaemia p r i o r  t o  

p regnancy  i n  t h e  s e v e re  group was due s o l e l y  t o  an 

i n c r e a s e  i n  t h e  number o f  p a t i e n t s  i n  t h i s  g r o u p ^  who 

were a b l e  t o  r e l a t e  t h e i r  anaemia t o  a p r e v i o u s  p r e g n a n c y .



DISCUSSION.

Having s t r e s s e d  th e  h i g h  i n c i d e n c e  o f  anaemia i n  

Glasgow i n  o u r  i n i t i a l  su r v e y ,  i t  i 3  o f  f u r t h e r  im p o r tan c e  

t o  n o t e  a l a r g e  number o f  t h e s e  anaemic women do n o t  

c o m p la in  o f  any symptoms r e l a t i v e  to  t h e i r  anaemic s t a t e .  

The r e s u l t s  o f  t h e  c l i n i c a l  survey show t h a t  o n ly  one 

t h i r d  o f  t h e  m o d e r a te ly  anaemic end t  wo t h i r d s  o f  t h e  

s e v e r e l y  anaemic p a t i e n t s  made any c o m p l a i n t .  More 

d e t a i l e d  q u e s t i o n i n g  however d id  e l i c i t  symptoms from 

many p a t i e n t s ,  b u t  i t  must be emphasised  t h a t  t h e s e  were 

n o t  s p o n t a n e o u s .  A da i r ,  Dieckmann and Gran t  (1936)

H am il ton  and Wright (1942) and D i l l o n  (1943) r e p o r t e d  

c a s e s  o f  asym ptom at ic  anaemia i n  p r e g n a n t  women, b u t  th e  

anaem ia  was on ly  o f  m i ld  d e g r e e .  No m en t io n  i s  made i n  

t h e  l i t e r a t u r e  o f  th e  asymptomatic  s e v e r e  anaemia  which 

o c c u r r e d  i n  a h i g h  p e rc e n t a g e  o f  our  p a t i e n t s .  Many 

a u t h o r s  however (Smallwood 1936,  B oyco t t  1936, Stevenson 

1936 ,  Whitby and B r i t t o n  1946) have s t r e s s e d  t h e  

i n s i d i o u s  n a t u r e  o f  hypochromic anaemia o f  p regnancy  and 

have ' s t a t e d  t h a t  p a t i e n t s  d id  n o t  com pla in  unduly  u n t i l  

t h e  haem og lob in  l e v e l  had f a l l e n  t o  7 g .  p e r  c e n t .

Of th e  p a t i e n t s  who d id  n o t  c o m p la in ,  t h e  a v e rag e  

t im e  o f  app ea ran ce  o f  symptoms was a t  4 . 3  months o f  th e  

pregnancy. £he p a t i e n t s  had the  u s u a l  s i g n s  and symptoms 

o f  a n a e m ia ,  t h e  d i f f e r e n c e  between t h e  m od era te  and



s e v e r e  anaem ias  b e in g  m ain ly  one o f  d e g r e e .  I n  a d d i t i o n  

t o  t h e  common s i g n s  o f  anaemia g a s t r o - i n t e s t i n a l  u p s e t  

o c c u r r e d  f a i r l y  f r e q u e n t l y .  I n  the  m odera te  anaem ias  

t h i s  was u s u a l l y  a com pla in t  o f  h e a r t b u r n ,  n a u s e a ,  

o c c a s i o n a l  v o m i t i n g ,  a n o r e x i a  and c o n s t i p a t i o n .  The 

s e v e r e  an aem ias  showed s i m i l a r  f e a t u r e s  bu t  more c a s e s  

o f  d i a r r h o e a  o c c u r r e d  i n  t h i s  g ro u p .  I n  c o n t r a s t  to  

t h e s e  f i n d i n g s  Snallwood (1936) s t a t e d  t h a t  few p a t i e n t s  

w i t h  s e v e r e  hypochromic anaemia o f  pregnancy  had d y s p e p s i a .  

One o f  t h e  common s i g n s  o f  anaem ia ,  which was most 

c o n s t a n t  i n  our  p a t i e n t s ,  was p a l l o r  o f  t h e  m ucosae .  More 

commonly p a l l o r  o f  t h e  complexion was n o t e d .  C l i n i c a l  

d i a g n o s i s  i n  t h e s e  c a s e s  was t h e r e f o r e  l e s s  r e l i a b l e  a n d ,  

a s  s t a t e d  p r e v i o u s l y ,  many c a s e s  w i th  h ig h  b lood  p r e s s u r e  

and anaemia  had  w e l l  i n j e c t e d  mucosae .  I t  was a l s o  

i n t e r e s t i n g  to  n o t e  t h a t  t r o p h i c  changes  such as  

c h e i l o s i s ,  g l o s s i t i s  and k o i lo n y c h ia  had a h i g h e r  

i n c i d e n c e  i n  th e  s e v e re  anaem ias .  Oedema was a l s o  a 

marked f e a t u r e  i n  many c a s e s  o f  seve re  a n aem ia ,  whereas 

no i n s t a n c e  o f  g r o s s  oedema cou ld  be found i n  t h e  group 

o f  m o d e ra te  anaemias  ( t h a t  i s  p a t i e n t s  w i th  haem oglobin  

r e a d i n g s  above 50 p e r  c e n t  S a h l i ) .

More h as  been  w r i t t e n  rb o u t  th e  c l i n i c a l  p i c t u r e  

o f  p e r n i c i o u s  anaemia o f  p reg n a n c y # . I n  b o th  o f  o u r  c a s e s  

symptoms o f  anaemia d e v e lop ed ,  d u r in g  t h e  s i x t h  month o f
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p re g n a n c y  and became p r o p r e s s i v e l y  w o rse .  Gases o f  

p e r n i c i o u s  anaemia  o f  p regnancy  o f  r a p i d  o n s e t  i n  t h e  

l a t e r  months o f  g e s t a t i o n ,  have been  r e p o r t e d  i n  t h e  

l i t e r a t u r e  how ever ,  most o f  t h e  p a t i e n t s  becoming 

s e v e r e l y  anaemic  im m ed ia te ly  a f t e r  d e l i v e r y  (Smallwood 

1936 ,  S tev en so n  1936, Lescher  1942, G a l l e n d e r  19 4 4 ) .  O th e rs  

have  r e p o r t e d  c a s e s  d a t i n g  from e a r l y  p regnancy  (N a eg e l i  

1912 ,  O s ie r  1919,  Vermelin  and V igneu l  1921,  D re x e l  1926, 

P o h l  1928,  B a t i s w e i l e r  1933, Ionesoue  and B onc iu ,  1935, 

Onhauser  and M i t c h e l l  1939) .  T h i r t e e n  p a t i e n t s  o f  

D a v id so n ,  Davis  and In n es  (1942) had h i s t o r i e s  d a t i n g  

from th e  second  t r i m e s t e r ,  b u t  the  c o n d i t i o n  d id  n o t  

r e a l l y  become marked i n  th e s e  c a s e s  u n t i l  th e  l a s t  two 

months o f  p r e g n a n c y .

I n  th e  two c a s e s  surveyed i n  th e  p r e s e n t  s e r i e s  

t h e  p r e s e n t  symptoms were more s e v e re  th an  i n  t h e  o t h e r  

group  o f  s e v e r e  a n ae m ias .  Both p a t i e n t s  had t h e  t y p i c a l  

" l e m o n i s h  p a l l o r "  r e p o r t e d  by most a u t h o r s ,  r a t h e r  t h a n  

t h e  1 p e a r l y  white* appea rance  d e s c r ib e d  f i r s t  by G a l lupe  

and 0*Hara (1924) and l a t e r  quoted by G a l l e n d e r  (1 9 4 4 ) .

I n  t h i s  r e s p e c t  however i t  must be n o te d  t h a t  some o f  

ou r  c a s e s  o f  s e v e r e  anaemia had a s i m i l a r  11 lem onish  

p a l l o r " . T h is  w i l l  be d i s c u s s e d  l a t e r  w i t h  r e f e r e n c e  to  

a e t i o l o g y .  G a s t r o - i n t e s t i n a l  u p se t  o c c u r r e d  i n  b o th  o f  

ou r  c a s e s  b u t  G a l l e n d e r  (1944) found t h a t  on ly  30 p e r



1 0 1

c e n t  o f  h e r  p a t i e n t s  had t h i s  c o m p la in t  ( t h a t  i s  a 

s i m i l a r  i n c i d e n c e  a s  t h a t  found i n  our  se v e re  group o f  

a n a e m i a s ) .  One of  our p a t i e n t s  had r e p e a t e d  e p i s t a x i s  

and i t  i s  i n t e r e s t i n g  to  n o te  t h a t  p u r p u r a ,  haem orrhages  

from t h e  mucous membranes and r e t i n a l  haem orrhages  have 

b een  r e p o r t e d  q u i t e  f r e q u e n t l y  i n  c a s e s  o f  p e r n i c i o u s  

anaemia  o f  p regnancy  (S tevenson  1936, Sbiallwood 1936,  

M i l l e r  and S tu d d e r t  1942, Lescher  1942, g a l l e n d e r  1 944) .  

E p i s t a x i s  d i d  n o t  occu r  i n  any o f  our  seve re  m i c r o c y t i c  

a n aem ias  r e p o r t e d  h e r e .  T roph ic  changes  i n  th e  form o f  

s e v e r e  g l o s s i t i s  were p r e s e n t  i n  b o th  o f  ou r  c a s e s  o f  

p e r n i c i o u s  anaemia o f  p regnancy .  T ro p h ic  l e s i o n s  were 

a l s o  p r e s e n t  i n  the  m i c r o c y t i c  group o f  a n a e m ia s ,  

e s p e c i a l l y  th e  s e v e re  c a s e s ,  b u t  th e  changes  were 

m a in ly  t h o s e  o f  k o i lo n y c h ia ,  and c h e i l o s i s  ?nd g l o s s i t i s ,  

when p r e s e n t ,  were on ly  o f  very m i ld  d e g r e e .  Most r e p o r t s  

o f  p e r n i c i o u s  anaemia of  pregnancy r e g a r d  g l o s s i t i s  a s  

a f a i r l y  common f e a t u r e  (Naegel i  1931, S tevenson  1936,  

Abramson 1938 ,  S eg e rd a h l  1941, M i l l e r  and S tu d d e r t  1942) .  

L es c h e r  (1942) however ,  only n o te d  f o u r  c a s e s  o f  

g l o s s i t i s  i n  h i s  s e r i e s ;  O a l le n d e r  (1944) s t a t e d  t h a t  i t  

o c c u r r e d  l e s s  c o n s t a n t l y  than  i n  t r u e  A ddison ian  p e r n i c i o u s  

a n ae m ia ,  and anallwood (1936) d id  no t  r e g a r d  i t  as  a 

common f e a t u r e  a t  a l l .  Enlargement of  th e  s p l e e n  was on ly  

n o t e d  i n  one o f  our  c a s e s .  Stevenson (1936) n o ted



e n la rg e m e n t  o f  t h e  s p l e e n  i n  h a l f  o f  h e r  p a t i e n t s ,  h u t  

L esch e r  (1942) G a l l e n d e r  (1944) r e p o r t e d  an e n l a r g e d  

s p l e e n  i n  o n ly  a t h i r d  o f  t h e i r  c a s e s .  None of  our  s e v e r e  

anaem ias  showed any p a lp a b le  s p l e n i c  e n l a r g e m e n t .  Oedema 

was p r e s e n t  i n  b o t h  o f  our  c a s e s  of p e r n i c i o u s  anaemia  o f  

p r e g n a n c y ,  b u t  n o t  t o  th e  marked degree  shown by a few o f  

t h e  s e v e r e  anaem ias  o r  t h e  t h r e e  s e v e r e  c a s e s  o f  anaemia 

s i m u l a t i n g  t o x a e m ia .

P e r n i c i o u s  anaemia o f  pregnancy can o c c u r  a t  any 

age w i t h i n  t h e  c h i l d b e a r i n g  p e r io d  (S te v en so n  1936,

L esch e r  1942,  G a l l e n d e r  1944) .  -Smallwood (1936) a g reed  

w i t h  t h e s e  a u t h o r s ,  bu t  he th o u g h t  p a r i t y  might  a l s o  be 

a f a c t o r .  I n  t h i s ,  however,  he has  r e c e i v e d  l i t t l e  

s u p p o r t .  (D av idson ,  D a v is ,  and In n e s  1942 (b) Lescher  

1942 G a l l e n d e r  1944) .  Both p a t i e n t s  i n  t h e  p r e s e n t  

s e r i e s  were m u l t i p a r a e  t h i s  b e in g  t h e i r  t h i r d  and s i x t h  

p reg n a n cy  r e s p e c t i v e l y .

Pew c a s e s  o f  h a em o ly t ic  anaemia o f  p regnancy  

have been  p u b l i s h e d  i n  the r e c e n t  l i t e r a t u r e  (Swan 1933,  

L esch e r  1 94 2 ) .  B e th e 11 (1944) s t a t e d  t h a t  none o f  t h e  

c a s e s  p u b l i s h e d  i n  th e  l a s t  t e n  y e a r s  cou ld  be r e g a r d e d  

as  p u re  h a e m o ly t i c  anaemias of p reg n a n cy .  Lesche r  (1942) 

d i v i d e d  h i s  s e r i e s  o f  s e v en te en  c a s e s  i n t o  n i n e  c a se s  

o f  p e r n i c i o u s  anaemia o f  pregnancy and e i g h t  c a s e s  o f  so 

c a l l e d  h a e m o ly t i c  anaemia o f  p re g n a n c y • The l a t t e r  he



d e f i n e d  a s  an anaemia o f  r a p i d  o n s e t ,  q u i c k l y  becoming 

s e v e r e  w i t h  i c t e r i c  c o lo u r  o f  t h e  s k in  and p la s m a .  As 

w i l l  be shown l a t e r  the  two c a s e s  o f  h a e m o ly t i c  anaemia 

r e p o r t e d  h e r e  p ro b ab ly  d i f f e r e d  i n  a e t i o l o g y .  T h e i r  

symptomatology c e r t a i n l y  v a r i e d .  I n  th e  f i r s t  c a s e  t h e  

i n i t i a l  c o m p la in t  was t h a t  o f  p a in  i n  t h e  l e f t  

h ypochondr ium ,  a co m p la in t  which i s  f a i r l y  f r e q u e n t  i n  

a c h o l u r i c  j a u n d i c e .  Sw el l ing  o f  th e  a n k l e s ,  dy spn o ea ,  

i c t e r i c  c o l o u r  o f  t h e  s k in  appea red  w i t h i n  a week, 

p r o b a b ly  when t h e  anaemia had become e s t a b l i s h e d .  T h is  

r a p i d  o n s e t  was n o t  t y p i c a l  o f  t h e  c a s e s  o f  p e r n i c i o u s  

anaemia  d e s c r i b e d  h e r e ,  b u t  a s  s t a t e d ,  c a s e s  o f  r a p i d  

o n s e t  i n  t h e  l a t t e r  have been r e p o r t e d  ( Snallwood 1936, 

S tevenson  1936, Lescher  1942, G a l l e n d e r  1 9 4 4 ) .  The 

d e g re e  o f  anaemia i n  t h i s  c a s e  was u l t i m r t e l y  as  s e v e r e  

b u t  no t r o p h i c  changes  were n o te d  and no g a s t r o - i n t e s t i n a l  

u p s e t  was p r e s e n t ,  a s  i n  the  two c a s e s  o f  p e r n i c i o u s  

anaemia  o f  p re g n a n c y .  S p len ic  en la rgem en t  i n  t h i s  c ase  

was s t r i k i n g  and reached  a s i z e  n o t  seen  i n  any o f  the  

o t h e r  a n a e m ia s .  The second c ase  of  h a e m o ly t i c  anaemia  

had a s  r a p i d  an o n s e t ,  b u t  i t  o c c u r re d  i n  t h e  p u e rp e r iu m .  

T h is  p a t i e n t  was p y r e x i a l ,  b u t  t h e  i n i e c t i o n  did n o t  

a p p e a r  t o  be s u f f i c i e n t  t o  accoun t  f o r  such a h i g h  

t e m p e r a t u r e .  She was ex t rem ely  p a l e ,  i c t e r u s  o f  t h e  

com plex ion  n o t  b e in g  n o ted  though th e  plasma was



j a u n d i c e d .  E p i s t a x i s  o c c u r r e d ,  a s  a l s o  i t  d id  i n  one o f  

t h e  c a s e s  o f  p e r n i c i o u s  anaemia o f  p re g n a n c y .  S p le n ic  

and h e p a t i c  en la rgem en t  were n o ted  bu t  n o t  t o  a marked 

d e g re e  and th e  s p l e n i c  en la rgem en t  was c e r t a i n l y  n o t  as  

r e m a r k a b le  a s  t h a t  n o t e d  i n  th e  f i r s t  c a se  o f  h a e m o ly t i c  

a n a e m ia .  Swan (1933) d e s c r ib e d  two c a s e s  o f  h a e m o ly t i c  

anaemia  o f  p re g n a n c y .  Each b o re  a r e sem b lan c e  c l i n i c a l l y  

t o  the  c a s e s  m ent ioned  above b u t  h a e m a t o l o g i c a l l y  and 

b i o c h e m i c a l l y  d i f f e r e n c e s  were n o t e d .

L i t t l e  need  be s a i d  about  th e  c l i n i c a l  p i c t u r e  i n  

c a s e s  o f  t o x a e m i a ,  who have a c o m p l i c a t i n g  an ae m ia ,  e x ce p t  

t o  s t r e s s  t h e  f a c t  t h a t  the  m a j o r i t y  o f  t h e s e  p a t i e n t s  

have  no symptoms w ha tsoever  r e l a t i v e  to  t h e i r  a n aem ia .  

F u r t h e r  c l i n i c a l  ex am in a t ion  i s  o f t e n  m i s l e a d i n g ;  p a l l o r  

i s  o f t e n  n o t  n o t i c e a b l e  and f r e q u e n t l y  t h e  mucous 

membranes a r e  w e l l  i n j e c t e d .  Only when th e  b lood  p r e s s u r e  

f a l l s  a s  i n  t h e  m a j o r i t y  o f  p a t i e n t s  i n  the  f i r s t  few days 

o f  th e  p u e rp e r iu m  do th e  symptoms o f  anaemia a p p e a r .

Anaemic p a t i e n t s  may deve lop  to x a e m ia ,  bu£ th e  

number who do i s  s m a l l .  Only t e n  o f  th e  p a t i e n t s  i n  t h i s  

l a r g e  s e r i e s  su rveyed  developed  toxaemia  and of  t h e s e ,  

f o u r  c o u ld  no lo n g e r  be r e g a r d e d  a s  anaemic when th e y  

d e v e lo p ed  t h e i r  t o x ae m ia ,  and a n o th e r  two had a lm o s t  

r e a c h e d  n o rm al  l e v e l s .  These two p a t i e n t s  became more 

anaemic a g a i n  a s  a r e s u l t  of  th e  to x ae m ia .  Thus th e



i n c i d e n c e  o f  toxaem ia  d e v e lo p in g  i n  s e v e r e l y  anaemic 

women i n  t h e  wards o r  a t t e n d i n g  th e  o u t - p a t i e n t  

d e p a r tm e n t  o f  t h i s  h o s p i t a l  i s  2 .2  p e r  c e n t ,  whereas th e  

i n c i d e n c e  o f  toxaem ia  i n  h o s p i t a l  p a t i e n t s  i n  1946 was 

2 2 .5  p e r  c e n t .  I n  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 o  n o te  

t h a t  i n  M adras ,  where anaemia i s  unduly  common i n  

p r e g n a n t  women (over  70 per  c e n t  o f  them a r e  anaemic by 

w e s t e r n  s t a n d a r d s ) ,  m a c ro c y t i c  anaemia i s  more common 

t h a n  p r e - e c l a m p t i c  toxaemia  (M udal ia r  and Menon 1 9 4 2 ) .  

These  a u t h o r s  were on ly  a b le  to  r e p o r t  103 c a s e s  o f  p r e 

e c l a m p t i c  toxaem ia  i n  1 ,200 a d m iss io n s  t o  t h e  a n t e - n a t a l  

w a r d s .

I n  c o n j u n c t i o n  w i th  our f i g u r e s  t h e s e  f a c t s  

would t e n d  t o  su g g e s t  t h a t  toxaemia  r a r e l y  d e v e lo p s  i n  

c a s e s  o f  anaemia  and i t  might a lm ost  be s a i d  t h a t  

ahaemia  i s  a d e t e r r a n t  f a c t o r  i n  t h e  development o f  

to x a e m ia  o f  p reg n a n c y .  Anaemia o c c u r r i n g  i n  t h e  c o u rs e  

o f  t o x a e m ia ,  however ,  i s  n o t  uncommon and i n  t h i s  c a se  

t h e  anaemia would appea r  to  evo lve  as  a r e s u l t  o f

t h e  o r i g i n a l  d i s e a s e .

As e a r l y  a s  1912 N aeg e l i  r e p o r t e d  a c ase  o f  

anaemia i n  pregnancy  which resem bled  p r e - e c l a m p t i c  

t o x a e m i a ,  b u t  had on ly  a t r a c e  o f  albumen i n  th e  u r i n e .  

Since  t h e n  s i m i l a r  r e p o r t s  have been p u b l i s h e d  by 

Beckman (1921) and G a l le n d e r  (1 94 4 ) .  Numerous a u t h o r s
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have n o t e d  the .  t e n d e n cy  t o  m i s d i a g n o s i s  i n  t h e s e  o a s e s  

(Smallwood 1956,  S tevenson 1936, M i l l e r  and S tu d d e r t  

1942 ,  C a l l e n d e r  1944)* I n  th e  p r e s e n t  s u r v e y ,  tw e lv e  

such  c a s e s  were 11 d i s c o v e re d "  by the  r o u t i n e  haem oglobin  

e s t i m a t i o n  and by t h e  t im e  th e  r e s u l t s  were o b t a i n e d  and 

t h e  p a t i e n t s  t r a c e d ,  s i x  o f  them had a l r e a d y  been  a d m i t t e d  

t o  h o s p i t a l  and d iagnosed  a s  " p r e - e c l a m p t i c  to x a e m ia s11, 

and one was s e n t  home to  r e s t  whi le  a w a i t i n g  a b e d .  I n  

t h e s e  c a s e s  i t  was im p o s s ib l e  to  e s t i m a t e  t h e  d u r a t i o n  

o f  anaemia  b e c a u se  t h e  p a t i e n t s  had no c o m p la in t  to  

make a t  a l l .  Apart  from oedema which was marked i n  

t h r e e  i n s t a n c e s ,  a r a i s e d  blood p r e s s u r e  i n  which th e  

s y s t o l i c  was r a i s e d  more th an  the  d i a s t o l i c ,  and a 

t r a c e  o f  albumen i n  the  u r i n e ,  e x a m in a t io n  i n  t h e s e  

c a s e s  was o t h e r w i s e  n e g a t i v e . C l i n i c a l l y  the  r e c o r d  

c a r d s  showed no n o t e  o f  anaem ia .  A l l  t h e s e  seven  p a t i e n t s  

were a t  t e r m ,  b u t  a f u r t h e r  two c a s e s  who r e p o r t e d  to  

c l i n i c  i n  t h e i r  n i n t h  month were seen  a t  t h e  h a e m a t o l o g i c a l  

c l i n i c  and examined p e r s o n a l l y  b e f o r e  d e l i v e r y .  One o f  

t h e s e  p a t i e n t s  was i n t e r e s t i n g ;  a young m a r r i e d  woman o f  

24 y e a r s ,  she had been seen  a y e a r  p r e v i o u s l y  under  

e x a c t l y  t h e  same c i r c u m s ta n c e s .  At t h a t  t im e she had 

been  a d m i t t e d  t o  t h e  a n t e - n a t a l  wards a s  a ” p r e 

e c l a m p t i c  to x aem ia” • The blood p r e s s u r e  t h e n  was 

1 5 0 /1 0 0 ,  bu t  £ e l l  to  normal  l e v e l s  soon a f t e r  a d m i s s io n ;



oedema was marked and only  a t r a c e  o f  albumen was found 

i n  t h e  u r i n e *  As now, she made no c o m p la in t  r e l a t i v e  to  

h e r  a n a e m ia ,  b u t  on f u r t h e r  q u e s t i o n i n g  she d id  adm it  she 

f e l t  11 t i r e d " .  C l i n i c a l l y ,  h e r  c o n d i t i o n  a t  t h a t  t ime 

was s u b s t a n t i a l l y  th e  same a s  i n  the  p r e s e n t  p r e g n a n c y ,  

namely  p a l l o r  and oedema, b u t  w i th  t h i s  e x c e p t i o n  t h a t  

t r o p h i c  changes  had now a p p e a re d .  On e x a m in a t io n  she 

was found  to  have q u i t e  a marked c h e i l o s i s  bu t  g l o s s i t i s  

and k o i l o n y c h i a  were a b s e n t .  A f t e r  d i s m i s s a l  from 

h o s p i t a l  a y e a r  ago ,  she d id  n o t  c o n t in u e  t r e a t m e n t  n o r  

d i d  she r e p o r t  back  to  the  p o s t - n a t a l  c l i n i c .  I n  a l l  

p r o b a b i l i t y  t h e r e f o r e  she was p ro bab ly  s t i l l  anaemic 

when she became p r e g n a n t  a g a in  and t h i s  may e x p l a i n  the  

a p p e a ra n c e  o f  c h e i l o s i s  t h i s  p reg n a n cy .

The o t h e r  p a t i e n t  examined a n t e - n a t a l l y  

p r e s e n t e d  a s i m i l a r  p i c t u r e .  She a l s o  a d m i t t e d  symptoms 

a f t e r  f u r t h e r  q u e s t i o n i n g .  P a l l o r  i n  h e r  c a se  was l e s s  

marked however and t h i s  would have made d i a g n o s i s  a l l

th e  more d i f f i c u l t .

Such n e g a t i v e  f i n d i n g s  w i th  r e f e r e n c e  t o  anaemia 

make i t  d i f f i c u l t  to  compare and c o n t r a s t  t h e s e  c a s e s  

b u t  i n  r e g a r d  to  t h e i r  h i s t o r y  a l l  fo l lo w ed  a s i m i l a r  

c o u r s e .  As s t a t e d ,  s e r i a l  b lood p r e s s u r e  r e a d i n g s  

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

t h e  p a t i e n t  was induced  im m ed ia te ly ;  i n  the  second



b e c a u se  t h e  p a t i e n t  d e l i v e r e d  h e r s e l f  a t  home w h i l e  

a w a i t i n g  a d m i s s i o n .  These two c a s e s  however showed th e  

t y p i c a l  f e a t u r e s  o f  t h e  g r o u p ,  namely l a c k  o f  s i g n s  and 

symptoms o f  a n aem ia ,  a m o d e ra te ly  h i g h  b lood  p r e s s u r e ,  a 

t r a c e  o f  a lbum en ,  v a ry in g  g ra d e s  o f  oedema and f i n a l l y  

t h e  a p p e a ra n c e  o f  s i g n s  and symptoms i n  t h e  p u e rp e r iu m .  

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

t h e  g r o u p .  I n  a l l  r em a in in g  seven p a t i e n t s  the  b lo o d  

p r e s s u r e  f e l l  t o  normal  l e v e l s  w i t h in  a week, and i n  

t h e  m a j o r i t y  w i t h i n  f o r t y - e i g h t  h o u r s .  Albumenuria  ^  

d i s a p p e a r e d  as  r a p i d l y  and the  oedema a f t e r w a r d s .

Symptoms o f  anaemia d id  n o t  a p p e a r ,  how ever ,  t i l l  a f t e r  

d e l i v e r y  and i n  f o u r  p a t i e n t s  who had haemoglobin  

r e a d i n g s  l e s s  t h a n  40 p e r  c e n t  b e f o r e  d e l i v e r y ,  th e  

symptoms were m arked .

These  c a s e s  might  e x p l a i n  i n  p a r t  t h e  number o f  

c a s e s  o f  p e r n i c i o u s  anaemia o f  pregnancy which  have been  

r e p o r t e d  t o  deve lop  suddenly  i n  th e  p u e rp e r iu m  (Smallwood 

1936 ,  S tevenso n  1936,  Lescher 1942, C a l l e n d e r  1 9 4 4 ) .  The 

haem ato logy  and b io c h e m is t ry  o f  t h e s e  p a t i e n t s  w i l l  be 

d i s c u s s e d  i n  a l a t e r  s e c t i o n .  I t  i s  s u f f i c i e n t  to  s t a t e  

h e r e  t h a t  an asymptomatic  severe  anaemia can o c cu r  

a n t e n a t a l l y , t h a t  i t  r a p i d l y  becomes a p p a r e n t  c l i n i c a l l y  

i n  t h e  p u e rp e r iu m  and hence l e a d s  t o  t h e  e r r o n e u s  

a s su m p t io n  t h a t  t h e  anaemia i t s e l f  i s  o f  r a p i d  o r i g i n .



A n a ly s in g  th e  c a s e s  w i th  and w i th o u t  c o m p la in t s  

i t  was shown t h a t  p a t i e n t s  w i t h  no c o m p la in t s  showed a 
h i g h e r  a v e r a g e  b lood  p r e s s u r e  th a n  p a t i e n t s  w i t h  

c o m p l a i n t s  and t h i s  was a c o n s t a n t  f e a t u r e  i n  a l l  

haem oglob in  g r o u p s .  On t h e s e  f i n d i n g s  i t  h a s  been  

s u g g e s t e d  t h a t  a r a i s e d  b lood  p r e s s u r e  may p r e v e n t  a 

p a t i e n t  f rom f u l l y  a p p r e c i a t i n g  h e r  anaemic s t a t e  and 

i t  was f u r t h e r  s u g g e s te d  t h a t  t h i s  may be a compensa tory  

r e a c t i o n  o f  t h e  body.  M idd le ton  and Weggers (1944) 

e x p e r i m e n t in g  w i th  dogs have shown t h a t  sm a l l  do se s  o f  

r e n i n  i n c r e a s e  th e  b lood  p r e s s u r e  and t h e  c a r d i a c  o u t 

p u t  p e r  m i n u t e .  Thus the  c i r c u l a t i o n  t im e  i s  r e d u c e d  

and t h e  same number o f  r e d  b lood  c e l l s ,  c i r c u l a t i n g  

more f r e q u e n t l y ,  can d e l i v e r  more oxygen t o  t h e  t i s s u e s .  

T h i s ,  o c c u r r i n g  i n  an anaemic p a t i e n t ,  where t h e  

symptoms’ depend on t h e  reduced  o x y g i n a t i c n  o f  t h e  

t i s s u e s ,  would e x p l a i n  the  absence  o f  symptoms i n  such 

a c a s e .  The n i n e  c a se s  o f  asymptomatic  s e v e r e  anaemia 

may t h e r e f o r e ,  be examples o f  such  a c o n d i t i o n .  7/hen 

t h e s e  p a t i e n t s  a r e  put  to  b e d ,  t h e r e  i s  l e s s  demand 

f o r  oxygen by th e  t i s s u e s  and hence t h e  compensa tory  

mechanism i s  w i thd raw n ,  as  evidenced by t h e  f a l l  i n  

b lo o d  p r e s s u r e .  Subsequent to  l a b o u r  w i t h  i t s  e x t r a  

demands on t h e  p a t i e n t  the  t o t a l  number o f  r e d  b lood 

c e l l s  i s  r e d u c e d  by the  blood_103s and the  b lood i s



f u r t h e r  d i l u t e d  by th e  temporary  Jaydraemia  which  o c c u r s  

d u r i n g  t h e  f i r s t  days  o f  the  pue rpe r ium  (O bers t  and 

P l a s s  1936 ,  Urawford 1940, S k a j a a ,  Schwartz and 

Dieckmann 1929 ,  Dieckmann 1933, P l a s s  and Boger t  1924) .  

Thus t h e  t i s s u e s  a r e  se rved  w i th  oxygen l e s s  e f f i c i e n t l y  

and symptoms o f  anaemia a p p e a r .

Though a l a r g e  number o f  p re g n a n t  women have 

b een  s u r v e y e d ,  o n ly  a sm a l l  number o f  p a t i e n t s  showed 

t h e s e  phenomena and i t  i s  t h e r e f o r e  d i f f i c u l t  t o  come 

t o  any d e f i n i t e  c o n c l u s i o n  as  t o  t h e  s i g n i f i c a n t  

f a c t o r s  i n  t h e s e  c a s e s .  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  

t h e  same woman showed t h e  same c l i n i c a l ,  a n d ,  a s  w i l l  

be shown l a t e r ,  t h e  same h a e m a t o l o g ic a l  f e a t u r e s  i n  

two c o n s e c u t i v e  p r e g n a n c i e s .  F u r t h e r  i t  was found  t h a t  

t h e  m a j o r i t y  o f  t h e  women were i n  t h e i r  t w e n t i e s .  The 

a v e ra g e  age f o r  t h e  whole group was 2 9 .9  y e a r s  a n d ,  

compar ing  t h i s  w i t h  the  ave rage  age o f  30 .7  y e a r s  f o r  

a l l  t h e  s e v e r e  anaemias  i t  i s  s l i g h t l y  l e s s .  However, 

t h e  n um b ers ,  a s  y e t ,  a r e  to o  sm all  to  come to  any

d e f i n i t e  c o n c l u s i o n .

The t h r e e  ve ry  seve re  anaemias  w i t h  haem oglobin  

r e a d i n g s  be tween  32 and 23 p e r  c en t  S a h l i ,  who p r e s e n t e d

a c l i n i c a l  p i c t u r e  r e s e m b l in g  p r e - e c l a m p t i c  to x a e m ia ,
cincl

came f i r s t  t o  a n t e - n a t a l  c l i n i c Awere a d m i t t e d  d i r e c t l y  

t o  h o s p i t a l ,  tw o , a s  s t a t e d ,  b e in g  d iag no sed  as



11 t o x a e m ia s ” • The f e a t u r e s  i n  t h e s e  c a s e s  were g ro ss  

oedema, m o d e r a t e l y  h i g h  b lood p r e s s u r e  a s  b e f o r e ,  and 

a l b u m i n u r i a  p r e s e n t  as  a t r a c e .  These p a t i e n t s  had 

symptoms o f  a n ae m ia ,  however ,  s u g g e s t i n g  t h a t  t h e  

"co m p e n sa to ry  mechanism” was i n e f f e c t i v e  a g a i n s t  such  

a marked d e g re e  o f  anaemia .  A ll  t h e  p a t i e n t s  were 

p a l e ,  two m arked ly  s o ,  b u t  th e  t h i r d  was on ly  

m o d e r a t e l y  p a l e  d e s p i t e  the  f a c t  t h a t  h e r  haem oglobin  

was 24 p e r  c e n t  S a h l i .  I t  i s  a p p a r e n t ,  t h e r e f o r e  t h a t  

t h e  d i a g n o s i s  o f  anaemia could  be made more e a s i l y  i n  

t h e s e  c a s e s ,  b u t ,  d e s p i t e  t h i s ,  t h e  s t r i k i n g  f e a t u r e s  

were th e  g r o s s  oedema and th e  m o d e r a te ly  h i g h  b lood  

p r e s s u r e .

Symptoms o f  anaemia dp t e d  from th e  e i g h t h  

month  o f  p r e g n a n c y ,  t h a t  i s ,  l a t e r  th an  th e  two c a s e s  

o f  p e r n i c i o u s  anaemia o f  p reg n a n cy ,  b u t  n o t  a s  " l a t e "  

a s  t h e  n i n e  asymptomatic  c a s e s .  Apart  from th e  u s u a l  

symptoms o f  a n aem ia ,  one p a t i e n t  gave a h i s t o r y  o f  

a c u t e  g a s t r o - i n t e s t i n a l  u p s e t  from w hich ,  she s a i d ,  

h e r  symptoms d a t e d .  Trophic  changes* were o bse rv ed  

i n  two o f  t h e  p a t i e n t s  namely c h e i l o s i s ,  g l o s s i t i s ,  

and k o i l o n y c h i a  i n  one and k o i lo n y c h ia  i n  t h e  se c o n d .  

A l l  t h r e e  p a t i e n t s  had a s u b - c l i n i c a l  j a u n d ic e  

a l t h o u g h  th e  s k in  d id  no t  show an i c t e r i c  c o l o u r i n g .  

The s p l e e n  was e n la r g e d  i n  one case© Thus a p a r t



f rom th e  g r o s s  oedema and th e  k o i lo n y c h ia  o b se rv ed  i n  two 

o f  t h e  p a t i e n t s ,  t h e s e  c a s e s  re sem b le  c l i n i c a l l y  t h o s e  o f  

p e r n i c i o u s  a n aem ia .  S i m i l a r i t y  i n  the  h a e m a t o l o g i c a l  and 

m o r p h o l o g i c a l  c h a r a c t e r s  w i l l  be d i s c u s s e d  l a t e r .

As h a s  been s t a t e d  p r e v i o u s l y  the  c a s e s  o f  j a u n d i c e  

and anaemia rev ie w ed  i n  t h i s  s e c t i o n  on ly  r e p r e s e n t  t h r e e  

g ro u p s  showing t h i s  syndrome. Two o f  t h e s e  g roups  have 

a l r e a d y  been  d i s c u s s e d  v i z  (a )  two c a s e s  o f  h a e m o ly t i c  

anaemia and (b)  t h r e e  c a s e s  of  s e v e r e  anaemia s i m u l a t i n g  

to xaem ia  where th e  j a u n d ic e  wa3 n o te d  i n i t i a l l y  on 

a d m is s io n  t o  h o s p i t a l .  The t h i r d  group ( c )  c o n s i s t e d  

o f  f i f t y - t h r e e  p a t i e n t s  who deve loped  j a u n d i c e  a s  a 

r e s u l t  o f  a c o m p l i c a t i o n  d u r in g  p r e g n a n c y ,  o f  whom 

f o r t y  one became anaem ic .  A f o u r t h  group (d)  w i l l  be 

d i s c u s s e d  i n  a l a t e r  s e c t i o n .

During  the  p e r io d  covered  by t h e  s u r v e y ,  b lood  

from 1 ,8 9 0  p a t i e n t s  was examined. Of t h e s e  c a s e s  404 '

were  a n a e m ic .  The i n c id e n c e  t h e r e f o r e  o f  anaemia w i t h  

j a u n d i c e d  p lasma a s  a p r e s e n t i n g  s i g n  was 1 0 .1  p e r  c e n t  

o f  a l l  anaem ias  and 2 .1  per  cen t  of a l l  o u t - p a t i e n t s  

d u r i n g  th e  p e r i o d  o f  su rv e y .  Nine o f  t h e s e  p a t i e n t s  

improved s p o n ta n e o u s ly  l e a v in g  a group o f  t h i r t y - t w o  

o r  1 .7  p e r  c e n t  o f  a l l  p a t i e n t s  who would have 

r em a in ed  anaemic had t r e a tm e n t  n o t  been g i v e n .

R e p o r t s  o f  j a u n d ic e  and anaemia a s  a r e s u l t  o f



i n f e c t i o n  i n  n o n - p r e g n a n t  p a t i e n t s  can be found i n  t h e  

l i t e r a t u r e  (Pepper  1927, Wintrobe  1942,  S a i f i  and Vaughan 

1939 and 1 9 4 4 ) .  S a i f i  and Vaughan (1939 and 1944) c a r r i e d  

o u t  q u a n t i t a t i v e  u r o b i l i n o g e n  e x c r e t i o n  t e s t s  i n  t e n  n o n 

p r e g n a n t  p a t i e n t s  w i th  c h r o n i c  i n f e c t i o n s  g i v i n g  r i s e  to  

anaemia  and th ey  d ec id ed  t h a t  t h e  anaemia was n o t  due to  

an  i n c r e a s e d  b lood  d e s t r u c t i o n .  I n  t h e i r  c a s e s  th e  

p lasm a b i l i r u b i n  was n e v e r  more than  norm al  and ra n g e d  

from 0 . 2  mg. to  0 .4  mg. pe r  c e n t ,  w he ther  th e  i n f e c t i o n  

were a c u t e  o r  c h r o n i c ,  bu t  where th e  i n f e c t i o n  was m i ld  

e . g .  b o i l s ,  no anaemia developed  i n  t e n  c a s e s  d e s p i t e  

t h e  p ro lo n g e d  h i s t o r y .  I n  our s e r i e s ,  a l l  the  i n f e c t i o n s ,  

w i t h  t h e  e x c e p t i o n  o f  two o f  th e  g a s t r o - i n t e s t i n a l  u p s e t s  

and one o f  t h e  toxaem ias  were m i l d ,  and y e t  anaemia 

d e v e lo p e d  i n  t h e  m a j o r i t y  o f  p a t i e n t s  and every  c ase  

showed e i t h e r  a d i r e c t  Van den Bergh o r  plasma b i l i r u b i n  

e s t i m a t i o n s  o f  more t h a n  0 .8  mg. p e r  c e n t .  F u r t h e r ,  i t  

h a s  been  shown a l r e a d y  t h a t  th e  same i n f e c t i o n  o c c u r r i n g  

i n  p r e g n a n t  and n o n -p re g n a n t  p a t i e n t s  g i v e s  r i s e  to  a 

g r e a t e r  i n c r e a s e  i n  u r o b i l i n o g e n  e x c r e t i o n  i n  the  former 

p a t i e n t s  and i t  was sugges ted  t h i s  cou ld  be t a k e n  as  

e v id e n c e  o f  a g r e a t e r  m e ta b o l i c  u p s e t .  C e r t a i n l y  t h e s e  

f i n d i n g s  i n  compar ison  w i th  th o s e  o f  Vaughan and S a i f i  

(1944) would su g g e s t  t h a t  minor i n f e c t i o n s  e t c .  were 

more i m p o r t a n t  i n  the  p reg nan t  woman t h a n  i n  th e  n o n -



p r e g n a n t  a s  c a u s a t i v e  f a c t o r s  i n  t h e  development  o f  

a n a e m ia .

When th e  f i f t y  t h r e e  p a t i e n t s  were a n a ly s e d  

th e y  were found to  f a l l  i n t o  t h r e e  g r o u p s .  The f i r s t  

g roup  o f  tw e n ty  p a t i e n t s  were seen  on the  a v e rage  a t

6 . 7  months o f  t h e i r  p r e g n a n c i e s  and they  a l l  had an 

anaemia  a s  w e l l  a s  a s u b - c l i n i c a l  j a u n d i c e .  I n  t h e  

m a j o r i t y  o f  t h e  c a se s  the  o r i g i n a l  c o m p l i c a t i o n  had 

improved and t h e  p a t i e n t s  had no c o m p la in t s  to  make a t  

th e  t ime o f  t h e i r  f i r s t  v i s i t  to  c l i n i c .  I n  c o n t r a s t  

t o  t h e s e ,  t h e  second group o f  tw en ty -o n e  p a t i e n t s  were 

se en  a t  an  e a r l i e r  p e r io d  o f  t h e i r  p re g n a n c y ,  namely

4 . 8  m o n th s .  At t h i s  t ime s u b - c l i n i c a l  j a u n d i c e  was 

p r e s e n t ,  b u t  t h e y  were n o t  anaem ic .  Of t h e s e ,  75 p e r  

c e n t  s t i l l  had  symptoms o f  th e  i n i t i a l  c o m p l i c a t i o n  

when th ey  were f i r s t  seen and though by 6 .2  months the  

c l i n i c a l  symptoms had d i s a p p e a r e d ,  th ey  had a l l  become 

anaemic  hy t h a t  t im e .  I n  o t h e r  words th e  second group 

o f  tw e n ty -o n e  p a t i e n t s  p r e s e n t e d  a p i c t u r e  a t  6 .2  

months s i m i l a r  to  t h a t  o f  th e  f i r s t  group and t h i s  

would f u r t h e r  su g g e s t  t h a t  had th e  t i r s t  group been  

s e e n  e a r l i e r  i n  t h e i r  p re g n a n c ie s  when th e  m a j o r i t y  o f  

them s t i l l  had symptoms r e l a t i n g  to  t h e  c o m p l i c a t i n g  

f a c t o r ,  they  would have p r e s e n t e d  a s i m i l a r  p i c t u r e  o f  

j a u n d i c e  w i t h o u t  anaemia.  I f  t h i s  a ssu m p t io n  i s  c o r r e c t ,



t h e n  b o t h  g ro u p s  o f  p a t i e n t s  a r e  p ro b a b ly  examples o f  t h e  

same p a t h o l o g i c a l  c o n d i t i o n  and th e  d i f f e r e n c e s  o b se rv ed  

a r e  due t o  v a r i a t i o n s  i n  th e  r e l a t i v e  t ime of  t h e  i n i t i a l  

e x a m in a t io n  i n  each  g r o u p •

The above f i n d i n g s  would a l s o  su g g e s t  t h a t  th e  

anaemia  a p p e a r s  on th e  average  1 .4  months a f t e r  th e  

deve lopm ent  o f  t h e  c o m p l i c a t i o n  a n d . t h e  j a u n d i c e ,  and 

f u r t h e r  p r o o f  t h a t  t h i s  was th e  c o r r e c t  sequence  o f  

e v e n t s  was o b t a i n e d .  E igh t  o f  the  f i f t y - t h r e e  p a t i e n t s ,  

who d e v e lo p ed  anaemia f o l lo w in g  j a u n d ic e  a s s o c i a t e d  w i th  

i n f e c t i o n ,  had a r e c u r r e n c e  of  t h e i r  i n f e c t i o n  l a t e r  i n  

p r e g n a n c y .  P r i o r  t o  t h i s  t h e i r  anaemia had im proved ,  

b u t  w i t h  t h e  r e c u r r e n c e  of i n f e c t i o n ,  s u b - c l i n i c a l  

j a u n d i c e  r e - d e v e l o p e d  and t h e i r  haemoglobin  f e l l  r a p i d l y .  

W ith  r e c o v e r y  t h e  j a u n d ic e  c l e a r e d  a s  b e f o r e ,  b u t  th e  

anaemia  and u r i n a r y  u r o b i l i n o g e n  took  l o n g e r  t o  d i s a p p e a r .  

Four  p a t i e n t s ,  however ,  reached  normal  haem oglobin  l e v e l s  

b e f o r e  d e l i v e r y .

A c o n d i t i o n  known a s  f a m i l i a l  n o n -h a e m o ly t i c  

j a u n d i c e  does e x i s t  and many c a se s  have been r e p o r t e d  i n  

the  l i t e r a t u r e  ( G i l b e r t  e t  a l  1907, Weber 1917, Van den 

Bergh 1933, Rozenda l  e t  a l  1935, M eulengrach t  1939, 

Damashek and S ing e r  1941,  Alwell  e t  a l  1946, and B a r r i e  

1 9 4 6 ) .  The q u e s t i o n  t h e r e f o r e  a r i s e s  whether  t h e  

j a u n d i c e  ob se rved  i n  our c a se s  could  be examples o f



n o n - h a e m o ly t i c  f a m i l i a l  j a u n d i c e  and m ere ly  c o i n c i d e n t a l .  

We h a v e .h o w e v e r  been  a b le  t o  d e m o n s t r a te  a d e f i n i t e  

c o r r e l a t i o n  between the  c o m p l i c a t in g  f a c t o r  and the 

j a u n d i c e  and anaemia v i z ,  j a u n d ic e  r e - a p p e a r e d  when th e  

c o m p l i c a t i n g  f a c t o r  r e c u r r e d  and anaemia deve lo ped  

s u b s e q u e n t l y .  Also t h e  m a j o r i t y  o f  t h e  p a t i e n t s  who 

improved on i r o n  o r  s p o n ta n e o u s ly ,  had no j a u n d i c e  i n  t h e  

l a t e r  m on th s .

The l a s t  group o f  twelve p a t i e n t s  had h i g h e r  

h aem oglob in  r e a d i n g s  and though they  deve loped  j a u n d i c e ,  

t h e y  d id  n o t  become anaem ic .  However a s i g n i f i c a n t  drop 

i n  t h e  haem og lob in  l e v e l  i * e ,  more t h a n  5 p e r  c e n t ,  b u t  

s t i l l  w i t h i n  t h e  ran g e  of  n o r m a l i t y ,  as  based  on th e  

p r e s e n t  s t a n d a r d s ,  was n o ted  i n  f o u r  p a t i e n t s  who 

d ev e lo p ed  a c o m p l i c a t i o n  i n  the  e a r l y  months o f  p re g n a n c y .  

T h u s ,  i t  would ap p ea r  t h a t  i n  a p re g n a n t  woman vtfiere th e  

i n i t i a l  haem oglob in  i s  h i g h ,  a m e ta b o l i c  u p s e t ,  a s  

e v id e n ce d  by t h e  appea rance  o f  j a u n d i c e , o c c u r s  a s  a 

r e s u l t  o f  a m i ld  c o m p l i c a t i o n ,  b u t  t h i s  i s  i n s u f f i c i e n t  

t o  c ause  an an aem ia .  Where the  c o m p l i c a t i o n  o c c u r s  i n  t h e  

e a r l y  months a s i g n i f i c a n t  drop i n  t h e  haem oglobin  l e v e l  

may be o b s e r v e d ,  b u t  i n  the  c a se s  surveyed h e re  t h e  f a l l  

i n  haem oglob in  d id  n o t  r e a c h  anaemic l e v e l s .

F i n a l l y ,  i n  the  second group o f  p a t i e n t s  i n  t h i s  

s e r i e s  who were n o t  i n i t i a l l y  rn r e m ic ,  b u t  became s o ,  i t



was i n t e r e s t i n g  t o  n o t e  t h a t  th e  m a j o r i t y  o f  t h e s e  

p a t i e n t s  b e lo n g e d  t o  t h e  " low normal" group and th e  

a v e r a g e  i n i t i a l  haemoglobin r e a d i n g  o f  t h e s e  p a t i e n t s  

was 6 3 .9  p e r  c e n t  S a h l i • compared w i th  an a v e ra g e  

i n i t i a l  haem oglob in  r e a d in g  o f  67 p e r  c e n t  i n  t h e  group 

o f  t w e lv e ,  who d id  n o t  d e t e r i o r a t e ,  i t  seems p o s s i b l e  

t h a t  t h e  i n i t i a l  haemoglobin  l e v e l  may be a f a c t o r  i n  

d e t e r m i n i n g  whe ther  t h e  p a t i e n t  becomes anaemic o r  n o t .

I t  does n o t  a p p e a r  a f a c t o r  i n  th e  development  o f  j a u n d i c e ,  

h o w ev er ,  b u t  a l a r g e r  s e r i e s  of p a t i e n t s  from a l l  

h aem oglob in  g roups  would have to  be su rveyed  and t h e i r  

r e a c t i o n s  t o  minor  c o m p l i c a t i o n s  i n  p regnancy  n o t e d ,  b e f o r e  

any o p i n i o n  co u ld  be v e n tu red  about  t h e  s i g n i f i c a n c e  o f  t h e  

m e t a b o l i c  u p s e t .  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  t h r e e  o f  

t h e  p a t i e n t s  i n  t h i s  s e r i e s  were c a r d i a c s ,  one was a l r e a d y  

anaemic  when s e e n ,  a second developed  anaemia and t h e  

t h i r d  who had  an o r i g i n a l  haemoglobin  r e a d i n g  o f  67 p e r  

c e n t  S a h l i  showed a s i g n i f i c a n t  f a l l  i n  haem oglobin  to  

60 p e r  c e n t ,  bu t  d id  n o t  become anaem ic .  No o t h e r  cause  

f o r  t h e  l a t e n t  j a u n d ic e  and subsequent  "anaemia" co u ld  be 

fo u n d .  With p r o p e r  r e s t  the  j a u n d ic e  c l e a r e d  i n  two 

p a t i e n t s  and th e  haemoglobin was normal  b e f o r e  d e l i v e r y .

The t h i r d  p a t i e n t  who has  a plasma b i l i r u b i n  o f  2 . 8  

mg.* p e r  c e n t  and a u r i n a r y  u r o b i l i n o g e n  + ,

i s  a t  p r e s e n t  a w a i t i n g  edm iss ion  to  h o s p i t a l  b e f o r e
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d e l i v e r y .  Her c a r d i a c  c o n d i t i o n  h a s  become p r o g r e s s i v e l y !  

worse  t h o u g h  she i s  s t i l l  managing t o  do h e r  housework 

a t  home. These  f i n d i n g s  i n  comparison  w i th  t h o s e  o b se rv ed  

i n  n o n - p r e g n a n t  p a t i e n t s ,  who on ly  showed a ■+■ +• ■+- 

u r o b i l i n o g e n  e x c r e t i o n  when com ple te  c a r d i a c  decom pensa t ion  

had o c c u r r e d ,  a r e  t h e r e f o r e  very  i n t e r e s t i n g  and may 

p ro ve  to  be o f  p r o g n o s t i c  v a l u e .  Why anaemia shou ld  

d e v e lo p  (i n  t h e s e  c a s e s  i s  a problem t o  be s o l v e d .  I t  

may be t h a t  a h e p a t i c  c o n g e s t io n  due to  th e  c a r d i a c  

c o n d i t i o n  c a u s e s  the  m e ta b o l i c  u p s e t ,  which u l t i m a t e l y  

r e s u l t s  i n  an anaemia .

F i n a l l y ,  w i th  r e f e r e n c e  to  th e  s i g n i f i c a n c e  o f  

m in o r  c o m p l i c a t i o n s  d u r in g  pregnancy as  a c a u s a t i v e  

f a c t o r  o f  anaemia i n  p a t i e n t s  o f  t h e  11 low normal '1 g ro up ,  

i t  s h o u ld  be s t a t e d  t h a t  the  above f i n d i n g s  c o r r o b o r a t e  

th e  r e s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s i s  namely t h a t  

g a s t r o - i n t e s t i n a l  d i s o r d e r s  i n  th e  e a r l y  months o f  

p regnancy  i n  p a t i e n t s  o f  the  " low normal" group p lay e d  

a s i g n i f i c a n t  p a r t  i n  t h e  development  o f  anaemia i n  t h e

l a t e r  m o n th s .

I n  c o n c l u s i o n ,  s t r e s s  must be l a i d  on th e  

im p o r tan c e  o f  an a d eq u a te  h i s t o r y  o f  t h e  p a t i e n t 1 s own 

p r e v i o u s  h e a l t h  and t h a t  of h e r  f a m i l y . I t  h a s  been 

shown t h a t  i n  t h r e e  out  of  f i v e  o f  t h e  s e v e re  anaemias  

who made no co m p la in t  even a f t e r  f u r t h e r  q u e s t i o n i n g ,



t h e r e  was a h i s t o r y  o f  anaemia f o r  some y e a r s  p r e v i o u s l y  

and on t h e s e  grounds i t  h a s  been su g g e s te d  t h a t  t h e  

anaemia h a v in g  become " c h r o n ic "  t h e  p a t i e n t  v/ p s  no 

l o n g e r  a b le  t o  a p p r e c i a t e  i t s  s i g n i f i c a n c e .  I n  a d d i t i o n  

when an a n a l y s i s  o f  th e  p r e v i o u s  h i s t o r y  o f  a l l  c a s e s  

was made i t  was found t h a t  57 pe r  c e n t  cf the  s e v e r e  

an aem ias  gave a h i s t o r y  of  anaemia compared w i t h  on ly

2 7 . 3  p e r  c e n t  o f  the m oderate  a n ae m ias ,  c l o s e r  s c r u t i n y  

o f  t h e s e  f i g u r e s  showed t h a t  th e  h i g h  p e r c e n t a g e  i n  t h e  

s e v e r e  group was due s o l e l y  to  a r i s e  i n  th e  number o f  

p a t i e n t s  i n  t h i s  group who cou ld  r e l a t e  t h e  o n s e t  o f  

t h e i r  anaemia  t o  a p rev io u s  p reg nancy .  In  t h e  

l i t e r a t u r e  l i t t l e  r e f e r e n c e  can be found as  to  t h e  

s i g n i f i c a n c e  o f  a p re v io u s  h i s t o r y  o f  anaemia i n  t h e s e  

p a t i e n t s .  F u l l e r t o n  (1936) showed t h a t  a s  a r e s u l t  o f  

an a n te p a r tu m  haemorrhage o r  a p os tp a r tu m  haemorrhage  

a p a t i e n t  can  be pu t  i n  a n e g a t iv e  i r o n  b a l a n c e  from 

which she w i l l  no t  make a spontaneous r e c o v e r y ; and he 

s t re sse s*  t h i s  a s  an im p o r tan t  f a c t o r  i n  t h e  i n c i d e n c e  

o f  anaemia  i n  subsequen t  p r e g n a n c i e s .

m e n  th e  p a t i e n t 1 s fam ily  h i s t o r y  was c o n s i d e r e d  

w i t h  r e f e r e n c e  t o  th e  degree  o f  th e  anaemia i n  t h e  

p a t i e n t ,  i t  wa3 found t h a t  th e  i n c i d e n c e  o f  a ifamily 

h i s t o r y  o f  anaemia v a r i e d  l i t t l e  i n  e i t h e r  group 

v i z .  20 p e r  c e n t  o f  the se v e re  anaemias and 16 p e r



c e n t  o f  t h e  m o d era te  an aem ias .  With r e f e r e n c e  to  a 

h i s t o r y  o f  A ddison ian  p e r n i c i o u s  an aem ia ,  how ever ,  th e  

r e s u l t s  were s t r i k i n g .  Four i n s t a n c e s  o f  Addisonian  

p e r n i c i o u s  anaemia i n  members o f  the  f a m i l i e s  o f  the  

s e v e r e  anaem ias  were n o t e d ,  whereas n o t  one c a s e  o f  

A d d iso n ian  p e r n i c i o u s  anaemia o c c u r r e d  i n  th e  f a m i l i e s  

o f  t h e  m o d e ra te  anaem ias .  On th e  o t h e r  h and ,  how ever ,  

no f a m i l y  h i s t o r y  o f  rn rem ia  a t  a l l  co u ld  be e l i c i t e d  

i n  t h e  two t y p i c a l  c a se s  o f  p e r n i c i o u s  anaemia o f  

p r e g n a n c y ,  n o r  i n  e i t h e r  o f  th e  h a e m o ly t i c  anae m ias .  

C a l l e n d e r  (1944) has  rev iewed th e  i n c i d e n c e  o f  

A d d iso n ian  p e r n i c i o u s  anaemia i n  f a m i l i e s  o f  p a t i e n t s  

s u f f e r i n g  from p e r n i c i o u s  anaemia o f  pregnancy  and She 

s t a t e s  t h a t  on ly  t h r e e  i n s t a n c e s  o f  t h i s  have been 

r e c o r d e d  i n  th e  l i t e r a t u r e  (Schmidt 1918, M i l l e r  and 

S t u d d e r t  1942, C a l l e n d e r  1944) .  Since one o f  t h e  

f o u r  s e v e r e  anaemias  mentioned above was found a f t e r  

e x a m in a t io n  o f  h e r  bone marrow t o  be an a t y p i c a l  c a s e  

o f  p e r n i c i o u s  anaemia of  pregnancy and a s  h e r  m a t e r n a l  

a u n t  had d i e d  a s  a r e s u l t  o f  Addisonian  p e r n i c i o u s  

a n a e m ia , she can t h e r e f o r e  be added to  C a l l e n d e r 1 s 

l i s t  o f  f o u r  p a t i e n t s .



A co m p le te  c l i n i c a l  ex am in a t io n  o f  104 p re g n a n t  

women a l l  s u f f e r i n g  from anaemia has  been c a r r i e d  

ou t*  Of t h e s e  p a t i e n t s ,  44 were m o d era te  anaemias  

and t h e  rem a in d e r  were s e v e r e .

The s t r i k i n g  f e a t u r e  i n  a l l  t h e  c a s e s  was t h e  

number of  p a t i e n t s  who made no spo n tan eo us  

c o m p l a i n t .  Only one t h i r d  o f  t h e  m od era te  and 

two t h i r d  of  t h e  se v e re  anaemias  made any 

i n i t i a l  c o m p l a i n t .  F u r t h e r  q u e s t i o n i n g  however 

r e v e a l e d  t h a t  a n o th e r  46 p e r  c e n t  o f  th e  m odera te  

and 2 3 .7  p e r  c en t  o f  t h e  sev e re  anrem ias  d id  have 

symptoms r e l a t i v e  to  anaemia.

The symptomatology o f  t h e s e  p a t i e n t s  has been 

r e v ie w e d  and th e  r e s u l t s  show t h a t  th e  symptoms 

u s u a l l y  d a te d  from the  f o u r t h  month of  p re g n a n c y .  

The p a t i e n t s  had the  u s u a l  s i g n s  of  a n aem ia ,  the  

d i f f e r e n c e  between th e  m odera te  and s e v e re  anaemias  

h e in g  one of  d e g re e ,  bu t  i n  a d d i t i o n  one t h i r d  o f  

t h e  p a t i e n t s  i n  bo th  groups compla ined  o f  g a s t r o 

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

more o f t e n  i n  th e  severe  anaem ias .  T ro p h ic  changes  

and oedema were observed  more f r e q u e n t l y  m  t h e  

s e v e r e  g ro u p ,  k o i lo n y c h ia  and c h e i l o s i s  b e in g  more



f r e q u e n t  th an  g l o s s i t i s .

The c l i n i c a l  p i c t u r e  i n  two c a s e s  o f  t y p i c a l  

p e r n i c i o u s  anaemia o f  pregnancy has been d i s c u s s e d  

and i t  has  been shorn  t h a t  the  symptoms were more 

s e v e r e  i n  t h e s e  c a s e s  and d eve loped  d u r in g  th e  

s i x t h  month o f  p reg n an cy .  G a s t r o - i n t e s t i n a l  u p s e t  

was common to  b o th  p a t i e n t s  who a l s o  showed a

marked d eg re e  o f  g l o s s i t i s .  S p le n ic  en la rg em en t

was found i n  one of th e  c a s e s .

Two c a s e s  o f  h aem o ly t ic  anaemia have been

r e p o r t e d ,  one o c c u r r in g  d u r ing  th e  s i x t h  month of  

p r e g n a n c y ,  t h e  o t h e r  in  th e  p u e rp e r iu m .  Both 

p a t i e n t s  p r e s e n t e d  a d i f f e r e n t  c l i n i c a l  p i c t u r e ;  

p a i n  i n  th e  l e f t  hypochondrium, s e v e re  anaemia 

w i t h o u t  t r o p h i c  ch anges ,  s l i g h t  i c t e r u s  and 

s p l e n i c  en la rgem ent  b e in g  t h e  p i c t u r e  p r e s e n t e d  

by one a s  compared w i th  e p i s t a x i s ,  s e v e re  an aem ia ,  

p y r e x i a ,  s p l e n i c  and h e p a t i c  en la rg em en t  i n  th e  

o t h e r .

Anaemia w i th  r e f e r e n c e  t o  toxaemia  h as  been  

d i s c u s s e d  and i t  has  been shown t h p t  anaemia 

r e s u l t i n g  from a toxaemia i s  f a i r l y  common, 

whereas  the  i n c id e n c e  o f  toxaemia  o c c u r r i n g  i n  

anaemic  p a t i e n t s  i s  only  2 .2  p e r  c e n t .  A f  ew c a s e s  

o f  a n a e m i a  s im u la te  toxaemia and even when t h e



anaemia  i s  s e v e re  c l i n i c a l  s i g n s  and symptoms o f  

anaemia  may be a b s e n t ,  m  e x p l a n a t i o n  o f  th e  

sudden ap p ea rance  of  symptoms a f t e r  d e l i v e r y  has  

been g i v e n ,  namely by (Uraemia and lowered  blood 

p r e s s u r e .  I t  has  been su g g e s te d  t h a t  t h i s  may 

a c c o u n t  f o r  some o f  the  c a s e s  o f  p e r n i c i o u s  

anaemia  o f  pregnancy r e p o r t e d  a s  d e v e lo p in g  

r a p i d l y  i n  t h e  pue rpe r ium .  When t h e  anaemia i s  

v e ry  s e v e r e ,  t h a t  i s ,  l e s s  th a n  35 p e r  c e n t  S a h l i  

(5*3 g .  haemoglobin  pe r  c e n t )  symptoms o f  anaemia 

do a p p e a r  d e s p i t e  the  r a i s e d  blood p r e s s u r e ,  y e t  

a m i s t a k e n  d i a g n o s i s  o f  toxaem ia  can be made. 

S e v e ra l  p o i n t s  i n  th e  d i f f e r e n t i a l  d i a g n o s i s  o f  

anaemia  s i m u la t i n g  toxaemia and a t r u e  toxaem ia  

which were no ted  i n  t h i s  s u r v e y ,  have t h e r e f o r e  

been  made.

J a u n d ic e  i n  r e l a t i o n  to  anaemia i n  p regnancy  h a s  

b e e n - d i s c u s s e d .  Four t y p e s  have been found and 

t h r e e  have been d i s c u s s e d .  Commonly t h e  

j a u n d i c e  ha s  been shown to  o c cu r  i n  t h e  p la sm a ,  

a s  a r e s u l t  o f  a minor i n f e c t i o n  e t c . ,  d u r in g  

p r e g n a n c y ,  and anaemia has  been found t o  

r e s u l t  i n  p a t i e n t s  i n  the  " low normal" group.

I n  t h i s  r e s p e c t  a l s o  i t  has been su g g e s te d  

t h a t  minor  i n f e c t i o n s  a r e  more p r e j u d i c i a l  t o



t h e  p r e g n a n t  woman and ,  e s p e c i a l l y  w i th  r e f e r e n c e  

to  t h e  development o f  a n -e m ia ,  i f  they o c cu r  i n  

th e  e a r l y  months o f  p reg n a n cy .  J a u n d ic e  o c c u r r i n g  

i n  two c a s e s  o f  h a e m o ly t ic  anaemia and i n  t h r e e  

c a s e s  o f  very  s e v e re  anaemia s i m u l a t i n g  toxaemia  

h a s  be en  m ent ioned  and w i l l  be r e f e r r e d  t o  l a t e r .  

With r e f e r e n c e  to  th e  p a t i e n t 1s own and h e r  

f a m i ly  h i s t o r y ,  i t  has  been shown t h a t ,  when a 

p a t i e n t  has  been anaemic f o r  y e a r s ,  she may no 

lo n g e r  complain  o f  any symptoms r e l a t i v e  to  

a n a e m ia ,  t h a t ,  where th e  anaemia i s  s e v e r e ,  more 

p a t i e n t s  a r e  a b le  to  r e l a t e  t h e i r  anaemia to  a 

p r e v i o u s  p re g n a n cy ,  and t h a t ,  i r r e s p e c t i v e  o f  

t h e  d e g re e  o f  anaem ia ,  about  one ou t  o f  every  

f i v e  p a t i e n t s  gave a f am i ly  h i s t o r y  o f  anaem ia .  

Where,  however ,  the  anaemia was s e v e r e ,  one o u t  

o f  every  f i f t e e n  gave a f a m i ly  h i s t o r y  o f  

A d d iso n ian  p e r n i c i o u s  anaem ia .  One p a t i e n t  who 

was a c a se  of  a t y p i c a l  p e r n i c i o u s  anaemia of  

p regn an cy  gave a fam ily  h i s t o r y  o f  Addisonian  

p e r n i c i o u s  anaem ia .
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Anaemia I n  r e l a t i o n  to  m a t e r n a l  and f o e t a l  

m o r b id i t y  and m o r t a l i t y .

While i t  i s  o b v io u s  t h a t  anaemia i s  im p o r ta n t  i n  r e g a r d  to  

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

a l s o  n e c e s s a r y  to  c o n s i d e r  a t  l e a s t  t h r e e  p o i n t s  r e l a t i n g  

t o  e v e n t s  a t  te rm  and i n  the  pue rpe r ium  v i z : - ( a )  The 

n a t u r e  o f  t h e  l a b o u r  and th e  i n c i d e n c e  of  c o m p l i c a t i o n s

( b ) The h e a l t h  o f  th e  mother  i n  th e  pue rpe r ium  and (c)

The p r o g n o s i s  f o r  t h e  baby.

I n  o r d e r  to  e s t a b l i s h  c r i t e r i a  i n  t h e s e  

c i r c u m s t a n c e s  s e v e r a l  groups  of p a t i e n t s  were compared 

and c o n t r a s t e d .  The group of  140 p a t i e n t s  i n  1946 

a l r e a d y  unde r  c o n s i d e r a t i o n  were compared w i t h  83 

u n t r e a t e d  p a t i e n t s  w i th  haemoglobin r e a d i n g s  o f  l e s s  

t h a n  60 p e r  cent  Sah l i  a t  te rm .  Both s e r i e s ,  however ,  

c o n s i s t e d  m a in ly  o f  c a s e s  o f  m odera te  anaemia and i t  

was i m p o r t a n t  t o  a s s e s s  th e  i n f l u e n c e  of  th e  v a r i o u s  

g r a d e s  o f  a n ae m ia ,  two groups of  p a t i e n t s  had to  be 

s e l e c t e d  from th o s e  seen du r in g  1947. These c o n s i s t e d  

o f  58 t r e a t e d  u n s e l e c t e d  sev e re  c a s e s  o f  anaem ia ,  and 

a s i m i l a r  s e r i e s  of 53 u n t r e a t e d  c a s e s .  The c o l l e c t e d  

r e s u l t s  a re  shown i n  Table  XXVll.

No d i f f e r e n c e  cou ld  be found between t h e  t r e a t e d  and 

u n t r e a t e d  c a s e s  i n  r e g a r d  to  th e  d u r a t i o n  of  l a b o u r ,



t h e  i n c i d e n c e  o f  spon taneous  a s  compared w i th  

i n s t r u m e n t a l  d e l i v e r y ,  o r  th e  number o f  U a e s a r i a n  

s e c t i o n s  p e r f o r m e d .  The i n c i d e n c e  of  p l u r a l  p regnancy  

was f a i r l y  c o n s t a n t  i n  each g rade  of  an ae m ia ,  w he ther  

t r e a t e d  o r  u n t r e a t e d  and t h e r e f o r e  i n  t h e s e  c a s e s  d i d  

n o t  a p p e a r  to  b e a r  any r e l a t i o n s h i p  t o  th e  i n c i d e n c e  o f  

anaemia  n o r  d id  i t  e f f e c t  t h e  s t a t i s t i c a l  a n a l y s i s .

I t  i s  d i f f i c u l t  to  e s t i m a t e  t h e  amount o f  b lood 

l o s t  by a woman d u r in g  th e  2nd and 3rd  s t a g e s  o f  l a b o u r .  

T h ree  a r b i t r a r y  s t a n d a r d s  o f  e s t i m a t i o n  a r e  used i n  the  

h o s p i t a l  and t h e  d o c to r  i n  charge  o f  each  c a s e ,  r e p o r t s  

w he the r  t h e  b lo o d  l o s s  i s  "norm al11, "m odera te"  o r  " b r i s k "  

I t  i s  o b v io u s  t h a t  p e r s o n a l  v a r i a t i o n s  i n t r o d u c e  c o n s i d e r  

a b l e  e r r o r ,  when an a t t e m p t ,  such a s  t h i s  i s ,  made to  

a s s e s s  t h e  b lo od  l o s s .  However, i t  can be s a i d  t h a t  

s e v e r e  p o s t - p a r t u m  haemorrhage does n o t  a p p ea r  t o  o ccu r  

more f r e q u e n t l y  i n  p a t i e n t s  s u f f e r i n g  from an ae m ia ,  b u t

when i t  does  o c cu r  i n  such a p a t i e n t ,  t h e  p r o g n o s i s  i s

worse  and imm edia te  rep lacem en t  i s  u s u a l l y  n e c e s s a r y .

Prom t a b l e  XXVll i t  w i l l  be seen t h a t  o f  t h e  u n t r e a t e d  

c a s e s  6 p e r  c e n t  o f  a l l  the  anaemias i n  1946 and 11 p e r

c e n t  o f  t h e  s e v e r e  anaemias had " b r i s k "  haemorrhage

a f t e r  d e l i v e r y ,  whereas th e  t r e a t e d  c a s e s  showed f i g u r e s  

o f  10 p e r  c e n t  and 16 per  c e n t  r e s p e c t i v e l y .  At f i r s t  

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



c a s e s  showed l e s s  tendency  to  b l e e d .  F u r t h e r  i n v e s t i g a t i o n  

o f  t h e s e  u n t r e a t e d  c a s e s  r e v e a l s  t h a t  34 p e r  c e n t  o f  t h e  

c a s e s  were d e l i v e r e d  on d i s t r i c t ,  whereas the  m a j o r i t y  o f  

a l l  t h e  t r e a t e d  c a s e s  were d e l i v e r e d  i n  h o s p i t a l  and 

r e c e i v e d  some form o f  a n a l g a e s i a .  Also t h e  i n c i d e n c e  o f  

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

These  two f a c t o r s  would t h e r e f o r e  a cco u n t  f o r  t h i s  

a p p a r e n t  anomaly .

No m a t e r n a l  d e a t h  o c c u r re d  i n  e i t h e r  th e  t r e a t e d  

o r  c o n t r o l  s e r i e s .  M a te rn a l  m o r b id i ty  was f a i r l y  

f r e q u e n t  and t h r e e  g rades  were r e c o g n i s e d :  v i z  "no rm al  

p u e r p e r i u m " , "m ild"  and "m o d era te ly  severe"  c o m p l i c a t i o n s  

o f  t h e  p u e rp e r iu m .  From th e  t a b l e  i t  w i l l  be seen  t h a t  

t h e  p u e rp e r iu m  was normal  in  more th an  80 p e r  c e n t  o f  the  

anaem ias  t r e a t e d  d u r in g  1946 and on t h e  a v e ra g e  i n  a l l  

t h e  t r e a t e d  " low n o r m a l s " . The c o n t r o l  g roups showed 

r e a d i n g s  n e a r e r  70 per  c e n t ,  b u t  when th e  s e v e r e  a n a e m ia s ,  

b o t h  t r e a t e d  and u n t r e a t e d  were c o n s id e r e d  th e  d i f f e r e n c e  

was s t r i k i n g .  In  the  former group 65 p e r  c e n t  had an 

norm al  p u e rp e r iu m  and i n  the  l a t t e r  55 p e r  c e n t .  The 

c o r o l l a r y  f o l l o w s  when the  i n c i d e n c e  o f  c o m p l i c a t i o n s  

was c o n s i d e r e d .  The u n t r e a t e d  se v e re  anaemias  showed 

t h e  h i g h e s t  i n c i d e n c e j  19 pe r  c en t  o f  the  p a t i e n t s  were 

a f f e c t e d  whereas  t r e a tm e n t  i n  t h i s  g ro u p ,  r ed uced  th e  

i n c i d e n c e  by a lm o s t  a h a l f .  From t h e  a b o v e ,  i t  can



t h e r e f o r e  be s a i d  t h a t  th e  p re sen c e  of  anaemia p r e j u d i c e s  

an e x p e c t a n t  m other  by r e n d e r i n g  h e r  more l i a b l e  to  

d e v e lo p  c o m p l i c a t i o n s  i n  th e  pu e rp e r iu m .  F u r t h e r ,  a 

d e f i n i t e  r e l a t i o n s h i p  e x i s t s  between the  deg ree  o f  th e  

anaemia  and t h e  i n c id e n c e  of c o m p l i c a t i o n s  and t h i r d l y  

s p e c i f i c  t r e a t m e n t  a n t e n a t a l l y  by a l l e v i a t i n g  th e  anaemic 

s t a t e  r e d u c e s  th e  i n c id e n c e  o f  c o m p l i c a t i o n s  i n  th e  

p u e rp e r iu m .

The m i s c a r r i a g e  r a t e  appeared  to  be h i g h e r  i n  t h e  

u n t r e a t e d  se v e re  g roup .  This i s  p robab ly  f a l l a c i o u s .

Six c a s e s  m i s c a r r i e d  bu t  in  two o f  t h e s e  the  anaemia was 

due t o  o r  had been  agg ra v a te d  by a c c i d e n t a l  haemorrhage 

which  was bound to  l e a d  to  f o e t a l  a s p h y x ia .

The d i f f e r e n c e  i n  the  i n c i d e n c e  o f  p r e m a t u r i t y  

i n  t h e  v a r i o u s  g ro u p s ,  however, a p p e a r s  to  be s i g n i f i c a n t .  

I n  t h e  s e v e r e  u n t r e a t e d  g roup ,  6 p a t i e n t s  had p rem atu re  

d e l i v e r i e s  i . e .  11 p e r  c e n t  i n c i d e n c e .  None o f  t h e s e  6 

p a t i e n t s  had s u f f e r e d  from any form o f  a n t e n a t a l  b l e e d i n g  

and t h e r e f o r e  no o t h e r  f a c t o r  beyond th e  anaemia cou ld  be 

found t o  a c c o u n t  f o r  th e  p rem ature  b i r t h  ex t h e s e  i n f a n t s .  

No c a s e s  of  p r e m a t u r i t y  o c c u r r e d  i n  the  t r e a t e d  s e v e re  

g ro u p .  Only one o c cu r red  i n  t h e  c o n t r o l  group o f  low 

no rm als  and two I n  th e  c o n t r o l  group ox 1^0 t r e a t e d  

anaemic  p a t i e n t s  i n  1946. I t  i s  s l s o  i n t e r e s t i n g  to  

n o t e  t h a t  th e  baby i n  the  normal group t h r o v e  and



d e v e lo p e d  n o r m a l l y ,  whereas 4 o f  t h e  6 b a b ie s  born 

p r e m a tu r e ly  o f  s e v e r e l y  anaemic m othe rs  and b o th  b a b ie s  

b o rn  o f  anaemic  m othe rs  in  1946 were s t i l l  b o r n ,  o r  d i e d  

w i t h i n  a f e w  days  o f  d e l i v e r y .

'This f a c t o r  o f  p r e m a tu r i t y  a lon e  i s  w e l l  known to  

i n f l u e n c e  th e  n e o n a t a l  m o r t a l i t y  and m o r b id i t y  r a t e s .  

I n f o r m a t i o n  c u l l e d  from a study o f  t h e s e  r a t e s  showed 

ve ry  marked d i f f e r e n c e s  be tween th e  v a r i o u s  g r o u p s .  From 

t a b l e  XXVll- i t  w i l l  be seen t h a t  o f  th e  11 low normal 

p a t i e n t s " ,  one baby was a s t i l l  born  a n e n c e p h a l i e  and 4 

b a b i e s  d ie d  w i t h i n  a few days o f  d e l i v e r y .  Of the  

n e o n a t a l  d e a t h s ,  two were tw i n s ,  one d ied  o f  aphyx ia  and 

t h e  o t h e r  was a h y d r o c e p h a l i c .  The two rem a in in g  

n e o n a t a l  d e a t h s  were due to  h y d ro n e p h ro s i s  and 

i n t u s s u s c e p t i o n .  Ample cause  f o r  d e a t h ,  a p a r t  from 

"anaemia"  i n  t h e  m o th e r ,  could t h e r e f o r e  be g iven  f o r  

a l l  b u t  one o f  t h e s e  b a b ie s  and t h i s  would rbduce  the  

combined s t i l l - b i r t h  and n e o n a t a l  m o r t a l i t y  r a t e  f o r  

t h e  whole s e r i e s  o f  low normals  from 2 .6  p e r  c e n t  to  

0 . 5  p e r  c e n t .  This  f i g u r e  was 3 p e r  c e n t  f o r  the  

s e r i e s  o f  140 p a t i e n t s  t r e a t e d  f o r  anaemia i n  1946 j one 

n e o n a t a l  dea.th was due to  e r y t h r o b l a s t o s i s  f o e t a l i s  and 

so t h e  a c t u a l  combined r a t e  f o r  th e  group i s  1 .5  p e r  

c e n t .  A s l i g h t l y  h ig h e r  p e rc e n ta g e  was o b t a i n e d  f o r  t h e  

c o n t r o l  s e r i e s  o f  u n t r e a t e d  anaemias i n  1946. As



m en t io n ed  b e f o r e  two p rem ature  b a b ie s  born  i n  t h i s  g ro u p ,  

d i e d  soon a f t e r  d e l i v e r y .  O m it t in g  two n e o r a t r l  d e a t h s  

i n  t h i s  g r o u p ,  due to  e r y t h r o b l a s t o s i s ,  t h e  a c t u a l  combined 

s t i l l  b i r t h  and n e o n a t a l  d e a th  r a t e  w- s 5 p e r  c e n t .  There 

were  no s t i l l  b i r t h s  o r  n e o n a t a l  d e a th s  i n  the  s e v e r e  

anaem ias  who r e c e i v e d  t r e a tm e n t  d u r in g  1947. I n  s t r i k i n g  

c o n t r a s t ,  t h e  combined r a t e  f o r  t h e  u n t r e a t e d  c o n t r o l s  

was 17- p e r  c e n t . I n  o t h e r  words 9 b a b ie s  o f  47 v i a b l e  

p r e g n a n c i e s  d i e d  i n  t h i s  g roup .  At t h i s  j u n c t u r e  i t  i s  

n e c e s s a r y  t o  emphasise  t h a t  the  47 m others  were c a s e s  o f  

11 anaem ia” and had n ev e r  s u f f e r e d  from b l e e d i n g ,  a c c i d e n t a l  

o r  o t h e r w i s e .  The s ix  c a se s  ment ioned  p r e v i o u s l y  when 

c o n s i d e r i n g  m i s c a r r i a g e s  a re  n o t  i n c l u d e d .  Of t h e s e  9 

b a b i e s ,  4 were s t i l l  b i r t h s ,  two o c c u r r i n g  i n  t w i n s ,  a 

t h i r d  i n  a c a s e  o f  toxaemia and the  f o u r t h  was a p rem a tu re  

d e l i v e r y .  Of th e  n e o n a t a l  d e a t h s ,  3 o c c u r r e d  i n  p rem atu re  

b a b i e s ,  a  f o u r t h  baby l iv e d  a few h o u rs  a f t e r  a d i f f i c u l t  

l a b o u r  and a t  postmortem was found to  have a c e r e b r a l  

h a em o rrh ag e .  The f i f t h  baby had a sp h y x ia  p411ida  and 

d i e d  s i x  days  a f t e r  d e l i v e r y  o f  a bronchopneumonia .  

D i f f i c u l t y  a r i s e s ,  however, when an a t t e m p t  i s  made to  

e s t i m a t e  t h e  i n f l u e n c e s ,  i f  any ,  which anaemia i n  t h e  

m o th e r  may have on th e  s t i l l - b i r t h  o r  n e o n a t a l  m o r t a l i t y  

r a t e .  The h o s p i t a l  s t a t i s t i c s  l o r  1946 show t h a t  one 

t h i r d  o f  t h e  p rem ature  d e l i v e r i e s  and one se v e n th  o f
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t h e  s t i l l - b l r t h s  were da© to  toxaemia in  the  m o th e r ;  t h a t  

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

and t w i n  p r e g n a n c i e s  formed 5 .5  pe r  c e n t  o f  t h e  p rem a tu re  

d e l i v e r i e s .  I t  can be seen t h e r e f o r e  t h a t  t h e  p r e s e n c e  

o f  t o x a e m ia ,  t w in s  and d e layed  la b o u r  as secondary  

c o m p l i c a t i o n s  canno t  be d i s r e g a r d e d .  No p e l v i c  a b n o rm a l 

i t y  was p r e s e n t  i n  th e  one case  of  d e la y ed  l a b o u r  i n  t h i s  

s e r i e s .  I r r e g u l a r  u t e r i n e  c o n t r a c t i o n s  were s t a t e d  to  be 

t h e  c a u se  o f  t h e  d e la y  and i t  i s  c o n c e iv a b le  t h a t  

i n e f f i c i e n t  o x y g e n a t io n  of  a c t i v e l y  c o n t r a c t i n g  m u s c le ,  

due t o  the  e x i s t i n g  anaemia,  might  w e l l  e f f e c t  th e  

c o n t r a c t a b i l i t y  o f  t h a t  m usc le .  I n  view o f  t h i s  f a c t ,  

t h i s  c a s e  h a s  n o t  been d i s c a r d e d  though  s t i l l  b i r t h s  and 

n e o n a t a l  d e a t h s  o c c u r r i n g  i n  c a se s  o f  toxaemia  and p l u r a l  

p reg n a n cy  have  been r u l e d  o u t .  This  g iv e s  a c o r r e c t e d  

s t i l l  b i r t h  and n e o n a t a l  m o r t a l i t y  r a t e  o f  5 o u t  o f  47 

d e l i v e r i e s  o r  10 .6  pe r  c e n t .

I n  r e g a r d  to  th o se  b a b ie s  who s u r v i v e d ,  i t  i s  

d i f f i c u l t  to  r e a c h  any c o n c lu s io n  and to  o b t a i n  a 

s t a n d a r d  on which to  base  the  g e n e r a l  h e a l t h ,  th e  s t a t e  

o f  n u t r i t i o n  e t c . ,  B i r t h  weight may vary  c o n s i d e r a b l y  

d ep en d in g  on t h e  p resen ce  o r  absence  of  oedema and i t  

i s  n o t  a lways t h e  f a t  baby which i s  th e  h e a l t h i e s t .  

However, i t  i s  i n t e r e s t i n g  to  n o te  t h a t  the  b a b ie s  o f  

m o th e r s  t r e a t e d  fo r  anaemia du r ing  1946 were 14 o z .
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h e a v i e r  on th e  a v e r sg e  t h a n  th e  b a b ie s  i n  t h e  c o n t r o l  

s e r i e s .  As a f u r t h e r  check ,  <- s i m i l a r  a n a l y s i s  was 

c a r r i e d  out  i n  1947 w i th  the  t r e a t e d  and u n t r e a t e d  s e v e r e  

a n a e m ia s .  I t  was found a g a in  t h a t  the  b i r t h  w e igh t  i n  the  

t r e a t e d  c a s e s  was J  lb  h e a v i e r  th an  t h a t  i n  t h e  c o n t r o l  

s e r i e s  (Tab le  ‘30CVU1) 'The average  b i r t h  w eigh t  o f  b a b ie s  

whose m o th e r s  be longed  t o  the  11 low normal" s e r i e s  i s  

shown a l o n g s i d e  f o r  com par ison .  This  r e a d i n g  was 

be tw een  t h a t  o f  th e  t r e a t e d  and u n t r e a t e d  g r o u p s .

The h e a l t h  of  the  baby,  w hi le  i t  was i n  h o s p i t a l  

o r  u n d e r  s u p e r v i s i o n  o f  the  d i s t r i c t  s t a f f ,  was g r a d e d ,  

a s  f o r  th e  m o th e r ,  depending on th e  i n c i d e n c e  o f  m ild  o r  

m o d e r a t e l y  s e v e r e  c o m p l i c a t i o n s .  As t h e  f i g u r e s  i n  t a b l e  

XXVllshow, c o m p l i c a t i o n s  d u r in g  th e  f i r s t  t e n  days  o f  

n e o n a t a l  l i f e  show no c o r r e l a t i o n  w i th  t h e  d e g re e  of  

anaemia  i n  t h e  m o th e r .  . I t  has been shown, how ever ,  by 

s e v e r a l  o b s e r v e r s  t h a t  though t h e s e  b a b ie s  a r e  n o t  b o rn  

a n a e m ic ,  t h e i r  s t o r e s  o f  i r o n  a r e  r educed  and they  

t h e r e f o r e  t e n d  t o  develop  anaemia when a b ou t  t h r e e  months 

o l d , ( P a r s o n s  1 947) .



D i s c u s s i o n .

The p r o g n o s i s  f o r  th e  m other  and c h i l d  i n  l a b o u r  

and i n  t h e  p u e rp e r iu m  has  been c o n s id e r e d  w i th  r e f e r e n c e  

to  t h e  v a r i o u s  g rad e s  o f  anaem ia .  .Prom th e  r e s u l t s  i t  

would a p p e a r  t h a t  anaemia has  no i n f l u e n c e  on th e  

d u r a t i o n  o f  l a b o u r ,  th e  mode o f  d e l i v e r y  o r  th e  i n c i d e n c e  

o f  se v e re  haem o rrh ag e .  These r e s u l t s  a r e  i n  agreem ent  

w i th  t h o s e  r e p o r t e d  by Whitby and B r i t t o n  ( 1 9 4 4 ) ,  b u t  

Smallwood (1956)  c o n s id e re d  t h a t  l ab o u r  was l o n g e r  i n  

c a s e s  o f  anaemia  and Meyer-Weddel (1943) s t a t e d  t h a t  

w h i l e  s e v e r e  haemorrhage was no t  common i n  i r o n  d e f i c i e n c y  

a n a e m ia s ,  i t  d id  occu r  i n  c a se s  o f  v i t a m in  C d e f i c i e n c y  

anaemia  and p e r n i c i o u s  anaemia o f  p reg n a n cy .  I n  our 

s e r i e s ,  t h e  i n c i d e n c e  of  i n t r a  and p o s t - p e r t u m  

haem orrhage  was no g r e a t e r  than  t h a t  o b se rv ed  i n  n on-  

anaem ic  c a s e s ,  tfhen haemorrhage o c c u r r e d ,  how ever ,  th e  

e f f e c t s  were o b v io u s ly  g r e a t e r  i n  r e g a r d  t o  m o r b id i t y  

i n  t h e  p u e rp e r iu m .

A d e f i n i t e  r e l a t i o n s h i p  was found to  e x i s t  

be tween  th e  degree  o f  anaemia and th e  i n c i d e n c e  o f  

m a t e r n a l  c o m p l i c a t i o n s .  For example ,  19 p e r  c en t  o f  th e  

p a t i e n t s  w i th  s e v e r e  a n a e m i a , who r e c e i v e d  no t r e a t m e n t  

a n t e n a t a l l y ydeveloped  m od era te ly  severe  c o m p l i c a t i o n s  i n  

th e  p u e rp e r iu m  compared w ith  only  10 p e r  c en t  i n  th e  

t r e a t e d  e r o u p .  S im i la r  r e s u l t s  were o b t a i n e d  i n  th©



group  o f  140 p a t i e n t s  t r e a t e d  d u r in g  1946 who showed a 

f i g u r e  o f  2 p e r  c e n t ,  compared w i th  5 p e r  c e n t  i n  t h e  

u n t r e a t e d  c o n t r o l  g rou p .  As th e  1946 s e r i e s  c o n ta in e d  

a g r e a t e r  p e r c e n t a g e  o f  m odera te  a n a e m ia s ,  i t  i s  obv ious  

t h a t  t h e  i n c i d e n c e  o f  m a te r n a l  m o r b id i t y  i s  i n  

p r o p o r t i o n  to  t h e  degree  of anaem ia .  E q u a l ly  s a t i s f a c t o r y  

r e p o r t s ^ a s  a r e s u l t  o f  the rapy ,  have been made by 

Snallwood ( 1 9 3 6 ) , D i l l o n  (1943) and Pa ine  and Dameshek 

( 1 9 4 4 ) .

S ince  haemorrhage a s s o c i a t e d  w i th  a " m i s c a r r i a g e "  

r e s u l t i n g  i n  anaemia i s  a common f i n d i n g ,  i t  i s  very  

d i f f i c u l t  t o  say whether  th e  anaemia e x i s t e d  p r e v i o u s l y  

o r  w he th e r  i t  was a s i g n i f i c a n t  f a c t o r  i n  th e  a e t i o l o g y  

o f  m i s c a r r i a g e .  I n  the  p r e s e n t  s e r i e s ,  s i x  m i s c a r r i a g e s  

o c c u r r e d  and i n  two th e  anaemia d e f i n i t e l y  a p p ea red  t o  

be due t o  h aem orrhage .  Stevenson (1936) r e p o r t e d  on ly  

one m i s c a r r i a g e  i n  h e r  s e r i e s ,  b u t  Smallwood (1936) 

m en t io n ed  m i s c a r r i a g e  w i th  r e f e r e n c e  to  t h e  p r o g n o s i s  

i n  anaemia  o f  p reg nan cy .

On t h e  o t h e r  hand,  th e  i n c id e n c e  o f  p rem a tu re  

d e l i v e r i e s  i n  anaemic m others  d id  ap pea r  t o  be 

s i g n i f i c a n t .  I n  th e  s e v e re  u n t r e a t e d  a n a e m ia s ,  t h e  

i n c i d e n c e  was 11 p e r  c e n t , whereas no p rem a tu re  

d e l i v e r i e s  o c c u r r e d  i n  the  t r e a t e d  p a t i e n t s  w i t h  

s e v e r e  a n aem ia j  one occured i n  t h e  t r e a t e d  low norm al



group  and two i n  th e  u n t r e a t e d  low normal  c o n t r o l  g ro u p .  

P r e m a tu r e  d e l i v e r i e s  a re  f r e q u e n t l y  r e c o r d e d  i n  p r e v i o u s  

r e v i e w s  e . g .  S tevenson  (1936) r e p o r t e d  e i g h t ,  Meyer -  

'T ede l l  (1943) f o u r  and' d a l l e n d e r  (1944) s i x  i n  b o t h  

t r e a t e d  and u n t r e a t e d  p a t i e n t s .  S ince th e  group o f  

s e v e r e  anaem ias  i n  the  p r e s e n t  s e r i e s  on ly  i n c l u d e s  

p a t i e n t s ,  who responded  s a t i s f a c t o r i l y  to  t r e a t m e n t ,  

t h e  a b sen c e  o f  p rem atu re  d e l i v e r y  i n  t h i s  group i s  a l l  

t h e  more s i g n i f i c a n t ,  when compared w i th  th e  s e v e re  

u n t r e a t e d  a n a e m ia s .

As p r e m a t u r i t y  i t s e l f  i n f l u e n c e s  t h e  n e o n a t a l  

m o r t a l i t y  and m o r b id i ty  r a t e s ,  i t  i s  n o t  s u r p r i s i n g  

t h a t  t h e  f i n d i n g s  w i th  r e f e r e n c e  to  t h e  p r o g n o s i s  f o r  

t h e  baby were a l l  t h e  more s i g n i f i c a n t .  I n  t h e  low 

n o rm al  group th e  c o r r e c t e d  combined s t i l l  b i r t h  and 

n e o n a t a l  d e a t h  r a t e  was 0 .5  pe r  c e n t .  T h is  f i g u r e  was 

1 .5  p e r  c e n t  i n  th e  140 mixed m odera te  and s e v e re  

anaem ias  t r e a t e d  d u r in g  1946 and 3 p e r  c e n t  i n  th e  

c o n t r o l  g r o u p .  No s t i l l  b i r t h s  o r  n e o n a t a l  d e a t h s  

o c c u r r e d  i n  t h e  se v e re  anaemias t r e a t e d  d u r i n g  1947, 

b u t  i n  s t r i k i n g  c o n t r a s t ,  th e  combined c o r r e c t e d  r a t e  

i n  t h e  c o n t r o l  group of  s e v e r e  anaemias  was 10 .6  pe r  

c e n t .  Prom t h e  p e rc e n t a g e s  i n  the  c o n t r o l  g roups  i t  

i s  o b v io u s  t h a t  a s  the  anaemia becomes more s e v e r e ,  

t h e  s t i l l  b i r t h  r a t e  and neonata.1 d e a t h  r a t e  i n c r e a s e



i n  t h e  u n t r e a t e d  c a s e s .  Again, most  o f  t h e  s t i l l  b i r t h  

and n e o n a t a l  d e a t h s  r e p o r t e d  i n  t h e  l i t e r a t u r e  have been 

e x p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  whole s e r i e s  examined.

No d i s t i n c t i o n  has been  made between the  t r e a t e d  and 

u n t r e a t e d  p a t i e n t s ,  p o s s i b l y  because  f i g u r e s  f o r  such  

a l a r g e  s e r i e s  o f  u n t r e a t e d  s e v e re  anaemias  have n o t  

b een  a v a i l a b l e  e l s e w h e r e .  O r i g i n a l l y ,  how ever ,  th e  

s t i l l  b i r t h  r a t e  and n e o n a t a l  d e a t h  r a t e  was h i g h ,  bu t  

w i t h  improved a n t e n a t a l  c a r e ,  t h e s e  f i g u r e s  have 

d e c r e a s e d .  S tevenson  (1956) r e p o r t e d  f i v e  s t i l l  b i r t h s  

and one n e o n a t a l  d e a t h  among t h i r t y  b a b i e s ,  whose 

m o th e r s  had p e r n i c i o u s  anaemia o f  p reg n a n cy ,  u a l l e n d e r  

(1944)  r e p o r t e d  on ly  two f o e t a l  d e a th s  i n  t h e  twenty  

f i v e  c a s e s  which she o b se rv e d .  In  th e  f i f t y - e i g h t  

s e v e r e  anaem ias  i n  t h i s  group o f  i r o n  d e f i c i e n c y  and 

p e r n i c i o u s  anaemia o f  p re g n a n c y , who re a c h e d  norm al  

haem oglob in  l e v e l s  b e fo r e  d e l i v e r y ,  i t  i s  t h e r e f o r e  

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

r e c o r d e d .

With r e g a r d  to  the  b a b ie s  t h a t  su r v iv e d  i t  has  

been  shown i n  b o th  s e r i e s  obse rved  d u r in g  1946 and 1947 

t h a t  t h e  b a b i e s  o f  m others  t r e a t e d  f o r  anaemia were 

d e f i n i t e l y  h e a v i e r  th an  th e  b a b ie s  born o f  u n t r e a t e d  

m o th e r s .  Whether t h i s  can be t a k e n  as  an i n d i c a t i o n  

t h a t  t h e s e  b a b i e s  were h e a l t h i e r  i s  c o n t r o v e r s i a l ,  and



when th e  n e o n a t a l  m o r b id i t y  r a t e s  were compared i n  th e  

t r e a t e d  and u n t r e a t e d  g r o u p s ,  no c o r r e l a t i o n  was 

p o s s i b l e  be tw een  th e  d eg ree  o f  anaemia i n  th e  m other  

and t h e  i n c i d e n c e  o f  c o m p l i c a t i o n s  i n  th e  baby.

At p r e s e n t  i n  c o n n e c t io n  w i th  our p o s t - n a t a l  

h a e m a t o l o g i c a l  c l i n i c  r o u t i n e  b lood  e x a m in a t io n s  a r e  

b e i n g  p e r fo rm ed  on th e  b a b ie s  o f  anaemic m o th e rs  d u r in g  

th e  f i r s t  t h r e e  months o f  l i f e .  No c o n c l u s i o n s  can be 

drawn as  y e t ,  b u t  P a r so n s  (1946) has s t a t e d  t h a t  t h e r e  

i s  a te n d e n c y  f o r  anaemia to  deve lop  a bou t  th e  t h i r d  

month  i n  t h e s e  b a b i e s .
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P a t h o ge n e s i s ,  o f  t h e  Severe  Anaemias.

Since  th e  i n i t i e l  haemoglobin  su rvey  i n  1946 

r e v e a l e d  a h i g h  i n c i d e n c e  o f  s e v e re  anaemia i n  t h e  women 

a t t e n d i n g  t h e  a n t e - n a t a l  c l i n i c ,  i t  was d e c id e d  to  c a r r y  

o u t  a more th o r o u g h  i n v e s t i g a t i o n  o f  t h e s e  c a s e s  d u r in g  

1947# Where p o s s i b l e ,  complete  b lood and u r i n e  

i n v e s t i g a t i o n ,  i n c l u d i n g  h a em o g lo b in , r e d  c o u n t ,  w h i te  

c o u n t ,  h a e m a t o c r i t , mean c e l l  d i a m e t e r ,  i c t e r i c  i n d e x ,  

Van den B ergh ,  plasma p r o t e i n  and u r i n a r y  u r o b i l i n o g e n  

and b i l i r u b i n  e s t i m a t i o n s  were perform ed a t  weekly 

i n t e r v a l s .  Gases . a t t e n d in g  as  ou t  p a t i e n t s ,  were n o t  

seen  so r e g u l a r l y ,  bu t  th e  above i n v e s t i g a t i o n s  were 

c a r r i e d  o u t  a t  l e a s t  once a month. F o r ty  e i g h t  p a t i e n t s ,  

a l l  w i t h  s e v e re  anaem ia ,  were fo l lo w ed  th ro u g h o u t  

p r e g n a n c y ,  r e p e a t e d  marrow p u n c tu r e s  b e ing  performed in  

m o s t .  I n  a l l  67 marrow p u n c tu r e s  were d o ne .  I n  a d d i t i o n ,  

t h e  p e r i p h e r a l  b lood  p i c t u r e  was examined a t  r e g u l a r  

i n t e r v a l s  i n  o t h e r  74 p a t i e n t s  and b io c h e m ic a l  

e s t i m a t i o n s ,  a s  ment ioned above ,  p e r fo rm ed .  A f u r t h e r  

33 p a t i e n t s  were seen  j u s t  b e f o r e  t e r m ,  o r  had a t t e n d e d  

i r r e g u l a r l y  and i n  t h e i r  c ase  i t  was im p o s s ib l e  to  

c a r r y  o u t  r e p e t i t i v e  t e s t s  a n t e - n a t a l l y  a l t h o u g h  they  

were s t u d i e d  f u l l y  du r in g  th e  p u e rp e r iu m .  T h i s ,  

t h e r e f o r e ,  b r i n g s  th e  t o t a l  number o f  c a s e s  s t u d i e d  to  

148.  4s b e f o r e  th e  c a s e s  were c o n s id e re d  i n  t h r e e



g ro u p s  namely  (a )  Gases o f  anaemia ,

(b) Gases o f  anaemia and to x a e m ia ,

( c )  Gases o f  anaemia and j a u n d i c e .

The f i r s t  group o f  a n aem ias ,  a s  s t a t e d  b e f o r e ,

c o n s i s t e d  o f  107 p a t i e n t s  of  whom two were h a e m o ly t i c  

anaem ias  and two were c a s e s  o f  p e r n i c i o u s  anaemia o f  

p r e g n a n c y .  Four o t h e r  p a t i e n t s  had p e r n i c i o u s  anaemia 

o f  p r e g n a n c y ,  b u t  they  had r e c e i v e d  l i v e r  t h e r a p y  from 

t h e i r  own d o c to r s  b e fo r e  adm iss ion  t o  h o s p i t a l .  S p e c ia l  

r e f e r e n c e  w i l l  be made to  t h e s e  e i g h t  c a se s  l a t e r  i n  

t h e  t e x t . O f  t h e  rem a in in g  p a t i e n t s  26 were seen  j u s t  

b e f o r e  te rm  or  had a t t e n d e d  i r r e g u l a r l y  and i t  was 

i m p o s s i b l e  to  c a r r y  ou t  a complete  i n v e s t i g a t i o n  i n  

t h e s e  c a s e s ,  o r  to  de te rm ine  th e  r e s p o n s e  to  t h e r a p y .  

The marrow p i c t u r e  and blood coun t  were o b t a i n e d  i n  

f o u r  o f  t h e s e  p a t i e n t s ,  .however, and though  th e  b lood  

p i c t u r e  was hypochromic i n  every  i n s t a n c e ,  m e g a l o b l a s t s  

were found i n  th e  marrows o f  t h r e e  o f  th e  p a t i e n t s ,  the  

p e r c e n t a g e  v a r y i n g  from 6 .5  pe r  c en t  to  10 p e r  c e n t .

The p a t i e n t  who was found to  have 10 p e r  c en t  m eg a lo 

b l a s t s  i n  h e r  marrow was s ix  months p r e g n a n t .  She had 

c o l l a p s e d  a t  h e r  work: on the  morning o f  ad m iss io n  and 

she had had s l i g h t  v a g in a l  s t a i n i n g  b u t  no s i g n i f i c a n t  

b lo o d  l o s s .  She m i s c a r r i e d  w i t h in  24 h o u r s ,  b lood  l o s s  

f o r t u n a t e l y  be ing  s l i g h t .  A f te r  d e l i v e r y ,  the
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haem o g lob in  was found to  be 26 p e r  c e n t  S a h l i  and the  

r e d  b lo o d  c e l l  count  was 2 .3 3  m i l l i o n , y e t  s i x  weeks 

la ter*  on i r o n  t h e r a p y  a l o n e ,  the  haemoglobin  e s t im a t e d  

60 p e r  c e n t  S a h l i  and the r e d  count 3 . 8  m i l l i o n .  The 

o t h e r  t h r e e  p a t i e n t s  had normal d e l i v e r i e s .  The ave rage  

b lo o d  c o u n t s  b e f o r e  d e l i v e r y  and s ix  weeks l a t e r  a re  

shown, i r o n  b e in g  th e  only  form o f  th e r a p y  (Tab le  X I I I ) .

The re m a in in g  73 se v e re  anaemias  have been 

f u r t h e r  d i v id e d  a c c o rd in g  t o  th e  t r e a t m e n t  g i v e n .  Of 

t h e s e  p a t i e n t s  51 r e c e i v e d  i r o n  a l o n e ,  13 r e c e i v e d  i r o n  

and s m a l l  d o se s  o f  f o l i c  a c i d ,  t h r e e  were g iv en  a b lood 

t r a n s f u s i o n  and th e  rem a inde r  formed a m i s c e l l a n e o u s  

g roup  where t h e  t r e a tm e n t  was v a r ie d *

Of t h e  51 p a t i e n t s  who r e c e i v e d  i r o n  a lo n e  

t h r e e  were a d m i t t e d  to  h o s p i t a l  im m e d ia te ly ,  a s  th ey  

had  haem oglob in  r e a d i n g s  l e s s  t h a n  35 pe r  c e n t  S a h l i .  

F o r t y  e i g h t  p a t i e n t s  were t h e r e f o r e ,  i n i t i a l l y '  t r e a t e d ,  

a s  o u t - p a t i e n t s  and o f  t h e s e ,  f i f t e e n  had u l t i m a t e l ^ t o  

be  a d m i t t e d ,  a s  t h e y  showed no r e s p o n se  t o  t h e r a p y .  

T rea tm en t  w i t h  i r o n  was co n t in u ed  w i th  t h e s e  p a t i e n t s  

i n  h o s p i t a l  and t h e y  can t h e r e f o r e  be c o n s id e r e d  w i th  

t h e  o r i g i n a l  t h r e e  very seve re  a n ae m ias .

The p e r i p h e r a l  b lood  p i c t u r e  i n  the  e ig h t e e n  

p a t i e n t s  a d m i t t e d  to  h o s p i t a l  was t h a t  o f  a m i c r o c y t i c  

o r  n o rm o c y t ic  hypochromic anaemia i n  every I n s t a n c e *
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The a v e r a g e  haem oglobin  was 39 pe r  c e n t ,  b u t  v a lu e s  

be tw een  49 and 23  p e r  c e n t  were r e c o r d e d .  The av e rag e  

r e d  b lo o d  c e l l  count  was 3 .7 3  m i l l i o n  w i th  v a r i a t i o n s  

be tw een  4 .32  and 2 .7 1 .  The mean c e l l  volume, mean 

c o r p u s c u l a r  haemoglobin  c o n c e n t r a t i o n  and mean c e l l  

d i a m e t e r  a v e r a g e s  were 74 p 3, 22 p e r  c e n t  and 7 . Op 

r e s p e c t i v e l y .  Plasma p r o t e i n s  averaged  5 .5  g p e r  c en t  

and t h e  Van den Bergh e s t i m a t i o n s  were a l l  n e g a t i v e .

Only t h i r t e e n  o f  th e  p a t i e n t s  had weekly u r i n a r y  

u r o b i l i n o g e n  e s t i m a t i o n s  c a r r i e d  out  and o f  th e se  

p o s i t i v e  r e s u l t s  were o b t a in e d  i n  t e n  o f  th e  p a t i e n t s  

i n i t i a l l y .  With t r e a t m e n t ,  a l l  bu t  one were c o n s i d e r a b l y  

r e d u c e d  o r  were n e g a t i v e .  This one p a t i e n t  was 

u l t i m a t e l y  found to  have an i n t r a - u t e r i n e  d e a t h ,  and 

a b s o r p t i o n  o f  haemoglobin  due to  haemorrhage i n  u t e r o  

may have caused  t h e  i n c r e a s e d  pigment e x c r e t i o n .  I n  

g e n e r a l  t h e r e f o r e ,  i t  can be s a i d  t h a t  th e  i n c r e a s e d  

u r i n a r y  u r o b i l i n o g e n  d e c re a se s  w i th  e f f e c t i v e  t r e a t m e n t  

o f  t h e  anaemic c o n d i t i o n .  Most o f  the  e i g h t e e n  p a t i e n t s  

i n  t h e  group showed a very  s a t i s f a c t o r y  r e s p o n s e  to  i r o n  

t h e r a p y ,  even th o se  who had f a i l e d  to  respond  to  i r o n  as  ,

o u t  p a t i e n t s .  During the  f i r s t  month o f  t h e r a p y  the  

haem oglob in  r o s e  13 p e r  c en t  S ah l i  d u r in g  th e  second 

month 9 p e r  c en t  and only  4 p e r  c en t  i n  the  t h i r d  month,  

i n  one c a se  obse rved  over t h a t  p e r io d  oi t i m e .  The
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u l t i m a t e  haem oglobin  r e a d i n g  f o r  the group was t h e r e f o r e  

55 p e r  c e n t  S a h l i .  T h is  cu rve  shows much h i g h e r  m onth ly  

i n c r e m e n t s  t h a n  t h a t  obse rved  i n  th e  group of  s e v e r e  

anaem ias  r e c e i v i n g  t r e a tm e n t  a s  o u t - p a t i e n t s  (U har t  4a 

and G har t  3 f  S e c t io n  I ) .  Also i t  shou ld  be remembered 

t h a t  t h e  m a j o r i t y  o f  th e s e  p a t i e n t s  had f a i l e d  to  r e spond  

t o  i r o n  t h e r a p y  i n i t i a l l y  when they  a t t e n d e d  a s  o u t 

p a t i e n t s .

Three  o f  th e  e ig h t e e n  p a t i e n t s ,  i t  w i l l  be 

remembered ,  were a d m i t te d  t o  h o s p i t a l  d i r e c t  and a l l  

t h r e e  re s p on d ed  to  i r o n  t h e r a p y .  Of th e  r e m a in in g  

f i f t e e n ,  e i g h t  responded  to  i r o n  t h e r a p y ,  b u t  seven 

showed on ly  a p a r t i a l  r e s p o n s e .  A l t o g e t h e r  t h e n ,  e l e v e n  

p a t i e n t s  app ea re d  to  be s u f f e r i n g  from an anaemia which 

re s p o n d e d  to  i r o n  t h e r a p y ,  w h i l e  seven had an anaemia 

f u n d a m e n ta l ly  r e s i s t a n t  to  i r o n  t h e r a p y .  Of t h e  f i r s t  

group o f  e l e v e n  p a t i e n t s  f i v e  had s t e r n a l  p u n c tu r e s  and 

on e x a m in a t io n  o f  the  marrow showed a r a t h e r  s i m i l a r  

p i c t u r e .  I n  f o u r  o f  t h e s e  p a t i e n t s  a d i f f e r e n t i a l  count  

o f  t h e  i n i t i a l  marrow smears showed 5 .1  p e r  c en t  

r a e g a l o b l a s t s , bu t  w i th  i r o n  t h e r a p y  t h i s  f e l l  t o  2 . 8  p e r

c e n t  (T ab le  XIV) .
The n o rm ob la s t  count  was 31 .9  p e r  c e n t ,  the

m ye lo id  s e r i e s  53 pe r  cen t  and t h e r e  was very  l i t t l e  

change i n  the  number of  t h e s e  c e l l s  as  a r e s u l t  o f



i r o n  t h e r a p y .  The marrow was s t a i n e d  f o r  r e t i c u l o c y t e s  

and t h e  p e r c e n t a g e  o f  r e t i c u l a t e d  r ed  b lood  c e l l s  and 

e r y t h r o b l a s t s  were c o u n te d .  The f i g u r e s  i n  t h e s e  p a t i e n t s  

were  1 .7  p e r  c e n t  and 0 .5  p e r  c en t  r e s p e c t i v e l y .

F o l lo w in g  t r e a t m e n t  t h e r e  was l i t t l e  a l t e r a t i o n  i n  t h e s e  

p e r c e n t a g e s .  The marrow was s t a i n e d  f o r  i r o n  and u s i n g  

t h e  p o t a s s iu m  f e r r o c y a n i d e  method ,  no f r e e  i r o n  co u ld  be 

d e m o n s t r a t e d  i n  t h e  i n i t i a l  marrow sm e a rs ,  bu t  a f t e r  

t h e r a p y ,  i r o n  s t a i n i n g  b o d i e s ,  s i m i l a r  to  t h e s e  d e s c r i b e d  

by McFadzean and Davis (1947) were seen i n  one o f  t h e  

two c a s e s  examined.  The o t h e r  p a t i e n t  gave a n e g a t i v e  

i r o n  r e a c t i o n  i n  h e r  marrow, b u t  she had j u s t  r e c o v e r e d  

from a m o d e r a te ly  severe  a t t a c k  o f  p y e l i t i s  and t h i s  may 

have a l t e r e d  t h e  s to r a g e  o f  i r o n  i n  th e  marrow ( C a r tw r ig h t  

e t  a l  1 9 4 7 ) .  The average  haem oglob in ,  r e d  c e l l s  c o u n ts  

e t c . ,  f o r  t h i s  group o f  p a t i e n t s  a re  shown (Table  XIV).

The improvement on i r o n  t h e ra p y  a lo n e  i s  q u i t e  

r e m a r k a b l e .  None o f  the  p a t i e n t s  was d e l i v e r e d  when a l l  

t h e s e  e x a m in a t io n s  were made and t h i s  i s  im p o r t a n t  

b e c a u s e ,  a s  w i l l  be shown l a t e r ,  d e l i v e r y  has  an e f f e c t  

on th e  c e l l  c o u n ts  and on the  marrow p i c t u r e .

The f i f t h  p a t i e n t  i n  t h i s  group o f  p a t i e n t s  who 

were a d m i t t e d  to  h o s p i t a l  and improved on i r o n  t h e r a p y ,  

had f a i l e d  t o  respond  as  an o u t - p a t i e n t .  Yet when h e r  

marrow was examined i t  was found to  be n o r m o b l a s t i c .
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The p e r i p h e r a l  b lood p i c t u r e  was no rm ocy t ic  hypochrom ic ,  

t h e  haem og lob in  h a v in g  r i s e n  from 40 p e r  c e n t  to  46 pe r  

c e n t  S a h l i  a s  an o u t - p a t i e n t .  The plasma p r o t e i n s ,  

o r i g i n a l l y  5 g .  pe r  c e n t  f e l l  t o  4 . 5  g .  p e r  c e n t  d u r i n g  

t r e a t m e n t  w i t h  i r o n  i n  h o s p i t a l .  The haem oglobin  

u l t i m a t e l y  r e a c h e d  63 pe r  c e n t  S a h l i  b e f o r e  d e l i v e r y ,  

t h e  plasma p r o t e i n s  hav ing  r e a ch e d  t h e i r  o r i g i n a l  l e v e l  

by t h a t  t im e  t o o .  The marrow showed a h i g h  p e r c e n t a g e  

o f  c e l l s  o f  t h e  n o r m o b la s t i c  s e r i e s ,  namely 32 p e r  c e n t  

and th e  m y e lo id  s e r i e s  c o n s t i t u t e d  52 p e r  c e n t .  Apart  

from th e  s o c i a l  c i r c u m s ta n c e s ,  which were ve ry  poor  i n  

t h i s  c a s e ,  no a p p a r e n t  r e a so n  f o r  t h e  f a i l u r e  to  respond  

t o  i r o n ,  g iv en  f o r  two months b e fo r e  a d m i s s io n ,  cou ld  be 

found •

The second group o f  seven p a t i e n t s  were seen as  

early i n  t h e i r  pregnancy as  th e  f i r s t  group i . e .  i n  the  

s i x t h  m onth .  D e sp i te  co n t in u ed  t r e a t m e n t ,  t h e s e  p a t i e n t s  

d id  n o t  show any f u r t h e r  improvement beyond the  b lood  

levels  shown i n  Table  X-V. The na rrow  c o u n ts  were made 

as b e fo r e  and i t  w i l l  be seen  t h a t  though t h e  p e r c e n t a g e  

o f  m e g a l o b l a s t s  was low i n  t h e s e  c a se s  i n i t i a l l y ,  t h e  

p e r c e n t a g e  o f  c e l l s  o f  th e  n o r m o b la s t i c  s e r i e s  was a l s o  

low ,  namely 20 p e r  c e n t .  A f te r  t r e a t m e n t  w i th  i r o n  i n  

h o s p i t a l  the  m e g a lo b la s t s  i n c r e a s e d  t o  4 .1  p e r  c e n t  

i n s t e a d  o f  f a l l i n g  as i n  the  f i r s t  group and the



n o r m o b l a s t s  showed ve ry  l i t t l e  c h an g e ,  r e m a in in g  a t  

t h e i r  i n i t i a l  low l e v e l .  The marrow r e t i c u l o c y t e s  and 

th e  r e t i c u l a t e d  e r y t h r o b l a s t s  showed a d e c r e a s e  i n  th e  

second  s m e a r s .  The c a s e s  i n  t h i s  g r o u p , who had been  

g iv e n  i r o n  a s  o u t - p a t i e n t s ,  w i t h o u t  any r e s p o n s e  b e in g  

o b t a i n e d ,  had s m a l l  q u a n t i t i e s  o f  f r e e  i r o n  l y i n g  o u t s i d e  

t h e  c e l l s ,  whereas  th e  marrows o f  t h e  u n t r e a t e d  p a t i e n t s  

showed a n e g a t i v e  i r o n  r e a c t i o n .  A f t e r  i r o n  t h e r a p y  a l l  

t h e  p a t i e n t s  showed the  same " i r o n  s t a i n i n g  b o d ie s "  a s  

t h e  c a s e  m en t io n ed  i n  t h e  f i r s t  g ro u p ,  b u t  h e r e  t h e  

number o f  " b o d ie s "  was f e w e r .  The b lo o d  l e v e l s  i n  

t h i s  g ro u p  were t h e  same o r  even s l i g h t l y  h i g h e r  t h a n  

t h e  f i r s t  group o r i g i n a l l y ,  b u t  t h e  u l t i m a t e  c o u n t  was 

f a r  be low  t h a t  o f  t h e  f i r s t  f o u r  p a t i e n t s .

Comparing t h e s e  two g r o u p s  o f  p a t i e n t s  w i t h  

m e g a l o b l a s t s  i n  t h e i r  marrow s m e a r s ,  i t  can  be s e e n  t h a t  

a p a r t  from t h e  u l t i m a t e  d i f f e r e n c e s  i n  th e  p e r i p h e r a l  

b lo od  p i c t u r e s ,  t h e  v a r i a t i o n s  i n  th e  marrow p i c t u r e s  

were s t r i k i n g  and in d e e d  t h e  i n i t i a l  marrow p i c t u r e  

i t s e l f  would seem t o  p r o v id e  an i n d i c a t i o n  o f  how th e  

p a t i e n t s  would re s p o n d  to  i r o n  t h e r a p y  i n  h o s p i t a l .

I t  h a s  been  shown t h a t  t h e  s e v e n  c a s e s  who o n ly  showed 

a p a r t i a l  r e s p o n s e  t o  t h e r a p y  had a low p e r c e n t a g e  o f  

c e l l s  b e l o n g i n g  to  t h e  n o r m o b l a s t i c  s e r i e s  i n i t i a l l y  

an d ,  d e s p i t e  t r e a t m e n t ,  t h i s  remained  t h e  same* Less



s t r e s s  can  be l a i d  on th e  p e rc e n ta g e  o f  m e g a l o b l a s t s ,  

b e c a u s e  though  low i n i t i a l l y ,  which a t  f i r s t  wOuld have 

been  c o n s i d e r e d  an a d v a n ta g e ,  t h e  m e g a lo b la s t  count  r o s e  

i n  t h e s e  p a t i e n t s .  Marrow r e t i c u l o c y t e s  were t h e  same 

i n  b o th  g r o u p s ,  bu t  a f a l l  was n o t e d  i n  t h e  second group 

a s  a r e s u l t  o f  t h e r a p y ,  a s  compared w i th  a m a i n t a i n a n c e  

o f  t h e  o r i g i n a l  l e v e l  i n  the f i r s t .  Marrow " i r o n  

i n c l u s i o n  b o d ie s "  were maximal i n  t h e  c a s e  o f  the  fo rm er  

g r o u p ;  a l l  t h e  l a t t e r  case s  had " i n c l u s i o n s " ,  b u t  t o  a 

l e s s e r  d e g r e e .

So f a r  only  p a t i e n t s  a d m i t te d  to  h o s p i t a l  and 

g iv e n  i r o n  have  been c o n s i d e r e d .  Of the  51 p a t i e n t s  

g iv e n  i r o n  a l o n e ,  t h e r e  a re  t h e r e f o r e  a f u r t h e r  33 who 

were t r e a t e d  a s  o u t - p a t i e n t s  and resp o nd ed  w e l l .  The 

a v e r a g e  i n i t i a l  haemoglobin i n  t h e s e  p a t i e n t s  was 43 

p e r  c e n t  S a h l i  i . e .  s l i g h t l y  h i g h e r  t h a n  e i t h e r  of  t h e  

h o s p i t a l  t r e a t e d  g ro u p s .  However, t h e  r e d  c e l l  c o u n t  

was t h e  same, namely 3 .55 m i l l i o n  and the  h a e m a t o c r i t ,  

mean c e l l  volume, mean c o r p u s c u l a r  haemoglobin  

c o n c e n t r a t i o n  and mean c e l l  d i a m e te r  were 27 p e r  c e n t  

77 p 5, 22 p e r  c e n t  and 6 .8  p ,  showing t h e r e f o r e  very  

l i t t l e  v a r i a t i o n  from th e  p r e v io u s  g r o u p s .  The 

i n i t i a l  p lasma p r o t e i n  e s t i m a t i o n s  averaged  5 .5  g .  

p e r  c e n t ,  which was a l s o  th e  a v e rag e  f i g u r e  f o r  the 

h o s p i t a l  c a s e s .  S u b s t a n t i a l l y  t h e r e f o r e ,  t h e r e  would



a p p e a r  to  be ve ry  l i t t l e  d i f f e r e n c e  i n  t h e  i n i t i a l  

p e r i p h e r a l  b lood  p i c t u r e  o f  t h e s e  p a t i e n t s  and o f  t h o s e  

who f a i l e d  t o  respond  to  t r e a tm e n t  a s  o u t - p a t i e n t s .
/L. IMA C U \ . \  ■-(- > 1

U n f o r t u n a t e l y  marrow p i c t u r e s  were n o t  perform ed i n  

t h e s e  c a s e s ,  b u t  p o s s i b l y  they  m ight  have r e v e a l e d  

marrows w i th  a f a i r l y  h ig h  p e rc e n t a g e  o f  th e  n o r m o b l a s t i c  

s e r i e s .  The u r o b i l i n o g e n  e x c r e t i o n  was fo l lo w e d  i n  

e i g h t  o f  t h e s e  p a t i e n t s .  Only t h r e e  p o s i t i v e  r e s u l t s  

were o b t a i n e d  i n i t i a l l y  and th e  l a s t  e s t i m a t i o n ,  made 

b e f o r e  d e l i v e r y  i n  each c a s e ,  showed a c o n s i d e r a b l e  

d e c r e a s e  i n  two o f  t h e s e  p a t i e n t s ,  a l l  t h e  o t h e r s  b e in g  

n e g a t i v e .  One p a t i e n t  i n  t h i s  s e r i e s  d eve loped  a m i ld  

u r i n a r y  i n f e c t i o n  which was t r e a t e d  e f f e c t i v e l y  a t  the  

a n t e - n a t a l  c l i n i c .  The u r o b i l i n o g e n  e s t im a t e d  a t r a c e  

th e  week b e f o r e  pus was d e t e c t e d  i n  th e  u r i n e ,  was 

p o s i t i v e  th e  n e x t  week when pus was d e t e c t a b l e  and 

rem a in ed  p o s i t i v e  a week l a t e r  though  e x a m in a t io n  o f  

th e  u r i n e  f o r  pus was n e g a t i v e .  P a t i e n t s  i n  t h i s  group 

who r e c e i v e d  t r e a t m e n t  f o r  one month o n l y ,  had an 

u l t i m a t e  haemoglobin  va lue  o f  53.0  p e r  c en t  S a h l i ,  

whereas  p a t i e n t s  r e c e i v i n g  t r e a tm e n t  f o r  two months o r  

more had an a v e rag e  haemoglobin of  59 p e r  c e n t  b e f o r e  

t e r m .  As b e f o r e  th e  monthly in c re m e n ts  were c a l c u l a t e d  

and t h e y  were found to  be 11 p e r  c e n t  i n  t h e  f i r s t  

m on th ,  5 p e r  c e n t  i n  th e  second and 2 p e r  c e n t  i n  th e
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t h i r d .  These average  monthly  i n c r e a s e s  a re  l e s s  than  

t h o s e  o f  t h e  p a t i e n t s  r e c e i v i n g  t r e a tm e n t  i n  h o s p i t a l ,  

hu t  a r e  s l i g h t l y  h ig h e r  th an  th o se  of  the  group o f  

s e v e r e  anaemias  r e p o r t e d  i n  the g e n e r a l  r e v i e w  ( c h a r t  

4h and c h a r t  3 f ,  S e c t io n  I ) .  I n  t h i s  r e s p e c t ,  however ,  

i t  must  he s t a t e d  t h a t  t h e  p a t i e n t s  c o n s i d e r e d  h e re  

a r e  t h o s e  who responded  s a t i s f a c t o r i l y  to  i r o n  t h e r a p y  

and do n o t  i n c l u d e  t h e  p a t i e n t s  i n  the  m i s c e l l a n e o u s  

group who on ly  showed a p a r t i a l  r e s p o n s e  and were g iven  

o t h e r  t r e a t m e n t s .  The i n i t i a l  and f i n a l  h lood  c o u n ts  

i n  the  t h i r t y  t h r e e  p a t i e n t s  have heen  compiled i n  a 

t a h l e  f o r  com par ison  (Tahle XVI) .  I t  w i l l  he seen  

t h a t  t h e  h lood  p i c t u r e  was no lo n g e r  m i c r o c y t i c  though  

s t i l l  s l i g h t l y  hypochromic.  The s t r i k i n g  f e a t u r e  i n  

a l l  th e  c a s e s ,  however, a p a r t  from the  improvement i n  

t h e  h loo d  p i c t u r e  was the  f a l l  i n  plasma p r o t e i n s .

The a v e ra g e  drop was 0 .4  g .  p e r  c e n t .  I n  view o f  t h i s  

f a c t  weekly plasma p r o t e i n  e s t i m a t i o n s  were perform ed i n  

a s e r i e s  o f  h o s p i t a l  p a t i e n t s  and the r e s u l t s  w i l l  he 

d i s c u s s e d  l a t e r  on i n  t h e  s e c t i o n .  Summarising th e  

r e s u l t s  i n  t h e s e  p a t i e n t s  i t  can he s a i d  t h a t .

(1)  Of a l l  p a t i e n t s  showing a m i c r o c y t i c  hypochromic 

anaemia i n  t h e i r  p e r i p h e r a l  h lo o d ,  a p p ro x im a te ly  

15 p e r  c e n t  do no t  respond  to  i r o n  th e ra p y  i n  

the  manner e x p e c te d .



No d i f f e r e n c e  c o ^ ld  be d e t e c t e d  between th e  

p e r i p h e r a l  b loo d  p i c t u r e  o f  t h e s e  p a t i e n t s  who 

re s p o n d e d  s a t i s f a c t o r i l y .

Apart  f rom one p a t i e n t  Among th o se  who responded  t o  

t r e a t m e n t ,  whose marrow c o n ta in e d  on ly  n o r m o b l a s t s ,  

a l l  p a t i e n t s  o f  bo th  groups showed m e g a l o b l a s t s  i n  

t h e i r  marrow sm ears .

The p e r c e n t a g e  of  m e g a lo b la s t s  was i n i t i a l l y  

g r e a t e r  i n  t h e  p a t i e n t s  who resp on d ed  t o  i r o n  

t h e r a p y  th a n  i n  the  r e f r a c t o r y  c a s e s  (1 .7  p e r  c e n t ) .  

The n o rm o b la s t  p e rc e n ta g e  i n  th e  i n i t i a l  marrow 

smear ap p ea re d  to  be more s i g n i f i c a n t  t h a n  t h a t  o f  

t h e  m e g a l o b l a s t s .  In  th e  p a t i e n t s  r e s p o n d in g  t o  

i r o n  t h e  n o rm o b la s t s  averaged  31 .9  p e r  c e n t  w i th  

a low l e v e l  o f  28 per  c e n t ,  whereas i n  the  

r e f r a c t o r y  group the  average  p e rc e n t a g e  was 20 per  

c e n t  w i t h  a h ig h  l e v e l  o f  3 0 .5  p e r  c e n t .

I t  would ap p ea r  from th e  f i g u r e s  t h a t  i f  t h e  

i n i t i a l  marrow smear c o n ta in s  more than  30 p e r  

c e n t  n o rm o b la s t s  and 3 p e r  c e n t  m e g a l o b l a s t s ,  

t h e  p a t i e n t  i s  l i k e l y  to  improve w i t h  i r o n  t h e r a p y .  

E x c e p t io n s  to  t h e  l a t t e r  f i g u r e  o c c u r .  I t  may be 

n e c e s s a r y  t o  admit  t h e s e  p a t i e n t s  t o  h o s p i t a l  

b e f o r e  improvement i s  n o t e d .



(7)  D u r in g  t r e a tm e n t ,  th e  p e rc e n ta g e  o f  m e g a l o b l a s t s  

f e l l  i n  th e  f i r s t  g ro up ,  a v e ra g in g  2 . 8 .  The 

n o r m o b la s t s  remained s t a t i o n a r y  a t  31 p e r  c e n t .  I n

, t h e  second r e f r a c t o r y  group th e  m e g a lo b l a s t s

i n c r e a s e d  to  4 .1  per  c e n t  and th e  n o r m o b la s t s  f e l l  

t o  18 p e r  c e n t • r

(8)  The p e r c e n t a g e  of  r e t i c u l a t e d  c e l l s ,  n u c l e a t e d  and 

n o n - n u c l e a t e d ,  was i n i t i a l l y  t h e  same i n  b o t h  

g r o u p s ,  b u t  d u r in g  th e  course  o f  t r e a t m e n t  t h e  

p e r c e n t a g e  f e l l  i n  the  r e f r ? c t o r y  group.

(9) I r o n  d e p o s i t s  formed i n  t h e  marrow d u r in g  t r e a t 

ment i n  b o t h  g r o u p s ,  bu t  they  were much more 

numerous i n  th o s e  p a t i e n t s  who re spo n ded  t o  i r o n  

t h e r a p y .

(The c a s e s  r e p o r t e d  i n  t h i s  s e c t i o n  a r e  d e t a i l e d

i n  p r o t a c o l  I ) .

I t  i s  n o t  easy to  t r e a t  a woman w i th  p e r n i c i o u s  

anaemia o f  p regnancy as  an o u t - p a t i e n t  even though  the  

d i s e a s e  i s  i n - i t s  e a r l y  s t a g e s .  L ive r  i n j e c t i o n s  mean 

t h e  p a t i e n t  r e p o r t i n g  back a t  r e g u l a r  i n t e r v a l s ,  

u s u a l l y  tw ic e  a week, and many o f  our p a t i e n t s  come 

f a i r l y  lo n g  d i s t a n c e s .  Oral  l i v e r  on th e  o t h e r  hand 

i s  " d i f f i c u l t  to  t ak e"  and p a t i e n t s  f a i l e d  to  t a k e  

t r e a t m e n t  u n l e s s  they  were su p e rv i sed  i n  th e  wards o f  

th e  h o s p i t a l .  F o l i c  a c i d , - h o w e v e r , i s  easy to  t a k e ,



u n l i k e  i r o n  i t  does not^j jause  any g a s t r o - i n t e s t i n a l  

u p s e t  and t h e  p a t i e n t  can c a r r y  on t r e a t m e n t  a t  home 

w i t h o u t  r e p o r t i n g  hack  to  c l i n i c  more th a n  n e c e s s a r y .

I t s  one drawback i s  th e  expense .  As e le v en  o f  th e  

tw e lv e  p a t i e n t s  whose marrows were examined showed th e  

p r e s e n c e  o f  m e g a lo b l a s t s  and th e s e  c a s e s  o c c u r r e d  i n  53 

s e v e r e  anaem ias  t r e a t e d  w i th  i r o n ,  which g iv e s  an 

i n c i d e n c e  o f  2 1 , 5  pe r  c e n t ,  i t  was dec ided  to  give 

f o l i c  a c i d  i n  sm a l l  doses  to  13 o u t - p a t i e n t s  who had a 

s e v e r e  an ae m ia .  In  t h i s  way th e  v a lu e  o f  f o l i c  a c id  

as  an  e m p i r i c a l  p r o p h y l a c t i c  agen t  i n  t h e s e  p o s s i b l e  

e a r l y  c a s e s  o f  p e r n i c i o u s  anaemia o f  pregnancy  m igh t  be 

e s t i m a t e d .  I n  o t h e r  words ,  i t  was hoped t h a t  t h e  c a s e s  

t r e a t e d  w i t h  f o l i c  a c i d  and i r o n  would show a g r e a t e r  

r e s p o n s e  t o  t h e r a p y  th a n  those  g iven  i r o n  a l o n e ,  and 

a l s o  t h a t  th e  number o f  r e s i s t a n t  c a s e s  r e q u i r i n g  

a d m is s io n  to  h o s p i t a l  would be l e s s  i n  t h i s  g ro u p .

Ten p a t i e n t s  were given f o l i c  a c i d  5 mgm.dai ly  

i n  a d d i t i o n  t o  i r o n  f o r  a p e r io d  o f  one month .  They 

were a sked  to  r e p o r t  back a t  weekly i n t e r v a l s  f o r  

haem oglob in  e s t i m a t i o n s  and a t  t h e  b e g in n in g  and end o f  

t h e  month b lood  was withdrawn f o r  complete  i n v e s t i g a t i o n • 

T h e r e a f t e r  i r o n  was g iven  a lone  and i f  t h e  p a t i e n t  was 

n o t  d e l i v e r e d  a f t e r  a second xour weekly perioci a  

th i rd  com ple te  b lood i n v e s t i g a t i o n  was made.  The



r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  were d i s a p p o i n t i n g ,  t h e  

h aem oglob in  a v e ra g e  r o s e  only  7 p e r  c e n t  i n  t h e  f i r s t  

m on th ,  (U har t  4c )  th e  average  r e d  b lood c e l l  count  

showed no s i g n i f i c a n t  improvement, the  h a e m a t o c r i t  r o s e  

from 29 p e r  c e n t  to  33 pe r  c en t  however and th e  b lood 

p i c t u r e  was no lo n g e r  m i c r o c y t i c  a l t h o u g h  i t  s t i l l  was 

hy p och rom ic .  The plasma p r o t e i n  average  b e f o r e  and 

a f t e r  one m o n th ’ s t r e a tm e n t  was 5 , 3  g . p e r  c e n t .  Seven 

p a t i e n t s  were obse rved  d u r in g  th e  second f o u r  weekly 

p e r i o d  when th e y  showed an ave rage  i n c r e a s e  of  5 p e r  

c e n t .  One p a t i e n t  i n  t h i s  group was i n t e r e s t i n g  

how ever .  She had an o r i g i n a l  haemoglobin  o f  45 p e r  

c e n t  S a h l i ,  a r e d  c e l l  count o f  2 ,9 2  m i l l i o n  and a 

h a e m a t o c r i t  r e a d i n g  2 8 .5  per  c e n t .  The mean c e l l  

volume was 98 p3 , the  mean c e l l  haem oglobin ,  c o n c e n t r a 

t i o n  25 p e r  c e n t ,  th e  mean c e l l  d i a m e te r  7 . 4  p and th e  

plasma p r o t e i n s  e s t im a te d  5 .8  g .  p e r  c e n t .  A f t e r  one 

m o n th ’ s t h e r a p y  the  haemoglobin had r i s e n  to  50 pe r  

c e n t ,  th e  r e d  c e l l  count  to  3 .19  m i l l i o n  and th e  

h a e m a t o c r i t  t o  31 ,5  pe r  c e n t .  The plasma p r o t e i n s  

however had f a l l e n  to  5 .6  g . p e r  c e n t .  On i r o n  a lo ne  

d u r i n g  th e  n e x t  e i g h t  w e e k s  the  haemoglobin r o s e  to  

57 p e r  cen t  S a h l i  i n  the  f i r s t  f o r t n i g h t ,  bu t  f e l l  

g r a d u a l l y  t h e r e a f t e r  to  52 per  c e n t  S ah l i  when th e  r e d  

c e l l  count  was 3 .39  m i l l i o n .  The p a t i e n t  was t h e n



given, a t e s t  dose  o f  4 c c .  o f  p lex a n  i n t r a m u s c u l a r l y  and 

th o u gh  th e  r e t i c u l o c y t e s  remained a t  1 p e r  c e n t ,  d a i l y  

e s t i m a t i o n s  b e in g  made, the  r e d  c e l l  count  had r i s e n  t o  

3 .97  m i l l i o n  and th e  h a e m a to c r i t  from 31 to  32 .5  p e r  

c e n t  a week l a t e r .  The haemoglobin r e a d i n g  rem ained  

u n c h an g ed .  U n f o r t u n a t e l y  t h i s  p a t i e n t  d e l i v e r e d  h e r s e l f  

w i t h i n  t h e  n e x t  two days and no f u r t h e r  i n v e s t i g a t i o n  

co u ld  be made. I n  a l l  p r o b a b i l i t y  she was an e a r l y  case  

o f  p e r n i c i o u s  anaemia o f  pregnancy and f o l i c  a c i d  even i n  

sm a l l  d o se s  p r e v e n te d  h e r  from b e in g  a b s o l u t e l y  r e s i s t a n t .  

Apart  from t h i s  one case  however, no s i g n i f i c a n t  

i n d i c a t i o n  was found i n  t h i s  group f o r  the  g i v in g  o f  

f o l i c  a c i d  d a i l y  i n  5 mgm.doees as  an e m p i r i c a l  

p r o p h y l a c t i c •

A f u r t h e r  t h r e e  p a t i e n t s  were g iv en  f o l i c  a c i d  

10 mg. d a i l y .  Al l  showed very s a t i s f a c t o r y  r e s p o n s e s ,  

t h e  haem oglobin  r i s i n g  11 pe r  c en t  i n  th e  f i r s t  month.

The numbers i n  t h i s  s e r i e s  were u n l o r t u n a t e l y  to o  few 

and t h e r e f o r e  no c o n c lu s io n s  c o u ld  be drawn, b u t  i t  i s  

i n t e r e s t i n g  t h a t  even h e re  th e  f i r s t  monthly  haemoglobin  

in c re m e n t  was n o t  s s  h ig h  as  t h a t  found i n  p a t i e n t s  

t r e a t e d  w i t h  i r o n  a lo ne  i n  h o s p i t a l .

This  group i s  r a th e r  sm a l l  to  a l l o w  any d e f i n i t e  

c o n c l u s i o n  to  be drawn, b u t  a t  l e a s t  i t  can be s a i d  

t h a t  t h e r e  seems no j u s t i f i c a t i o n  f o r  g i v in g  f o l i c  a c i d



e m p i r i c a l l y  to  o u t p a t i e n t s  w i th  se v e re  anaem ia .  

R e l a t i v e l y  l a r g e  doses  r e q u i r e  to  be g iv en  b e f o r e  any 

s a t i s f a c t o r y  r e s p o n s e  i s  o b t a i n e d ,  bu t  even w i th  such  

d o s e s  t h e  r e s u l t s  a r e  no t  so good as  th o se  o b t a i n e d  by 

h o s p i t a l i s a t i o n  and i r o n  t h e r a p y .

The t h i r d  group o f  p a t i e n t s ,  r e c e i v i n g  a 

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

p a t i e n t s  who were g iven  a blood t r a n s f u s i o n .  The f i r s t  

p a t i e n t  was a d m i t t e d  i n  the  s i x t h  month o f  h e r  pregnancy  

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

p r e v i o u s  week from b l e e d in g  h a em o r rh o id s .  On a d m is s io n  

she lo o ked  ve ry  p a l e  and i l l .  Her haemoglobin  was 22 

p e r  c e n t  S a h l i .  A blood t r a n s f u s i o n ,  one p i n t  o f  

packed c e l l s  was g iv e n  and t h e r e a f t e r  i r o n  th e r a p y  was 

commenced. The r e s u l t s  were r e m a r k a b le .  W ith in  a 

month th e  haemoglobin  was 55 pe r  c e n t  S a h l i ,  and the  

r e d  c e l l  coun t  3 .32 m i l l i o n .  I n  such a c ase  a s  t h i s  

t r e a t m e n t  w i t h  blood t r a n s f u s i o n  proved t o  be very

s u c c e s s f u l .

The second p a t i e n t  to  r e c e i v e  b lood  was 

a d m i t t e d  from t h e  a n t e - n a t a l  c l i n i c  when 36 weeks 

p r e g n a n t  w i t h  a haemoglobin of  38 p e r  c e n t  S a h l i ,  a 

r e d  c e l l  coun t  o f  3 .8  m i l l i o n  and a h a e m a t o c r i t  o f  

26 p e r  c e n t .  The b lood  p i c t u r e  was t h a t  o f  a 

m i c r o c y t i c  hypochromic anaemia and h e r  p lasma p r o t e i n s



were 4 . 5  g .  p e r  c e n t .  On a d m iss io n  she was very  

oedem atous?no  albumen was found i n  t h e  u r i n e  and the  

b lo o d  p r e s s u r e  was 150 /90 .  A s t e r n a l  p u n c tu re  was 

p e r fo rm ed  and t h e  marrow d i f f e r e n t i a l  count  showed on ly  

1 p e r  c e n t  m e g a l o b l a s t s  and 2 0 .5  p e r  c en t  c e l l s  o f  t h e  

n o r m o b l a s t i c  s e r i e s .  No r e t i c u l o c y t e s ,  no r  r e t i c u l a t e d  

e r y t h r o b l a s t s  were p r e s e n t  i n  th e  marrow. She t h e r e f o r e  

a p p e a re d  t o  b e lo n g  to  the  group o f  anaemia^ who on ly  show 

a p a r t i a l  rep o n s e  to  i r o n  th e ra p y  even when i n  h o s p i t a l .  

I r o n ,  h o w ever ,  was g iven  f o r  one week b u t  no improvement 

o c c u r r e d  i n  th e  haemoglobin l e v e l .  As she was n e a r  

te rm  i t  was d e c id e d  to  see what th e  e f f e c t  o f  t r a n s f u s i o n  

would be i n  such a case  and she was g iven  one p i n t  o f  

packed  c e l l s  o f  t h e  same group a s  h e r  own. T h i r t y  s i x  

h o u r s  a f t e r  t h e  t r a n s f u s i o n  she had symptoms very  

s i m i l a r  t o  a p r e - e c l a m p t i c  s t a t e .  She complained  o f  

n o t  f e e l i n g  w e l l ,  had dimness o f  v i s i o n  and se v e re  

h e a d a c h e .  Morphia g r . J  was g iven  pnd th e  n e x t  morning 

h e r  symptoms had d i s a p p e a r e d .  Her haemoglobin  which 

p r e v i o u s l y  had been 145/95 to  145/100 had f a l l e n  to  

1 2 6 /8 6 ,  on t h e  morning a f t e r  the  a p p ea rance  o f  t h e s e  

symptoms, b u t  i t  r o s e  a g a in  the  nex t  day to  i t s  o r i g i n a l  

l e v e l  and rem ained  so t i l l  d e l i v e r y .  The haemoglobin  r o s e  

to  48 p e r  c e n t  S ah l i  a s  a r e s u l t  o f  t h e  t r a n s f u s i o n ,  

rem ained  s t a t i o n a r y  d u r in g  the  n e x t  two weeks though i r o n



t h e r a p y  was c o n t in u e d  and only  showed a r i s e  o f  6 p e r  

c e n t  i n  t h e  t h i r d  week a t  th e  end o f  which p e r i o d  she 

went i n t o  l a b o u r  and had a normal spon taneous  d e l i v e r y .  

Apart  from t h e  u s u a l  r i s k s  o f  t r a n s f u s i o n  i n  a p r e g n a n t  

woman such  as  i n f e c t i o n ,  rh e s u s  i n c o m p a t a b i l i t y  e t c . ,  

t h e r e  would a p p e a r  t o  be a n o th e r  f a c t o r  i n  t h i s  woman’ s 

c a s e  which  may be the  u p se t  i n  th e  b lood  volume, b lood  

p r e s s u r e  b a l a n c e .  C l i n i c a l l y  t h i s  p a t i e n t  r esem bled  

t h e  group o f  anaemias  who s im ' i la te  to x a e m ia ,  though  

th e  f a l l  i n  b lood  p r e s s u r e  a f t e r  a d m is s io n  was n o t  so 

s t r i k i n g .  Whether t h e  symptoms o f  p r e - e c l a m p s ia  and ■ 

t h e  f a l l  i n  b lood  p r e s s u r e  n o ted  th e  n e x t  morning were 

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

c e r t a i n l y  i t  can be s a i d  t h a t  t h e  t r a n s f u s i o n  d id  n o t  

p r o v id e  a d ra m a t i c  s t im u lu s  to  haemoglobin  p r o d u c t i o n .  

The t o t a l  r i s e  i n  haemoglobin i n c l u d i n g  t h a t  due to  t h e  

t r a n s f u s i o n  i t s e l f  i n  th e  subsequent  weeks was 16 pe r  

c e n t  S a h l i  whereas  the average  r i s e  i n  th e  haemoglobin  

o f  a l l  e i g h t e e n  anaemias ad m i t ted  to  h o s p i t a l  d u r in g  the  

f i r s t  month was 13 per  c e n t .  Hence where t h e r e  i s  time 

a v a i l a b l e  b e f o r e  d e l i v e r y  f o r  t r e a t m e n t  o f  t h e  a n aem ia ,  

a lm o s t  a s  good r e s u l t s  were o b ta in e d  w i th  i r o n  t h e r a p y  

a s  i n  t h i s  one case  t h a t  was t r a n s f u s e d .

The t h i r d  p a t i e n t  to  r e c e i v e  b lood  was a d m i t te d  

j u s t  b e f o r e  term w i th  a haemoglobin o f  22 p e r  c e n t



S a h l i ,  a  r e d  b lood  c e l l  count  o f  4 .0 8  m i l l i o n  and a 

h a e m a t o c r i t  o f  2 1 .5  p e r  c e n t .  The blood p i c t u r e  was 

t h a t  o f  a v e ry  sev e re  m ic r o c y t i c  hypochromic anaem ia .

The mean c e l l  d i a m e te r  was 6 .6  u and th e  plasma p r o t e i n s  

were 5 . 3  g .  p e r  c e n t .  T r a n s f u s io n  b e fo r e  d e l i v e r y  was 

c o n s i d e r e d  a d v i s a b l e  a t  t h a t  t ime and th e  p a t i e n t  

was g iv e n  one p i n t  o f  packed c e l l s  o f  s i m i l a r  group to  

h e r  own. Two ho u rs  a f t e r  com ple t ion  o f  t h e  t r a n s f u s i o n  

she com pla ined  o f  l e f t - s i d e d  abdominal p a in  c o l i c k y  i n  

n a t u r e .  Her bowels  moved r e p e a t e d l y ,  b u t  a p a r t  from th e  

a c t u a l  d i a r r h o e a ,  th e  s t o o l s  appea red  q u i t e  n o rm a l .  She 

became p r o g r e s s i v e l y  worse and d ie d  e i g h t  h o u rs  l a t e r .  

C l i n i c a l l y  t h e  c o n d i t i o n  was n o t  l i k e  t h a t  o f  an 

i n c o m p a ta b le  t r a n s f u s i o n ,  nor  c a r d i a c  c o n g e s t i v e  

f a i l u r e .  The d o n o r ’ s blood was rechecked  w i t h  the  

p a t i e n t s  b lo o d  and no im c o m p a ta b i l i ty  was fo u n d .  

U n f o r t u n a t e l y  p e rm is s io n  f o r  a p o s t  mortem e x am in a t io n  

was n o t  g r a n t e d  i n  t h i s  case  and th e  a c t u a l  cause  of  

d e a t h  was n e v e r  r e a l l y  conf i rm ed .

I n  c o n c l u s i o n  i t  i s  a p p a re n t  i n  view o f  th e  

e x c e l l e n t  r e s u l t s  o b ta in e d  i n  the  f i r s t  c a s e ,  t h a t  b lood  

t r a n s f u s i o n  h a s  a p la c e  i n  the t h e r a p y  of  anaemias of  

p regnancy  a s  an emergency m easure .  Before  a d m i n i s t e r i n g  

a t r a n s f u s i o n  however i t  would appea r  t h a n  an 

e x a m in a t io n  o f  th e  bone marrow i s  a d v i s a b l e .  The f a t a l



outcome i n  t h e  t h i r d  c a se  su g g e s t s  t h a t  t h e r e  a r e  

a d d i t i o n a l  h a z a r d s  a s  y e t  unknown t o  he c o n s id e r e d  i n  

t h e s e  c a s e s  o f  anaemia b e fo r e  t r a n s f u s i o n  i s  a t t e m p t e d .

The l a s t  group o f  anaemias to  be c o n s id e r e d  

c o n s i s t e d  o f  6 p a t i e n t s .  All  were g iv en  i r o n  b u t  i n  

a d d i t i o n  t h r e e  r e c e i v e d  f o l i c  ac id*  one l i v e r  by 

i n j e c t i o n  and t h e  rem a in ing  two t h y r o i d .  All  t h r e e  

p a t i e n t s  who had f o l i c  a c id  f a i l e d  to  re sp o n d  t o  i r o n  

t h e r a p y  a s  o u t - p a t i e n t s  and one had only shown a p a r t i a l  

r e s p o n s e  a f t e r  a d m iss io n  to  h o s p i t a l .  I n i t i a l  marrow 

p u n c t u r e s  were performed i n  a l l  t h r e e  c a s e s ,  two as 

o u t - p a t i e n t s  a f t e r  f a i l u r e  to  respond  t o  i r o n  th e ra p y  

and th e  t h i r d  b e f o r e  any t r e a tm e n t  was g iv e n  a t  a l l .  I n  

t h e  f i r s t  two p a t i e n t s  the  p e rc e n ta g e s  o f  m e g a lo b l a s t s  

were 23 p e r  c e n t  and 15.7 pe r  c e n t .  Marrow r e t i c u l o c y t e s  

were p r e s e n t  i n  bo th  and a few " i n c l u s i o n s "  g iv in g  a 

p o s i t i v e  i r o n  r e a c t i o n  were seen i n  th e  marrow o f  t h e  

p a t i e n t  w i th  t h e  h ig h e r  m e g a l o b l a s t i c  count  b u t  n o t  i n  

t h e  o t h e r  c a s e .  T h is  l a t t e r  f i lm  however showed a few 

b lu e  p a t c h e s  o f  an i r o n  s t a i n i n g  su b s ta n c e  l y i n g  o u t s i d e  

t h e  c e l l s .

Both p a t i e n t s  were g iven  20 mg. o f  f o l i c  a c i d  

d a i l y ,  and i n  a d d i t i o n  the  f i r s t  w i th  6 .8  p e r  cen t  

m e g a l o b l a s t s  i n  th e  marrow, was a d m i t te d  to  h o s p i t a l .

T h is  p a t i e n t  showed a r e t i c u l o c y t e  r e s p o n s e  o f  3*5 p e r



c e n t  on t h e  s i x t h  d a y ,  a f t e r  a d m is s io n .  Two weeks l a t e r  

s t e r n a l  p u n c tu r e  was r e p e a t e d  and t h e  m e g a l o b l a s t s  were 

found t o  have f a l l e n  to  2 .6  pe r  c en t  and the  n o r m o b la s t s  

had  r i s e n  t o  2 9 .6  pe r  c e n t .  Thus w i th  f o l i c  a c i d  the 

n o r m o b l a s t i c  s e r i e s  which had been o r i g i n a l l y  low (23 

p e r  c e n t )  r o s e  a s  a r e s u l t  o f  t h e r a p y ,  a f a c t  which 

was n o t  o b se rv e d  i n  th e  c a se s  t r e a t e d  w i t h  i r o n .  The 

marrow was s t a i n e d  f o r  i r o n  a s  b e fo r e  and a s l i g h t
n

i n c r e a s e  i n  th e  number o f  i n c l u s i o n  b o d ie s  i n  t h e  c e l l s  

was n o t e d .

The marrow o f  the  t h i r d  p a t i e n t  examined b e fo r e  

t r e a t m e n t  s t a r t e d  showed 2*5 per  c en t  m e g o b la s ts  and 

2 6 . 8  p e r  c e n t  n o r m o b la s t s ,  r e t i c u l o c y t e s  numbered 2 p e r  

c e n t  and  r e t i c u l a t e d  e r y t h r o b l o s t s  0 .8  p e r  c e n t .  No 

i r o n  s t a i n i n g  d e p o s i t s  cou ld  be found i n  th e  marrow.

T h is  p a t i e n t  was g iv en  i r o n  as  an o u t - p a t i e n t  bu t  

f a i l e d  t o  show any r e s p o n s e .  She was t h e r e f o r e  a d m i t te d  

t o  h o s p i t a l  and g iven  i r o n  as  b e f o r e .  A f t e r  two weeks 

t h e  haem oglob in  r o s e  from 43 p e r  c e n t  to  51 p e r  c e n t ,  

b u t  t h e r e a f t e r  showed no f u r t h e r  improvement .  Three 

weeks a f t e r  adm iss ion  a second p u n c tu re  was perform ed 

and a marrow d i f f e r e n t i a l  count showed t h a t  t h e  

m e g a l o b l a s t s  had r i s e n  to  4 .8  per  c e n t ,  t h e  n o rm o b la s t s  

showed l i t t l e  change and  no r e t i c u l o c y t e s  o r  r e t i c u l a t e d  

e r y t h r o b l a s t s  cou ld  be found i n  t h e  bone marrow. I r o n



s t a i n i n g  " i n c l u s i o n  bodies"  were f a i r l y  f r e q u e n t .  They 

t h e r e f o r e  would appea r  t o  b e long  to  th e  group o f  anaemias  

who o n ly  p a r t i a l l y  r e spond  to  i r o n  th e r a p y  a f t e r  

a d m i s s io n  t o  h o s p i t a l .  The same dose o f  f o l i c  a c id  was 

g i v e n  t o  t h i s  p a t i e n t  when she ceased  t o  re s p o n d  t o  

i r o n  t h e r a p y ,  b u t  th e  re s p o n se  was p o o r ,  th e  r e t i c u l o c y t e s  

n e v e r  e x c e e d in g  one per  c e n t  i n  th e  p e r i p h e r a l  b l o o d .

The p e r i p h e r a l  blood p i c t u r e  was m i c r o c y t i c  i n  

one c a s e  and n o rm o cy t ic  i n  the o t h e r  tw o ,  and a l l  were 

hyp o c h ro m ic .  During t r e a tm e n t  t h e  p e r i p h e r a l  b lood 

was slow i n  showing any d e f i n i t e  improvement.  A 

s i g n i f i c a n t  r i s e  i n  haemoglobin ( i . e .  more than  5 p e r  

c e n t  S a h l i )  was n o ted  i n  only two c a se s  v i z .  t h e  

p a t i e n t  t r e a t e d  wholly  as  an o u t - p a t i e n t  and th e  

p a t i e n t  who r e c e i v e d  i r o n  i n i t i a l l y  i n  h o s p i t a l .  Even 

i n  t h e s e  c a s e s  th e  r i s e  i n  haemoglobin was d e la y e d  f o r  

two w eeks .  A l l  t h r e e ,  however, showed a marked i n c r e a s e  

i n  r e d  c e l l  p o p u l a t i o n ,  a p p rox im a te ly  1 m i l l i o n  i n  each  

c a s e .  C o n c u r re n t  w i th  t h i s ,  t h e  h a e m a t o c r i t  i n c r e a s e d  

by a p p ro x im a te ly  5 pe r  c e n t .  No change was n o ted  i n  

t h e  p lasma p r o t e i n s .  A f te r  the  p a t i e n t s  r e a c h e d  a 

s a t i s f a c t o r y  l e v e l ,  i t  was found t h a t  t h e y r e q u i r e d  10 

mg. f o l i c  a c i d  d a i l y  as  a m ain tenance  d o s e .

Summary. 1 .  I n  c o n t r a s t  to  th o se  c a se s  r e c e i v i n g



f o l i c  a c i d  e m p i r i c a l l y  t h e s e  c a s e s  o f  s e v e re  anaemia 

re s p o n d e d  s a t i s f a c t o r i l y .  T h is  a lo n e  sugges ts  t h a t  they  

c o n s t i t u t e  a d e f i n i t e  type o f  anaemia .

2 .  I n  t h e i r  re s p o n se  t o  i r o n  th e ra p y  and t h e i r  

marrow p i c t u r e s  th ey  co rrespond  t o  th e  group o f  p a t i e n t s  

7/ho p ro ved  r e f r a c t o r y  to  i r o n  even when a d m i t t e d  t o  

h o s p i t a l .  I t  w i l l  be no ted  however t h a t  i n  one c ase  t h e  

m e g a l o b l a s t s  ( 6 .8  p e r  c e n t )  were above t h e  s t a n d a r d  s e t  

f o r  t h i s  ty p e  o f  c a s e .  However, i t  has  been shown t h a t  

t h e s e  r e f r a c t o r y  anaemias  show an i n c r e a s e d  p e r  c e n ta g e  

o f  m e g a l o b l a s t s  when g iven  i r o n  and t h i s  may a c c o u n t  f o r  

t h e  abnorm al  number i n  t h i s  p a r t i c u l a r  c a s e .

3 .  F o l i c  a c i d  th e rapy  caused a d i m i n u t io n  i n  t h e  

number o f  m e g a lo b l a s t s  and an i n c r e a s e  i n  t h e  n o r m o b l a s t s .  

T h is  change o c c u r r e d  b e fo re  any a l t e r a t i o n  was n o te d  i n  

t h e  p e r i p h e r a l  b l o o d .

4 .  I t  seems l i k e l y  from the  a c t i o n  o f  f o l i c  a c i d  on 

t h e s e  p a t i e n t s  t h a t  they  should be c o n s id e r e d  a s  a t y p i c a l  

c a s e s  o f  p e r n i c i o u s  anaemia i n  whom t h e r e  i s  a c o n s i d e r a b l e

d e g re e  o f  i r o n  d e f i c i e n c y  •

Two p a t i e n t s  who f a i l e d  t o  respond  t o  i r o n  a s  o u t 

p a t i e n t s  were g iv en  th y r o id  gr.-§- t . i . d .  i n  a d d i t i o n  t o  i r o n ,  

i n  t h e  hope t h a t  by i n c r e a s i n g  t h e  m etabo l i sm  t h e i r  a p p e t i t e  

m ig h t  be s t i m u l a t e d  and the  d i e t a r y  i n t a k e  i n c r e a s e d .  One 

p a t i e n t  was o b se rv ed  i n  h o s p i t a l ;  t h e  o t h e r  was an  o u t -
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p a t i e n t .  No improvement-was observed  and a s t e r n a l  

p u n c t u r e  p e r fo rm ed  i n  one o f  t h e s e  p a t i e n t s  showed th e

p r e s e n c e  o f  m e g a l o b l a s t s .  This  p a t i e n t  u l t i m a t e l y  

r e s p o n d e d  t o  c ru d e  l i v e r  by i n j e c t i o n .

The l a s t  p a t i e n t  t o  be c o n s id e re d  i n  t h i s  group 

had p roved  r e s i s t a n t  to  i r o n  th e ra p y  g iv e n  t o  h e r  f o r  tv/o 

months a s  an o u t - p a t i e n t .  As b e f o r e ,  the  b lood p i c t u r e  

was n o r m o c y t i c  hypochromic.  A t e s t  dose o f  4 c . c .  o f  a 

c ru d e  l i v e r  e x t r a c t  was given  e m p i r i c a l l y .  Seven days 

l a t e r  h e r  r e t i c u l o c y t e s  had r i s e n  to  3 .5  p e r  c e n t  bu t  

th e  i n i t i a l  improvement i n  th e  blood p i c t u r e  was no t  

s t r i k i n g .  Three  weeks l a t e r ,  however,  a d e f i n i t e  

improvement was n o ted  and t h e r e a f t e r  i t  c o n t i n u e d .  B e fo re  

d e l i v e r y  t h e  haemoglobin had r i s e n  from 45 p e r  c e n t  t o  62 

p e r  c e n t  S a h l i .

Two t y p i c a l  c a s e s  o f  p e r n i c i o u s  anaemia o f

p reg n an cy  were i n v e s t i g a t e d  i n  th e  c o u rs e  o f  t h i s  s u r v e y .

One p a t i e n t  d e l i v e r e d  h e r s e l f  two days a f t e r  a d m is s io n ;

t h e  o t h e r  was seen fo u r  weeks b e fo r e  t e rm .  Blood c o u n ts

r e v e a l e d  a v e ry  severe  degree  o£ anaemia i n  b o th  p a t i e n t s ,

th e  a v e r a g e  haem oglobin ,  r ed  blood c e l l s ,  w h i te  b lood

c e l l s ,  h a e m a t o c r i t ,  mean c e l l  volume, mean c o r p u s c u l a r

haem oglob in  c o n c e n t r a t i o n ,  mean c e l l  d i a m e te r  b e in g  37
3

p er  c e n t ,  1 .78  m i l l i o n ,  4 ,2 0 0 ,  2 0 .5  pe r  c e n t ,  118 p ,

29 p e r  c e n t  a n d  7 .7  ju r e s p e c t i v e l y  (Table  X V II) .



S t e r n a l  p u n c t u r e s  were performed i n  b o th  p a t i e n t s  b e f o r e  

and a f t e r  d e l i v e r y .  I n  the  i n i t i a l  f i l m s  numerous 

I n d e t e r m i n a t e  smear c e l l s  were p r e s e n t  which made a p r o p e r  

d i f f e r e n t i a l  c oun t  d i f f i c u l t ,  c o u n t s ,  however ,  showed 

t h a t  t h e  p e r c e n t a g e s  o f  m e g a lo b la s t s  and n o r m o b la s t s  

were r e l a t i v e l y  low, namely 7 pe r  c a i t  and 13 p e r  c e n t  

r e s p e c t i v e l y .  I n  o th e r  words one out  c f  e v e ry  t h r e e  

c e l l s  b e lo n g i n g  to  the  e r y t h r o c y t e  s e r i e s  was a 

m e g a l o b l a s t .  Marrow r e t i c u l o c y t e s  were s c a n ty  and a 

v e ry  few i r o n  s t a i n i n g  d e p o s i t s  were seen  l y i n g  o u t s i d e  

th e  c e l l s .  The Van den Bergh was n e g a t i v e  i n  t h e  p a t i e n t  

who d e l i v e r e d  h e r s e l f  soon a f t e r  a d m iss io n  and a specimen 

o f  u r i n e  was n o t  o b ta in e d  f o r  e x a m in a t io n .  I n  t h e  o t h e r ,  

t h e  Van den Bergh was b i p h a s i c  and th e  u r i n e  gave a ve ry  

s t r o n g l y  p o s i t i v e '  u r o b i l i n o g e n .  T h is  p a t i e n t  was g iv en  

c ru d e  p a r e n t e r a l  l i v e r ,  the  i n i t i a l  dose b e in g  4 c . c .  

f o l lo w e d  by 2 c c .  d a i l y ,  and i r o n  by mouth ,  b u t  she 

p roved  r e s i s t a n t  to  t h i s  form o f  t h e r a p y  and n i n e  days 

l a t e r ,  2 p i n t s  o f  packed c e l l s  were g i v e n .  D a i ly  

r e t i c u l o c y t e s  which have been l e s s  th an  1 p e r  c e n t  

showed no tendency  to  r i s e  a f t e r  t r a n s f u s i o n .  D e l iv e r y  

ensued  two weeks l a t e r ,  l ab o u r  l a s t e d  l o r t y  h o u r s  and 

d e l i v e r y  was sp o n ta n e o u s , b u t  the  c h i l d  which weighed 

5 i  l b s . ,  was S t i l l - b o r n .  A second b loo d  t r a n s f u s i o n  

was g iv e n  a f t e r  lab o u r  and t r e a tm e n t  w i t h  l i v e r  and i r o n



was c o n t i n u e d  as  b e f o r e .  W ith in  f o u r  days  t h e  r e t i c u l o 

c y t e  c o u n t  began  t o  r i s e  and re a c h e d  a maximum o f  12 p e r  

c e n t  on t h e  1 8 th  day o f  th e  p u e rp e r iu m .  T h e r e a f t e r  

p r o g r e s s  was very  s a t i s f a c t o r y ,  weekly l i v e r  i n j e c t i o n s  

were g iv e n  f o r  two months a f t e r  d i s m i s s a l ,  t h e n  

d i s c o n t i n u e d .  The p a t i e n t  was seen a y e a r  l a t e r  when 

h e r  b lood  p i c t u r e  was normal i n  every  r e s p e c t .

The second p a t i e n t ,  d e s p i t e  h e r  s e v e r e  a n ae m ia ,  

had an  u n e v e n t f u l  d e l i v e r y ,  the  baby weighed 5 l b s . 3 - o z .  

and a p p e a re d  q u i t e  h e a l th y  a t  b i r t h .  T h is  p a t i e n t  

d e v e lo p ed  a u r i n a r y  i n f e c t i o n  w i th  a s s o c i a t e d  p y r e x i a  

two days  a f t e r  d e l i v e r y ,  and t r e a t m e n t  w i th  s u l p h a d i a z i n e  

and p e n i c i l l i n  was commenced. Bloqd c u l t u r e  was n e g a t i v e ,  

ho w ev er ,  and th e  tem p era tu re  f e l l  w i t h i n  f o u r  d a y s .  The 

r e t i c u l o c y t e s  a g a in  showed a r i s e ,  i n  t h i s  c a se  t h r e e  

d ays  a f t e r  d e l i v e r y .  Treatment  on ly  w i t h  i r o n  had been  

g i v e n ,  a n d ,  a s  i t  was hoped to  compare the  e f f e c t  o f  

f o l i c  a c i d  i n  t h i s  c a s e ,  i r o n  was g iv en  t i l l  t h e  

r e t i c u l o c y t e  count  s e t t l e d .  I n s t e a d ,  however ,  t h e  

r e t i c u l o c y t e s  i n c r e a s e d  during  t h e  f i r s t  week o f  t h e  

p u e r p e r iu m ,  r e a c h i n g  9 per  c e n t  on t h e  7 t h ,  8 t h  and 

9 t h  d a y s .  At t h i s  time a r e p e a t  s t e r n a l  p u n c tu r e  was 

pe r fo rm ed  and the  change i n  the  marrow p i c t u r e  was 

q u i t e  r e m a r k a b l e .  Fewer smear c e l l s  were p r e s e n t .  The 

n o r m o b l a s t i c  s e r i e s  was now 2 7 .3  p e r  c e n t  o f  t h e  t o t a l



and t h e  m e g a l o b l a s t s  10 p e r  c e n t .  The marrow r e t i c u l o c y t e s  

were 7 p e r  c e n t  and the  r e t i c u l a t e d  e r y t h r o b l a s t s  4 p e r  

c e n t .  Numerous n i r o n  s t a i n i n g  i n c l u s i o n  b o d i e s 11 were 

p r e s e n t  i n  th e  r e d  blood c e l l s  and l a t e  n o r m o b l a s t s .

The u r i n e  a t  t h i s  s ta g e  a l s o  gave a ve ry  s t r o n g  p o s i t i v e  

t e s t  f o r  u r o b i l i n o g e n .  The blood p i c t u r e  was even more 

m a c r o c y t i c  w i th  a haemoglobin o f  25 p e r  c e n t ,  a r e d  c e l l  

c o u n t  o f  1 .2 8  m i l l i o n  and a h a e m a t o c r i t  o f  18 p e r  c e n t .  

T re a tm e n t  w i th  f o l i c  a c id  was t h e r e f o r e  commenced, 20 mg. 

d a i l y  b e in g  g i v e n .  The r e s u l t  was d r a m a t i c ; w i t h i n  two 

days  t h e  r e t i c u l o c y t e s  were 17 pe r  c e n t  and w i t h i n  seven  

days  30 p e r  c e n t .  M eg a lo b la s t s  were p r e s e n t  i n  th e  

p e r i p h e r a l  b lood  d u r in g  th e  c r i s i s .  Twelve days  a f t e r  

commencing t h e r a p y  the  haemoglobin was 47 p e r  c e n t  and 

t h e  r e d  c e l l  coun t  2 .23  m i l l i o n ,  t h e  u r i n a r y  u r o b i l i n o g e n  

was n e g a t i v e ,  and th e  plasma p r o t e i n s  5 .1  g .  p e r  c e n t .  

Because  o f  e x c e p t i o n a l  home c i r c u m s ta n c e s  t h e  p a t i e n t  

was a l lo w e d  home t o  c o n t in u e  t r e a t m e n t .  S ince  t h e n ,  

how ever ,  she h a s  r e f u s e d  to  r e p o r t  back  to  h o s p i t a l  and 

th o u g h  r e p o r t s  say she f e e l s  w e l l ,  no f u r t h e r  e x a m in a t io n  

o f  h e r  b loo d  h a s  been p o s s i b l e .

I t  i s  d i f f i c u l t  to  say w he ther  the  r e s u l t s  w i t h  

f o l i c  a c i d  and l i v e r  i n  t h e s e  two c a s e s  a r e  comparable  

o r  n o t .  Before  d e l i v e r y ,  the  f i r s t  p a t i e n t  was 

c e r t a i n l y  r e f r a c t o r y  to  p a r e n t e r a l  l i v e r  even i n  i t s



c ru d e  fo rm .  Blood t r a n s f u s i o n s  had t o  be g iv en  as  

s u p p l i e s  o f  o r a l  l i v e r  d id  n o t  a r r i v e  i n  t i m e .  The 

second  t r a n s f u s i o n  i n  h e r  case  may t h e r e f o r e  have 

d e p r e s s e d  t h e  e r y t h r o p o i e t i c  r e s p o n s e  i n  t h e  pue rpe r ium  

by r a i s i n g  t h e  haemoglobin l e v e l  and d e c r e a s i n g  t h e  s t a t e  

o f  anoxaemia i n  th e  bone marrow s i n u s o i d s .  Or s e c o n d l y ,  

she may s t i l l  have remained r e f r a c t o r y  to  th e  l i v e r  i n  

t h e  e a r l y  days o f  t h e  puerper ium and t h i s  may acco u n t  

f o r  t h e  d e la y e d  r i s e  i n  the  r e t i c u l o c y t e s .  C e r t a i n l y ,  

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

a c i d  t h e r a p y  i n  t h e  second p a t i e n t  was ve ry  s a t i s f a c t o r y ,  

b u t  w h e the r  t h i s  improvement was m a in t a in e d  we do n o t  

know.

O ther  f o u r  c a s e s  of  p e r n i c i o u s  anaemia o f  

p regnancy  we r e  seen  dur ing  1946 and 1947. They had a l l  

r e c e i v e d  l i v e r  th e r a p y  from t h e i r  own d o c t o r s  and t h e  

p e r i p h e r a l  b lo o d  p i c t u r e s  and marrow f i l m s  were t h e r e f o r e  

m o d i f i e d  a c c o r d i n g l y .  As none o f  t h e  p a t i e n t s  had 

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

more a p p a r e n t .  Of the  f o u r  p a t i e n t s  t h r e e  were seen  

a n t e n a t a l l y  and the f o u r t h  a f t e r  d e l i v e r y .  S t e r n a l  

p u n c t u r e s  were performed i n  a l l  f o u r  p a t i e n t s ,  b u t  a s  

t h e s e  were done a t  v a ry in g  t im es  i n  t h e  c o u rs e  o f  

t r e a t m e n t  i t  i s  b e t t e r  t h a t  each c a se  be c o n s id e r e d  

s e p a r a t e l y  i n  o r d e r  t h a t  the  complete  p i c t u r e  may be
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o b t a i n e d ; -

Gase ( 1 ) .  T h i s  p a t i e n t  was seen  two months p r e v i o u s l y  

a t  t h e  R oya l  I n f i r m a r y  when she was t o l d  she  had 

p e r n i c i o u s  anaemia of  pregnancy and l i v e r  i n j e c t i o n s  

were  a d v i s e d .  These were g iven  r e g u l a r l y ,  i n i t i a l l y  

t h r e e  p e r  week and th en  tvd.ce weekly i n  2 c c . d o s e s .

The p e r i p h e r a l  b lood count  and i n i t i a l  marrow 

d i f f e r e n t i a l  count  a r e  shown i n  Table  X V III . The 

m e g a l o b l a s t s  were p r e s e n t  i n  m odera te  numbers o n ly  and 

t h e  n o r m o b la s t s  had a h ig h  p e r c e n t a g e .  Marrow 

r e t i c u l o c y t e s  and r e t i c u l a t e d  e r y t h r o b l a s t s  were h ig h  

and no i r o n  " i n c l u s i o n s ” were s e e n .  The b lood  p i c t u r e  

was t y p i c a l  o f  an " i r o n  d e f i c i e n c y  anaemia" and th e  

p lasma p r o t e i n s  s l i g h t l y  below th e  a v e r a g e .  A f t e r  

e i g h t  w eeks1 i r o n  th e ra p y  i n  h o s p i t a l  'without any 

l i v e r  b e in g  g i v e n ,  the r e s u l t s  were s t r i k i n g .  The 

b lo o d  p i c t u r e  was now s l i g h t l y  below norm al  s t a n d a r d s ,  

t h e  c e l l  s i z e ,  volume and c o n c e n t r a t i o n  o f  haemoglobin  

b e in g  norm al  o r  n e a r l y  so .  The on ly  abnorm al  f i n d i n g  

i n  t h e  b lood  exam in a t io n s  made, was the  low plasma 

p r o t e i n  v a lu e  o f  4 .7  mg.per  c e n t .  7/hen t h e  marrow 

r e s u l t s  were compared i t  was obvious  t h a t ,  i n s t e a d  

o f  a p p ro a c h in g  " n o r m a l i t y " ,  a f u r t h e r  d iv e r g e n c e  had 

o c c u r r e d ,  nam e ly ,  the  p e rc e n ta g e  m e g a l o b l a s t s  had 

i n c r e a s e d ,  t h e  p e rc e n ta g e  n o rm o b la s t s  and r e t i c u l o c y t e s



d e c r e a s e d  and no r e t i c u l a t e d  e r y t h r o b l a s t s  c o u ld  be 

f o u n d ,  " i r o n  s t a i n i n g  i n c l u s i o n  bod ies"  had now 

a p p e a r e d •

Prom th e  d e s c r i p t i o n  above i t  i s  o bv io u s  t h a t  

by w i th d ra w in g  th e  l i v e r  th e ra p y  and g i v in g  i r o n  to  t h i s  

p a t i e n t  a marrow and a p e r i p h e r a l  blood p i c t u r e  s i m i l a r  

to  t h e  u l t i m a t e  p i c t u r e s  p r e s e n t e d  by th e  a n a e m ia s ,  who 

showed o n ly  a m o d i f i e d  r e s p o n se  to  i r o n  th e ra p y  i n  

h o s p i t a l ,  has  been p roduced .  The c o r o l l a r y  sh o u ld  

t h e r e f o r e  h o ld  t h a t  a d e f i c i e n c y  o f  t h e  " l i v e r  f a c t o r "  

was a l s o  p r e s e n t  i n  th e s e  h o s p i t a l  p a t i e n t s .  F o l i c  a c id  

h as  b e en  shown to  i n c r e a s e  th e  n o rm o b la s t s  and r e d u c e  

t h e  m e g a l o b l a s t s  ( t h r e e  case s  m ent ioned p r e v i o u s l y ) .  

Work, t h e r e f o r e  a w a i t s  to  be done w i th  l i v e r  t h e r a p y  to  

p ro v e  t h a t  i t  a l s o  i s  e f f e c t i v e  i n  p ro d u c in g  a more 

n o rm al  marrow. One f u r t h e r  p o i n t  should  be m ent ioned  

h e r e .  I t  h a s  been shown t h a t  f o l i c  a c i d  th e r a p y  i n  

t h e s e  " e a r l y  c a s e s  o f  p e r n i c i o u s  anaemia o f  pregnancy" 

had i t s  i n i t i a l  e f f e c t  on the  marrow and a d e la y e d  

i n f l u e n c e  on th^  blood p i c t u r e .  I n  t h i s  p a t i e n t  w i t h 

d ra w a l  o f  l i v e r  had i t s  i n i t i a l  e f f e c t  on th e  marrow 

which  c o u ld  n o t  be c a l l e d  " h e a l t h y " ,  y e t  t h e  b lood  

p i c t u r e  was a lm os t  normal an d ,  as  y e t ,  showed no 

e v id e n c e  o f  a d e f i c i e n c y  o f  the  e r y t h r o c y t e  m a t u r a t i o n

f a c t o r .
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Case ( 2 ) .  T h i s  p a t i e n t  had been i n  h e r  l o c a l  h o s p i t a l ,  

when f i v e  months p r e g n a n t ,  on accoun t  o f  anaem ia .  A 

d i a g n o s i s  o f  p e r n i c i o u s  anaemia o f  pregnancy  was made 

t h e n  and t r e a t m e n t  w i th  l i v e r  and i r o n  was g i v e n .  A f t e r  

d i s m i s s a l  she d id  n o t  have any f u r t h e r  t r e a t m e n t  and 

t h r e e  months l a t e r  she was seen a t  c l i n i c  h e r e  and 

a d m i t t e d  t o  h o s p i t a l  w i th  a se v e re  "micj irocy t i c  hypo

chrom ic  anaem ia11 (Table  XIX) . The plasma p r o t e i n s  i n  h e r  

c a s e  were e x c e p t i o n a l l y  low, 4 . 8  g .  p e r  c e n t .  T rea tm en t  

w i t h  i r o n  was g iv en  a s  b e fo r e  and a s t e r n a l  p u n c tu r e  was 

p e r fo rm ed  two weeks l a t e r .  The d i f f e r e n t i a l  coun t  showed 

few er  m e g a l o b l a s t s  than  i n  the  f i r s t  c a s e ,  but a l s o  fewer  

n o r m o b l a s t s .  The marrow r e t i c u l o c y t e s  were s t i l l  f a i r l y  

h i g h  and no “ i r o n  i n c l u s i o n  bodies"  were s e e n .  The blood 

p i c t u r e  t a k e n  a t  t h i s  time was now d e f i n i t e l y  m a c r o c y t i c  

and l e s s  hypochrom ic .  Severa l  p o i n t s  can t h e r e f o r e  be 

made. F i r s t l y  t h r t  where t r e a tm e n t  w i th  l i v e r  has  been 

i n s u f f i c i e n t  the  p e rc en ta g e  o f  n o r m o b la s t i c  c e l l s  i n  th e  

marrow i s  low.  Secondly the  i r o n  d e f i c i e n c y  i s  th e  

dom inant  f a c t o r  i n  the  p e r i p h e r a l  b l o o d ,  b u t  where 

p r e v i o u s  l i v e r  th e ra p y  has  been i n a d e q u a t e , t h e  b lood 

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

d e f i c i e n c y  a t  an e a r l i e r  d a te  when i r o n  a lo n e  i s  g iv e n  

(two weeks i n  t h i s  c a s e ,  whereas t h e  b lood p i c t u r e  was 

s t i l l  "normal"  a f t e r  e i ^ h t  weeks i n  th e  p r e v i o u s  c a s e ) .
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These f i n d i n g s  would s u g g e s t  t h a t  t h e  f i r s t  p a t i e n t  had 

been  a b l e  t o  s t o r e  h e r  e r y t h r o c y t e  m a t u r a t i o n  f a c t o r ,  

which  had been  g iv en  i n  t h e  form o f  l i v e r  t h e r a p y ,  and 

u t i l i s e  i t  t o  advan tage  d u r in g  th e  e i g h t  weeks she was 

i n  h o s p i t a l  on i r o n  a l o n e .  T h i r d l y  no ‘' i n c l u s i o n  b o d ie s '1 

were found i n  the  marrow i n  t h i s  c ase  a f t e r  two weeks 

i r o n  t h e r a p y .  They would t h e r e f o r e  seem to  a p p e a r  

sometime between two weeks and e i g h t  weeks ,  a s  i n  t h e  

p r e v i o u s  c a s e .  F i n a l l y  the  plasma p r o t e i n s  i n  t h i s  

c a s e  had r i s e n  s l i g h t l y  when t h i s  e s t i m a t i o n  was made. 

I r o n  t h e r a p y  was con t in u ed  f o r  a n o th e r  week b e f o r e  

d e l i v e r y  and by t h a t  time th e  plasma p r o t e i n s  had 

dropped t o  3 ,9  g . p e r  c e n t .  This  p a t i e n t  had t h e r e f o r e  

d ev e lo p ed  a " t y p i c a l  m a c ro c y t ic  b lood p i c t u r e "  and i t  

i s  i n t e r e s t i n g  t o  n o te  t h a t  weekly u r o b i l i n o g e n  

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

m a t u r a t i o n  f a c t o r  d e f i c i e n c y  became more a p p a r e n t ,

Gase ( 3 ) .  T h is  p a t i e n t  was a d m i t te d  i n  l a b o u r .  She 

had been  i n e f f e c t i v e l y  t r e a t e d  w i th  i r o n  and l i v e r  e l s e 

w h ere ,  Her o r i g i n a l  count  i s  shown; the  b lood  p i c t u r e  

was m a c r o c y t i c  (Table  XX),  Grude l i v e r  by i n j e c t i o n  and 

i r o n  were g iv e n  and a week a f t e r  d e l i v e r y  t h e  s t e r n a l  

p u n c t u r e ,  and second blood count  were made. The 

p e r c e n t a g e  o f  n o rm o b la s ts  was a g a i n  low, th e  m e g a lo b l a s t s  

b e in g  m o d e ra te ly  h i g h .  No r e t i c u l o c y t e s  were found i n



t h e  marrow b u t  when th e  p e r i p h e r a l  b lood  was examined t h e  

r e t i c u l o c y t e s  e s t im a te d  9 p e r  c e n t .  No " i n c l u s i o n  

b o d ie s "  were seen  b u t  r- few i r o n  s t a i n i n g  m asses  were 

found  l y i n g  f r e e  o u t s i d e  the  c e l l s .

Gase ( 4 ) .  T h i s  p a t i e n t  was a l s o  a d m i t te d  i n  l a b o u r .

She a t t e n d e d  th e  c l i n i c  and though  r o u t i n e  blood c o u n ts  

were d o n e ,  h e r  own d o c to r  wished to  c o n t in u e  t r e a t m e n t .  

T rea tm en t  w i t h  pure  l i v e r  by i n j e c t i o n  and i r o n  was 

g iv e n  and b e f o r e  adm iss ion  the  blood c ou n t  was n o rm a l .  

U n f o r t u n a t e l y  l i v e r  th e rapy  was n o t  c o n t in u e d  a f t e r  

a d m i s s i o n ,  which may account  f o r  t h e  low p e r c e n t a g e  o f  

c e l l s  o f  t h e  n o r m o b la s t i c  s e r i e s  which were found i n  

t h e  marrow when s t e r n a l  p u n c tu re  was peformed a week 

a f t e r  d e l i v e r y .  The marrow r e t i c u l o c y t e s  were o h ly  1 

p e r  c e n t ,  b u t ,  p o s s i b l y  t h i s  may be due t o  t h e  f a c t  

t h a t  t h i s  p a t i e n t  was r e a l l y  no lo n g e r  anaem ic .  Only 

a ve ry  few i r o n  " i n c l u s i o n s "  were seen i n  the  marrow, 

which  would su g g e s t  t h a t  where i r o n  and l i v e r  t h e r a p y  

a r e  combined t h i s  phenomenum does n o t  e x i s t  t o  any 

g r e a t  e x t e n t .  Summarising t h e s e  r e s u l t s  i t  can be 

s t a t e d : -

( 1 ) .  T y p ic a l  cases  o f  p e r n i c i o u s  anaemia o f  p regnancy  

do o c c u r  b u t  they  a r e  l e s s  common t h a n  th e  a t y p i c a l  

c a s e s  d e s c r i b e d  p r e v i o u s l y .

( 2 ) .  Apart  from t h e  d i f f e r e n c e s  i n  t h e  d eg ree  o f



anaemia and t h e  p e r i p h e r a l  b lood p i c t u r e  i n  t h e  u n t r e a t e d  

t y p i c a l  and a t y p i c a l  c a s e s  th e  marrow smears a l s o  showed 

c o n t r a s t i n g  f e a t u r e s .  F i r s t l y  the  number o f  

i n d e t e r m i n a t e  smear c e l l s  was h ig h e r  i n  t h e  t y p i c a l  c a s e s .  

S e c o nd ly ,  t h e  i n i t i a l  p e rc e n ta g e  o f  c e l l s  o f  th e  

n o r m o b l a s t i c  s e r i e s  was even lower t h a n  th e  i n i t i a l  p e r 

c e n ta g e  i n  t h o s e  c a se s  who only p a r t i a l l y  re sp o nd ed  t o  

i r o n  t h e r a p y  and t h i r d l y  the  p e rc e n ta g e  o f  m e g a l o b l a s t s  

was s l i g h t l y  h i g h e r  i n  t h e s e  t y p i c a l  c a s e s  t h a n  i n  t h e  

a t y p i c a l .  Marrow r e t i c u l o c y t e s  and r e t i c u l a t e d  

e r y t h r o b l a s t s  were a l s o  low,

( 3 ) ,  I t  seems p o s s i b l e  i n  view o f  t h e  c o n t r a s t  between 

t h e  t y p i c a l  and a t y p i c a l  c a s e s  t h a t  t y p i c a l  p e r n i c i o u s  

anaemia  o f  p regnancy  may r e p r e s e n t  a s p e c i f i c  ty pe  o f  

an a e m ia ,

(4 ) .  However, th e  sequema o f  e v e n t s  f o l lo w in g  the  

a d m i n i s t r a t i o n  o f  i r o n  to  p a t i e n t s  p r e v i o u s l y  d iag n osed  

a s  p e r n i c i o u s  anaemia of  p re g n a n cy , s u g g e s t s  t h a t  t h i s  

i s  n o t  s o .  These p a t i e n t s  had r e c e i v e d  l i v e r  f o r  

v a r y i n g  p e r i o d s  and o n  adm iss ion  th e  p e r i p h e r a l  b lood  

p i c t u r e  was t h a t  o f  t h e  a t y p i c a l  c a s e s .  A l l  showed

an a p p a r e n t  m i c r o c y t i c  hypochromic anaem ia .  The 

marrow smears c o n ta in e d  a f a i r l y  h ig h  p e r c e n t a g e  o f  

n o r m o b la s t s  depending  a p p a r e n t ly  on the  i n t e n s i v e n e s s  

o f  p r e v i o u s  l i v e r  t h e r a p y .  I r o n  was g iv e n  to  t h e s e



p a t i e n t s  on a d m is s io n  and th e  blood p i c t u r e  g r a d u a l l y  

c h an g e d .  At one s t a g e  the  appea ran ce  o f  t h e  p e r i p h e r a l  

b lo o d  and marrow resem bled  t h a t  i n  th e  c a s e s  who showed 

o n ly  a p a r t i a l  r e s p o n s e  to  i r o n ,  " i r o n  -  i n c l u s i o n s "  

began  t o  a p p e a r  i n  the  marrow and the  n o rm o b la s t  p e r c e n t 

age f e l l  s t e a d i l y .  E v e n tu a l ly  th e  p e r i p h e r a l  b lo o d  

showed a t y p i c a l  p i c t u r e  o f  m a c ro c y t i c  h yperch rom ia  

a n a e m ia •

( 5 ) .  Whether o r  n o t  the  " t y p i c a l "  c a s e s  o f  p e r n i c i o u s  

anaemia o f  p regnancy r e p r e s e n t  a d i s t i n c t  syndrome, i t  

seems f a i r l y  c e r t a i n ,  from th e  m e g a l o b l a s t i c  r e a c t i o n  

i n  a lm o s t  a l l  o t h e r  cases  o f  anaemia exam ined ,  t h a t  

t h e  " a t y p i c a l "  c a s e s  develop o u t  o f  o r d i n a r y  s e v e re  

i r o n  d e f i c i e n c y  anaem ias .

( 6 ) .  F i n a l l y ,  a case  o f  t y p i c a l  p e r n i c i o u s  anaemia o f  

p regnancy  which  proved r e s i s t a n t  t o  c ru d e  l i v e r  

p a r e n t e r a l l y  a n t e n a t a l l y ,  showed a s a t i s f a c t o r y  r e s p o n s e  

i n  t h e  p u e rp e r iu m .  Also the  second c a se  fo l lo w ed  

showed a tendency  to  spontaneous  r e m i s s i o n  i n  t h e  

p ue rp e r iu m  as  evidenced by the  r e t i c u l o c y t o s i s  o f  9 p e r  

c e n t  b e f o r e  f o l i c  a c i d  was g iv en  and a l s o  by t h e  

i n c r e a s e  o f  t h e  n o rm o b la s ts  i n  th e  bone marrow from 13 

p e r  c e n t  to  2 7 .3  pe r  c e n t .  I t  i s  d o u b t f u l  however i f  

t h i s  p a t i e n t  would have reached  such s a t i s f a c t o r y  

l e v e l s  w i th o u t  f o l i c  a c id  t h e r a p y ,  as  she was e x t r e m e ly



anaemic  a n d , d e s p i t e  t h e  changes o bse rved  i n  t h e  marrow 

c e l l s  and t h e  r e t i c u l o c y t o s i s , i t  i s  d o u b t f u l  i f  t h i s  

r e s p o n s e  would have been s u s t a i n e d .

The l a s t  o f  the  s p e c i a l  group o f  anaem ias  t o  be 

c o n s i d e r e d  a r e  t h e  h a em o ly t ic  an aem ias .  The c l i n i c a l  

p i c t u r e s  have  been  d e s c r ib e d  and i t  ha s  been  shown t h a t  

t h e y  v a r i e d  c o n s i d e r a b l y .  H a e m a to lo g ic a l ly  and 

b i o c h e m i c a l l y  t h e y  a l s o  v a r i e d  and must t h e r e f o r e  be 

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

On a d m iss io n  the  f i r s t  p a t i e n t  was th o u g h t  t o  be 

a c a s e  o f  p e r n i c i o u s  anaemia o f  p reg n a n cy .  The b lood  

p i c t u r e  was t h a t  o f  a t y p i c a l  m a c r o c y t i c  anaemia namely 

t h e  haem oglob in  was 35 pe r  c e n t ,  the  r e d  c e l l s  1 .44  

m i l l i o n ,  t h e  packed c e l l  volume 20 p e r  c e n t ,  t h e  mean 

c e l l  volume 139 p 3 , th e  mean c o r p u s c u l a r  haemoglobin  

c o n c e n t r a t i o n  28 p e r  cen t  and t h e  mean c e l l  d i a m e te r  

7 . 8 p .  However, when the  mean c o r p u s c u l a r  a v e ra g e  

t h i c k n e s s  was c a l c u l a t e d  i t  was found t o  be 2*78 p ,  

compared w i t h  th e  normal  1 .7  t o  2 . 5  p  ( P r i c e  -  J o n e s ,  

Vaughan and Goddart 1935) and w i th  2 . 2  p which i s  th e  

f i g u r e  q uo ted  by Haden (1934) f o r  Addisonian  p e r n i c i o u s  

an ae m ia .  The w hi te  c e l l  count was 6 ,000  and a 

d i f f e r e n t i a l  c oun t  showed no a b n o r m a l i t y .  P l a t e l e t s  

e s t i m a t e d  350,000 and the  r e t i c u l o c y t e s  were 16 p e r  

c e n t .  The plasma p r o t e i n s  were 4 .2  g .  p e r  c e n t ,  t h e



i c t e r i c  in d ex  was 7 ,  t h e  Van den Bergh r e r c t i o n  was 

weakly p o s i t i v e  d i r e c t l y  and i n d i r e c t l y  and th e  u r i n e  

c o n t a i n e d + o f  u r o b i l i n o g e n .  I n  view o f  t h e s e  f i n d i n g s  

a r e d  c e l l  f r a g i l i t y  t e s t  was c a r r i e d  ou t  and h a e m o ly s is  

was found  t o  b e g in  a t ‘0 .7  p e r  c en t  and to  be com ple te  a t  

0 .4 5  p e r  c e n t  sodium c h l o r i d e ,  t h e  normal  v a l u e s  be ing  

0 .4 2  p e r  c en t  to  0 .4 8  pe r  c e n t  (Haden 1934) .  The c l o t t i n g  

t i m e ,  t h e  b l e e d i n g  t ime and the  c a p i l l i a r y  f r a g i l i t y  

were no rm al  however .

When t h e  marrow p i c t u r e  was examined i t  was 

found t o  be m a c ro n o rm o b la s t i c .  Haemopoies is  was a c t i v e  

and numerous " i n c l u s i o n  bodies"  were p r e s e n t  s i m i l a r  t o  

t h o s e  d e s c r i b e d  by Pappenheimer (1945) and McFadzean 

and Davis  (1947) end a l s o  s i m i l a r  t o  t h e  " i n c l u s i o n  

b o d ie s "  n o te d  p r e v i o u s ly  i n  th e  marrows o f  our  a t y p i c a l  

p e r n i c i o u s  anaemias o f  pregnancy a f t e r  i r o n  t h e r a p y .

A t e s t  dose  o f  4 c . c .  o f  anahaemin was g iv e n  t o  

t h i s  p a t i e n t  and d a i l y  r e t i c u l o c y t e  c o u n t s  showed on ly  

s l i g h t  v a r i a t i o n s , r e m a i n i n g  a t  t h e i r  i n i t i a l  h i g h  v a l u e .  

No improvement was n o ted  a f t e r  7 days  d e s p i t e  th e  

c o n t i n u o u s l y  r a i s e d  r e t i c u l o c y t e  c o u n t .  P r o t e o l y s e d  

l i v e r  1 ounce d a i l y  was t h e r e f o r e  commenced and was 

c o n t in u e d  th ro u g h o u t  h e r  s t a y  i n  h o s p i t a l .  Two days 

l a t e r  t h e  p a t i e n t  appeared  to  be go ing  i n t o  l a b o u r  and 

i t  was d e c id e d  to  give h e r  a b lood t r a n s i u s i o n .  F r e s h



b lo o d  o f  t h e  same group o and r h e s u s  GDe, CDe was c r o s s 

m atched  and r e a d  a f t e r  f i v e  m in u te s  and one hour  a t  0°C .
0 9

15 G . ,  and 37 C. No a g g l u t i n a t i o n  o c c u r r e d  and 

t r a n s f u s i o n  was t h e r e f o r e  commenced. The b lood  was 

a d m i n i s t e r e d  s lowly  by th e  dr ip  method and a f t e r  250 c . c .  

had been  g i v e n ,  th e  p a t i e n t  had a s e v e re  r i g o r .  Though

t h e  t r a n s f u s i o n  was im m edia te ly  d i s c o n t i n u e d  t h e  p a t i e n t

began t o  com pla in  o f  p a in  i n  th e  r e n a l  a n g l e s .  She 

became ve ry  b r e a t h l e s s  and j au n d ice  appea red  r a p i d l y .

Two p i n t s  o f  5 p e r  c en t  g lucose  s a l i n e  were g iven  

s l o w l y .  The u r i n a r y  o u tp u t  wrs 16 o z .  i n  t h e  n e x t  24 

h o u r s  and t h e  u r i n e  c o n ta in e d  numerous c a s t s ,  b o th  

g r a n u l a r  and h y a l i n e ;  a few r e d  c e l l s ,  w h i t e  c e l l s  and 

e p i t h e l i a l  c a s t s  were se en .  F u r t h e r  a n a l y s i s  r e v e a l e d  

t h e  p r e s e n c e  o f  b i l e  i n  the  u r i n e ,  the  u r o b i l i n o g e n  was 

s t r o n g l y  p o s i t i v e ,  bu t  no haem og lo b inu r ia  o r  

m e th ae m o g lo b in u r ia  was d e t e c t e d .  The b lo o d  was very  

J a u n d i c e d ,  th e  i c t e r i c  index be ing  80 .  The Van den 

Bergh was p o s i t i v e  d i r e c t l y  and th e  plasma b i l i r u b i n  

e s t i m a t e d  19 mg. pe r  c e n t .  The b lood u re a  was 24 mg. 

p e r  cent ;methaemalbuminaemia  was n o t  d e t e c t e d  on

s p e c t r o s c o p i c  exam ina t ion  of  t h e  b lo o d .  As a r e s u l t

o f  t h e  uh a e m o ly t i c  c r i s i s "  the  haemoglobin f e l l  t o  27 

p e r  c e n t  S a h l i  and th e  red  c e l l s  to  1 .20  m i l l i o n  w i th  

a he .em atoc r i t  r e a d i n g  15.5 pe r  c e n t .  The r e t i c u l o c y t e s



r o s e  t o  20 p e r  c e n t .  The b lood f i l m  showed even more 

marked p o ly c h ro m a s ic  m a c r o c y te s ,  c o n t a i n i n g  n u c l e a r  

f r a g m e n t s  and " i n c l u s i o n  bod ies"  which gave a  p o s i t i v e  

i r o n  r e a c t i o n  i n  a d d i t i o n  t o  s t a i n i n g  w i th  Leishman.  

Numerous n o r m o b la s t s  were a l s o  seen  i n  th e  p e r i p h e r a l  

b l o o d •

Labour commenced 24 hours  l a t e r  and l a s t e d  10 

h o u r s ,  when t h e  p a t i e n t  d e l i v e r e d  h e r s e l f  o f  a m a c e ra te d  

f o e t u s  o f  6 months s i z e .  To p re v e n t  f u r t h e r  b lood  l o s s  

a n d ,  a s  t h e  p l a c e n t a  was n o t  imm edia te ly  d e l i v e r e d ,  a 

g e n e r a l  a n a e s t h e t i c  was a d m in i s t e r e d  and t h e  p l a c e n t a  

and membranes removed m an u a l ly .  T h e r e a f t e r  the c o n d i t i o n  

im p rov ed .  The s p l e e n  con t in u ed  to  e n l a r g e  and on th e  

second  day o f  t h e  puerper ium th e  lower po le  cou ld  be 

f e l t  a t  t h e  l e v e l  o f  th e  i l i a c  c r e s t .  On t h e  t h i r d  day 

h e r  t e m p e r a t u r e  r o s e  to  101 Eand p e n i c i l l i n  2 0 ,0 0 0  u n i t s  

t h r e e  h o u r l y  was commenced. A f a l l  i n  t e m p e r a tu re  to  

n o rm al  o c c u r r e d  w i t h i n  24 hours  however .  By t h e  e i g h t h  

day o f  th e  pue rpe r ium  r e t i c u l o c y t e s  re a c h e d  a peak  o f  

20 p e r  c e n t  and t h e  haemoglobin was 38 p e r  c e n t .  P r o g r e s s  

t h e r e a f t e r  was very  s a t i s f a c t o r y ;  t h e  haem oglobin  was 57 

p e r  c en t  and t h e  r e d  c e l l s  3 .00 m i l l i o n  a month l a t e r .

The b lood  p i c t u r e  was s t i l l  m a c r o c y t i c ;  tn e  r e t i c u l o c y t e s  

were 4 p e r  c e n t ,  t h e  plasma was s t i l l  J aund iced  w i t h  an 

i c t e r i c  in d ex  o f  12 and a plasma b i l i r u b i n  e s t i m a t i o n  o f



1 mg. p e r  c e n t .  The r e d  c e l l  f r a g i l i t y  was s t i l l  r a i s e d  

h a e m o ly s i s  b e g in n i n g  a t  0 .65  p e r  c e n t  and com ple te  a t  

0 . 4  p e r  c e n t  sodium c h l o r i d e  . The p a t i e n t  r e p o r t e d  

b a ck  a y e a r  l a t e r .  Her h e a l t h  had been good and she had 

no c o m p l a i n t s .  She was s t i l l  t a k i n g  Hepamino, b u t  had 

d i s c o n t i n u e d  i r o n  t h e r a p y .  Her count  showed l i t t l e  

change from t h e  above ;  the  haemoglobin  was 57 p e r  c e n t  

and t h e  r e d  c e l l s  were 3 .20  m i l l i o n .  S u b - c l i n i c a l  

j a u n d i c e  was p r e s e n t .  The d i r e c t  Van den Bergh was 

n e g a t i v e ,  b u t  t h e  plasma b i l i r u b i n  e s t im a t e d  3 .6  m g.per  

c e n t .  The r e d  c e l l  f r a g i l i t y  was s t i l l  r a i s e d  and 

showed no chan g e .  The u r in a r y  u r o b i l i n o g e n  was however 

n e g a t i v e .  On ex am ina t io n  o f  th e  p a t i e n t  th e  lower p o le  

o f  t h e  s p l e e n  cou ld  j u s t  be t ip p e d  under  t h e  c o s t a l  

m a r g i n .  No o t h e r  a b n o rm a l i ty  could  be fo un d .

Fundam enta l ly  th e  c o n d i t i o n  i n  t h i s  p a t i e n t  i s  

t h e  r e s u l t  o f  two p r o c e s s e s ;  one blood d e s t r u c t i o n ,  

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

t h e  p o s i t i v e  i n d i r e c t  Van den Bergh, the  i n c r e a s e d  plasma 

b i l i r u b i n  and u r i n a r y  u r o b i l i n o g e n  and the  o t h e r  blood 

f o r m a t i o n  w i t h  r e t i c u l o c y t o s i s , p o ly c h ro m o s ia ,  n u c l e a t e d  

r e d  c e l l s  and n u c l e a r  f r ag m e n ts .

I t  was n e c e s sa ry  to  de te rm ine  w he ther  t h e  

d e s t r u c t i o n  o f  th e  r ed  c e l l s  was a r e s u l t  o f  some 

c o n g e n i t a l  abnormali ty ,  i n  the  c e l l s  o r  th e  r e t i c u l o -
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e n d o t h e l i a l  sy s te m ,  o r  whether  a c i r c u l a t i n g  h aem o ly s in  

was p r e s e n t  i n  th e  b lo o d .  The fo l lo w in g  p r o c e d u r e s  were 

c a r r i e d  o u t  i n  an a t t e m p t  to  d em o n s t ra te  t h e  p r e s e n c e  o f  

a h a e m o ly s in .  Blood was t ak en  w i th  a l l  p r e c a u t i o n s  a g a i n s t  

h a e m o l y s i s ,  no c o n s t r i c t i o n  b e in g  a p p l i e d  t o  t h e  a rm .  10 

c . c .  o f  b lo o d  was t r a n s f e r r e d  to  a s t e r i l e  h e p a r i n i s e d  

b o t t l e  and th e  c e l l s  a l lowed to  s e t t l e .

( 1 ) .  The p a t i e n t ’ s c e l l s  were pu t  up a g a i n s t  h e r  plasma 

and l e f t  i n  th e  r e f r i g e r a t o r  a t  0 ° c , ,  a t  room t e m p e r a tu re  

a t  15°c .  and i n  t h e  i n c u b a to r  a t  57° c .  A g g l u t i n a t i o n  

o c c u r r e d  on ly  a t  0 ° c . ,  thus  d e m o n s t r a t in g  t h e  p r e s e n c e

o f  c o ld  a g g l u t i n i n s .

( 2 ) .  The p a t i e n t ’ s c e l l s  were pu t  up a g a i n s t  t h e  

p a t i e n t ’ s p lasma and haem olys is  o c c u r re d  e q u a l l y  a f t e r  

12 h o u r s  a t  0 ° c . ,  15°c .  and 37°c .

( 3 ) .  The p a t i e n t ’ s c e l l s  were washed w i th  norm al  

s a l i n e  c e n t r i f u g i n g  be ing  c a r r i e d  out  a t  low speeds  and 

f o r  s h o r t  d u r a t i o n s .  The washed c e l l s  were pu t  up 

a g a i n s t  t h e  p a t i e n t ’ s plasma f s  b e f o r e  and ha em o ly s is  

o c c u r r e d  a g a i n  a s  i n  (2 ) .

( 4 ) .  When t h e  p a t i e n t s  washed c e l l s  were pu t  up 

a g a i n s t  p lasma o f  a s i m i l a r  group h a em o lys is  o c c u r r e d

a s  b e f o r e  •

( 5 ) .  when t h e  c o n t r o l  c e l l s  were pu t  up a g a i n s t  t h e  

p a t i e n t ’ s p la sm a ,  no haem olys is  o c c u r re d  a f t e r  12 h o u rs



e x c e p t  a  v e ry  d o u b t f u l  t r a c e  i n  the  tu b e  a t  37 G.
a

( 6 ) .  The plasma was h e a te d  a t  56 G. f o r  h a l f  an  h o u r ,  

wh ich  a c c o r d i n g  t o  Dacie  (1 9 3 8 ) ,  Ham (1937) and L esche r  

and Osborn (1939) w i l l  d e s t r o y  a haem olys in*  The c e l l s  

were r e s u s p e n d e d  i n  the  h ea ted  plasma and complement was 

added* Three  t u b e s  were s e t  up as  b e f o r e  and r e a d  a f t e r  

12 h o u r s .  No haem olys is  o c c u r re d  excep t  a t r a c e  i n  th e  

tu b e  a t  37 G.

These e x p e r im e n t s  were r e p e a t e d  a y e a r  l a t e r  when t h e  

p a t i e n t  r e p o r t e d  back  and s i m i l a r  r e s u l t s  were found 

e x c e p t  t h a t  washing of  the  p a t i e n t ' s  c e l l s  t h e n  a p p e a re d  

t o  i n c r e a s e  t h e  h a e m o ly s i s .  Haemolysis  o c c u r r e d  w i th  

t h e  p a t i e n t ' s  c e l l s  and c o n t r o l  p lasm a ,  and a g a i n  o n ly  

a t r a c e  was n o te d  i n  the  tube  a t  37 G . ,  when t h e  c o n t r o l  

c e l l s  and p a t i e n t ' s  plasma were p u t  up .

( 7 ) .  A Goomb^s^test  was performed on t h e  p a t i e n t ' s  

washed c e l l s  when she was i n  h o s p i t a l  and a g a i n  a y e a r  

l a t e r .  The r e s u l t s  were n e g a t i v e .

( 8 ) .  F i n a l l y ,  though the  p a t i e n t  gave no f a m i ly  h i s t o r y  

o f  a n a e m ia ,  h e r  n e a r e s t  l i v i n g  r e l a t i v e s  were examined.  

U n f o r t u n a t e l y ,  b o th  h e r  p a r e n t s  were dead b u t  a m a t e r n a l  

a u n t  and th e  p a t i e n t ' s  only s i s t e r  were a v a i l a b l e .  No 

a b n o r m a l i t y  was found on exam ina t ion  o f  t h e i r  b l o o d .  The 

haem oglob in  e t c . ,  was no rm al ,  t h e r e  was no j a u n d i c e ,  th e  

f r a g i l i t y  o f  the  r e d  blood c e l l s  was w i t h i n  norm al  l i m i t s



and t h e  r e t i c u l o c y t e s  jsrere l e s s  t h a n  1 p e r  c e n t .  

Summarising t h e s e  r e s u l t s ,

(1)  I t  seems u n l i k e l y  t h a t  an iso-immune body was th e  

cau se  o f  t h e  h a e m o ly s i s ,  a s  th e  Goomb^s^ t e s t  i n  t h a t  c ase  

would have  been  p o s i t i v e .  Also no h a em o ly s is  o f  th e  

c o n t r o l  c e l l s  o c c u r r e d ,  excep t  a t  37°G . and a f t e r  tw e lve  

h o u r s  when a f a i n t  t r a c e  was r e p o r t e d ,  but  t h i s  i s  o f  

d o u b t f u l  s i g n i f i c a n c e .

(2)  The i n h e r e n t  f a c t o r  i n s t e a d ,  would a p p e a r  t o  be 

i n  t h e  c e l l s ,  which have a l r e a d y  been shown t o  be 

s p h e r o c y t i c  and e x c e s s i v e l y  f r a g i l e  i n  t h e  h i g h e r  s a l i n e  

d i l u t i o n s .  Also haem olys is  o c c u r r e d  e q u a l l y  when th e  

p a t i e n t ' s  c e l l s  were resuspended  i n  h e r  own and i n  the  

c o n t r o l  p la sm a .

(3)  I t  i s  d i f f i c u l t ,  however, to  e x p l a i n  t h e  absence  

o f  h a e m o ly s i s  when th e  p a t i e n t ' s  c e l l s  were re su sp e n d ed  

i n  h e r  own h e a t e d  p lasma.  T h is  r e s u l t  was o b t a i n e d  on 

b o t h  o c c a s i o n s .  I t  would tend  to  s u g g e s t  t h a t  a 

h a em o ly s in  was p r e s e n t  and t h a t  i t  had been d e s t r o y e d  by 

h e a t i n g ,  b u t  i t  would n o t  e x p la in  the  h a em o ly s is  t h a t  

o c c u r s  when th e  p a t i e n t ' s  c e l l s  a r e  suspended i n  c o n t r o l  

plasma •

(4) The absence  o f  any a b n o rm a l i ty  i n  th e  b lood  o f  n e a r  

r e l a t i v e s  shou ld  be n o te d .

(5)  F i n a l l y ,  th e  p e r s i s t e n c e  o f  i n c r e a s e d  f r a g i l i t y  and



s p h e r o c y t o s i s  one y e a r  a f t e r  d e l i v e r y  must he t a k e n  i n t o  

a c c o u n t  i n  th e  f i n a l  a n a l y s i s .

The second p a t i e n t  was n o t  seen  u n t i l  t h e  f i f t h  

day o f  t h e  pue rpe r ium  when h e r  haemoglobin  was 25 p e r  

c e n t ,  t h e  r e d  count  1 .20 m i l l i o n ,  th e  packed c e l l  volume 

13 p e r  c e n t ,  t h e  mean c e l l  volume 109 p 3, th e  mean 

c o r p u s c u l a r  haemoglobin  c o n c e n t r a t i o n  31 p e r  c e n t ,  and t h e  

mean c e l l  d i a m e t e r  7 . 6  |x. From t h e s e  v a lu e s  th e  mean 

c o r p u s c u l a r  a v e rag e  t h i c k n e s s  was c a l c u l a t e d  and was found 

t o  be 2 .2 6  p which i s  n o t  t y p i c a l  o f  a h a e m o ly t i c  anaemia 

w i t h  s p h e r o c y t o s i s ,  where t h e  mean c o r p u s c u l a r  a v e ra g e  

t h i c k n e s s  i s  n e a r e r  3 .0  p . (Haden 1934) .  The w h i te  c e l l s  

were 13 ,000  and a d i f f e r e n t i a l  coun t  showed t h a t  t h i s  was 

due t o  a  po lym orphonuc lea r  l e u c o c y t o s i s . The r e t i c u l o c y t e s  

were 7 p e r  c e n t .  The blood p i c t u r e  was t h e r e f o r e  m a c r o c y t i  

and norm ochrom ic .  The f i lm  showed c o n s i d e r a b l e  a n i s o c y t o s i  

f a i r l y  numerous l a r g e  po lychrom as ic  c e l l s  c o u ld  be seen  and 

o c c a s i o n a l  n o rm o b la s t s  a n d  e r y t h r o b l a s t s  were found i n  t h e  

p e r i p h e r a l  b lo o d .  No m e g a lo b la s t s  were seen  however .  

B io ch em ica l  a n a l y s i s  o f  the  blood was c a r r i e d  o u t ;  t h e  

p lasma p r o t e i n s  were 4 .6  g . p e r  c e n t ,  t h e  b lood  u r e a  17 mg. 

p e r  c e n t ,  t h e  plasma was i c t e r i c  and th e  Van den Bergh was 

p o s i t i v e  d i r e c t l y .  The r ed  c e l l  f r a g i l i t y  was i n c r e a s e d ,  

h a e m o ly s i s  commencing a t  0 .65  p e r  c e n t  and com ple te  a t  

0 .4 5  p e r  c e n t  sodium c h l o r i d e .



At t h i s  t ime t h e  p a t i e n t  was p y r e x i a l .  P e n i c i l l i n  

t h e r a p y  had been  commenced, b u t  when c o l i f o r m  b a c i l l i  

were o b t a i n e d  a s  a heavy growth from t h e  c e r v i c a l  swab 

and u r i n e  c u l t u r e ,  sulphonamides were g i v e n .  A c o l i f o r m  

s e p t i c a e m i a  i s  n o t  l i k e l y  to  g ive  r i s e  to  a h a e m o ly t i c  

anaemia  b u t  i t  was c o n s id e re d  a d v i s a b l e  t o  do a b lood 

c u l t u r e .  T h is  was n e g a t i v e .

As s t a t e d  i n  th e  c l i n i c a l  s e c t i o n ,  a b lood 

t r a n s f u s i o n  was g iv en  i n i t i a l l y  when t h e  p a t i e n t  came

u n de r  s u p e r v i s i o n .  I r o n  th e ra p y  was a l s o  commenced.
(■']> « . / ' . » - 1 ^

D uring  th e  n e x t  seven days th e  b lood  l e v e l s ,  which were 

e s t i m a t e d  e v e ry  second d ay ,  g r a d u a l ly  f e l l ,  y e t  t h e  

r e t i c u l o c y t e s  remained h i g h .  The j a u n d i c e  s t i l l  p e r s i s t e d  

and t h e  Van den Bergh remained p o s i t i v e  d i r e c t l y .  On th e  

t w e l f t h  day o f  the  puerper ium th e  p a t i e n t  had a second 

e p i s t a x i s ;  she looked suddenly much worse and i t  was 

found t h a t  t h e  haemoglobin had dropped t o  13 p e r  c e n t  

S a h l i  and the  r e d  blood c e l l s  to  0 .70  m i l l i o n .  The 

h a e m a t o c r i t  was now 12 per  c e n t ,  t h e  w h i te  b lood  c e l l s  

2 8 , 0 0 0 ,  and th e  r e t i c u l o c y t e  coun t  had r i s e n  from 14 

p e r  cen t  t o  21 p e r  cen t  w i t h i n  24 h o u r s .  The p e r i p h e r a l  

b lo o d  f i l m  showed numerous e r y t h r o b l a s t s  and macronormo— 

b l a s t s ,  no m e g a lo b l a s t s  were s e e n .  A second t r a n s f u s i o n  

was g iv en  and t h e  improvement was d r a m a t i c .  The 

r e t i c u l o c y t e s  f e l l  to  7 pe r  c en t  w i t h i n  36 ho u rs  and



t h e r e a f t e r  r o s e  t o  a maximum o f  14 p e r  c e n t  a s  the  

p a t i e n t  g r a d u a l l y  began to  im prove ,  v / i th in  two weeks ,  

t h e  haem oglob in  had r i s e n  to  49 p e r  cen t  and t h e  r e d  

c oun t  to  2 . 2 8  m i l l i o n ;  th e  r e t i c u l o c y t e s  were 3 p e r  

c e n t .  I t  was d e c id ed  to  watch th e  e f f e c t  o f  a t e s t  

dose  o f  l i v e r  i n  such  a c a s e ;  4 c . c .  o f  a c ru d e  l i v e r  

e x t r a c t  were t h e r e f o r e  g iv e n .  The r e t i c u l o c y t e s  r o s e  

t o  5 p e r  c e n t  t h e  fo l lo w in g  d a y ,  remained a t  t h a t  l e v e l  

f o r  4 days  and th e n  f e l l ,  i . e .  n o t  a very  marked 

r e t i c u l o c y t e  r e s p o n s e ,  which would p o s s i b l y  i n d i c a t e  

t h a t  t h i s  was n o t  a case  o f  p e r n i c i o u s  anaemia o f  

p r e g n a n c y ,  b u t  s u g g e s t i n g  t h a t  i n  such  a c a s e  where 

h a em o p o ie s i s  was r a p i d ,  l i v e r  t h e r a p y  would be a 

u s e f u l  a d j u v a n t .

B iochem ica l  a n a l y s i s  o f  th e  b lood a t  t h i s  t im e  

showed a n e g a t i v e  Van den Bergh,  b o th  d i r e c t l y  and 

i n d i r e c t l y ,  th e  i c t e r i c  index  was n o rm a l ,  t h e  plasma 

p r o t e i n s  5 .4  g . p e r  c e n t  and the  r e d  c e l l  f r a g i l i t y  was 

ncrw n o r m a l .

The p a t i e n t  was seen  a y e a r  l a t e r  vdien h e r  b lood 

p i c t u r e  was n o rm a l ,  j a u n d ic e  was a b s e n t ,  and th e  r e d  c e l l  

f r a g i l i t y  was n o rm a l .  G l i n i c a l  exam in a t io n  r e v e a l e d  no 

a b n o r m a l i t y  and th e  p a t i e n t  f e l t  w e l l .

T h is  p a t i e n t  was seen a t  the  ve ry  b e g in n in g  o f  

th e  p r e s e n t  su rv e y  b e fo re  m a t e r i a l  was a v a i l a b l e  to



c a r r y  o u t  a l l  t h e  i n v e s t i g a t i o n  pe rform ed on t h e  p r e v io u s  

c a s e .  The s a l i e n t  f e a t u r e s  i n  t h i s  c a s e ,  h ow ever ,  which 

p o i n t  t o  a d i a g n o s i s  o f  h a e m o ly t i c  anaemia a r e  :

(1)  The two h a em o ly t ic  c r i s e s ,  t h e  second o f  which was 

most  d r a m a t i c  i n  a p p e a ra n c e .

(2)  The blood ex am in a t io n s  which r e v e a l e d  a j a u n d i c e ,  

an e v e r - i n c r e a s i n g  anaemia ,  a r i s i n g  r e t i c u l o c y t e  c o u n t ,  

and an i n c r e a s e d  f r a g i l i t y  o f  t h e  r e d  b loo d  c e l l s .

(3)  The absence  o f  megaloblc ts ts  i n  t h e  p e r i p h e r a l  b lood 

p i c t u r e  d u r i n g  th e  second h a e m o ly t i c  c r i s i s .

(4)  The poor  r e t i c u l o c y t e  r e s p o n s e  t o  th e  t e s t  dose o f  

l i v e r .

S e v e ra l  f a c t o r s  have t o  be c o n s id e r e d  w i t h  

r e f e r e n c e  to  t h e  cause  o f  th e  h a e m o ly s i s ,

(1 )  S e p s i s  may cause a h a e m o ly t ic  anaemia b u t  t h e  

anaemia  i s  u s u a l l y  hypochromic and th e  r e t i c u l o c y t o s i s  

s l i g h t .  I n c r e a s e d  f r a g i l i t y  o f  t h e  r e d  blood c e l l s  i s  

uncommon. Moreover i n  t h i s  c ase  i t  i s  u n l i k e l y  t h a t

a c o l i f o r m  i n f e c t i o n  o f  the u t e r u s  and u r i n a r y  t r a c t  

c o u ld  have  caused  such  a marked degree  o f  anaem ia .

(2)  The p r e - e c l a m p t i c  toxaemia  may be a c a u s a t i v e  

f a c t o r .

(3)  F i n a l l y  when no o t h e r  cause  i s  a p p a r e n t ,  j j  « 

p regnancy  i t s e l f  must be c o n s id e re d  a f a c t o r .
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GROUP B.

As s t a t e d  i n  th e  c l i n i c a l  s e c t i o n ,  29 c a s e s  were 

i n c l u d e d  i n  t h i s  group o f  11 anaemias and to x aem ia11. Of 

t h e s e ,  seven  were c a s e s  o f  p r e - e c l a m p t i c  toxaemia  who had 

an a n a e m ia ,  t e n  were c a s e s  o f  anaemia who deve lo ped  a 

t o x a e m i a ,  and tw e lve  were c a se s  o f  anaemia s i m u l a t i n g  a 

t o x a e m i a •

The above f i g u r e  o f  seven c a s e s  o f  p r e - e c l a m p t i c  

t o x a e m ia ,  who had an anaemia,  cannot  be t a k e n  as  th e  

f i g u r e  f o r  t h e  i n c id e n c e  o f  anaemia in  toxaem ie  p a t i e n t s .  

Many p a t i e n t s  w i th  p r e - e c l a m p t i c  toxaemia have been  found 

t o  be an ae m ic ,  b u t  i n  few i s  t h e r e  an o p p o r t u n i t y  to  

i n v e s t i g a t e  them h a e m a t o l o g ic a l l y  s t i l l  l e s s  to  o b se rv e  

th e  e f f e c t s  o f  t r e a t m e n t .  I n  t h e s e  seven p a t i e n t s ,  

h o w ev er ,  t h i s  was p o s s i b l e .  A l l  were a d m i t t e d  to  

h o s p i t a l  on acco u n t  o f  t h e i r  p r e - e c l a m p t i c  to x ae m ia ,  

h a v in g  had a r o u t i n e  b lood  t e s t  t a k e n  a t  t h e  a n t e - n a t a l  

c l i n i c .  The b lood  p i c t u r e  i n  s i x  o f  the  c a s e s  was t h a t  

o f  a m i c r o c y t i c  hypochromic an ae m ia , b u t  i n  t h e  s e v e n th  

p a t i e n t  i t  was norm ocy t ic  and normochromic . (Table  XX* ) .

I n  t h i s  p a t i e n t  i t  was i n t e r e s t i n g  t o  n o te  t h a t  though 

t h e  plasma p r o t e i n s  were 3 .6  g .  pe r  c e n t ,  t h e  low es t  

f i g u r e  r e c o r d e d  i n  the  g roup ,  no oedema was p r e s e n t .  

S t e r n a l  p u n c tu r e s  were n o t  performed because  o f  th e  

e x i s t i n g  to x ae m ia .  A l l  the  p a t i e n t s  were g iv e n  i r o n



i n  h o s p i t a l  f o r  p e r i o d s  o f  a t  l e a s t  two weeks b u t  th e  

r e s u l t s  were n o t  s t r i k i n g .  Only f o u r  p a t i e n t s  showed 

any improvement .  No d i f f e r e n c e  could  be found i n  t h e  

b lood  p i c t u r e  o r  plasma p r o t e i n s  be tween th o se  who 

improved w i t h  i r o n  and tho se  who f a i l e d  t o  r e s p o n d .

I n  t h o s e  who re s p o n d e d ,  th e  r e s u l t s  were very  s a t i s f a c t o r y  

and c o r re sp o n d e d  to  th e  changes shown by o t h e r  c a s e s  o f  

anaemia a d m i t t e d  to  h o s p i t a l ,  a haemoglobin  r i s e  o f  

12-14  p e r  c e n t  S a h l i  b e in g  re c o rd e d  w i t h i n  a month.  I t  

i s  p o s s i b l e  t h a t  some o f  th e  a p p a r e n t  improvement i n  

t h e s e  c a s e s  may have been due to b lood  volume c h an g e s .

Two o f  t h e  p a t i e n t s  showed a marked anaemia one week 

a f t e r  d e l i v e r y  a l t h o u g h  they  had s u f f e r e d  no undue 

b lo o d  l o s s .  I n  a d d i t i o n ,  one o f  th e  p a t i e n t s  who 

improved showed a sudden r i s e  i n  h a e m a t o c r i t  from 27 

p e r  c e n t  to  31 p e r  c e n t  w i t h i n  fo u r  d a y s .  R e t i c u l o c y t e s  

however ,  on ly  e s t im a te d  3 p e r  c e n t  and i t  i s  d i f f i c u l t  

t o  b e l i e v e  t h a t  such a s te e p  r i s e  i n  haemoglobin  e t c . ,  

c o u ld  r e s u l t  from so small  a r e t i c u l o c y t e  r e s p o n s e .

B e fo re  f u r t h e r  i n v e s t i g a t i o n s  co u ld  be c a r r i e d  o u t  

t h i s  p a t i e n t  had an e c la m p t ic  f i t .  I t  i s  p o s s i b l e  

t h e r e f o r e  t h a t  t h e  changes r e c o r d e d  i n  th e  b lood were 

t h e  r e s u l t  o f  h aem o con c en t ra t io n  and cou ld  be t a k e n  as 

a 11 w arn ing” o f  pending  e c la m p s ia .

No r e a s o n  cou ld  be found to  a c c o u n t  f o r  t h e



l a c k  o f  r e s p o n s e  i n  th e  rem a in ing  t h r e e  p a t i e n t s ,  b u t  

w i t h o u t  e x a m in a t io n  o f  t h e  marrow i t  i s  im p o s s ib l e  to  

s t a t e  d e f i n i t e l y  what kind of  11 anaemic” p r o c e s s  was a t  

work .  I t  i s  obv ious  t h e r e f o r e  t h a t  more i n v e s t i g a t i o n  

o f  t h e s e  c a s e s  i s  r e q u i r e d ,  e s p e c i a l l y  by marrow b i o p s y ,  

to  d e te r m in e  whether  th e  anaemia i s  due to  a h y p o p l a s i a  

o f  t h e  bone marrow as  a r e s u l t  o f  th e  to x a e m ia ,  o r  a 

d e f i c i e n c y  s t a t e  o f  one of  the  h a em o p o ie t ic  f a c t o r s .

One s t r i k i n g  f e a t u r e  o f  th e  c a s e s  surveyed  was th e  low 

plasma p r o t e i n  v a l u e ,  th e  average  i n i t i a l  v a lu e  f o r  a l l

t h e  c a s e s  h e r e  be ing  4 .4  g .  p e r  c e n t  as  compared w i th  an

a v e ra g e  o f  5 .5  g .  pe r  c en t  i n  th e  " a n a e m ia s " .

Of t h e  10 c a se s  o f  anaemia who d eve loped  a

toxaem ia  i t  w i l l  be remembered t h a t  4 c o u ld  no lo n g e r  

be r e g a r d e d  as  anaemic when they  d eve loped  t h e i r  

to x aem ia  and a n o th e r  2 were r e s p o n d in g  to  t r e a t m e n t .

The r e m a in d e r  showed no re spo n se  wha tever  t o  i r o n  

t h e r a p y .  The i n i t i a l  and u l t i m a t e  b lood  l e v e l s  i n  th e  

p a t i e n t s  who were r e sp o n d ing  to  th e r a p y  and t h e  i n i t i a l  

b lood  l e v e l s  i n  the  rem ainder  who showed no r e s p o n s e  

have  been  t a b u l a t e d  (Table x x f l ) .  I t  w i l l  be seen  t h a t  

t h e  anaemia was l e s s  sev e re  i n i t i a l l y  i n  th o s e  who 

resp o n d ed  to  i r o n  th e ra p y  b e fo re  d e v e lo p in g  toxaemia  

and a l s o  t h a t  t h e  plasma p r o t e i n s  were h i g h e r  i n  t h i s  

g roup t o o .  i . e .  the  plasma p r o t e i n  l e v e l  o f  the



p a t i e n t s  who showed no . response  to  i r o n  t h e r a p y  and 

u l t i m a t e l y  d eve loped  toxaemia was lower i n i t i a l l y  ( 5 .3  

g .  p e r  c e n t ) .  When th e  toxaemia  had d eve loped  i t  was 

n o t e d  t h a t  a f u r t h e r  f a l l  i n  plasma p r o t e i n s  o c c u r r e d  

i n  t h e s e  p a t i e n t s  (4 .7  g .  per  c e n t ) ,  i . e .  t h e  f i g u r e  

now ap p ro a ch e d  t h a t  observed  i n  c a s e s  o f  toxaemia  w i th  

anaemia ( 4 .6  g .  p e r  c e n t ) .

Whether t h e s e  changes i n  the  plasma p r o t e i n  

e s t i m a t i o n s  a r e  e s s e n t i a l l y  b lood volume changes  i s  

d i f f i c u l t  t o  s a y .  I f  t h i s  were so t h e n  absence  o f  a 

s i m i l a r  drop i n  th e  haemoglobin e t c . ,  cou ld  be e x p la in e d  

by an i n c r e a s e  i n  t h e  haemoglobin p r o d u c t i o n .  

U n f o r t u n a t e l y  d a i l y  r e t i c u l o c y t e  co u n ts  were n o t  c a r r i e d  

o u t  i n  t h e s e  c a s e s  t o  de te rm ine  i f  t h i s  were s o .  

A l t e r n a t i v e l y  th e  " toxaem ic  p ro ce ss "  t h r o u g h  i t s  a c t i o n  

on t h e  l i v e r  may e x e r t  a g r e a t e r  i n f l u e n c e ,  when the  

" s t o r e s "  o f  p r o t e i n ,  a s  ev idenced by th e  plasma p r o t e i n  

l e v e l ,  a r e  low. I t  may i n  i t s  i n i t i a l  s t a g e s  p r e v e n t  

t h e  anaemia from respo n d in g  to  t r e a tm e n t  and u l t i m a t e l y  

e s t a b l i s h  a p i c t u r e  o f  severe  anaem ia ,  low plasma 

p r o t e i n s  and tox aem ia .  One o f  th e  f o u r  r e s i s t a n t  c a se s  

who d eve lo ped  toxaemia i s  i n t e r e s t i n g .  Before  d e l i v e r y  

h e r  b lood  count  was t h e  only one t o  d e t e r i o r a t e  as  a 

r e s u l t  o f  t h e  to x aem ia ,  the  haemoglobin f a l l i n g  from 

42 p e r  c e n t  t o  37 p e r  cen t  and th e  r ed  count  from 3 .50
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t o  2 , 6 9  m i l l i o n .  I n  a d d i t i o n  she had d e v e lo p ed  a 

d e f i n i t e  s u b - c l i n i c a l  j a u n d ic e  w i t h  a' b i p h a s i c  Van den 

Bergh and a plasma b i l i r u b i n  e s t i m a t i n g  2 . 4  mgs. p e r  

c e n t .  Labour had t o  be induced  because  o f  t h e  s e v e r e  

p r e - e c l a m p s i a .  A f te r  d e l i v e r y  th e  blood p i c t u r e  became 

d e f i n i t e l y  m a c r o c y t i c  and h e r  marrow c o n ta in e d  1 2 .6  pe r  

c e n t  m e g a l o b l a s t s , i . e .  she now p r e s e n t e d  a t y p i c a l  

p i c t u r e  o f  p e r n i c i o u s  anaemia o f  p re g n a n cy .  This  c ase  

w i l l  be d i s c u s s e d  l a t e r  w i th  r e f e r e n c e  t o  th e  d e v e l o p 

ment o f  j a u n d i c e  i n  the  course  o f  t h e r a p y .

Of th e  12 c a se s  o f  anaemia ,  who s im u la te d  a 

to x ae m ia  i t  w i l l  be remembered t h a t  n in e  o f  th e  

p a t i e n t s  w i th  a l e s s  severe  degree  o f  anaemia were 

d e l i v e r e d  b e f o r e  the rap y  could  be i n s t i t u t e d ,  bu t  t h e  

r e m a in in g  t h r e e  c a s e s  were i n v e s t i g a t e d  and t r e a t e d  

a n t e n a t a l l y ,  The average  f i g u r e  f o r  t h e  i n i t i a l  b lood  

l e v e l s  i n  th e  n in e  u n t r e a t e d  c a s e s  a re  shown i n  t a b l e

X X II I . C l i n i c a l l y  th e s e  p a t i e n t s  r esem bled  th e  c a s e s , ,  

s even  i n  number ,  who had a t r u e  toxaemia  c o m p l ica te d  by 

a n ae m ia .  The d e g re e  o f  anaemia however was more marked 

i n  t h e  former t h a n  i n  the  l a t t e r .  Oedema was more 

p rom inen t  i n  t h i s  group a l s o ,  a l t h o u g h  th e  plasma p r o t e i n s  

were i n i t i a l l y  h i g h e r ,  namely 5 .2  g .  p e r  c e n t  compared 

w i t h  4 .6  g .  p e r  c e n t  i n  t h e  c a se s  o f  t r u e  to x a e m ia .  Two 

o f  t h e s e  p a t i e n t s  were i n v e s t i g a t e d  r a t h e r  more f u l l y



t h a n  t h e  r e m a i n d e r .  T h e i r  i n i t i a l  haem oglobin  l e v e l s  

were  33% . and 37% • pe r  c e n t  r e s p e c t i v e l y .  On t h e  

t h i r d  day o f  th e  puerper ium th e s e  v a lu e s  f e l l .  The 

haem oglob in  r e a d i n g s  became 23 p e r  c e n t  and 32 p e r  c e n t  

and t h e  p lasma p r o t e i n s  4 .3  g .  p e r  c e n t  and  4 .7 5  g .  p e r  

c e n t .  By t h i s  t im e  th e s e  p a t i e n t s  complained o f  symptoms 

o f  anaemia  b u t  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  t h e  oedema 

had c o m p le t e ly  d i s a p p e a r e d  a l th o u g h  th e  plasma p r o t e i n s  

were s t i l l  very  low. S t e r n a l  p u n c tu re  was perfo rm ed  

b e f o r e  d e l i v e r y  on t h e  p a t i e n t  w i th  th e  h i g h e r  

haem oglob in  (37 p e r  c e n t ) .  The marrow was found t o  

c o n t a i n  2 . 4  p e r  c e n t  m e g a l o b l a s t s ,  2 2 .3  p e r  c e n t  

n o r m o b l a s t s ,  1 p e r  cen t  r e t i c u l o c y t e s  and no r e t i c u l a t e d  

n u c l e a t e d  c e l l s .  No i r o n  d e p o s i t s  could  be s e e n .  The 

marrow o f  t h e  o t h e r  p a t i e n t  ( i n i t i a l  haem oglobin  33 p e r  

c e n t )  was examined on th e  f o u r t h  day o f  th e  p u e rp e r iu m .  

D ur ing  th e  4 days a f t e r  d e l i v e r y  th e  p a t i e n t  had had 

i r o n  t h e r a p y ,  s i n c e  i t  i s  customary i n  t h i s  h o s p i t a l  to  

g iv e  i r o n  th e r a p y  to  a l l  p a t i e n t s  r o u t i n e l y  i n  th e  p o s t 

n a t a l  w a rd s .  This  marrow c o n ta in e d  2 . 5  p e r  c e n t  

m e g a l o b l a s t s ,  34 .7  pe r  c e n t  n o r m o b la s t s ,  5 p e r  c en t  

r e t i c u l o c y t e s  and 0 .5  p e r  c e n t  r e t i c u l a t e d  n o r m o b la s t s .

A sm a l l  number o f  i r o n  s t a i n i n g  " i n c l u s i o n s 11 were seen  

i n  t h e  e r y t h r o c y t e s .  Apart from t h e  p e r c e n t a g e  o f  

m e g a l o b l a s t s  which wrs th e  same f o r  e a c h ,  the



n o r m o b la s t s  and r e t i c u l a t e d  n u c l e a t e d  and n o n - n u c l e a t e d  

c e l l s  e s t i m a t e d  34 .7  p e r  c e n t ,  5 p e r  c e n t  and 0 . 5  p e r  

c e n t  r e s p e c t i v e l y  a s  compared w i th  2 2 .3  p e r  c e n t ,  1 p e r  

c e n t  and 0 p e r  c e n t  i n  th e  case  examined b e f o r e  d e l i v e r y .  

Whether t h e  i n c r e a s e  i n  t h e  n o r m o b la s t i c  s e r i e s  and i n  

number o f  r e t i c u l a t e d  c e l l s  i n  the  second c a s e  i s  due to  

t h e  t e r m i n a t i o n  o f  the  pregnancy and th e  prompt 

i n s t i t u t i o n  o f  i r o n  th e ra p y  i n  th e  pue rpe r ium  i s  n o t  

a b s o l u t e l y  p r o v e d ,  a s  a s t e r n a l  p u n c tu re  would have 

been  n e c e s s a r y  i n  t h e  same p a t i e n t  b e f o r e  and a f t e r  

d e l i v e r y ,  b u t  i n  view of t h e  f a c t  t h a t  t h e  r e t i c u l o c y t e s  

i n  t h e  p e r i p h e r a l  b lood e s t im a te d  on ly  1 .5  p e r  c en t  

b e f o r e  d e l i v e r y  i n  t h i s  c ase  and were 6 .5  p e r  c e n t  on 

t h e  f o u r t h  day o f  th e  puerper ium when t h e  marrow was 

exam ined ,  i t  can  be s a i d  t h a t  the  d i f f e r e n c e  i n  th e  

two marrow p i c t u r e s  was p robab ly  s i g n i f i c a n t .

Since  t h i s  second p a t i e n t ,  whose marrow was 

examined i n  th e  puerper ium  appeared  to  be r e s p o n d in g  

t o  i r o n  a l o n e ,  no f u r t h e r  t r e a tm e n t  was g i v e n .  For 

com par ison  p u rp o se s  th e  f i r s t  p a t i e n t ,  who was t h e  l e s s  

anaemic  o f  th e  two, t h a t  i s  had an i n i t i a l  haem oglobin  

o f  37 p e r  c e n t  S a h l i ,  was g iv en  i r o n  and f o l i c  a c i d  

20 mg. d a i l y  a f t e r  d e l i v e r y .  The r e t i c u l o c y t e s  reach ed  

a peak  o f  10 p e r  c e n t ,  as  compared w i th  6 . 5  pe r  c e n t  i n  

th e  p r e v i o u s  c a s e ,  on the  s i x t h  day of  t h e  pu e rp e r iu m ;



by t h r e e  weeks th e  haemoglobin was 54 p e r  c e n t  S a h l i ,  

w he reas  i t  t o o k  th e  second p a t i e n t  6 weeks t o  r e a c h  t h i s  

f i g u r e  on i r o n  a l o n e .  A r e p e a t  s t e r n a l  p u n c tu r e  was 

p e r fo rm ed  i n  t h e  f i r s t  p a t i e n t  s e v en te en  days  a f t e r  

commencing th e  i r o n  and f o l i c  a c i d  m d  th e  changes  i n  

t h e  marrow p i c t u r e  were even more s i g n i f i c a n t .  The 

p e r c e n t a g e  o f  m e g a lo b la s t s  had f a l l e n  to  2 . 1  p e r  c e n t ,  

t h e  n o r m o b la s t s  had r i s e n  to  32 pe r  c e n t  and th e  

r e t i c u l a t e d  n u c l e a t e d  and n o n - n u c l e a t e d  c e l l s  e s t i m a t e d  

1 . 3  p e r  c e n t  and 8 pe r  c en t  r e s p e c t i v e l y . Prom th e s e  

r e s u l t s  i t  would appea r  t a a t  t h e  g r e a t e r  improvement 

shown by t h e  f i r s t  p a t i e n t  was due to  t h e  f o l i c  a c i d .

The second marrow smear was s t a i n e d  f o r  i r o n  a s  b e f o r e ,  

and th o u g h  i r o n  had been g iven  i n  t h i s  c a se  f o r  t h r e e  

weeks o n ly  e very  few Mi n c l u s i o n  b o d i e s 11 were s e e n .

Of th e  r em a in in g  7 p a t i e n t s  i t  was on ly  

p o s s i b l e  t o  i n t e r v i e w  two p a t i e n t s  a f t e r  th ey  had l e f t  

h o s p i t a l .  The r e s u l t s  i n  th e s e  2 p a t i e n t s ,  e s p e c i a l l y  

when compared w i th  a t h i r d  c a s e ,  show i n  a s t r i k i n g  

manner t h e  e f f e c t  o f  d i e t  and b r e a s t  f e e d i n g .  The 

f i r s t  p a t i e n t  had an i n i t i a l  haemoglobin  r e a d i n g  o f  

37 p e r  c e n t  b e f o r e  l a b o u r .  She b r e a s t  fed  h e r  baby 

and d e s p i t e  i r o n  t h e r a p y ,  h e r  haemoglobin s i x  weeks 

l a t e r  had f a l l e n  to  34 pe r  c e n t .  J t  i s  n e c e s s a r y  a t  

t h i s  p o i n t  to  e x p la in  t h a t ,  i n  t h i s  h o s p i t a l ,  c a s e s



o f  to x ae m ia  a r e  p l a c e d  on one o f  t h r e e  d i e t s  a c c o r d i n g  to  

which u n i t  th ey  a r e  s e n t .  The main f e a t u r e  o f  t h e s e  d i e t s  

i s  a v a r i a t i o n  i n  p r o t e i n ,  i n  one u n i t  th e  toxaem ia  

p a t i e n t s  have a h i g h  p r o t e i n  d i e t :  i n  a n o th e r  low p r o t e i n ;  

an i n  a t h i r d  a normal  b a lanced  d i e t .  T h is  f i r s t  c a se  had 

a low p r o t e i n  d i e t .  The second c ase  had an i n i t i a l  

haem oglob in  o f  38 p e r  cen t  and s ix  weeks a f t e r  d e l i v e r y  

i t  was up to  71 p e r  c e n t .  This p a t i e n t  had a b a la n c e d  

d i e t  w h i l e  i n  h o s p i t a l  and d id  no t  b r e a s t  f e e d  h e r  baby.  

The t h i r d  p a t i e n t ,  who b r e a s t  fed  h e r  baby had an i n i t i a l  

haem oglob in  o f  48 pe r  c e n t ,  bu t  showed a r i s e  t o  63 pe r  

c e n t  w i t h i n  a week o f  d e l i v e r y .  She, however ,  had a 

h i g h  p r o t e i n  d i e t  i n  a d d i t i o n  to  t h e  u s u a l  i r o n  t h e r a p y .

The r e m a in in g  t h r e e  p a t i e n t s  i n  t h i s  group o f  

anaem ias  s i m u l a t i n g  toxaem ia ,  were very  s e v e re  an ae m ias .  

A l l  had haem oglob ins  l e s s  th a n  33 p e r  c e n t  S a h l i  and t h e  

a v e ra g e  was 26 p e r  c e n t .  The r e s u l t s  a r e  shown i n  t a b l e

XXIV. I t  w i l l  be seen  t h a t  t h e s e  t h r e e  p a t i e n t s  had th e  

most s e v e r e  d eg ree  o f  anaemia n o te d  i n  t h e  whole o f  t h e  

group B. c a s e s .  I n  a d d i t i o n  on b io c h e m ic a l  a n a l y s i s  th e  

plasma p r o t e i n s  were e x c e p t i o n a l l y  low, t h e  r e a d i n g  b e in g  

3 .45  g .  p e r  c e n t  i n  one p a t i e n t ;  a l l  had de layed  p o s i t i v e  

and p o s i t i v e  i n d i r e c t  Van den Bergh r e a c t i o n s ,  t h e  plasma 

b i l i r u b i n  e s t i m a t i n g  1 mg. p e r  c e n t  and the  u r i n e s  gave a 

s t r o n g  p o s i t i v e  r e s u l t  f o r  u r o b i l i n o g e n .  Again desr>ite



t h e  m i c r o c y t i c  hypochromic b lood  p i c t u r e ,  which was 

marked i n  t h e s e  p a t i e n t s ,  th e  marrows c o n ta in e d  4 . 8  p e r  

c e n t  m e g a l o b l a s t s , the  norm oblas t  s e r i e s  t e n d e d  t o  be  

low ,  namely 25 p e r  c en t  and no marrow r e t i c u l a t e d  c e l l s  

were fo u n d .  No i r o n  th e rap y  had been g iv e n  and no i r o n  

s t a i n i n g  " i n c l u s i o n  bodies"  were s e en .  V a r io us  

t r e a t m e n t s  were g iv en  and th e  r e s p o n s e  t o  t h e r a p y  i n  

e ac h  c a se  w i l l  t h e r e f o r e  be c o n s id e re d  s e p a r a t e l y .

(1)  The f i r s t  p a t i e n t  was g iv en  i r o n  a lo n e  f o r  2 weeks 

b e f o r e  d e l i v e r y .  During t h a t  t ime the  haemoglobin  r o s e  

from 24 p e r  c e n t  to  31 pe r  c e n t ,  and th e  h a e m a t o c r i t  

from 18 p e r  c en t  to  24 .5  pe r  c e n t ,  t h e  r e d  c e l l s  

showing no change .  The plasma p r o t e i n s  f e l l  from 5 .3  

g .  p e r  c e n t  to  4 . 1  g .  pe r  c en t  and th e n  r o s e  to  4 .6  g .  

p e r  c e n t .  The ' jaundice c l e a r e d  up b u t  t h e  u r i n a r y  

u r o b i l i n o g e n  s t i l l  remained p o s i t i v e  tho u gh  to  a l e s s e r  

d e g r e e .  D e l iv e r y  was n o rm al ,  t h e  baby appea red  q u i t e  

h e a l t h y  and a week l a t e r  the  haem oglob in ,  r e d  c e l l s ,  

h a e m a t o c r i t ,  mean c e l l  volume, mean c o p u s c u la r  

haem oglob in  c o n c e n t r a t i n g  mean c e l l  d i a m e te r  and 

plasma p r o t e i n s  were 35 p e r  c e n t ,  3 .1 9  m i l l i o n ,  28 p e r  

c e n t ,  88u , 20 pe r  c e n t ,  7 .3  u and 5 .4  g .  p e r  c e n t .

The j a u n d i c e  had gone and th e  u r i n a r y  u r o b i l i n o g e n  was 

on ly  a t r a c e .  The marrow p i c t u r e  now showed a drop i n



t h e  p e r c e n t a g e  o f  m e g a lo b l a s t s  from 7 . 3  p e r  c e n t  to  4 . 5  

p e r  c e n t ,  i n  th e  p e rc e n ta g e  o f  n o r m o b la s t s  from 3 3 .5  p e r  

c e n t  t o  2 8 . 5  p e r  c e n t  and th e  ap p ea rance  o f  r e t i c u l a t e d  

r e d  b lo o d  c e l l s  and n o rm o b la s t s  which e s t i m a t e d  6 p e r  

c e n t  and  1 .5  p e r  cen t  r e s p e c t i v e l y .  A few i r o n  s t a i n i n g  

" i n c l u s i o n  b o d ie s "  were se en .

The second p a t i e n t  was g iv en  i r o n  f o r  a p e r i o d  o f  

t h r e e  weeks when improvement appea red  t o  have c e a s e d ,  th e  

haem og lob in  h a v in g  r i s e n  from 23 p e r  cen t  t o  35 p e r  c e n t ,  

t h e  r e d  count  from 2 .81  t o  3 .22  m i l l i o n  and th e  

h a e m a t o c r i t  f rom  19 p e r  c en t  to  2 7 .5  p e r  c e n t .  As i n  t h e  

p r e v i o u s  c a s e  t h e  j a u n d ic e  had c l e a r e d  a f t e r  one week i n  

h o s p i t a l  and t h e  u r i n a r y  u r o b i l i n o g e n  on ly  e s t im a t e d  a 

t r a c e .  2 c . c .  o f  a crude  l i v e r  e x t r a c t  were g iv en  

i n t r a m u s c u l a r l y  every  day .  As was n o ted  w i th  f o l i c  a c id  

i n  t h e s e  c a s e s  " r e s i s t a n t  to  i r o n " ,  who have m e g e lo b l a s t s  

i n  t h e i r  bone marrow, no improvement i n  t h e  p u e r n h e r a l  

b lo o d  p i c t u r e  was observed  u n t i l  a f t e r  two weeks t h e ra p y  

when the  haem oglobin  r o s e  to  44 p e r  c e n t ,  t h e  r e d  c e l l s  

t o  3 .4 2  m i l l i o n  and th e  h a e m a t o c r i t  t o  3 2 .5  p e r  c e n t ,  

l i v e r  t h e r a p y  was d i s c o n t i n u e d  a f t e r  t h r e e  weeks ,  b u t  

t h e  haem oglobin  e t c .  c o n t in u ed  to  r i s e  and r e a c h e d  

v a l u e s  o f  58 p e r  c e n t ,  4 .3 9  m i l l i o n  and 38 p e r  c e n t  

b e f o r e  d e l i v e r y ,  e ig h t  weeks a f t e r  a d m iss io n  to  

h o s p i t a l .



(3) The l a s t  p a t i e n t  was s i m i l a r  In  every  r e s p e c t  t o  

t h e  p r e v i o u s  c a s e s  excep t  t h a t  he r  p lasma p r o t e i n s  were 

ve ry  low v i z ,  3 ,45  g ,  pe r  c e n t .  Since t h e  symptoms 

d a t e d  from a very  a c u te  a t t a c k  o f  d i a r r h o e a  and vo m it in g  

i t  was f e l t  t h a t  a d i e t a r y  d e f i c i e n c y  may have been  a 

f a c t o r  i n  h e r  c a s e .  She was g iven  a p r o t e i n  h y d r o l y s a t e  

U ash yd ro l  d a i l y ,  i n  a d d i t i o n  to  i r o n  t h e r a p y .  W ith in  

a week t h e  haem oglobin  had r i s e n  from 32 p e r  c e n t  t o  40 

p e r  c e n t  S a h l i ,  t h e  h a e m a to c r i t  from 2 1 .5  p e r  c e n t  to  

26 p e r  c e n t  bu t  t h e  red  c e l l s  showed a s l i g h t  f a l l  from 

3 .31  m i l l i o n  t o  2 .9 5  m i l l i o n .  The r e t i c u l o c y t e s  re a c h e d  

a peak  o f  7 p e r  cen t  on the  f i f t h  day of  t r e a t m e n t ,  t h e  

plasma p r o t e i n s  r o s e  from 3 .45  g* p e r  c en t  to  4 .7  g . p e r  

c e n t ,  t h e  j a u n d i c e  d i s a p p e a re d  and the  u r i n a r y  

u r o b i l i n o g e n  o n ly  e s t im a te d  a t r a c e .  D e l iv e r y  o c c u r r e d  

t h i r t e e n  days a f t e r  commencing th e ra p y  and was 

s p o n t a n e o u s ,  b u t  th e  c h i l d  had an a sp h y x ia  p a l l i d a  and 

r e q u i r e d  s p e c i a l  n u r s i n g .  The b i r t h  w e igh t  was 7 l b s .

I n  view o f  th e  low plasma p r o t e i n  i n  the  m o th e r ,  t h e  

b a b y 1s plasma p r o t e i n s  were e s t im a te d  two weeks a f t e r  

d e l i v e r y  when i t  had q u i t e  re c o v e re d  from t h e  a sp hy x ia  

p a l l i d a ;  they  were found to  be 5 .0  g .  p e r  c e n t .

c a s h y d r o l  th e ra p y  and i r o n  were g iven  a s  b e fo re  

t o  t h e  m othe r  i n  the  p ue rpe r ium .  Three days a f t e r  

d e l i v e r y  th e  plasma p r o t e i n s  were 4 ,6  g .  p e r  c e n t ,  b u t



a t  n i n e  days  th ey  were onJLy 4 .75  g .  pe r  c e n t  d e s p i t e  th e  

l a r g e  amount o f  p r o t e i n  g iv e n .  F u r t h e r  q u e s t i o n i n g  

ho w ev er ,  r e v e a l e d  t h a t  d e s p i t e  i n s t r u c t i o n s ,  t h e  mother  

had commenced to  b r e a s t  feed  he r  baby.  B r e a s t  f e e d i n g  

was t h e r e f o r e  d i s c o n t i n u e d  and w i t h in  a n o th e r  week th e  

plasma p r o t e i n s  e s t im a te d  5 .1  g .  p e r  c e n t .  The haemoglobin  

a t  t h i s  t im e  was 57 pe r  c en t  the  r e d  b lo od  c e l l s  5 .92  

m i l l i o n  and t h e  h a e m a to c r i t  35 .5  pe r  c e n t .  A r e p e a t  

s t e r n a l  p u n c tu r e  a t  t h i s  time showed th e  m e g a l o b l a s t s  

had f a l l e n  from 6 per  c e n t  to  2 .8  pe r  c e n t ,  t h e  n o rm o b la s t  

s e r i e s  had r i s e n  from 20 .2  pe r  c en t  to  2 3 .8  p e r  c e n t  and 

th e  marrow r e t i c u l a t e d  red  blood c e l l s  and n o rm o b la s t s  

were 2 . 5  p e r  c e n t  and 0 .5  p e r  cen t  r e s p e c t i v e l y .  Only a 

few i r o n . s t a i n i n g  " i n c l u s i o n  bo d ies"  could  be seen i n  

th e  c e l l s .

The i n i t i a l  marrow p i c t u r e s  i n  a l l  t h r e e  o f  

t h e s e  s e v e r e  anaemias  showed a number o f  i n d e t e r m i n a t e  

smear  c e l l s  s i m i l a r  to  those  seeh  i n  th e  marrows o f  th e  

u n t r e a t e d  t y p i c a l  p e r n i c i o u s  anaemias o£ p r eg n a n cy ,  

though  n o t  so numerous.  I n  a d d i t i o n  th e  t h i r d  p a t i e n t  

w i th  th e  e x c e p t i o n a l l y  low plasma p r o t e i n s  had a very  

f a t t y  marrow and numerous f a t  spaces  were p r e s e n t  

t h r o u g h o u t  th e  whole smear . These d i s a p p e a re d  a s  a

r e s u l t  o f  t h e r a p y .

Thus from a survey o f  twe lve  c a s e s  o f  anaemia



s i m u l a t i n g  to x a e m ia ,  I t  has  been shown t h a t  a l l  f i v e  c a s e s  

i n v e s t i g a t e d  by r e p e t i t i v e  b lood co u n ts  and marrow 

p u n c t u r e s  were c a s e s  o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  

p r e g n a n c y .  P ro b a b ly  from th e  i n i t i a l  marrow p i c t u r e s ,  

which showed a low p e rc e n ta g e  o f  c e l l s  o f  t h e  n o r m o b la s t i c  

s e r i e s  and no r e t i c u l a t e d  n u c l e a t e d  o r  n o n - n u c l e a t e d  

c e l l s ,  t h e y  were c a s e s  t h a t  would have u l t i m a t e l y  proved 

t o  be " i r o n  r e s i s t a n t " .  One c a s e ,  a t  l e a s t  was s o .

Two groups  cou ld  be e a s i l y  d e f i n e d .  F i r s t l y ,  a 

g roup  o f  n i n e  s e v e re  anaem ias ,  seen j u s t  b e f o r e  te rm  w i th  

m o d e r a t e l y  low plasma p r o t e i n s  and no j a u n d i c e .  A l l  may 

go t h r o u g h  t h e i r  p regnancy ,  l a b o u r  and th e  puerper ium  

u n r e c o g n i s e d  a s  anaemias or  l a b e l l e d  m i ld  to x a e m ia .

With the  r o u t i n e  i r o n  t h e r a p y ,  they do respond  i n  th e  

p u e rp e r iu m ,  b u t  t h e  r e s p o n se  was found t o  be s low er  

t h a n  i t  was, i n  a s i m i l a r  c ase  g iven  f o l i c  a c i d  and 

i r o n .  The o t h e r  group c o n s i s t e d  o f  t h r e e  ve ry  s e v e re  

a n a e m ia s ,  who were seen e a r l i e r  i n  t h e i r  p r e g n a n c i e s  

and who p r e s e n t e d  a p i c t u r e  o f  sever-  anaem ia ,  low 

plasma p r o t e i n s ,  j a u n d ic e  and very s t r o n g l y  p o s i t i v e  

u r i n a r y  u r o b i l i n o g e n  e s t i m a t i o n s ,  which c l e a r  up soon 

a f t e r  a d m is s io n  to  h o s p i t a l .  These p a t i e n t s  r e q u i r e  

t r e a t m e n t  f o r  t h e i r  anaemia.  Very s a t i s f a c t o r y  r e s u l t s  

were o b t a i n e d  i n  two p a t i e n t s ,  one t r e a t e d  w i th  l i v e r  

a f t e r  she had proved r e s i s t a n t  to  i r o n  and th e  o t h e r



t r e a t e d  w i t h  i r o n  end^a p r o t e i n  h y d r o l y s a t e .  The 

d e t r i m e n t e r y  r e s u l t  o f  b r e a s t  f e e d in g  i n  th e  c a s e  o f  a 

m o the r  w i t h  low plasma p r o t e i n  l e v e l s  h a s  been  shown and 

i t  was f u r t h e r  i n t e r e s t i n g  to  n o te  t h a t  t h e  o f f s p r i n g  i n  

t h i s  i n s t a n c e  had a l s o  low plasma p r o t e i n s .

Summarising t h e  r e s u l t s  i n  group B i . e .  t h e  "anaem ias  and 

toxaem ias"  , i t  can be s t a t e d  t h a t .

(1)  The i n c i d e n c e  o f  anaemia i n  c a s e s  o f  to xaem ia  i s  

f a i r l y  h i g h ,  b u t  t h e  o p p o r t u n i t i e s  o f  i n v e s t i g a t i n g  and 

t r e a t i n g  t h e s e  c a s e s  a re  few. The p e r i p h e r a l  b lo o d  

p i c t u r e ,  which i n  t h e  main was m i c r o c y t i c  and hypochromic 

showed no s t r i k i n g  f e a t u r e s ,  bu t  the  plasma p r o t e i n  

l e v e l s  were n o te d  t o  be e x c e p t i o n a l l y  low. Assessment

o f  t h e  r e s p o n s e  to  t r e a tm e n t  i s  c o m p l ica te d  by v a r i a t i o n s  

i n  th e  b lo o d  volume, and a l t h o u g h  f o u r  o f  our  p a t i e n t s  

showed a s a t i s f a c t o r y  r e s p o n s e ,  i t  was p ro b a b le  t h a t  the  

r i s e  i n  haem oglobin  i n  two a t  l e a s t  was due to  

h a e m o c o n c e n t r a t i o n .

(2 )  On th e  o t h e r  h a n d , the  i n c id e n c e  o f  toxaemia  

d e v e lo p in g  i n  c a s e s  o f  anaemia i s  low and i t  has  been 

shown t h a t  s ix  o f  the  t e n  c a se s  who deve loped  toxaemia  

were r e s p o n d i n g  s a t i s f a c t o r i l y  to  t r ea tm e n t  when t h e  

toxaem ia  a p p e a r e d .  These p a t i e n t s  had a h i g h e r  b lood  

count  and plasma p r o t e i n  e s t i m a t i o n  t o a n  th e  c a s e s  o f  

anaemia who showed no re sp o n se  a t  a l l .  The l a t t e r



p a t i e n t s ,  w i t h  one e x c e p t i o n ,  m a in ta in e d  t h e i r  b lood  

l e v e l s  when t h e  toxaemia  developed  b u t  showed a f u r t h e r  

drop  i n  p lasma p r o t e i n s  to  th e  l e v e l  n o te d  i n  t h e  seven 

c a s e s  o f  anaemia and toxaem ia .  I t  has been s u g g e s te d  

t h a t  b lo o d  volume changes may be r e s p o n s i b l e  f o r  t h i s  

m o d i f i c a t i o n  o f  t h e  p e r i p h e r a l  b lood  p i c t u r e  a f t e r  t h e  

o n s e t  o f  t h e  toxaem ia  o r  t h a t  r e d u c t i o n  i n  t h e  plasma 

p r o t e i n s  and f a i l u r e  to  respond t o  t r e a t m e n t  a r e  a c t u a l  

p a r t s  o f  th e  toxaem ic  p r o c e s s .  The one e x c e p t i o n  n o te d  

above d id  d e t e r i o r a t e ,  developed a s u b - c l i n i c a l  J a u n d ice  

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

t y p i c a l  p e r n i c i o u s  anaemia o f  p reg n a n cy ,  con f i rm ed  by 

marrow p u n c t u r e .

(3)  O b v io u s ly ,  f u r t h e r  i n v e s t i g a t i o n  by marrow b io psy  

o f  t h e s e  two groups of  p a t i e n t s  i s  r e q u i r e d  b e fo r e  any 

pronouncement can  be made on the  a c t u a l  anaemic p ro c e s s  

a t  work.

(4 )  The l a s t  group to  be c o n s id e re d  c o n s i s t e d  o f  tw e lve  

c a s e s  o f  anaemia who resem bled  the  toxaem ias  c l i n i c a l l y ,  

b u t  were found on exam ina t ion  to  be more anaem ic .  I n  

n i n e  o f  t h e s e  p a t i e n t s  where the  anaemia was l e s s  s e v e r e ,  

t h e  p lasma p r o t e i n s  were h ig h e r  t h a n  th o s e  o c c u r r i n g  i n  

t h e  seven  tox aem ias  w i th  anaemia,  b u t  i n  th e  r em a in in g  

t h r e e  i n  a d d i t i o n  t o  th e  very s e v e re  an aem ia ,  t h e  

p lasma n r o t e i n s  were low i . e .  l e s s  t h a n  t h a t  o f



to x a e m ia s  w i th  anaem ia ,  sub c l i n i c a l  J a u n d ice  was n o ted  

and a n  i n c r e a s e d  e x c r e t i o n  o f  u r o b i l i n o g e n  i n  t h e  u r i n e  

o b s e r v e d .

(5) Complete  i n v e s t i g a t i o n  o f  f i v e  o f  t h e s e  tw e lv e  

p a t i e n t s  r e v e a l e d  t h a t  d e s p i t e  t h e  m i c r o c y t i c  hypochromic 

b lo od  p i c t u r e  a l l  f i v e  were a t y p i c a l  c a s e s  o f  p e r n i c i o u s  

anaemia  o f  p re g n a n cy .  The r e s p o n se  to  i r o n  th e ra p y  a l o n e ,  

i r o n  and a p r o t e i n  h y d r o l y s a t e ,  i r o n  and l i v e r ,  and i r o n  

and f o l i c  a c id  have been compared d u r in g  p regnancy  and

i n  th e  p u e rp e r iu m .  Though the  c a se s  a r e  few ,  i t  can be 

s a i d  t h a t  th e  l a t t e r  t h r e e  groups  gave b e t t e r  r e s u l t s  

t h a n  t h o s e  o b t a i n e d  w i th  i r o n  a l o n e .  The p a t i e n t  who 

had l i v e r  t h e r a p y  be fo re  d e l i v e r y  had a haemoglobin  o f  

6 0  p e r  c e n t ,  t h r e e  weeks l a t e r ;  t h e  p a t i e n t  on 

cashy d r o l  and i r o n  had a haemoglobin o f  76 p e r  c e h t  

s i x  weeks l a t e r  and the  p a t i e n t  on f o l i c  and i r o n  had a 

haem oglob in  o f  64 per  c e n t  fo u r  weeks l a t e r .  These 

f i n d i n g s  would su gg e s t  t h a t  the  b e s t  r e s u l t s  were 

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

p a t i e n t s  would have to  be compared.

(6 ) As s t a t e d  th e  i n i t i a l  marrow p i c t u r e s  showed 

m e g a l o b l a s t s  v a ry in g  from 1 per  c e n t  to  7 . 3  p e r  c e n t ,  

t h e  p e r c e n t a g e  o f  c e l l s  o f  th e  n o rm o b la s t  s e r i e s  was 

low ,  no r e t i c u l o c y t e s  o r  r e t i c u l a t e d  e r y t h r o b l a s t s  

cou ld  be seen  and i r o n  s t a i n i n g  " i n c l u s i o n  b o d ie s



were a b s e n t*  A f t e r  d e l i v e r y  w i t h  f o l i c  a c i d  and 

cashy  d r o l  t h e  megalob l a s t s  i n  th e  marrow d e c r e a s e d ,  th e  

n o r m o b la s t s  i n c r e a s e d ,  r e t i c u l a t e d  c e l l s  a p p e a re d  and a 

ve ry  few i r o n  " i n c l u s i o n s "  were n o t e d .  No r e p o r t  i s  

a v a i l a b l e  f o r  the  changes n o ted  i n  th e  marrow a s  a 

r e s u l t  o f  l i v e r  t h e r a p y ,  b u t  on i r o n  a lo n e  s i m i l a r  

changes  were n o t e d ,  excep t  t h a t  i n  one c a s e  where t h e  

n o r m o b la s t s  had been h ig h  two weeks b e f o r e  d e l i v e r y ,  a 

drop i n  t h e  p e rc e n t a g e  was no ted  on th e  s e v e n th  day o f  

t h e  p u e rp e r iu m .

(7)  The t h r e e  c a s e s  w i th  very se v e re  anaemia had a 

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

u s u a l .  These were s i m i l a r  to  th o se  n o te d  i n  th e  c a s e s  

o f  t y p i c a l  p e r n i c i o u s  anaemia of  p regnancy  a l t h o u g h  n o t  

a s  num erous .

(8 ) The d e t r i m e n t a l  e f f e c t  o f  b r e a s t  f e e d i n g  has 

been  d em o n s t ra te d  i n  two case s  i n  t h i s  group and t h e  

v a lu e  o f  e x t r a  p r o t e i n ,  one i n  the  form o f  a p r o t e i n  

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

been shown.

(The i n d i v i d u a l  case  r e c o r d s  a r e  shown i n

p r o t o c a l  I I ) .

GROUP p .

Only t h e  l a s t  group o f  p a t i e n t s  showing the  

syndrome " j a u n d i c e  and anaemia" have now t o  be



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

t h e r a p y .  I t  w i l l  be remembered w i th  r e f e r e n c e  t o  Group 

A t h a t  o f  t h e  e ig h t e e n  p a t i e n t s  a d m i t te d  to  h o s p i t a l  and 

g iv e n  i r o n  a l o n e ,  seven only  showed a p a r t i a l  r e s p o n s e  

i . e .  a p l a t e a u  was reached  i n  the  b lood  l e v e l s  above 

which no improvement occu r red  on i r o n  th e r a p y  a l o n e .  I n  

t h e  p r e s e n t  group o f  f i v e  p a t i e n t s  s i m i l a r  f i n d i n g s  were 

o b s e r v e d ,  b u t ,  c o n c u r r e n t  w i th  the  c e s s a t i o n  o f  

im provem ent ,  a s u b - c l i n i c a l  jau n d ice  began to  a p p e a r .  

R e fe re n c e  was made t o  one o f  the  c a s e s  quoted h e r e  when 

c o n s i d e r i n g  t h e  anaemic c a se s  i n  Group B, who developed  

to x a e m ia .  The rem a in in g  four  who h rve  n o t  been  

m en t ioned  p r e v i o u s l y  a t t e n d e d  as  o u t p a t i e n t s ,  >nd, 

b ecause  o f  t h e i r  g ross  anaemia,  were a d m i t te d  d i r e c t l y  

t o  h o s p i t a l .  A l l  were g iven  i r o n  t h e r a p y .  At t h i s  

p e r i o d  two o f  t h e  fo u r  p a t i e n t s  showed s u b - c l i n i c a l  

j a u n d i c e  b u t  t h i s  c l e a r e d  up w i th  t r e a t m e n t .  Improvement 

was n o t e d  i n  a l l  f o u r .  One o f  t h e s e  p a t i e n t s  was on ly  

f o u r  months p re g n a n t  and h e r  case  w i l l  be r e f e r r e d  to  

a t  l e n g t h  l a t e r .  I n  th e  o t h e r  t h r e e ,  f i r s t  se en  d u r in g  

th e  8 t h  o r  9 t h  month,  the  r e sp o n se  to  i r o n  was only  

p a r t i a l  and a f t e r  a sh o r t  time ceased  a l t o g e t h e r .  At 

t h i s  j u n c t u r e  s u b - c l i n i c a l  j au n d ice  r e a p p e a r e d .  Marrow 

smears were made i n  a l l  t h r e e  i n i t i a l l y  and i n  two when
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j a u n d i c e  a p p e a r e d .  The r e s u l t s  o f  b lood and marrow 

e x a m in a t io n s  a r e  g iven  i n  Table XXV. I t  w i l l  be seen  

t h a t  t h e  bone marrow p i c t u r e  resem b les  t h a t  o f  th e  

11 i r o n  r e s i s t a n t "  a t y p i c a l  case s  o f  p e r n i c i o u s  anaemia o f  

p regnancy  d e s c r i b e d  i n  Group A w i th  t h e  e x c e p t i o n  t h a t  

t h e  m e g a l o b l a s t s  were more p l e n t i f u l  - 3 .1  p e r  c e n t  as  

compared w i th  1 .7  per  c e n t .  Normoblas ts  t ended  t o  be 

somewhat f e w e r .  R e t i c u l a t e d  c e l l s  were s c a n t y  and no 

i r o n  s t a i n i n g  " i n c l u s i o n s "  cou ld  be fo u n d .  By t h e  t ime 

j a u n d i c e  a p p e a r e d ,  the  haemoglobin had r i s e n  t o  49 p e r  

c e n t ,  b u t  t h e  r e d  blood c e l l s  had f a l l e n  to  3 . 3 ,  w hi le  

t h e  h a e m a t o c r i t  had in c re a s e d  to  3 1 .5 .  The p e r i p h e r a l  

b lood  was t h e r e f o r e  t e n d in g  to  become m a c r o c y t i c  and 

l e s s  hy pochrom ic .  The plasma p r o t e i n s  f e l l  t o  5 . 0  

grams p e r  c e n t ,  th e  Van den Bergh grve  a de layed  

d i r e c t  r e a c t i o n  w i th  a plasma b i l i r u b i n  e s t i m a t i n g

1 . 5  mg. p e r  c e n t  and the  u r i n a r y  u r o b i l i n o g e n  was now 

s t r o n g l y  p o s i t i v e .  When the  marrow was examined i t  

was found t h a t  t h e  m e g a lo b la s t s  had shown a t h r e e 

f o l d  i n c r e a s e  and were now 7 . 2  p e r  c e n t ,  t h e  normo

b l a s t i c  s e r i e s  showed l i t t l e  change ,  th e  p e r c e n ta g e  o f  

r e t i c u l a t e d  c e l l s  had i n c r e a s e d ,  and numerous i r o n  

s t a i n i n g  " i n c l u s i o n  bodies"  could  be seen  i n  th e  r e d  

b lood  c e l l s ,  t h e  l a t e  no rm o b la s t s  and th e  m onocy tes .

The f o u r t h  p a t i e n t  o f  t h i s  group was a d m i t te d



t o  h o s p i t a l  when f o u r  months p reg n a n t  and was g iv e n  i r o n  

f o r  f o u r  weeks .  She responded  w e l l  and t h e  haemoglobin  

r e a c h e d  no rm al  l e v e l s .  During th e  n e x t  t h r e e  m o n th s ,  as  

an  o u t - p a t i e n t  a t t e n d i n g  c l i n i c ,  she became g r a d u a l l y  

anaemic a g a i n  d e s p i t e  i r o n  t h e r a p y .  At e i g h t  months she 

was a d m i t t e d  to  h o s p i t a l  s u f f e r i n g  from anaemia and a 

s u b - c l i n i c a l  j a u n d i c e .  In  Table  X%V the  r e s u l t s  o f  some 

o f  th e  b lood  exam in a t io n s  i n  t h i s  c ase  a r e  g iv e n .  The 

t h r e e  columns show h e r  i n i t i a l  b lood c o u n t ,  h e r  b lood 

a f t e r  improvement w i th  i r o n  t h e r a p y ,  and t h e  b lood  when 

j a u n d i c e  a p p e a r e d .  U n f o r t u n a t e ly  i t  was on ly  p o s s i b l e  

t o  make two marrow smears i n  t h i s  c a s e ,  one i n i t i a l l y  

and one when t*he anaemia appea red  to  im prove .  I t  i s  

i n t e r e s t i n g  t o  n o t e ,  however,  t h a t  d e s p i t e  the  

improvement i n  t h e  p e r i p h e r a l  b lood p i c t u r e , h e r  marrow 

showed an i n c r e a s e  i n  the  p e rc e n ta g e  o f  m e g a lo b l a s t s  

and a d e c r e a s e  i n  the  n o r m o b la s t s .

The p a t i e n t  who had toxaemia had an i n i t i a l  

b lo o d  coun t  t a k e n  a t  c l i n i c  b e f o r e  she deve loped  h e r  

toxaem ia  a month l a t e r .  She had been g iven  i r o n  th e r a p y  

a s  an o u t - p a t i e n t  and a g a in  i n  th e  a n t e - n a t a l  wards o f  

t h e  h o s p i t a l ,  a n d ,  a l th o u g h  she was n o t  seen  p e r s o n a l l y  

t i l l  t h e  n i n t h  month o f  pe r  p reg n a n cy ,  h e r  b lood count  

and b io c h e m ic a l  r e s u l t s  were a v a i l a b l e .  A marrow smear 

was made i n  t h i s  case  on th e  s e v en th  day o f  the



p u e r p e r i u m .  Her r e s u l t s  a r e  shown on Table  X3&. i t  w i l l  

be seen  t h a t  t h e  marrow p i c t u r e  i s  s i m i l a r  to  t h a t  o f  

t h e  o t h e r  p a t i e n t s  i n  t h i s  g ro u p .  In  o t h e r  w ords ,  from 

h e r  b lo o d  and marrow p i c t u r e s  i t  would a p p e a r  t h a t  

d e l i v e r y  had had very  l i t t l e  e f f e c t  on h e r  r e s p o n s e  to  

i r o n  t h e r a p y ,  t h a t  i s ,  she showed no tendency  t o  a 

sp o n ta n eo u s  r e m i s s io n  i n  the  puerper ium  and t h i s  was 

f u r t h e r  c o r r o b o r a t e d  by th e  f a c t  t h a t ,  though h e r  

r e t i c u l o c y t e s  were e s t im a te d  d a i l y  d u r i n g  t h i s  t i m e ,  

th e y  d id  n o t  e s t i m a t e  more than  1 p e r  c e n t .  I n  f a c t ,  

h e r  b lo o d  coun t  became so low (haemoglobin  o f  2 0  pe r

c e n t ,  r e d  b lo od  c e l l s  o f  1 . 6 1  m i l l i o n ,  and a h a e m a t o c r i t

o f  15 p e r  c e n t )  t h a t  a b lood t r a n s f u s i o n ,  two p i n t s  o f  

packed c e l l s ,  had to  be g iven  on t h e  f i f t h  day o f  th e  

p u e rp e r iu m .  p o l lw in g  the  t r a n s f u s i o n ,  the  r e t i c u l o c y t e s  

r o s e  t o  a maximum of  3 per  c en t  bu t  r e a c h e d  t h e i r  

o r i g i n a l  low l e v e l  w i th in  a week, th e  b lood  l e v e l s  

h a v in g  a l s o  shown a s i g n i f i c a n t  drop by t h a t  t im e .  Thus, 

two weeks a f t e r  d e l i v e r y ,  t h i s  p a t i e n t  had shown no

r e a l  a t t e m p t  a t  a spontaneous  r e c o v e ry  and i t  was

d e c id e d  to  i n v e s t i g a t e  t h e  r e sp o n se  t o  f o l i c  a c i d  

t h e r a p y  i n  t h i s  case  a l s o .  Trea tm ent  w i th  20 m g .d a i ly  

was t h e r e f o r e  commenced and th e  r e s u l t  was d r a m a t i c .  

W ith in  t h r e e  days  the  r e t i c u l o c y t e s  were 4 p e r  c e n t  

and t h e y  r e a c h e d  a peak o f  17 p e r  c e n t  seven days a f t e r



commencing t h e r a p y .  The ja u n d ic e  which had c l e a r e d  b e f o r e  

g i v i n g  f o l i c  a c i d  r e a p p ea red  a f t e r  f o l i c  a c i d  t h e r a p y  was 

commenced and rem a in e d .  The plasma b i l i r u b i n  e s t im a t e d

1 . 6  mg. p e r  c e n t  a f o r t n i g h t  l a t e r  when t h e  haemoglobin  

was 50 p e r  c e n t ,  t h e  red  b lood c e l l s  4 .2 6  m i l l i o n ,  and t h e  

h a e m a t o c r i t  34 p e r  c e n t .

The re m a in in g  fo u r  p a t i e n t s  i n  t h i s  group were a l l  

g iv e n  c y s t i n e  i n  doses  v a ry in g  from 2 .5  gms. d a i l y  to  7 gms 

d a i l y ,  the  r a t i o n a l e  be in g  t h a t  i f  th e  j a u n d i c e  were due 

t o  a l i v e r  " d y s f u n c t io n "  which might  a l s o  be r e s p o n s i b l e  

f o r  th e  l a c k  o f  f u r t h e r  improvement i n  t h e  anaemic s t a t e ,  

i t  m igh t  improve by the  a d d i t i o n  o f  one o f  th e  e s s e n t i a l  

amino a c i d s .  Hence the r e a s o n  f o r  th e  g i v in g  o f  t h e  

v a r y i n g  amounts o f  c y s t i n e  to  th e  f o l lo w in g  p a t i e n t s .

( 1 ) The f i r s t  p a t i e n t  r e c e iv e d  2 . 5  g .  d a i l y  i n  a d d i t i o n  

t o  i r o n .  U n f o r t u n a t e l y  on the  s i x t h  day o f  t r e a t m e n t  she 

went i n t o  l a b o u r  and d e l i v e r e d  h e r s e l f  s p o n t a n e o u s l y . A 

b loo d  e x a m in a t io n  made the  nex t  day gave a n e g a t i v e  Van 

den Bergh and th e  u r i n a r y  u r o b i l i n o g e n  was a l s o  

n e g a t i v e .  However, s in c e  d e l i v e r y  had i n t e r v e n e d  th e  

d i s a p p e a r a n c e  o f  the  jau n d ice  cannot  be f u l l y  a t t r i b u t e d  

to  the  c y s t i n e .  As i n  the  p re v io u s  c a s e ,  t h i s  p a t i e n t  

a l s o  f a i l e d  to  respond  to  co n t in ued  i r o n  th e r a p y  a f t e r  

d e l i v e r y ,  t h e  r e t i c u l o c y t e s  rem ain ing  l e s s  t h a n  one 

p e r  c e n t .  The r e d  count was 2 .2  m i l l i o n ,  th e  haemoglobin



36 p e r  c e n t  S a h l i  and th e  h a e m a t o c r i t  2 3 .5  p e r  c e n t  on 

t h e  s e v e n t h  day o f  th e  p u e rpe r iu m .  A r e p e a t  marrow 

p u n c tu r e  was performed a t  t h i s  t ime and i t  showed t h a t ,  

a s  a r e s u l t  o f  d e l i v e r y  or  the  c y s t i n e  t h e r a p y ,  t h e  

m e g a l o b l a s t s  had f a l l e n  from 1 1 . 1  p e r  c e n t  to  8 , 3  per, 

c e n t ,  t h e  n o r m o b la s t s  which were 2 4 ,3  p e r  c e n t  showed 

very  l i t t l e  chan g e ,  the  marrow r e t i c u l o c y t e s  and the  

r e t i c u l a t e d  e r y t h r o b l s s t s  had i n c r e a s e d ,  however ,  and 

were now 3 p e r  c e n t  and 2 pe r  c en t  r e s p e c t i v e l y  and 

few er  i r o n  s t a i n i n g  " i n c l u s i o n  bod ies"  were p r e s e n t .  

Thus ,  d e s p i t e  th e  f a i l u r e  t o  show improvement i n  t h e  

p e r i p h e r a l  b l o o d ,  d e f i n i t e  c h an g e s ,  which ,  a s  w i l l  be 

shown, can  be t a k e n  as i n d i c a t i v e  o f  improvement ,  were 

o b se rv ed  i n  th e  bone marrow i n  t h i s  c a s e .  Trea tm ent  

w i t h  f o l i c  a c i d  2 0  rag. d a i l y  was t h e r e f o r e  commenced. 

The r e t i c u l o c y t e s  reached  a peak o f  11 p e r  c e n t  on the  

f o u r t h  day o f  th e ra p y  and i n  t h i s  case  i t  was 

i n t e r e s t i n g  t o  n o t e  t h a t  ja u n d ic e  d id  n o t  r e a p p e a r  when 

f o l i c  a c i d  t h e ra p y  was commenced. However, f o l i c  a c id  

seemed to  be l e s s  e f f e c t i v e  i n  t h i s  p a t i e n t ,  a s  two 

weeks a f t e r  commencing t h e r a p y ,  th e  haemoglobin  was 

on ly  47 p e r  c e n t ,  t h e  r ed  b lood  count  2 .4 2  m i l l i o n  and 

t h e  h a e m a t o c r i t  2 9 .5  per  c e n t .  She was a l low ed  home 

to  c o n t i n u e  f o l i c  a c i d  and i r o n  t h e r a p y ,  but  f a i l e d  

t o  r e p o r t  back  f o r  f u r t h e r  t r e a tm e n t  a s  she s a id  she



f e l t  w e l l ,

(2 )  The second p a t i e n t  to  r e c e i v e  c y s t i n e  was g iv en  

4 g .  d a i l y  f o r  one week, a t  the  end o f  which t im e  h e r  Van 

den Bergh  and u r i n a r y  u r o b i l i n o g e n  were n e g a t i v e .  No 

change o c c u r r e d  i n  t h e  p e r i p h e r a l  b lood  p i c t u r e  and th e  

p lasma p r o t e i n s  remained t h e  same ( 5 ,0  g . p e r  c e n t ) .  P o l i o  

a c i d  t h e r a p y  2 0  mgm. d a i l y  was t h e r e f o r e  commenced; th e  

r e t i c u l o c y t e s  i n c r e a s e d  to  2 .5  p e r  c e n t  and i n  two weeks 

t h e  haem oglob in  r o s e  from 45 p e r  c e n t  to  50 p e r  cen t ' ,  the  

r e d  b lo od  coun t  from 3 ,25 m i l l i o n  to  3 ,77 m i l l i o n ,  w h i le  

t h e  h a e m a t o c r i t  and plasma p r o t e i n s  rem ained  unchanged.  

The Van den Bergh was p o s i t i v e  i n d i r e c t l y  a t  one 

e s t i m a t i o n  d u r in g  the  p e r i o d ,  th e  plasma b i l i r u b i n  on ly  

e s t i m a t e d  0 , 8  g.  p e r  c e n t  however.  Since t h e  r e s p o n s e  

t o  f o l i c  a c i d  appeared  t o  be so poor i n  t h i s  c a se  i t  

was d e c id e d  to  g iv e  p r o t e o ly s e d  l i v e r  and compare i t s  

e f f e c t .  No i n c r e a s e d  r a t e  o f  improvement o c c u r r e d  

how ever ,  th e  r e t i c u l o c y t e s  remained " e l e v a t e d "  r e a c h in g  

3  p e r  c e n t  on two o c c a s io n s  i n  the  n e x t  week and a f t e r  

7  days t r e a t m e n t ,  t h e  r e d  c e l l s  were unchanged ,  the  

haem oglob in  had r i s e n  to  55 p e r  c e n t  S a h l i ,  and th e  

h a e m a t o c r i t  to  33 per  c e n t .  D e l ive ry  ensued t h e r e a f t e r ,  

and was norm al  excep t  fo r  a b ree ch  p r e s e n t a t i o n .  E igh t  

days  l a t e r  the  mother  and c h i l d ,  h av in g  p r o g r e s s e d  

s a t i s f a c t o r i l y ,  were d ism is se d  from h o s p i t a l ,  th e



m o t h e r 1 s haem oglob in  b e in g  63 p e r  c e n t  S a h l i ,  h e r  r e d  

c o u n t  4 .1 1  m i l l i o n  and h a e m a to c r i t  41 p e r  c e n t ,

(3 )  The t h i r d  p a t i e n t  was given  6 g ,  o f  c y s t i n e  d a i l y  

f o r  a p e r i o d  o f  one week. The j a u n d ic e  and th e  i n c r e a s e d  

u r i n a r y  u r o b i l i n o g e n  d i s a p p e a re d  a s  b e f o r e ,  b u t  i n  a d d i t i o n  

t h e  anaemia  began to  improve once more,  \  r e p e a t  s t e r n a l  

p u n c tu r e  was performed a f t e r  g iv in g  c y s t i n e  i n  t h i s  c ase  

and th e  r e s u l t s  o f  the  blood and marrow c o u n ts  a r e  shown 

i n  T able  XXVI. I t  w i l l  be seen t h a t  th e  improvement i n  

th e  b lo o d  l e v e l s  i s  c o n s i d e r a b l e ,  the  haem oglobin  r i s i n g  

from 56 p e r  c e n t  S a h l i  to  67 pe r  c e n t  S a h l i ,  t h e  r e d  

coun t  from 3 .9 0  to  4 ,41  m i l l i o n  and the  h a e m a t o c r i t  

from 39 p e r  c e n t  t o  42 .5  pe r  c e n t .  The tendency  was f o r  

t h e  b lood  p i c t u r e  to  become l e s s  m a c r o c y t i c  a g a i n  and 

th e  mean c e l l  d i a m e te r  f e l l  from 7 , 4  to  7 .2  p .  As 

f u r t h e r  p r o o f  t h a t  t h e s e  changes were n o t  due t o  b lood  

volume c h a n g e s ,  b u t  an a c t u a l  h a em o p o ie t ic  r e s p o n s e ,  the  

r e t i c u l o c y t e s  r o s e  a g a in  a f t e r  commencing c y s t i n e ,  

r e a c h i n g  a maximum o f  5 pe r  c en t  on the  f i f t h  day .  Since 

th e  anaemia was on ly  o f  moderate  d eg ree  a t  t h i s  s t a g e ,  a 

5 p e r  c e n t  r e t i c u l o c y t e  re sp o n se  i s  ve ry  s a t i s f r c t o r y .

The plasma p r o t e i n s  e s t im a te d  b e fo r e  end a f t e r  c y s t i n e  

t h d r a p y , a l s o  showed a r i s e ,  from 5 , 0  g. pe r  c e n t  to  

5 . 3  g .  p e r  c e n t .  The marrow p i c t u r e  examined a f t e r
i

th e  c o u r s e  o f  c y s t i n e  was com ple ted ,  d i f f e r s  c o n s i d e r a b ly



from th e  o t h e r  t h r e e  marrows examined when the  p a t i e n t s  

were j a u n d i c e d .  I n s t e a d  o f  th e  i n c r e a s e  i n  m e g a l o b l a s t s  

n o t e d  i n  t h e s e  c a s e s  the  m ega lob l& sts  were re d u c e d  i n  

t h i s  c a s e ,  t h e  n o rm o b la s t s  were low i n  b o th  however ,  b u t  

t h e  r e t i c u l o c y t e s  were h i g h e r  i n  th e  p r e s e n t  c a s e  and 

i r o n  s t a i n i n g  " i n c l u s i o n  bod ies"  were l e s s  num erous .

The p a t i e n t  was a l lowed home a t  t h i s  s t a g e .  Improvement 

c o n t i n u e d ;  b e f o r e  d e l i v e r y ,  h e r  haemoglobin  was 80 p e r  

c e n t  S a h l i  and 87 pe r  c en t  on th e  e i g h t h  day o f  th e  

p u e r p e r iu m .  J a u n d ic e  was no ted  i n  th e  plasma on one 

o c c a s i o n  a f t e r  g iv in g  c y s t i n e ,  but  t h i s  was on ly  

t e m p o r a r y •

(4)  The l a s t  c a se  to  r e c e i v e  c y s t i n e  was t h e  p a t i e n t  

who re sponded  to  i r o n  th e ra p y  i n  h o s p i t a l ,  when f o u r  

months p r e g n a n t ,  became anaemic a g a in  a f t e r  d i s m i s s a l  

and u l t i m a t e l y  developed j au n d ice  i n  h e r  n i n t h  month .

She was a d m i t t e d  to  h o s p i t a l  and g iven  c y s t i n e  7 g ,  

d a i l y .  The j a u n d i c e  and u r in a r y  u r o b i l i n o g e n  c l e a r e d  

a s  b e f o r e  bu t  on th e  s i x t h  day of  th e ra p y  t h e  i n d i r e c t  

Van den Bergh was a g a in  p o s i t i v e ,  the  p lasma b i l i r u b i n  

e s t i m a t i n g  0 , 8  mg. pe r  c e n t .  At f i r s t  t h e r e  seemed no 

a p p a r e n t  r e a s o n  f o r  the r e a p p ea ran c e  o f  t h e  j a u n d ic e  

u n t i l  e x a m in a t io n  o f  a second c a t h e t e r  specimen of  

u r i n e  a t  t h i s  t ime r e v e a l e d  t h a t  i n  a d d i t i o n  to  t h e  m i ld  

b a c i l l u r i a  she had shown i n i t i a l l y  on a d m is s io n ,  th e  u r i n e



now c o n t a i n e d  numerous .pus- c e l l s  and c o l i f o r m  b a c i l l i ,  

th ou g h  t h e  p a t i e n t  h e r s e l f  had no symptoms r e l a t i v e  to  

t h i s  c o m p l i c a t i o n .  I t  has  a l r e a d y  been shown t h a t  m i ld  

i n f e c t i o n s  i n  pregnancy a re  l i a b l e  to  cau se  a su b -  

c l i n i c a l  j a u n d i c e  and i n  a l l  p r o b a b i l i t y  th e  u r in 'a ry  

i n f e c t i o n  h e r e  s u p p l i e s  th e  r e a s o n  f o r  th e  r e a p p e a r a n c e  

o f  t h e  j a u n d ic e *  D e sp i t e  t h i s  however ,  a f t e r  one week*s 

c o u r s e  o f  c y s t i n e ,  th e  haemoglobin had r i s e n  from 47 p e r  

c e n t  to  56 p e r  c e n t  S a h l i ,  t h e  r e d  count  from 3 .3 8  to  

3 .62  m i l l i o n ,  t h e  h a e m a to c r i t  remained unchanged a t  33 

p e r  c e n t ,  and the  blood p i c t u r e  t h e r e f o r e  ten d e d  t o  

become l e s s  m a c r o c y t i c .  The r e t i c u l o c y t e s  r o s e  a g a i n  i n  

t h i s  c a s e  r e a c h i n g  a maximum o f  f o u r  p e r  cen t  on th e  

f i f t h  day o f  t h e r a p y .  No r i s e  wrs n o te d  i n  th e  plasma 

p r o t e i n  l e v e l s ,  i n s t e a d  a s l i g h t  f a l l  from 5 .1  g .  pe r  

cen t  t o  5 . 0  g .  p e r  cen t  was o b se rv e d .  During th e  nex t  

week i r o n  th e ra p y  a lo n e  was c o n t i n u e d ,  th e  haemoglobin 

r i s i n g  to  5 9  p e r  c e n t ,  bu t  th e  r e d  b lood coun t  rem a in ing  

unchanged .  J a u n d ice  s t i l l  p e r s i s t e d .  D e l iv e r y  ensued 

t h e r e a f t e r .  The p a t i e n t  developed  a m i l d  B. p r o t e u s  

u t e r i n e  i n f e c t i o n .  She r e f u s e d  to  rem a in  i n  h o s p i t a l  l o r  

t r e a t m e n t  f o r  t h i s  and h e r  anaemia and she  d i sm is se d  

h e r s e l f  i r r e g u l a r l y .  Before  d i s m i s s a l  however h e r  Van 

den Bergh was n e g a t i v e  and the  u r i n e  c o n ta in e d  o n ly  —f- 

o f  u r o b i l i n o g e n .  Her h a e m o g lo b in  had f a l l e n  t o  47 per



c e n t  S a h l i  and t h e  red  count  t o  3 .31  m i l l i o n .

Reviewing th e  r e s u l t s  o b t a in e d  i n  t h i s  l a s t  group 

i t  i s  p o s s i b l e  to  say  t h a t .

(1) A d e f i n i t e  c o r r e l a t i o n  a p p e a r s  to  e x i s t  i n  t h e s e  

f i v e  c a s e s  between th e  appearance  o f  j a u n d ic e  end the  

c e s s a t i o n  o f  t h e  re s p o n se  to  i r o n  th e r a p y  i n  h o s p i t a l .

(2)  When t h e s e  f e a t u r e s  were o b se rv ed  t h e  p e r i p h e r a l  

b lo o d  showed t h e  f o l lo w in g  c h a n g e s ,  namely th e  

haem og lob in  and h a e m a to c r i t  r o s e  and th e  r e d  blood coun t  

f e l l .  The b loo d  p i c t u r e  t h e r e f o r e  tended  to  become more 

m a c r o c y t i c  and l e s s  hypochromic • At th e  same time t h e  

p lasma p r o t e i n s  f e l l .

(3)  The marrow changes c o n s i s t  o f  an i n c r e a s e  i n  t h e  

p e r c e n t a g e  o f  m e g a l o b l a s t s , no change i n  t h e  p e rc e n ta g e  

c e l l s  o f  th e  n o r m o b la s t i c  s e r i e s ,  which were o r i g i n a l l y  

low,  a r i s e  i n  the  r e t i c u l a t e d  c e l l s  and a ve ry  marked 

i n c r e a s e  i n  t h e  number o f  i r o n  s t a i n i n g  " i n c l u s i o n  

b o d i e s " •

(4)  The r e s u l t s  of  the  a d m i n i s t r a t i o n  o f  c y s t i n e  i n  

v a r y i n g  amounts to  t h e s e  p a t i e n t s  has been shown.

Optimal  r e s u l t s  were o b ta in e d  w i t h  6 g» or  more d a i l y ,  

a r i s e  i n  t h e  b lood l e v e l s  and th e  d i s a p p e a r a n c e  of  

j a u n d i c e  b e in g  observed  i n  two c a s e s  and a d e f i n i t e  

r e t i c u l o c y t e  r e s p o n se  b e in g  n o t e d .  / i t h  amounts l e s s  

t h a n  t h i s  j a u n d i c e  d e f i n i t e l y  d i s a p p e a r e d  i n  one case



and t h e  d i s a p p e a r a n c e  i n  t h e  o t h e r  c a se  was p ro b a b ly  due 

to  t h e  c y s t i n e .

(5)  A f te r  c y s t i n e  t h e ra p y  g iven  i n  optimum doses  f o r  

one week ,  s t r i k i n g  changes were ob se rv ed  i n  t h e  marrow 

o f  one p a t i e n t  i n  comparison w i th  th e  p i c t u r e  o b t a i n e d  

i n  t h e  t h r e e  o t h e r  p a t i e n t s  a t  the  t ime o f  development 

o f  t h e  j a u n d i c e .  I t  has  t h e r e f o r e  been  su g g e s te d  t h a t  

t h e s e  changes  observed  were due to  t h e  a d m i n i s t r a t i o n  o f  

c y s t i n e  i . e .  t h a t  the  c y s t i n e  i n  t h i s  p a t i e n t  was a b le  

t o  r e d u c e  th e  m e g a l o b l a s t s , i n c r e a s e  t h e  number o f  

r e t i c u l a t e d  c e l l s  and d e c r e a s e  th e  number o f  i r o n  s t a i n i n g  

" i n c l u s i o n  b o d i e s " .  S im i la r  marrow changes  were obse rved  

i n  a n o t h e r  p a t i e n t  who r e c e i v e d  on ly  2 .5  g .  o f  c y s t i n e  

d a i l y  b u t  a s  d e l i v e r y  i n t e r v e n e d  i n  h e r  case  l e s s  s t r e s s  

can  be  l a i d  on the  e f f e c t  o f  c y s t i n e  i n  t h i s  i n s t a n c e .

(6 ) The a d m i n i s t r a t i o n  of  f o l i c  a c i d  to  a p a t i e n t  who 

had r e c e i v e d  su b -o p t im a l  doses  o f  c y s t i n e  d a i l y  f o r  one 

week, i . e .  a c ase  where the  j a u n d ic e  had c l e a r e d  bu t  the  

b lo o d  l e v e l s  remained unchanged, r e s u l t e d  i n  a f u r t h e r  

improvement i n  th e  haemoglobin and r e d  b lood  c o u n t .  The 

r e s p o n s e  was n o t  d ram a t ic  however, and t r e a t m e n t  was 

changed to  p r o t e o l y s e d  l i v e r  a f t e r  two weeks w i th  no 

b e t t e r  r e s u l t s .

(7) Two c a s e s  were g iv e n  f o l i c  a c i d  i n  th e  p u e rp e r iu m .  

Prom t h e  blood p i c t u r e s  a week a f t e r  d e l i v e r y  b o t h



a p p e a re d  t o  be showing no sp on taneous  im provem ent• 

D e f i n i t e  c h a n g e s ,  however ,  were o b se rv ed  i n  th e  marrow 

of  t h e  f i r s t  p a t i e n t  who had r e c e i v e d  c y s t i n e  p r e v i o u s l y ,  

b u t  t h e  second p a t i e n t ,  who had a toxaemia  i n  a d d i t i o n ,  

showed no changes  i n  h e r  marrow i n d i c a t i v e  o f  im p ro v e 

ment •

( 8 ) The r e s p o n s e  to  f o l i c  a c i d  t h e r a p y  was very 

s a t i s f a c t o r y  i n  one o f  t h e s e  p a t i e n t s ,  namely t h e  

p a t i e n t  who had to x ae m ia ,  bu t  th e  r e s p o n s e  i n  t h e  second 

p a t i e n t ,  who had been g iven  c y s t i n e ,  was l e s s  a c c e p t i b l e  

and a 11 f o l l o w  up” o f  t h i s  p a t i e n t  was n o t  p o s s i b l e .

J a u n d ic e  was no ted  i n  two p a t i e n t s  w i th  very  

s e v e r e  anaemia a d m i t te d  j u s t  b e f o r e  t e r m ,  t h e  

haem oglob in  r e a d i n g s  be in g  33 p e r  c e n t  and 2 9 p e r  c e n t  

r e s p e c t i v e l y .  The blood p i c t u r e s  were m i c r o c y t i c  and 

hypochromic  and the marrows c o n ta in e d  2 .7 p e r  c e n t  and 

6 p e r  c e n t  m e g a l o b l a s t s , 25 p e r  c e n t  and 39 .5  p e r  c e n t  

n o r m o b l a s t s ,  no r e t i c u l a t e d  c e l l s  and no i r o n  s t a i n i n g  

11 i n c l u s i o n s "  . Both p a t i e n t s  were d e l i v e r e d  b e f o r e  any 

c o n c l u s i o n  c o u ld  be r ea ch e d  as  to  t h e i r  r e s p o n s e  to  

t h e r a p y  bu t  i n  th e  puerper ium they  b o th  r e spo n ded  to  

i r o n  t h e r a p y .  I t  i s  d i f f i c u l t  to  say to  which group 

t h e s e  two p a t i e n t s  b e lo n g .  The second p a t i e n t  w i th  

the  h i g h  p e r c e n ta g e  of  c e l l s  o f  t h e  n o r m o b la s t i c  s e r i e s  

i n  h e r  marrow had had i r o n  th e ra p y  f o r  four  days b e f o r e
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she  came under  o b s e r v a t i o n  and t h i s  may a cc o u n t  f o r  t h e  

h i g h  p e r c e n t a g e  n o rm o b la s t s  obse rved  i n  the  marrow 

sm ear .  I f  t h i s  were so ,  t h e n  p o s s i b l y  they  b o th  were 

c a s e s  o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  p r e g n a n c y ,  who 

c o u ld  have  on ly  shown a p a r t i a l  r e s p o n s e  t o  i r o n  th e r a p y  

a n t e n a t a l l y ,  b u t  now respo n d  i n  th e  p u e rp e r iu m .

( ‘The i n d i v i d u a l  r e s u l t s  o f  t h e  c a s e s  i n  t h i s  

group a r e  shown i n  p r o t o c o l  I I I ) .

\
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PI SGUSSION.

By now i t  w i l l  be obv ious  t h a t  a l t h o u g h  t y p i c a l  

p e r n i c i o u s  anaemia  o f  pregnancy i s  a r a r i t y  (vre were o n ly  

a b l e  t o  examine s i x  such c a s e s  i n  a survey  o f  more th a n  

5000 p r e g n a n t  women) a t y p i c a l  c a s e s  a r e  much more common. 

F u r t h e r ,  a s  t h e  p e r i p h e r a l  b lood  p i c t u r e  i s  a t y p i c a l ,  so 

i s  t h e  c l i n i c a l  p r e s e n t a t i o n  i . e .  c a s e s  o f  a t y p i c a l  

p e r n i c i o u s  anaemia o f  pregnancy were found to  o c cu r  i n  

a l l  t h r e e  g r o u p s ,  namely ,  anaemia ,  toxaemia  and anaem ia ,  

and j a u n d i c e  and anaemia .

The c l a s s i f i c a t i o n  o f  t h e s e  c a se s  i s  o b v io u s ly  

d i f f i c u l t .  A l l  p r e v i o u s  rev iew s  of  p e r n i c i o u s  anaemia 

o f  p regnancy  have d e a l t  w i th  e s t a b l i s h e d  c a s e s ,  b u t  the  

s t r i k i n g  f e a t u r e  o f  t h i s  whole survey has  been th e  h ig h  

p e r c e n t a g e  o f  anaemic p a t i e n t s  showing megalob l a s t s  i n  

t h e i r  marrow sm ears .  The re sp o n se  to  t r e a t m e n t ,  however ,  

i n d i c a t e  t h a t  t h e s e  m e g a lo b la s t s  do n o t  have t h e  same 

s i g n i f i c a n c e  a s  t h e s e  o c c u r r i n g  i n  n o n -p re g n a n t  c a se s  

o f  an ae m ia .  Gases o f  s e v e re  m i c r o c y t i c  hypochromic 

anaemia were found t o  have r e l a t i v e l y  l a r g e  numbers o f  

m e g a l o b l r s t s  i n  t h e i r  m a r r o w . ( P la t e  I ) .  I t  has  been 

found t h a t  most  of  t h e s e  c a se s  respond  to  i r o n  th e ra p y  

a l o n e ,  i f  t h e  d i a g n o s i s  i s  made a t  an e a r l y  s t a g e ,  as 

i t  i s  i n  t h i s  h o s p i t s l  by means o f  t h e  i n i t i a l  r o u t i n e  

haem oglobin  e s t i m a t i o n  a t  a n t e - n a t a l  c l i n i c  ( P l a t e  I I ) .



The r e m a in d e r  show on ly  a p a r t i a l  r e s p o n s e  i . e .  have a 

p l a t e a u  l i k e  r e s p o n s e  and c o n s t i t u t e  a group o f  a t y p i c a l  

c a s e s  o f  p e r n i c i o u s  anaemia o f  p regn a n cy .  Owing t o  t h i s  

d i s c r e p a n c y ,  e x i s t i n g  between the  marrow i n  p e r n i c i o u s  

anaemia  o f  p regnancy  and t h a t  i n  Addisonian p e r n i c i o u s  

a n ae m ia ,  any c l a s s i f i c a t i o n  must be based  on th e  r e s p o n s e  

t o  t r e a t m e n t .  For t h i s  r e a s o n  t h e r e f o r e ,  the  anaemias 

who r e s p o n d  s a t i s f a c t o r i l y  to  i r o n  t h e r a p y  a lo n e  have 

been  r e g a r d e d  as  i r o n  d e f i c i e n c y  anaemias th ou g h  i t  i s  

t r u e  some o f  them may be i n  th e  11 t r a n s i t i o n a l "  p h a s e ,  

a phase  which a t  t h i s  s t a g e  i s  r e v e r s i b l e  w i th  i r o n  

t h e r a p y  a l o n e .  The rem a in in g  c a s e s  who only  p a r t i a l l y  

r e s p o n d  to  i r o n  th e ra p y  t h a t  i s  deve lop  a " p l a t e a u " ,  

c o n s t i t u t e  t h e r e f o r e  our  group o f  a t y p i c a l  p e r n i c i o u s  

anaemia o f  p re g n a n c y .

C o n s id e r in g  th e  i r o n  d e f i c i e n c y  anaemias f i r s t  

i t  i s  obv ious  from the  low mean c e l l  volume, c o r p u s c u l a r  

haem oglobin  c o n c e n t r a t i o n  and c e l l  d i a m e te r  t h a t  the  

i r o n  d e f i c i e n c y  i s  marked i n  t h e s e  se v e re  anaem ias .

E l l i o t  (1944) r e p o r t e d  haemoglobin r e a d i n g s  as  low as
3

28 p e r  c e n t  and mean c e l l  volumes o f  5 8  p  • 7/e have

found e q u a l l y  l o w  r e s u l t s .  I t  i s  common f o r  th e  i n i t i a l  

mean c e l l  d i a m e t e r  to  e s t i m a t e  somewhere between 6 . 2  and

6 . 7  p ,  b u t ,  u n l i k e  E l l i o t t ’ s c a s e s  and th o se  o f  Boycott  

( 1 9 3 6 )  the  o r i g i n a l  b lood f i lm  i n  our u n t r e a t e d  p a t i e n t s
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d i d  n o t  show much a n i s o c y t o s i s , t h e  main f e a t u r e s  be in g  

th e  marked d e g re e  o f  m i c r o c y t o s i s  and r i n g  s t a i n i n g  

( p l a t e s  I I I  and I V ) .  Stevenson (1936) r e p o r t e d  s i m i l a r  

r e s u l t s .  V a r io u s  a u th o r s  have su g g e s te d  v a r i o u s  s t a n d a r d s  

of  n o r m a l i t y  f o r  t h e  r e d  c e l l  count  d u r in g  p reg n a n cy .  

Dieckmann and v/egner 1936 found th e  a ve rag e  f i g u r e  t o  be 

3 .3 6  m i l l i o n s ;  E l l i o t t ' s  (1944) f i g u r e  o f  3 .2  i s  c lo s e  to  

t h i s ,  b u t  B e t h e l l  (1936) sugges ted  3 .7  m i l l i o n s .  Meyer- 

Weddell  (1943) i n v e s t i g a t i n g  anaemias found t h a t  the  red  

c e l l  c o u n t  was d im in ish e d  on ly  i n  c a se s  o f  p e r n i c i o u s  

anaemia o f  p regnancy  and v i ta m in  C d e f i c i e n c y .  I n  th e  

p r e s e n t  s e r i e s  o f  i r o n  d e f i c i e n c y  a n a e m ia s ,  t h e  average  

r e d  b lood  coun t  was 3 .49  m i l l i o n s  w i th  v a r i a t i o n s  

be tween 4 . 5  and 2 .9 9  m i l l i o n s .  From t h i s  i t  can be seen 

t h a t  t h e  r e d  c e l l  count  i s  n o t  a r e l i a b l e  guide to  

d i a g n o s i s  e i t h e r  o f  anaemia i n  g e n e r a l  o r  o f  p a r t i c u l a r  

t y p e s  o f  anaemia o f  p regnancy .

The changes  i n  r e sp o n se  t o  i r o n  t h e r a p y  were i n  

t h e  r e v e r s e  o r d e r  o f  th o se  which Schwartz and Flowers  

(1946) d e m o n s t ra te d  i n  t h e  development o f  anaem ia .  The 

f i r s t  change n o ted  was a r i s e  i n  haem oglob in ,  th e  

a v e rag e  i n c r e a s e  d u r in g  th e  f i r s t  month be in g  1 0  pe r  

c e n t  S a h l i  i n  o u t - p a t i e n t s  end 13 p e r  c e n t  S a h l i  i n  

i n - p a t i e n t s .  At t h e  same t i m e ,  the  r ed  blood c e l l  count  

r o s e  and t h e r e  was an i n c r e a s e  i n  the  mean c e l l  volume
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and mean c e l l  d i a m e t e r .  L i t t l e  chan g e ,  however ,  was 

n o t e d  i n  t h e  mean c o r p u s c u l a r  haemoglobin  c o n c e n t r a t i o n  

and o n ly  i n  r a r e  c a se s  d id  i t  a pp roach  norm al  b e f o r e  

d e l i v e r y .  The b lood f i l m  a l s o  showed t y p i c a l  c h an ges .  

With  th e  commencement o f  t h e r a p y  a n i s o c y t o s i s  became 

marked and l a r g e  po lychrom as ic  c e l l s  were f a i r l y  f r e q u e n t .  

The r i s e  i n  haemoglobin  as  a r e s u l t  o f  i r o n  th e ra p y  i s  

sm a l l  i n  t h e s e  c a s e s  however, v^hen compared w i th  th e  

r e s p o n s e  t o  i r o n  th e ra p y  observed  i n  p o s t - h a e m o r r h a g ic  

anaem ias  o f  pregnancy i . e .  i n  c a se s  o f  p o s t -p a r tu rn  

h a em o rrh ag e ,  in co m p le te  a b o r t i o n  e t c .  A sm al l  s e r i e s  o f  

t h e s e  p o s t - h a e m o r r h a g i c  anaem ias ,  twenty  f i v e  i n  number 

were f o l l o w e d .  They showed an ave rage  r i s e  i n  haemoglobin 

o f  10 p e r  c e n t  S a h l i  p e r  week and t h i s  appea red  to  be 

in d e p e n d e n t  o f  whether  th e  p a t i e n t s  were g iv e n  i r o n  a lon e  

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

S tevenson  (1 95 6 ) .  Examinat ion  o f  t h e i r  marrows showed 

a c o m p le te ly  n o r m o b la s t i c  p i c t u r e  when anaemia had n o t  

a n t e - d a t e d  th e  haem orrhage .  F u r t h e r  work i n  t h i s  l a t t e r  

group i s  n e c e s s a r y ,  bu t  the  r e s u l t s  so f a r  show t h a t  

e i t h e r  th e  a b s o r p t i o n ,  m o b i l i z a t i o n  and u t i l i z a t i o n  o f  

i r o n  d u r in g  pregnancy i s  slow o r  t h a t  p a r t  o f  t h e  i r o n  

i s  b e in g  d e v i a t e d  to  th e  f o e t u s .  F u r t h e r  work h e re  i s  

i n d i c a t e d  t o  d e te rm in e  which f a c t o r  i s  t h e  more 

i m p o r t a n t .



I n  t h e  p r e s e n t  s u r v e y ,  where most  o f  t h e  work was 

c o n c e n t r a t e d  on t h e  p a t i e n t s  who f a i l e d  t o  r e s p o n d  to  

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

ty p e  o f  h a em o p o ie s i s  i n  th e  p a t i e n t s  who improved 

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

i n v e s t i g a t e d .  A l a r g e  s e r i e s  o f  marrow e x am in a t io n s  

would he r e q u i r e d  b e f o r e  t h i s  could  be e s t a b l i s h e d ,  i t  

i s  s i g n i f i c a n t ,  how ever ,  t h a t  i n  p a t i e n t s  who responded  

t o  i r o n  t h e r a p y  i n  h o s p i t a l ,  th e  marrow c o n ta in e d  l a r g e  

numbers o f  m e g a l o b l a s t s  as w e l l  as  n o r m o b la s t s .  The 

p e r c e n t a g e  of  t h e  l a t t e r  type  o f  c e l l ,  however ,  was s t i l l  

h i g h  -  u s u a l l y  above 30 per  c e n t .  T h is  l a t t e r  f i n d i n g  

would a p p e a r  to  be the  d e te r m in in g  f a c t o r  i n  th e  re s p o n se  

t o  i r o n  t h e r a p y .  I t  p o s s i b l y  could be t a k e n  r s  an 

i n d i c a t i o n  o f  t h e  marrow a c t i v i t y  i . e .  a s e v e re  anaemia 

o f  p regnancy  w i l l  r e s p o n d  to  i r o n  d e s p i t e  the  p re s e n c e  

o f  m e g a l o b l a s t s  i n  t h e  bone marrow, o t h e r  c o n d i t i o n s  

such a s  bed r e s t ,  good n u r s i n g  e t c .  b e in g  a v a i l a b l e .  I t  

i s  n o t  p o s s i b l e  t o  supp ly  the  l a t t e r  c o n d i t i o n s  i n  many 

working c l a s s  homes and t h i s  may e x p l a i n  th e  l a c k  o f  

r e s p o n s e  i n  o u t - p a t i e n t s ,  who u l t i m a t e l y  improved a f t e r  

a d m is s io n  to  h o s p i t a l .

F i n a l l y ,  i n  c o n s i d e r i n g  the  i r o n  d e f i c i e n c y  

anaemias  i t  must be s t a t e d  t h a t  d e s p i t e  t h e  a p p a r e n t  

s p e c i f i c i t y  o f  i r o n  th e ra p y  ip  one p a t i e n t ,  who had a
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n o r m o b l a s t i c  bone marrow XP.late V) no s a t i s f a c t o r y  

improvement  was o b ta in e d  w i th  i r o n  t h e r a p y ,  when she was 

t r e a t e d  a s  an o u t - p a t i e n t  a l t h o u g h  i t  was d e f i n i t e l y  

a s c e r t a i n e d  t h a t  she had been t a k in g  h e r  t o n i c .  Im prove

ment on a d m is s io n  t o  h o s p i t a l  was im m ed ia te ,  no a d d i t i o n a l  

t h e r a p y  a p a r t  from th e  i r o n  b e in g  g iv e n .  I t  has  been 

s u g g e s t e d  t h a t  th e  s o c i a l  c o n d i t i o n s  i n  t h i s  c a se  were a t  

f a u l t .  For  exam ple ,  the  p a t i e n t  was i n  a very bad n e rvous  

s t a t e .  When she f i r s t  a t t e n d e d  c l i n i c  she cou ld  no t  

c o n t r o l  t h e  t r e m o r  o f  h e r  l imbs a t  r e s t  and she s t a t e d  

she c o u ld  n o t  s l e e p  a t  n i g h t .  As a r e s u l t  o f  t r e a tm e n t  

i n  h o s p i t a l ,  t h e s e  symptoms com ple te ly  d i s a p p e a r e d  and 

h e r  c l i n i c a l  c o n d i t i o n  improved c o n s i d e r a b l y ,  as d id  h e r  

b l o o d •

Of a l l  t h e  p a t i e n t s  w i th  se v e re  anaemia showing 

a m i c r o c y t i c  hypochromic blood p i c t u r e  i n  p reg n an cy ,  i t  

has  b een  shown t h a t  15 p e r  c e n t  w i l l  n o t  respond  to  i r o n  

t h e r a p y  even a f t e r  adm iss ion  to  h o s p i t a l .  The a d d i t i o n  

o f  a c id  h y d r o c h l o r  d i l .  to  the  i r o n  th e ra p y  a l s o  f a i l e d  

to  produce  any improvement i n  th e s e  p a t i e n t s  c o n t r a r y  to  

th e  f i n d i n g s  o f  K e l log  (1936) Schu l tz  (1940) Hahn (1937, 

1945) and Car tv / r i g h t  (1947) .  The b lood p i c t u r e  i n  th e s e  

p a t i e n t s  h a s  been  shown to  be i n d i s t i n g u i s h a b l e  from t h a t  

o f  t h e  i r o n  d e f i c i e n c y  anaemias who do respond ( P l a t e  V I ) ,  

t h e  o n ly  d i f f e r e n t i a t i n g  f e a t u r e s  be ing  found i n  t h e  bone



marrow# I t  has  been shown t h a t  m e g a lo b l a s t s  a r e  found i n  

t h e  marrow o f  p a t i e n t s  who, a c c o rd in g  to  t h e i r  r e s p o n s e  to  

t r e a t m e n t  a r e  o b v io u s ly  c a se s  o f  i r o n  d e f i c i e n c y  anaem ia .  

The m e g a l o b l a s t s  t h e r e f o r e  c ease  to  be d i a g n o s t i c  o f  

p e r n i c i o u s  anaemia o f  p regnancy ,  and ,  c o n t r a r y  to  what 

m igh t  be e x p e c te d  the  p e rc e n ta g e  o f  m e g a lo b l a s t s  was 

found  t o  be l e s s  i n  the  a t y p i c a l  c a se s  o f  p e r n i c i o u s  

anaemia  o f  p regnancy  th an  i n  s e v e re  c a se s  o f  i r o n  

d e f i c i e n c y  an aem ia .  What seemed to  be more im p o r ta n t  

was t h e  low p e rc e n ta g e  of  c e l l s  o f  t h e  n o rm ob la s t  s e r i e s  

o b se rv e d  i n i t i a l l y .  There t h e r e f o r e  appeared  to  be a 

h y p o p l a s i a  o f  a l l  t h e  red  c e l l  s e r i e s ,  whe ther  m e g a l o b l a s t i c  

o r  n o r m o b l a s t i c .  With t r e a tm e n t  on i r o n  a lo ne  the  former 

i n c r e a s e d  and t h e  l a t t e r  decreased  whereas i n  th e  " i r o n  

d e f i c i e n c y  anaemias" the  r e v e r s e  was t r u e .  Also t h e  

r e t i c u l a t e d  c e l l s  d i sa p p ea red  from th e  marrow i n  the  

r e s i s t a n t  c a s e s .  In  o t h e r  words ,  d e s p i t e  th e  p a r t i a l  

improvement i n  t h e  b lood towards i t s  " p l a t e a u "  l e v e l  

a s  a r e s u l t  o f  i r o n  th e rapy  ( P l a t e  V I I ) ,  th e  marrow 

p i c t u r e  had become more abnorm al ,  showing l e s s  a c t i v i t y  

o f  t h e  n o rm o b la s t  s e r i e s  as compared w i th  t h e  m e g a lo b la s t  

s e r i e s .

The c l i n i c a l  f e a t u r e s  i n  t h e s e  c a s e s  o f  a t y p i c a l  

p e r n i c i o u s  anaemia o f  pregnancy a re  very  v a r i a b l e ,  and 

t h e  d i a g n o s i s  can only  be confirmed by s t e r n a l  p u n c t u r e .



I n  th e  p r e s e n t  survey t h r e e  main c l i n i c a l  g roups  were 

d e f i n e d ,  a l l  o f  whom p r e s e n t e d  the same marrow p i c t u r e  

and a l l  o f  whom responded i n  a l i k e  manner to  t r e a t m e n t .  

The f i r s t  group complained o f  symptoms o f  anaemia and 

c l i n i c a l l y  were i n d i s t i n g u i s h a b l e  from c a s e s  o f  s e v e re  

i r o n  d e f i c i e n c y  anaemia .  The second group showed s ig n s  

o f  a p p a r e n t  to x a e m ia ,  namely h y p e r t e n s i o n  and oedema, 

b u t  a lb u m i n u r i a  was a b s e n t  o r  only  s l i g h t .  Of tw e lve  

c a s e s ,  f i v e  were i n v e s t i g a t e d  th o ro u g h ly  and ,  though th e  

p e r i p h e r a l  b lo o d  p i c t u r e  was m i c r o c y t i c  and hypochromic 

i n  ev e ry  c a s e ,  a d i a g n o s i s  o f  a t y p i c a l  p e r n i c i o u s  anaemia 

o f  p regnancy  was made on the  s t r e n g t h  of  th e  i n i t i a l  

marrow sm ear .  One o f  t h e s e  p a t i e n t s  was put  on i r o n  

t h e r a p y  a lon e  and th e  f a c t  t h a t  sh e ,  t o o ,  on ly  p a r t i a l l y  

improved gave su p p o r t  to  our o r i g i n a l  d i a g n o s i s .  A 

t h i r d  g r o u p ,  f i v e  i n  number, complr ined  o f  symptoms of  

an aem ia ,  bu t  i n  a d d i t i o n  a s u b - c l i n i c a l  j a u n d ic e  was 

p r e s e n t .  H e re ,  t o o ,  a d i r  gnosis  o f  a t y p i c a l  p e r n i c i o u s  

anaemia o f  pregnancy  was made as  a r e s u l t  o f  th e  i n i t i a l  

marrow sm ear ,  and ,  a s  has been shown, a l l  f i v e  developed 

a " p l a t e a u "  i n  b lood l e v e l s  beyond which they  d id  n o t

improve on i r o n  a lo n e .

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

m en t ioned  above and o t h e r s  i n  whom the e l l e c t  o f  v a r i o u s  

t r e a t m e n t s  was t r i e d ,  a d iag n o s is  o f  a t y p i c a l  p e r n i c i o u s



anaemia  o f  p regnancy  h a s  been confi rm ed by s t e r n a l  

p u n c t u r e  i n  t w e n ty - f o u r  c a s e s ,  and a s i m i l a r  d i a g n o s i s  

i s  s u g g e s t e d  i n  a n o th e r  t h r e e  as  a r e s u l t  o f  t h e r a p e u t i c  

t e s t s .  Hence i t  would appea r  t h a t ,  i n c l u d i n g  th e  c a se s  

o f  "anaem ia  and toxaemia" and "anaemia and jau n d ice "  

t h i s  c o n d i t i o n  was more common than  was o r i g i n a l l y  

e x p e c t e d .  Since th e  c l i n i c a l  p r e s e n t a t i o n  v a r i e d  so 

c o n s i d e r a b l y  i n  each  group ,  however,  d e s p i t e  the 

s i m i l a r i t y  n o t e d  i n  the  marrow sm ears ,  a comparison  

o f  th e  v a r i o u s  haem ato log ico  1 f i n d i n g s  i n  each  group 

was n e c e s s a r y  to  d e te r m in e ,  i f  p o s s i b l e ,  w here in  th e  

d i f f e r e n c e  l a y .

E xam ina t ion  o f  th e  p e r i p h e r a l  b lood  p i c t u r e  

r e v e a l e d  l i t t l e  d i f f e r e n c e  between t h e s e  groups though 

t h e  c a s e s  o f  toxaem ia  and anaemia in  whom th e  d i a g n o s i s  

o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy v/as confi rm ed 

by s t e r n a l  p u n c tu r e  d id  have a lower haemoglobin e t c . ,  

t h a n  t h e  r e m a in in g  case s  i n  t h i s  g ro u p .  However, as 

t h e s e  c a s e s  were only  n o t i f i e d  because  th e  anaemia was 

s e v e r e ,  t h e  o t h e r s  i n  the  group hav ing  been d iagnosed  as  

p r e - e c l a m p t i c  toxaemias  and t r e a t e d  a c c o r d i n g l y , th e  blood 

l e v e l s  o f  t h e  f i v e  p a t i e n t s  i n v e s t i g a t e d  cannot  be taken  

a s  i n d i c a t i v e  o f  t h i s  group as  a whole .  G e r t a i n l y ,  

however ,  i t  can be s a i d  o f  th e s e  c a se s  o f  anaemia and 

to x a e m ia ,  t h a t  when t h e  toxaemia i s  g ro ss  and symptoms



r e l a t i v e  t o  anaemia a r e  p r e s e n t  i n  a d d i t i o n  to  t h o s e  

c o n s i d e r e d  11 t y p i c a l "  o f  to x ae m ia ,  th e  anaemia i n  t h e s e  

c a s e s  i s  l i k e l y  to  he very  s e v e r e .  With t h i s  e x c e p t io n  

th e  b lo o d  l e v e l s  were s u b s t a n t i a l l y  the  same i n  a l l  

g r o u p s .  A l l  were o r i g i n a l l y  m i c r o c y t i c  and hypochromic 

i n  e ach  group and as  a r e s u l t  o f  i r o n  t h e r a p y  tended  to  

become m a c r o c y t i c .  Two c a s e s  i n  th e  group o f  j a u n d ic e  

and anaemia d id  develop  a d e f i n i t e  m a c r o c y t i c  anaemia 

i n  t h e  pue rp e r iu m  and were g iven  f o l i c  a c i d .  Hence i t  

would a p p e a r  t h a t ,  i n  t h i s  g ro u p ,  t h e r e  i s  a g r e a t e r  

t en dency  f o r  a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy  

to  become " t y p i c a l "  a s  a r e s u l t  o f  i r o n  t h e r a p y .

I n i t i a l l y ,  t h e r e f o r e ,  no d i s t i n c t i o n  cou ld  be made 

be tw een  t h e s e  groups on th e  grounds o f  s e v e r i t y  o f  t h e  

anaemia  o r  p e r i p h e r a l  c e l l u l a r  chang es .  There was,  

however ,  a d i f f e r e n c e  i n  the  plasma p r o t e i n  l e v e l  o f  

t h e  " toxaemic"  p a t i e n t s ,  when compared w i th  i n d i v i d u a l s  

o f  t h e  o t h e r  g r o u p s .  Although th e  plasma p r o t e i n s  

d im in i s h e d  i n  t h e  o t h e r  groups as  a r e s u l t  o f  i r o n  t h e r a p y  

th e  a v e ra g e  n e v e r  f e l l  below 5 .0  grrms p e r  c e n t  which was 

t h e  i n i t i a l  av e rag e  fo r  th e  toxaemic group.  Trea tm ent  

w i t h  i r o n  t h e r a p y  a lo ne  i n  th e  l a t t e r  group a l s o  caused 

a f a l l  i n  p lasma p r o t e i n s  to  4 .3  g .  p e r  c e n t .  The lowest  

p lasm a p r o t e i n  r e c o r d e d  i n  the  whole survey  was i n  t h i s  

group and v/as n o t e d  i n  a p a t i e n t  on a d m is s io n ,  namely



3 .45  g .  p e r  c e n t .  Thus i t  would ap p ea r  t h a t  the  c a s e s  

o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy  s i m u l a t i n g  

toxaemia  have  an e x c e p t i o n a l l y  low plasma p r o t e i n  

e s t i m a t i o n  i n  comparison  w i th  the  o t h e r  g ro u p s .

The on ly  o t h e r  d i s t i n g u i s h i n g  change n o ted  i n  t h e  

p e r i p h e r a l  b lo o d  was the  o c c u r re n c e  o f  j a u n d ic e  i n  the  

t h i r d  group o f  p a t i e n t s .  I t  may be remembered t h a t  

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

anaemia  o f  pregnancy  i n  Group A ( th e  anaem ias)  w i th  i r o n ,  

t h e  u r i n e ,  which i n i t i a l l y  d id  n o t  c o n t a i n  any u r o b i l i 

n o g e n ,  became s t r o n g l y  p o s i t i v e  a s  th e  haemoglobin  

a pp ro ach ed  t h e  " p l a t e a u "  l e v e l .  This f i n d i n g  would 

a p p e a r  t o  be i n  accordance  w i th  th e  development o f  a 

s u b - c l i n i c a l  j a u n d ic e  i n  the  Group d p a t i e n t s ,  and 

p o s s i b l y  t h e  same p a t h o l o g i c a l  p r o c e s s  i s  a t  work i n  each  

c a s e ,  though  t o  a more marked d eg ree  i n  Group G• Review

in g  th e  f i n d i n g s  o b ta in e d  so f a r  i n  r e l a t i o n  to  th e  

development  o f  t h i s  j a u n d i c e ,  i t  has  a l s o  been shown t h a t  

by w i th d raw in g  l i v e r  t h e ra p y  and g i v in g  i r o n  to  p a t i e n t s  

w i t h  t y p i c a l  p e r n i c i o u s  anaemia o f  p reg n a n cy ,  who had 

r e c e i v e d  l i v e r  bu t  no i r o n  th e r a p y  p r e v i o u s l y ,  th e  

u r i n a r y  u r o b i l i n o g e n  e x c r e t i o n  became s t r o n g l y  p o s i t i v e .  

I n  some way, t h e r e f o r e ,  the  i n c r e a s e d  pigment  e x c r e t i o n  

would a p p e a r  to  be l in k e d  to  a s t a t e  o f  r a p i d  haemoglobin  

f o r m a t io n  i n  a p a t i e n t  i n  whom t h e r e  i s  a l s o  a l a t e n t



d e f i c i e n c y  o f  th e  a n t i - a n a e m i c  l i v e r  p r i n c i p l e ,  as  t h e s e  

f i n d i n g s  were n o t  n o t e d  i n  c a s e s  t r e a t e d  w i th  l i v e r  and 

i r o n  from t h e  o u t s e t .  I n  view o f  th e  r e s p o n s e  t o  c y s t i n e  

o b se rv e d  i n  th e  Group g p a t i e n t s  an u p s e t  i n  l i v e r  

m e ta b o l i sm  i s  su g g e s te d  a s  th e  cause o f  the  a p p a r e n t  

u p s e t  i n  pigment m e tab o l i sm .  However, b e f o r e  t h i s  

c o n c l u s i o n  can be r e a c h e d ,  h aem oly s is  must  be r u l e d  o u t .  

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

o u t  on t h e s e  p a t i e n t s .  Haemolysis  was found to  b e g in  

be tw een  0 . 5  and 0 .4 5  and be complete  a t  0 .35  pe r  c e n t  

sodium c h l o r i d e .  At f i r s t  t h e s e  f i g u r e s  su g g e s te d  t h a t  

a h a e m o ly t i c  p r o c e s s  was o c c u r r i n g  bu t  a s e r i e s  c a r r i e d  

o u t  on tw en ty  normal  p a t i e n t s  a t t e n d i n g  t h e  a n t e n a t a l  

c l i n i c ,  u s i n g  th e  same method,  gave s i m i l a r  r e s u l t s .

These  f i n d i n g s  a r e  i n  accordance  w i th  t h o s e  o f  E l l i o t t  

(1944) who a l s o  r e p o r t e d  a s h i f t  to  the  r i g h t  i n  the  

f r a g i l i t y  o f  t h e  r e d  b lood c e l l s  du r ing  pregnancy  a n d ,  

s i n c e  o u r  e x p e r im e n ts  were c a r r i e d  o u t  on venous b l o o d ,  U(’A 

t h i s  m igh t  e x p l a i n  the  s l i g h t l y  h i g h e r  f i g u r e s  o b t a i n e d ,  

(Whitby and B r i t t o n  1946) .  Attempts were made n e x t  to  

d i s c o v e r  a h aem oly s in  and e x p e r im e n t s ,  s i m i l a r  to  t h o s e  

d e s c r i b e d  f o r  t h e  f i r s t  case  of  h a em o ly t ic  anaem ia ,  were 

made. Ho haem o ly s in  vras found ,  however ,  and th e  Goombs* 

t e s t  was n e g a t i v e .  From t h e s e  r e s u l t s ,  t h e r e f o r e ,  i t  

ap p ea re d  t h a t  th e  i n c r e a s e d  pigment i n  t h e  blood and



u r i n e  was n o t  due to  a h a e m o ly t i c  p r o c e s s .  I f  t h e  

i n c r e a s e d  p lasma b i l i r u b i n  i s  t a k e n  a s  e v id e n c e  o f  an 

u p s e t  i n  l i v e r  m etabo l ism  (Maclagan 1944, H ig g in s  e t  a l  

1944, S h e r lo ck  1945) th en  t h r e e  h y p o th e s e s  a r i s e .  F i r s t l y ,  

t h a t  t h e  a d m i n i s t r a t i o n  o f  i r o n  to  t h e s e  ve ry  s e v e re  

anaem ias  where th e  r e s e r v e  s t o r e s  a re  p ro b ab ly  low, p l a c e s  

e x t r a  demands on the  l i v e r  which a p p e a r s  t o  be mainly  

conce rned  w i t h  th e  m o d i f i c a t i o n ,  th e  s t o r a g e ,  and the  

t r a n s p o r t a t i o n  o f  th e  absorbed  i r o n  t o  t h e  bone marrow 

(Hahn and Whipple 1936, Hahn 1937, Bogniard  and Whipple 

1932 and Hahn e t  a l  1938) .  More r e c e n t  work by 

L a u f b e rg e r  (1937)_, Hahn and Bale  (1941)? L ib e t  and E l l i o t t  

(1944 )j and G-rannick (1942 1946) r e v e a l  the  complex 

mechanism i n v o lv e d  i n  t h i s  p ro c e s s  end Grannick and 

Hahn (1944) have shown th e  speed a t  which t h i s  p ro c e s s  

can a c t .  e . g .  dogs i n j e c t e d  w i th  i r o n  i n t r a v e n o u s l y  were 

s a c r i f i c e d  one hour  l a t e r  and by t h a t  t ime 40 p e r  c e n t  o f  

t h e  t o t a l  i n j e c t e d  i r o n  had been  ta k e n  up by th e  l i v e r ,  

t h e  amounts i n  t h e  sp le e n  b e in g  n e g l i g i b l e .  S im i la r  

f i n d i n g s  were r e p o r t e d  by Gopp and Greenberg (1946) .  I t  

i s  o b v i o u s ,  t h e r e f o r e ,  from th e  above f i n d i n g s  t h a t  e x t r a  

demands a r e  p l a c e d  on t h e  l i v e r  a t  t h i s  t im e .  M i l l e r  and 

Whipple (1940) and Himsworth and Glynn (1944) have shown 

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

i t  i s  accompanied by a h ig h  f a t  i n t a k e  l e a d s  to  f a t t y



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

n e c r o s i s  on t h e  o t h e r  h a n d ,  th e  former b e in g  due to  a 

d e f i c i e n c y  o f  t h e  e s s e n t i a l  amino a c i d  c h o l i n e  (McHenry 

and P a t t e r s o n  1944) and th e  l a t t e r  t o  a d e f i c i e n c y  o f  the  

e s s e n t i a l  amino a c id  c y s t i n e  (Glynn, Himsworth,  and 

Neuberger  194 5 ) .  I f ,  t h e r e f o r e ,  p r o t e i n  i s  d e v i a t e d  to  

some o t h e r  p u r p o s e ,  e . g .  haemoglobin p r o d u c t i o n , t h e n  i t  

i s  p o s s i b l e ,  i n  view o f  t h e  above e x p e r i m e n t s ^ th a t  th e  

f u n c t i o n s  o f  t h e  l i v e r  may be a l t e r e d  mid the  f i r s t  s ign  

o f  t h i s  i n t e r f e r e n c e  may w e l l  be a r i s e  i n  t h e  plasma 

b i l i r u b i n .  That  body p r o t e i n  can be d e p le t e d  to  produce  

h aem oglob in  ha s  been  shown e x p e r i m e n t a l ly  by M i l l e r ,  

Whipple and R o b sc h ie t  - Robbins (1947) .  I n  our p a t i e n t s  

h e r e  a d e f i n i t e  f a l l  i n  the  plasma p r o t e i n  l e v e l s  was 

o b se rv e d  a s  a r e s u l t  o f  g iv in g  i r o n ,  the  f i g u r e  n o te d  

f o r  the  Group u p a t i e n t s  be in g  0 .6  g .  Hence a p r o t e i n  

d e f i c i e n c y  may have e x i s t e d  i n  t h e s e  p a t i e n t s  and may 

have been  r e s p o n s i b l e  f o r  the  development o f  j a u n d i c e .

I t  i s  o b v i o u s ,  however ,  t h a t  i n  th e  above h y p o t h e s i s  we 

have no a c t u a l  p r o o f  t h a t  o r g a n i c  change h a s  o c c u r r e d  in  

t h e  l i v e r  and u n t i l  such a c o n d i t i o n  can be dem o ns t ra ted  

by l i v e r  b io p sy  i t  can only  be t e n t a t i v e l y  sugges ted  

t h a t  an u p s e t  i n  l i v e r  metabol ism i s  the  cause  o f  the  

a p p ea ra n c e  o f  j a u n d i c e  and the  f a i l u r e  o f  th e  anaemia 

t o  improve f u r t h e r •



The second h y p o t h e s i s ,  and one which a p p e a r s  l e s s  

l i k e l y ,  i s  t h a t  due t o  the  i n c r e a s e  i n  th e  haemoglobin  

e t c . ,  a s  a r e s u l t  o f  th e  p a r t i a l  r e s p o n se  to  i r o n  t h e r a p y ,  

a g r e a t e r  amount o f  haemoglobin i s  c i r c u l a t i n g  i n  t h e  

p e r i p h e r a l  b l o o d .  T h e r e fo r e  more haemoglobin  i s  broken  

down d a i l y  and more p igm en t ,  namely,  b i l i r u b i n  i s  

p r o d u c e d .  I f ,  as  b e f o r e ,  the  l i v e r  i s  u n a b le  t o  d e a l  

w i t h  t h i s  i n c r e a s e d  p r o d u c t io n  of b i l i r u b i n ,  t h e n  sub-  

c l i n i c a l  j a u n d i c e  w i l l  a p p e a r .

A t h i r d  p o s s i b i l i t y  i s  t h a t  the  marrow i s  

h y p o p l a s t i c  and u n a b le  to  u t i l i s e  th e  c i r c u l a t i n g  p igm en t .  

S u p p o r t i v e  ev id e n ce  f o r  t h i s  h y p o t h e s i s  i s  g iv en  by t h e  

marrow p i c t u r e  which showed low p e r c e n t a g e s  o f  m e g a lo b l a s t s  

and n o r m o b la s t s  o r i g i n a l l y .  However, i t  was found t h a t  

t h e  m e g a l o b l a s t s  i n c r e a s e d  a f t e r  i r o n  had been  g iven  i . e .  

t h a t  t h e  marrow was p o s s i b l y  more a c t i v e  when th e  j a u n d ic e  

a p p e a r e d .  I n  view o f  t h i s  and a l s o  o f  th e  subsequen t  

r e s u l t s  o b t a i n e d  i n  t h e  t h e r a p e u t i c  t e s t s  w i th  c y s t i n e ,  

t h e  f a u l t  i s  more l i k e l y  to  be i n  the  l i v e r .

I f  a d e f i c i e n c y  o f  an e s s e n t i a l  amino a c i d  i s  t h e  

cause  o f  th e  j a u n d i c e ,  then  the  a d d i t i o n  o f  t h a t  a c id  to  

th e  d i e t  shou ld  cause  th e  j au n d ice  t o  d i s a p p e r r .  Madden 

e t  a l .  (1939) s t r t e d  t h a t  n o t  one amino a c id  i n f l u e n c e s  

haem oglobin  p r o d u c t i o n ,  b u t  from t h e i r  e x p e r im e n t s ,  i t  

ap p ea re d  t h a t  c y s t i n e  n e a r l y  q u a l i f i e d  a s  a "key amino



a c i d 11 i n  th e  p r o d u c t i o n  o f  g l o b i n .  The f o l l o w i n g  y e a r  

M i l l e r  and Whipple (1940) d e m o n s t ra te d  t h e  p r o t e c t i v e  

a c t i o n  o f  m e th io n in e  and showed t h a t  due t o  i t s  m ethy l  

(GHo) and s u l p h y d r i l  (S.H) g ro u p s ,  i t  cou ld  r e p l a c e  

b o th  c h o l i n e  and c y s t i n e .  M eth ion ine  would t h e r e f o r e  

have  been  th e  i d e a l  amino a c i d  to  use  i n  t h e s e  c a s e s .  

U n f o r t u n a t e l y ,  we were unab le  to  o b t a i n  s u f f i c i e n t  

s u p p l i e s .  G y s t i n e ,  on th e  o t h e r  h a n d ,  was a v a i l a b l e  

a n d ,  as  has  been shown by Rose e t  e l .  (1937) and 

B e a t t i e  and M a r s h a l l  (1 9 44 ) ,  one m o lecu le  o f  c y s t i n e  

i n  a m ix t u r e  w i l l  spare  two m o le cu le s  o f  m e th io n in e  

when m e th io n in e  i s  p r e s e n t  i n  minimal  d o s e s .  This  

" m e th io n in e  s p a r i n g  e f f e c t  o f  c y s t i n e "  i s  temporary  

and moreover ,  t h e r e  i s  ev idence  t h a t  an ex cess  o f  

c y s t i n e  may be h a rm fu l  (W it ts  1947) .  Hence the  

r e a s o n  f o r  g i v in g  c y s t i n e  f o r  one week o n l y .

As h a s  a l r e a d y  been shown in  the  f o u r  c a s e s  

who were g iv e n  c y s t i n e ,  the  j a u n d ic e  d i s a p p e a r e d  as a. 

r e s u l t  o f  th e r a p y  and where l a r g e r  doses were g iv e n  

t h e r e  seemed to  be an a c t u a l  ha em o p o ie t ic  r e s p o n s e .  

However, th e  number o f  c a se s  t r e a t e d  so f a r ,  i s  s m a l l ,  

b u t  th e  r e s u l t s  would sugges t  t h a t  an u p se t  i n  l i v e r  

m e tab o l i sm  i s  p o s s i b l y  th e  cause  o f  t h e  j a u n d ic e  and 

th e  f a i l u r e  o f  t h e  anaemia t o  respond to  f u r t h e r  i r o n  

t h e r a p y .  Minor d e g rees  o f  t h i s  o c cu r red  i n  the



a t y p i c a l  p e r n i c i o u s  anaemias  o f  p regnancy  o f  Group A, 

a s  e v id e n c e d  by th e  i n c r e a s e d  e x c r e t i o n  o f  u r o b i l i n o g e n .  

In  view o f  t h i s ,  t h e r e f o r e ,  i t  would be a d v i s a b l e  to  

g iv e  a h i g h  p r o t e i n  d i e t  i n  a d d i t i o n  t o  i r o n  to  t h e s e  

p a t i e n t s .

I t  w i l l  be remembered t h a t  two p a t i e n t s  i n  Group 

G had a l a t e n t  j a u n d ic e  on ad m iss io n  to  h o s p i t a l ,  t h a t  

t h i s  c l e a r e d  up soon a f t e r  adm iss ion  and r e - a p p e a r e d  

when th e  anaemia ceased  to  improve .  I n  a d d i t i o n ,  two 

p a t i e n t s  who were a d m i t te d  j u s t  b e fo r e  term and appea red  

to  b e lo n g  to  t h i s  g roup ,  had en i n i t i a l  j a u n d i c e .  The 

c au se  o f  t h i s  i n i t i a l  j a u n d ic e  i s  s t i l l  o b s c u r e .  I t  

may be due t o  a d i e t r r y  d e f i c i e n c y ,  e . g .  low p r o t e i n  

i n t a k e ,  which i s  p a r t i a l l y  remedied on adm iss ion  to  

h o s p i t a l ,  b u t  r e a p p e a r s  ag a in  a s  d e s c r ib e d  above when 

th e  demands f o r  p r o t e i n  a re  i n c r e a s e d .

A s i m i l a r  e x p la n a t i o n  can a l s o  be g iv en  f o r  th e  

i n i t i a l  j a u n d i c e  n o te d  i n  th e  t h r e e  sev e re  c a s e s  o f  

"anaemia and t o x a e m i a " . Here the  plasma p r o t e i n s  were 

very  low i n i t i a l l y  and a p r o t e i n  d e f i c i e n c y  might  w e l l  

be the  cause  o f  th e  u p se t  i n  th e  l i v e r  metabolism* One 

o f  t h e s e  p a t i e n t s  wag d e l i v e r e d  two weeks a f t e r  a d m is s io n ,  

t h e  second wag g iven  a p r o t e i n  h y d r o l y s a t e  i n  a d d i t i o n  t o  

i r o n ,  v/hile  th e  t h i r d  was given l i v e r  Im m edia te ly  t h e  

haemoglobin  s to p ped  improving* I t  has  t h e r e f o r e  been
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i m p o s s i b l e  t o  s a y ,  as. y e t ,  whether  j a u n d ice  would 

u l t i m a t e l y  have developed  i n  t h e s e  very  sev e re  anaemias 

s i m u l a t i n g  toxaemia,.  I n ' v i e w  o f  th e  low plasma p r o t e i n s  

i t  i s  p r o b a b l e  t h a t  such would have o c c u r re d  had th e s e  

p a t i e n t s  been  l e f t  s u f f i c i e n t l y  long on i r o n  a l o n e .

Having d i s c u s s e d  th e  v a r i a t i o n s  i n  the  p e r i p h e r a l  

b lo o d  n o t e d  i n  t h e  t h r e e  groups  o f  " a t y p i c a l  p e r n i c i o u s  

anaem ias  o f  pregnancy" , the  minor d e t a i l s  no ted  i n  the 

bone marrow must now be c o n s i d e r e d .  I t  must be 

remembered ,  however ,  t h a t  the  marrow p i c t u r e s  were very 

s i m i l a r  i n  a l l  g r o u p s .

I t  h a s  a l r e a d y  been mentioned t h a t  a d i f f e r e n t i a l  

count  o f  t h e  i n i t i a l  marrow smears o f  th e  t h r e e  sev e re  

anaemias  s i m u l a t i n g  toxaemia  was made d i f f i c u l t  by the  

number o f  "smear  c e l l s "  which were p r e s e n t  ( P l a t e  vap .  
These c e l l s ,  which were more f r e q u e n t  i n  th e  two 

, u n t r e a t e d  t y p i c a l  c a s e s  o f  p e r n i c i o u s  anaemia o f  p regnancy ,  

had a l a r g e  f i n e / r e t i e u l a t e d  n u c l e u s ,  w i th  t h r e e  o r  fo u r  

n u c l e o l i .  U s u a l ly  th e  n u c l e i  were seen  w i th o u t  any 

su r r o u n d in g  cy top lasm  hence the  name smear c e l l s ,  bu t  

c a r e f u l  s e a r c h i n g  o f  th e  f i e l d s  r e v e a l e d  t h a t  where the  

cy top lasm  was a t t a c h e d  i t  was c l e a r  b l u e ,  deepe r  i n  

co l o u r  th an  th e  cy t  op la  sm o f  t  he prome galob l a s t , bu t  no t  

as  d a rk  as  t h a t  o f  t h e  p r o - e r y t h r o b l a  s t . '.Then th e  marrow 

was s t a i n e d  w i t h  c r e s y l  b lu e  th e n  c o u n te r  - s t e i n e d ,  t h e
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c h ro m a t i c  n e tw o rk  o f  th e  n u c l e i  became ve ry  d i s t i n c t  and 

th e  n u c l e o l i  s t a i n e d  a c l e a r  sk y - b lu e  c o lo u r  ( P l a t e  IX ) .  

From t h e i r  s t r u c t u r e  t h e s e  c e l l s  ap p ea red  to  be r e d  c e l l  

p r e c u r s o r s .  However, t h i s  was n o t  d e f i n i t e  and p o s s i b l y  

t h ey  a re  s i m i l a r  to  th e  c e l l s  d e s c r ib e d  by Rohr (1940) 

as  " l a r g e  p r o l i f e r a t e d  r e t i c u l u m  c e l l s "  and by d a l l e n d e r  

(1944) r s  "haemocytoblr  s t s "  . 7/hat ever  t h e i r  n o m e n c la tu r e ,  

th ey  were o b v io u s ly  p r i m i t i v e  c e l l s .  They were p r e s e n t  

i n  th e  marrow smears o r  a l l  anaemias examined,  bu t  

o c c u r r e d  most f r e q u e n t l y  i n  Group B p a t i e n t s ,  whose 

c o n d i t i o n  s im u la t e d  to x ae m ia ,  and i n  t y p i c a l  c a s e s  o f  

p e r n i c i o u s  anaemia o f  p re g n a n cy ,  e s p e c i a l l y  th e  l a t t e r .

In  t h i s  r e s p e c t  t h e r e f o r e  t h e  marrow i n  Group B p a t i e n t s  

b o re  a g r e a t e r  resem blance  to  t y p i c a l  p e r n i c i o u s  anaemia 

o f  p regnancy  th a n  d id  Group A and u*

Numerous f a t  sp aces  were found i n  t h e  marrow 

smear o f  one o f  t h e  Group B p a t i e n t s ,  b u t  t h i s  was n o t  a 

marked f e a t u r e  i n  o t h e r  p a t i e n t s  o f  t h i s  Group or  i n  

t y p i c a l  c a s e s  o f  p e r n i c i o u s  anaemia o f  p reg n a n cy .  I t  i s  

i n t e r e s t i n g  t o  n o t e ,  however , t h a t  t h i s  p a t i e n t  had very 

low plasma r r o t e i n s  and ,  t h a t  a f t e r  t r e a tm e n t  w i th  

c a s h y d r o l  and i r o n  f o r  f i v e  weeks, a second marrow smear 

showed no f a t  spaces  wha tsoever  ( P l a t e s  X and jflT) .

U n f o r t u n a t e l y  only a l i m i t e d  comparison  o f  t h i s  
group a f t e r  t r e a t m e n t  w i th  t y p i c a l  p e r n i c i o u s  anaemias



o f  p regnancy  i s  p o s s i b l e .  Those p a t i e n t s  t r e a t e d  w i th  

i r o n  a lo n e  were n o t  r e -e x am in ed  u n t i l  t h e  pue rpe r ium  and 

t h e  r e m a in in g  p a t i e n t s  were g iven  s p e c i f i c  a n t i - p e r n i c i o u s  

t h e r a p y  which r a d i c a l l y  a l t e r e d  t h e i r  marrow p i c t u r e .

With r e g a r d  t o  i r o n  th e ra p y  only  the  marrow p i c t u r e  o f  

t h e  p a t i e n t s  i n  Group A and G can be c o n s i d e r e d .  I t  has  

been  shown t h a t  t h e  i n i t i a l  marrow p i c t u r e  i n  Groups A,

B, and G was s u b s t a n t i a l l y  the  same, w i th  th e  e x c e p t io n  

o f  t h e  11 smear" c e l l s  n o ted  i n  Group B above .  The 

megalob l a s t s  and n o rm o b la s t s  were p r e s e n t  i n  r e l a t i v e l y  

sm a l l  numbers - a p p ro x im a te ly  2 pe r  c e n t  and 20 pe r  

c e n t  r e s p e c t i v e l y .  A second marrow e x am in a t io n  i n  Groups 

A and G a f t e r  i r o n  t h e r a p y ,  showed s t r i k i n g  changes w i th  

a ten d e n cy  to  a p p ro a ch  th e  marrow p i c t u r e  o f  t y p i c a l  

p e r n i c i o u s  anaem ia .  M e g a lo b la s t s  had i n c r e a s e d  and more 

m atu re  forms showing e a r l y  haemoel o b i n i s a t i o n  were 

p r e s e n t ,  i n s t e a d  o f  the  p r o m e g a lo b la s t s  and e a r l y  

b a s o p h i l i c  t y p e s  o f  t h e  f i r s t  marrow smear .  I n  o t h e r  

words i r o n  t h e r a p y  appeared  to  i n c r e a s e  the  m a t u r a t i o n  

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

m o rp h o g e n e s i s .  These changes  were more marked i n  Group 

G where th e  p e r c e n t a g e  of  m e g a lo b la s t s  was h i g h e r ,  and 

th u s  t h e  marrow i n  th e s e  c a se s  o f  anaemia w i th  sub -  

c l i n i c a l  j a u n d ic e  e v e n t u a l l y  bore  a g r e a t e r  resem blance  

to  t h a t  o f  t y p i c a l  p e r n i c i o u s  anaemia t h a n  d id  t h e  o t h e r



PLATE X l l .  x 8 JO..

P a r l y  m e g a l o b l a s t  and p r o n o r m o b l a s t

from a d i m o r n h i c  marrow.
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P a r l y  m e g a l o b l a s t  and p r o n o r m o b l a s t

from a d i m o r n h i c  marrow.



g r o u p s .  Smear c e l l s ,  however ,  were n o t  so p l e n t i f u l .  

The a p p e a ra n c e s  were s i m i l a r  t o  t h o s e  d e s c r i b e d  by 

D a v id so n ,  Davis and In n es  (1942a) as  a ,!d im orph ic  

marrow'1 ( F l a t e  X I I ) .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a s  th e  marrow o f  

t h e  p a t i e n t s  w i th  j a u n d ic e  and anaemia tended  to  become

more t y p i c a l  o f  t h a t  shown by p e r n i c i o u s  anaemia of

p regnancy  as  a r e s u l t  o f  i r o n  t h e r a p y ,  so a s i m i l a r  

t en dency  f o r  th e  blood p i c t u r e  to  become more m a c ro c y t i c  

was o b se rv ed  i n  t h i s  g ro u p .  I t  may be t h a t ,  i n  view o f

what h a s  been  s a i d  p r e v i o u s l y  i n  r e l a t i o n  to  the

development  o f  j a u n d i c e ,  th e  p o s s i b l e  u p se t  i n  l i v e r  

f u n c t i o n  i n  t h i s  group i s  r e s p o n s i b l e  f o r  t h i s  tendency  

t o  d ev e lo p  i n t o  a t y p i c a l  p e r n i c i o u s  anaemia o f  

p re g n a n c y .

So f a r  on ly  the  changes i n  t h e  m e g a lo b l a s t s  as  

a r e s u l t  o f  i r o n  th e ra p y  have been n o t e d .  Ghanges a l s o  

o c c u r r e d  i n  t h e  n o r m o b la s t i c  s e r i e s  i n  which t h e  

p e r c e n t a g e  o f  c e l l s  f e l l  and th e  cy top lasm  o f  the  more 

m ature  c e l l s  became l e s s  b a s o p h i l i c ,  due to  th e  

r e c t i f i c a t i o n  o f  th e  i r o n  d e f i c i e n c y  and u l t i m a t e  

i n c r e a s e  i n  a v a i l a b l e  haemoglobin .  No s i g n i f i c a n t  

change was o b se rv ed  i n  th e  w hi te  c e l l s .  A few g i a n t  

forms were seen  w i t h  i r r e g u l a r l y  shaped n u c l e i ,  b u t  

o t h e r w i s e  no a b n o rm a l i ty  was s e e n .



Prom t h e  f o r e g o i n g  survey o f  th e  b lo o d  and marrow 

i n  a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy  i t  i s  p o s s i b l e  

to  s u g g e s t  r e a s o n s  why th e  c l i n i c a l  p r e s e n t a t i o n  o f  t h i s  

anaemia i s  so v a r i e d .  I t  w i l l  be remembered t h a t  the  

su rv e y  c a r r i e d  o u t  d u r in g  1 94 6 ( S e c t i o n  I  c h a r t  3 i )  

r e v e a l e d  a group o f  14 se v e re  anaemias w i th  symptoms 

r e l a t i n g  to  t h e  g a s t r o - i n t e s t i n a l  t r a c t ,  who o n l y '  

p a r t i a l l y  r e sponded  to  i r o n  t h e r r p y  and developed  a 

" p l a t e a u  curve" s i m i l a r  to  t h a t  o f  the  p r e s e n t  c a s e s .

I n  th e  c l i n i c a l  s e c t i o n  i t  has  been shown t h a t  g a s t r o 

i n t e s t i n a l  u p s e t  was a f r e q u e n t  c o m pla in t  i n  c a s e s  o f  

a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy and a g a s t r i c  

a n a l y s i s  c a r r i e d  o u t  on t e n  p a t i e n t s  i n  t h i s  group 

r e v e a l e d  t h a t  a c h l o r h y d r i a  o c c u r re d  i n  s ix  ( i n  one 

i n s t a n c e  i t  was n o t  h i s t a m in e  f a s t ) ,  h y p o c h lo r h y d r i a  

o c c u r r e d  i n  t h r e e  and only  one p a t i e n t  had a normal  

g a s t r i c  a c i d i t y .  From t h e s e  f i n d i n g s  t h e r e f o r e  i t  i s  

p o s s i b l e  t h a t  a d im in i sh e d  d i e t a r y  i n t a k e ,  a d im in i sh e d  

a b s o r p t i o n  o f  the  n e c e s s a r y  f o o d s ,  coupled  w i th  i n c r e a s e d  

f o e t a l  demands a r e  th e  im p o r ta n t  a e t i o l o g i c a l  f p c t o r s  i n  

t h i s  a n aem ia .  These f a c t o r s  msy lead  t o  v r r i o u s  

d e f i c i e n c i e s  and t h e  c l i n i c a l  f e a t u r e s  w i l l  depend on 

which d e f i c i e n c y  i s  most marked. Thus i r o n  d e f i c i e n c y  

was i n i t i a l l y  the  most marked f e a t u r e  i n  a l l  t h e  c a se s  

o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy and t h i s  was



seen  i n  t h e  "blood and i n  t h e  bone marrow. Second ly ,  

where t h e r e  was a g e n e r a l  p r o t e i n  d e f i c i e n c y ,  t h e  plasma 

p r o t e i n s  were lo w e r ,  oedema d e v e lo p e d ,  t h e  s y s t o l i c  b lood 

p r e s s u r e  r o s e  and a p i c t u r e  very  s i m i l a r  to  p r e - e c l a m p t i c  

to x ae m ia  was p r e s e n t e d .  T h i r d l y ,  i t  has  been su g g e s te d  

t h a t  when a d e f i c i e n c y  of  an e s s e n t i a l  amino a c id  o c c u r r e d  

o r  an u n b a la n ce d  d i e t  r e n d e r s  an i n c r e a s e  i n  t h a t  amino 

a c i d  e s s e n t i a l ,  an u p se t  in  l i v e r  m etabol ism  may ensue  

and t h e  p a t i e n t  may deve lop  a s u b - c l i n i c a l  j a u n d i c e .

U n l ik e  the  c a s e s  o f  o r d i n a r y  i r o n  d e f i c i e n c y ,  

anaemia  w i t h  m e g a l o b l a s t s  i n  t h e i r  bone marrow, t h i s  

anaemia  i s  n o t  r e v e r s i b l e  w i th  i r o n  t h e r a p y .  I t  w i l l  

n o t  r e sp o n d  f u l l y  to  i r o n  t h e ra p y  even i n  h o s p i t a l ,  

t h o u g h  i t  w i l l  r e spo n d  slowly  i n  t h e  p u e rpe r iu m ,  showing 

t h a t  f o e t a l  demands do p lay  an im p o r ta n t  p a r t .  Other  

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

a d d i t i o n  to  t h a t  o f  i r o n ,  b e fo re  normal  b loo d  l e v e l s  can 

be r e a c h e d .  I n  t h e  t r e a tm e n t  o f  t h e s e  c a se s  we have 

t r i e d  to  t r e a t  t h e  obvious  d e f i c i e n c y  i n  each group and 

th e  f i n d i n g s  so f a r  would su gg es t  t h a t  e q u a l ly  good 

r e s u l t s  were o b t a i n e d  by t h i s  method,  as by g iv in g  l i v e r  

and f o l i c  a c i d  e m p i r i c a l l y .  Recent  work t e n d s  t o  show 

t h a t  p r e s e n t  t h e o r i e s  r e g a r d i n g  l i v e r  e x t r a c t  o r  f o l i c  

a c i d  a re  o v e r  s i m p l i f i e d  and t h a t  the  same marrow 

p i c t u r e  may be produced by very v a ry in g  d i e t a r y



d e f i c i e n c e s .  Fo r  example Moosnick e t  a l  (1945) and 

Davis  and Brown (1947) have shown t h a t  a m e g a l o b l a s t i c  

anaemia may be r e f r a c t o r y  t o  p a r e n t e r a l  l i v e r  t h e r a p y  on 

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

c o r r e c t e d  t h i s  d y s f u n c t i o n .  On th e  o t h e r  hand Sp ies  e t  

a l . ( 1 9 4 5 )  Vi I t e r ,  Sp ies  and Koch (1945),  Moore e t  a l ( 1 9 4 5 ) ,  

S p ie s  (1946) and Berry  and Spies  (1946) have su g g e s te d  7 

t h a t  by g i v in g  o r a l  l i v e r  which l i b e r a t e s  f o l i c  a c i d  

from i t s  c o n ju g a t e s  i n  th e  i n t e s t i n a l  t r a c t  o r  by g i v in g  

f o l i c  a c i d  i t s e l f ,  t h e  l i v e r  may be b i - p a s s e d  and t h e  

h a e m a t i n i c  s u b s t a n c e s  s u p p l i e d  to  th e  l i v e r  d i r e c t .  A 

more r e c e n t  r e p o r t  by Doan (194-6), who quoted a c a s e  o f  

m e g a l o b l a s t i c  anaemia c o m p l ica te d  by h e p a t i c  c i r r h o s i s ,  

^ h i c h  was r e f r a c t o r y  to  f o l i c  a c i d  would a p p ea r  to  

c o n t r a d i c t  t h e  f i n d i n g s  o f  the  above a u t h o r s .  Moreover ,  

a  h a e m o p o ie t ic  r e s p o n s e  t o  thymine bas now been  

d e m o n s t r a te d  i n  Addisonian  p e r n i c i o u s  anaem ia ,  

n u t r i t i o n a l  m a c r o c y t i c  anaemia and p e r n i c i o u s  anaemia o f  

p reg nan cy  (Berry  and Sp ies  1946) ,  though  t h i s  r e s p o n s e  

i s  l e s s  t h a n  t h a t  f o l l o w in g  f o l i c  a c i d  and l i v e r  e x t r a c t .  

( S p i e s  and Stone 1 947) .  Thus from an o r i g i n a l  h y p o t h e s i s  

by G a s t l e  p o s t u l a t i n g  a s i n g l e  " e r y t h r o c y t e  m a t u r a t i o n  

f a c t o r " , t h e  th e o r y  o f  th e  c e l l  f o r m a t io n  h a s  now 

expanded t o  i n c l u d e  a complex system o f  i n t e r - r e l a t e d  

s u b s t m c e s ,  and Berry  and Sp ies  (1946) r e v i e w in g  th e



s u b j e c t  s u g g e s t  t h a t  a l l  th e  a n t i - a n a e m i c  f a c t o r s  may be ,  

l i n k e d  t o  t h e  s y n t h e s i s  o f  n u c l e i c  a c i d .  In  t h e i r  

o p i n i o n  e ach  f a c t o r  may a c t  i n  a s i m i l a r  o v e r a l l  m anner ,  

bu t  p o s s i b l y  by d i f f e r e n t  r o u t e s .

So f a r ,  we have on ly  been a b l e  t o  i n v e s t i g a t e  

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

p regnancy  and o f  th e se ,  f o u r  had a l r e a d y  been t r e a t e d  

and th e  b lood and marrow p i c t u r e s  m o d i f ie d  a c c o r d i n g l y  

b e f o r e  they  came under  o b s e r v a t i o n  and a f u r t h e r  two 

were a t y p i c a l  c a s e s  which had become t y p i c a l  as  a r e s u l t  

o f  g i v i n g  i r o n  t h e r a p y .  Of th e  u n t r e a t e d  c a s e s  i t  can be 

s a id  t h a t  th e  anaemia was more s e v e r e  t h a n  i n  th e  

a t y p i c a l  c a s e .  The haemoglobin  was low, as i n  t h e  

a t y p i c a l  c a s e s  b u t  th e  r e d  c e l l s  were a l s o  r e d u c e d .  Thus 

a t y p i c a l  m a c r o c y t i c  hyper-chromic b lood p i c t u r e  was 

p roduced  s i m i l a r  to  t h a t  d e s c r i b e d  by H e i lb r u n  (1936)

Doan (1938) Ungley (1938) M i l l e r  and S tu d d e r t  (1 9 4 2 ) .  

G a l l e n d e r  (1944) made h e r  d i a g n o s i s  o f  t h i s  anaemia by 

marrow b io p sy  o r  th e  p r e s e n c e  o f  t y p i c a l  m e g a l o b l a s t s  

i n  t h e  p e r i p h e r a l  b lood  and hence  a t y p i c a l  c a s e s  were 

i n c l u d e d  i n  h e r  s e r i e s ,  b u t  i n  no i n s t a n c e  d id  she f i n d
3

a mean c e l l  volume lower t h a n  8 0 .2  p • The mean c e l l  

d i a m e t e r  i n  t h e  two u n t r e a t e d  p a t i e n t s  was 8 .2  p  and 

7 .2  ji a n d - 7 t£ =*ft. In  t h e  l a t t e r  c a se  t h i s  r o s e  to  7 . 8  p 

a f t e r  d e l i v e r y .  G a l l e n d e r  (1944) found t h e  m a j o r i t y  o f



Marrow - t y p i c a l  p e r n i c i o u s  anaemi a  o f  p r e g n a n c y  showing 

m e g a l o b l a s t s  and a p r o n o r m o b l a s t . ( s e e  c o l o u r e d  e l a t e ) .

2 4 . 3  a .
PLATE X l l l .  x 4 0 0 .  PLATE XIV. x 8 0 0 .  1

Blood f i l m  - t y p i c a l  * 
p e r n i c i o u s  anaemi a  o f  p r eg nancy .

Blood f i l m  showing a 
m e g a l o b l a s t  i n  m i t o s i s

*Vi ‘'

PLATE XV. 
x 800.



h e r  p a t i e n t s  w i t h i n  t h e  norm al  r a n g e .  Seg e rd ah l  (1941) 

o n ly  r e p o r t e d  two c a s e s  w i t h  mean c e l l  d iameters  l e s s  

t h a n  7 . 2  p ,  whereas  Stevenson (1956) r e p o r t e d  a s h i f t  to  

t h e  r i g h t  i n  s i x  o f  h e r  p a t i e n t s .  The r ed  c e l l  

f r a g i l i t y  i n  t h e  p r e s e n t  c a s e s  wrs normal and t h i s  i s  an 

ag reem en t  w i th  F i l o  (1 9 5 1 ) ,  S tevenson (19 3 8 ) ,  N e i l s e n  

(1941) and d a l l e n d e r  (1 9 4 4 ) .  On th e  o t h e r  hand M i l l e r  

and S tu d d a r t  (1942) found t h e  f r a g i l i t y  s l i g h t l y  r a i s e d  

i n  t h r e e  o f  t h e i r  c a s e s  and Minot (1921) Vermelin  and 

V igneu l  ( 1 9 2 1 ) ,  and Devra igne  and Laennec (1928) have 

r e p o r t e d  a d e f i n i t e  i n c r e a s e  i n  t h e  ' f r a g i l i t y .  U n l ike  

t h e  c a s e s  o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  p reg n a n c y ,  

r e p o r t e d  p r e v i o u s l y ,  a n i s o c y t o s i s  was common, p o i k i l o c y -  

t o s i s  was marked and n u c l e a t e d  r e d  c e l l s  cou ld  be seen  

i n  t h e  p e r i p h e r a l  b lo o d  . P l a t e  X I I I ) .  During a 

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

t h e s e  f e a t u r e s  became more marked and m e g a l o b l a s t s  i n  

m i t o s i s  were seen i n  th e  p e r i p h e r a l  b lood ( P l a t e  XIV). 

S i m i l a r  f i n d i n g s  have been  r e p o r t e d  by C a l l e n d e r  (1944) 

and S tevenson  (1 9 3 6 ) ,  bu t  D av idson ,  Davis  end I n n e s  

(1942 ) c o n s i d e r e d  the  a n i s o c y t o s i s , e t c .  t o  be l e s s

t h a n  t h a t  o b se rv ed  i n  A ddison ian  p e r n i c i o u s  anaemia  and 

P a in e  and Dameshek (1944) s a i d  i t  was o n ly  m o d e r a te .  

Leucopenia  was p r e s e n t  i n  th e  c a se  which proved r e s i s t a n t  

to  p a r e n t e r a l  l i v e r  b e f o r e  d e l i v e r y ,  b u t  a f t e r  d e l i v e r y



t h e  number o f  m y e lo c y te s  i n  t h e  p e r i p h e r a l  b lood  

i n c r e a s e d  and a few hypersegm ented  forms t y p i c a l  o f  

A dd iso n ian  p e r n i c i o u s  anaemia cou ld  be s e e n .  The 

o c c u r r e n c e  o f  t h e s e  c e l l s  i n  p e r n i c i o u s  anaemia o f  

p regn an cy  h a s  been  d e s c r i b e d  by C a l l e n d e r  ( 1 9 4 4 ) .  The 

r e t i c u l o c y t e s  were i n i t i a l l y  low i n  our  c a s e s .  This  

a g r e e s  w i t h  the  f i n d i n g s  o f  C a l l e n d e r  ( 1 9 4 4 ) ,  b u t  

S tevenson  ( 1 9 3 6 )  found them s l i g h t l y  r a i s e d  and she 

s t a t e d  t h a t  t h e  r i s e  a f t e r  t r e a tm e n t  a p p e - r e d  e a r l i e r  

t h a n  i n  A dd ison ian  p e r n i c i o u s  anaem ia .  I n  two o f  our 

c a s e s  th e  r e t i c u l o c y t e s  showed a spon taneous  i n c r e a s e  

i n  t h e  p u e rpe r iu m  and when f o l i c  a c i d  was g iv en  a f t e r  

t h e  r e t i c u l o c y t e  r i s e  h as  c e a s e d ,  th e  r e s p o n se  was 

a lm os t  im m edia te .

B io c h e m ic a l ly  a s l i g h t  r i s e  i n  plasma b i l i r u b i n  

h a s  b e en  r e p o r t e d  by P e t e r s o n ,  F i e l d  and Morgan ( 1 9 3 0 ) .  

H e i lb r u n  ( 1 9 3 6 )  Abramson 193 8  and Stevenson  ( 1 9 3 8 ) .  

C a l l e n d e r  ( 1 9 4 4 )  r e p o r t e d  on th e  r e s u l t s  o f  e l e v e n  

e s t i m a t i o n s ;  none was more t h a n  0 . 8  mg. p e r  c e n t .  The 

p lasma b i l i r u b i n  was 0 . 4 m g  p e r  c e n t  i n  one o f  our 

u n t r e a t e d  c a s e s  and n e g a t i v e  i n  th e  o t h e r ;  i t  was more 

t h a n  1 mg. p e r  c e n t  i n  th e  two a t y p i c a l  c a s e s  o f  j a u n d ic e  

and an aem ia ,  who became t y p i c a l ,  and was n e g a t i v e  i n  the  

o r s e s  who had r e c e i v e d  l i v e r  t h e r  - py b e f o r e  t h e y  came 

under  o b s e r v a t i o n .  I n  t h e s e  p a t i e n t s ,  how ever ,  th e



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

d ra w a l  o f  l i v e r  and th e  g i v in g  o f  i r o n .  The plasma 

p r o t e i n s  were low i n  t h e  u n t r e a t e d  c a s e s ,  th e  lowest  

l e v e l  r e c o r d e d  b e in g  3 .8  g .  p e r  c e n t .  7/here l i v e r  

t h e r a p y  had been g iv en  th e  r e a d i n g s  were h i g h e r  i n i t i a l l y  

namely 5 .0  g .  p e r  c e n t ,  b u t  they  u l t i m a t e l y  f e l l  t o  4 .3  

g .  p e r  c e n t ,  when i r o n  a lo n e  was g iv e n  i n  h o s p i t a l .

T e s t  m ea ls  were performed i n  t h r e e  o f  t h e s e  p a t i e n t s .  

Complete  a c h l o r h y d r i a  was n o te d  i n  o n e ,  h y p o c h lo r h y d r i a  

i n  t h e  second and i n  th e  t h i r d  a normal  curve  was 

o b t a i n e d .  S tevenson  (1936) found the  a c id  s e c r e t i o n  

r e d u c e d  i n  th e  m a j o r i t y  o f  h e r  p a t i e n t s  b u t  Cnll©.nder 

(1944) and D av idson ,  Davis and In n e s  (1942 b) d id  n o t  

f i n d  t h i s  a c o n s t a n t  f e a t u r e .  I n  compar ison  w i t h  t h e  

c a s e s  o f  a t y p i c a l  p e r n i c i o u s  anaemia o f  p regnancy  

m en t ioned  p r e v i o u s l y ,  a c h l o r h y d r i a  would a p p e a r  to  be 

l e s s  f r e q u e n t  i n  th e  t y p i c a l  c a s e s ,  a s  compared w i th  

t h e  a t y p i c a l ,  b u t  as only  t h r e e  c a s e s  have been  

i n v e s t i g a t e d  i n  t h i s  group so f a r ,  t h e s e  f i n d i n g s  aw ai t  

c o n f i r m a t i o n .

With r e f e r e n c e  t o  the  marrow p i c t u r e  s e v e r a l  

f e a t u r e s  have a l r e a d y  been  m e n t io n e d ,  which h e l p  to  

d i f f e r e n t i a t e  t h e  t y p i c a l  from th e  a t y p i c a l  c a s e s .

F o r  i n s t a n c e  th e  ” smear” c e l l s  a r e  found to  be much 

more numerous and more m atu re  h a e m o a lo b in is e d



PLATE XVI. x 3 0 0 .

Marrow t y o i c a l  p e r n i c i o u s  anaemia  o f  
p r e g n a n c y  showing p r o m e g a l o b l a s t  and 
m e g a l o b l a s t .  ( s e e  c o l o u r e d  p l a t e  ) .

PLATE XVII.  x 300.

m
m

* m

Marrow - t y p i c a l  p e r n i c i o u s  anaemia  o f  p r e g n a n c y
showing h a e m o g l i b i n i s e d  r e t i c u l a t e d  m e g a l o b l a s t s  
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m e g a l o b l a s t s  a r e  found .  However, i t  h a s  been  shown t h a t  

a mixed m e g a l o b l a s t i c  and n o r m o b l a s t i c  r e a c t i o n  i s  s t i l l  

p r e s e n t  i n  t h e  marrow o f  t h e s e  t y p i c a l  c a s e s ,  t h e  

n o r m o b l a s t i c  p e r c e n t a g e  b e in g  lower th a n  t h a t  o b se rv ed  

i n  the  a t y p i c a l  c a se s  and th e  m e g a lo b l a s t  p e r c e n t a g e  

h i g h e r .  ( P l a t e  XV). A s i m i l a r  "mixed r e a c t i o n "  has  

been  n o t e d  by S tevenson  (1906) Lescher  1942 and 

C a l l e n d e r  (1 9 4 4 ) .  The p i c t u r e  i s  very  s i m i l a r  to  

t h a t  o f  Add ison ian  p e r n i c i o u s  anaemia and the  m a j o r i t y  

o f  a u t h o r s  a r e  o f  t h i s  o p i n i o n .  ( N ie l s e n  1941, D av idson ,  

D av is  and I n n e s  1942b, M i l l e r  and S tu d d e r t  1942, Lescher  

1 9 4 2 ) %Rohr (1940) and Segerdah l  (1 9 4 1 ) ,  however ,  

d i s t i n g u i s h  i t  from Addisonian  p e r n i c i o u s  an aem ia .  They 

s t a t e d  t h a t  fewer p r o m e g a lo b la s t s  and b a s o p h i l i c  

m e g a l o b l a s t s  a re  found and t h a t  th e  e r y t h r o p o i e s i s  i s  

more m a t u r e .  I n  t h e  p r e s e n t  c a s e s  e a r l y  c e l l s  were 

j u s t  a s  common as  i n  Addisonian  p e r n i c i o u s  anaem ia .  

P r o m e g a lo b la s t s  o f  the  type  d e s c r i b e d  by C a l l e n d e r  

(1944) w i th  a wide r im  o f  l i g h t  b lu e  cy top lasm  and a 

n u c l e u s  w i t h  a p ink  r e t i c u l a t e  s t r u c t u r e  w i t h  t h r e e  o r  

f o u r  n u c l e o l i ,  were more common than  th e  u s u a l  ty pe  w i th  

t h e  d e e p ly  b a s o p h i l i c  cy top lasm  ( P l a t e  XVI). B a s o p h i l i c  

m e g a l o b l a s t s ,  how ever ,  were f r e q u e n t  and a few m u l t i - 

n u c l e a t e d  i r r e g u l a r  forms were s e e n ,  "/hen th e  marrow 

was s t a i n e d  w i th  c r e s y l  b l u e ,  t h e  r e t i c u l u m  i n  the



h a e m o g lo b in i se d  c e l l s  showed up very  c l e a r l y .  I n  t h e  

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

i n t e r m e d i a t e  n o rm o b la s t s  o r  l a t e  e r y t h r o b l a s t s , As 

w i l l  be seen  from P l a t e  XVII, the  r e t i c u l u m  was 

c o n c e n t r a t e d  more round  th e  n u c l e u s ,  l e a v i n g  t h e  p e r i p h e r y  

c l e a r .  S im i la r  f i n d i n g s  were obse rved  i n  th e  m ega lo 

b l a s t i c  s e r i e s  where c e l l s  a s  e a r l y  a s  i n t e r m e d i a t e  

m e g a l o b l a s t s  showed t h i s  r e t i c u l u m .  V i t a l  s t a i n i n g  o f  

a l l  th e  marrow smears was performed and th e  i m p r e s s io n  

g a in e d  was t h a t  where h a e m o g lo b i n i s a t i o n  o f  t h e  r e d  c e l l  

s e r i e s  was s a t i s f a c t o r y ,  th e  r e t i c u l u m  was more 

a p p a r e n t .  A dm it ted ly  t h e  b a s o p h i l i c  s t a i n i n g  o f  t h e  

cy to p la sm  may o b sc u re  any v i t a l  s t a i n i n g  o f  t h e  

r e t i c u l u m  and a t t e m p t s  were t h e r e f o r e  made t o  examine 

th e  v i t a l  s t a i n e d  smears w i th o u t  c o u n t e r - s t a i n i n g  them, 

b u t  t h e  r e s u l t s  were n o t  s a t i s f a c t o r y .  C e l l u l a r  

d e f i n i t i o n  was n o t  c l e a r  and i t  was very  d i f f i c u l t  to  

d i f f e r e n t i a t e  the  v a r i o u s  t y p e s .  At f i r s t ,  when i t  was 

o b se rv e d  t h a t  the  p e r c e n t a g e  o f  r e t i c u l a t e d ,  n u c l e a t e d  

and n o n - n u e l e a t e d  c e l l s  f e l l  i n  t h e  Group A anaemias  on 

r e a c h i n g  p l a t e a u  l e v e l s ,  i t  was th o u g h t  t h a t  a c o r r e l a t i o n  

could  be made between the  degree  o f  marrow a c t i v i t y  and 

th e  p e rc e n t a g e  o f  r e t i c u l a t e d  c e l l s .  However, i t  has  

been  shown t h a t  th e  p e r c e n t a g e  o f  r e t i c u l a t e d  c e l l s  r i s e s  

i n  t h e  Group C c a s e s ,  when th ey  r e a c h  p l a t e a u  l e v e l  and



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

p e r n i c i o u s  an aem ia .  . As a c l o s e  s i m i l a r i t y  has  been  n o t e d  

i n  t h e s e  marrows,  a n o th e r  e x p l a n a t i o n  w i l l  have to  be 

s o u g h t .  E a r l i e r  h a e m o g lo b i n i s a t i o n  may acco u n t  f o r  the  

r a i s e d  p e r c e n t a g e  o f  n u c l e a t e d  c e l l s  p o s s e s s i n g  

r e t i c u l u m ,  b u t  i t  does no t  e x p la in  t h e  p r e s e n c e  o f  

i n c r e a s e d  numbers o f  o r d i n a r y  r e t i c u l o c y t e s .

Prom th e  d i f f e r e n c e s  n o te d  i n  t h e  blood and 

marrow i t  would f i r s t  a p p ea r  t h a t  t y p i c a l  p e r n i c i o u s  

anaemia of  p regnancy  i s  a s e p a r a t e  e n t i t y ,  b u t  i t  has  

a l s o  been  shown t h a t  a t y p i c a l  c a se s  can become t y p i c a l  

and t h a t  by w i thd raw ing  l i v e r  and g i v in g  i r o n  th e r a p y  to  

p a r t i a l l y  t r e a t e d  t y p i c a l  c a s e s ,  an a t y p i c a l  p i c t u r e  can 

be p ro d u ce d .  Hence i t  i s  s u g g e s te d  t h a t  th e  v a r i o u s  

t y p e s  o f  anaemia i n  pregnancy a re  no t  d e f i n i t e  e n t i t i e s  

and t h a t  one may p r o g r e s s  to  a n o t h e r ,  i . e .  t h e  i r o n  

d e f i c i e n c y  anaemia may p a s s  th ro u g h  a " t r a n s i t i o n a l  

phase" a f t e r  which i t  w i l l  no t  re sp on d  to  i r o n  th e ra p y  

a l o n e ,  t h u s  becoming a c a se  o f  a t y p i c a l  p e r n i c i o u s  

anaemia o f  p re g n a n cy ,  where t h e r e  i s  o n ly  a p a r t i a l  l a c k  

o f  p r o d u c t i o n  o r  u t i l i s a t i o n  o f  th e  a n t i - a n a e m i c  f a c t o r "  

(o r  f a c t o r s ) .  I f  t h i s  c o n d i t i o n  i s  l e f t  u n t r e a t e d  o r  some 

added s t r a i n  such  as  l a b o u r ,  to x ae m ia ,  e t c .  • - r i s e s ,  t h e n  

i t  i s  l i k e l y  to  p ass  on to  t y p i c a l  p e r n i c i o u s  anaemia o f  

p re g n a n cy .  C l i n i c a l  ev id e n ce  t h a t  such can occu r  i n  th e



249

m a c r o c y t i c  anaemias  o f  pregnancy  i n  I n d i a  has been 

p r e s e n t e d  by M u da l ia r  and Menon (1942) and m o r p h o lo g i c a l l y  

o ur  r e s u l t s  v/ould su p p o r t  t h e i r  o p i n i o n .

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

anaemia  o f  p re g n a n c y ,  t h e  above f i n d i n g s  would su gg e s t  

t h a t  i t  i s  a dyshnernopoie t ic  anaemia and n o t  due t o  a 

h a e m o l y s i s ,  a s  o r i g i n a l l y  su g g e s te d  by O s ie r  (1919)

Rowland (1924) and W i t t s  (1932) ,  Endocr ine  i n f l u e n c e s  

may p lay  a p a r t ,  b u t  no p o s i t i v e  ev idence  t h a t  such can 

o ccu r  has  so f a r  been p ro d u c e d , (U yer , .Stewart ,  f h e w l i s  

and Rusch 1937, Dodds, Noble a n d  Smith 1934,  Dodds and 

Noble 1935, Dodds, N ob le ,  Sca r f  and W il l iam s 1937) .

G - a s t r o - i n t e s t i n a l  u p se t  h a s  been shown t o  be s i g n i f i c a n t  

i n  the  development o f  an i r o n  d e f i c i e n c y  a n aem ia .

F u r t h e r ,  when i t  accompanies a se v e re  a n aem ia ,  t h e  

r e s p o n s e  to  i r o n  t h e r a p y  i s  on ly  p a r t i a l .  I t  seems l i k e l y  

from t h i s  t h a t  th e  g a s t r o - i n t e s t i n a l  d i s o r d e r  a c t s  by 

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

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

C a s t l e * s  i n t r i n s i c  f a c t o r .  Both o f  t h e s e  mechanisms o f  

c o u rs e  may come i n t o  p l a y .  F i n a l l y  i t  has  been su g g e s te d  

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

l i t e r a t u r e  a r e  r e a l l y  c-^ses o f  a c h r e s t i c  anaem ia .  Only 

one o f  our p a t i e n t s  proved r e f r a c t o r y  to  p a r e n t e r a l  

l i v e r  rnd we were u n f o r t u n a t e l y  n o t  a b le  t o  wa tch  th e
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e f f e c t  o f  e i t h e r  o r a l  l i v e r  o r  f o l i c  a c i d  i n  t h i s  c a s e .

The l a s t  group o f  anaemias  to  be c o n s id e r e d  a re

th e  two c a s e s  o f  h a e m o ly t i c  anaemia r e p o r t e d  i n  t h i s  

p r e s e n t  s u r v e y .  I n  th e  f i r s t  p a t i e n t ,  t h e  fundam en ta l  

f e a t u r e s  d em on s t ra te d  were t h e  s p h e r o c y t o s i s  and th e  

i n c r e a s e d  r e d  c e l l  f r a g i l i t y .  O r i g i n a l l y  t h e s e  two 

f i n d i n g s  o c c u r r i n g  i n  a c ase  such as t h i s ,  t o g e t h e r  

w i th  a f am i ly  h i s t o r y  o f  such a c o n d i t i o n ,  were 

c o n s id e r e d  pathogneumonic  o f  a c o n g e n i t a l  h e e m o ly t i c  

anaemia (Minkowski 1900, i jh a u f fa rd  19.07, N a eg e l i  1931) .  

However Damashaek and Schwartz. 1938 have shown t h a t  by 

i n j e c t i n g  v a ry in g  amounts o f  a n t i - g u i n e a  p ig  s e r a  i n t o  

g u in ea  p i g s ,  th e  v a r i o u s  ty p e s  o f  h a e m o ly t i c  anaemia 

a r e  p roduced  depending  on th e  amount i n j e c t e d .  For 

exam ple ,  the  s m a l l e s t  q u a n t i t y  i n j e c t e d  produced a 

c o n d i t i o n  e q u i v a l e n t  to  c o n g e n i t a l  h a e m o ly t i c  anaem ia .  

Two f a c t o r s  have t h e r e f o r e  t o  be dec id ed  i n  t h i s  c a s e .  

F i r s t l y ,  whether  th e  phenomena o f  s p h e r o c y t o s i s  and 

i n c r e a s e d  r e d  c e l l  f r a g i l i t y  were a c o n g e n i t a l  

a b n o rm a l i ty  o f  t h e  c e l l ,  o r ,  s e c o n d ly ,  whether  they  

were due t o  a haem olys in  c i r c u l a t i n g  i n  t h e  b l o o d .

Apart  from t h e  l a c k  o f  a f a m i ly  h i s t o r y  o f  

h a e m o ly t i c  anaem ia ,  t h e  c l i n i c a l  h i s t o r y ,  t h e  

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

o f  t h e  c o n d i t i o n  a y e a r  l a t e r ,  t h e  i n a b i l i t y  to



d e m o n s t r a te  a h a em o ly s in  and th e  n e g a t i v e  Goombf s t e s t  

a l l  p o i n t  to  a d i a g n o s i s  o f  c o n g e n i t a l  h a e m o ly t i c  

anaemia a g g ra v a te d  o r  a p p e a r i n g  f o r  th e  f i r s t  t im e  a s  a 

r e s u l t  o f  t h e  p reg n a n c y .  T h r e e f i n d i n g s , however ,  

a p p ea r  to  c o n t r a d i c t  t h e  abo v e ,  v i z .  The d e f i n i t e  

r e l a t i o n s h i p  between the  pregnancy and th e  o n s e t  o f  

h a em o ly s is  and t h e  immediate  improvement a f t e r  the  

d e l i v e r y .  Second ly ,  the  h a e m o ly t i c  c r i s i s  n o te d  a f t e r  

t r a n s f u s i o n  th o u g h ,  by a l l  t h e  knov.fl l a b o r a t o r y  m ethods ,  

t h e  b lood  seemed c o m p a t i b l e ,  and t h i r d l y ,  the  absence  

o f  h a e m o ly s is  n o t e d  i n  v i t r o ,  when th e  c e l l s  were 

r e s u sp e n d e d  i n  t h e  p a t i e n t s  own plasma a f t e r  i t  had 

been h e a t e d  to  5 6 °  G. Dacie  (1941) a l s o  n o te d  th e  

absence  o f  h a em o ly s is  a f t e r  h e a t i n g  th e  plasma i n  

t h i r t e e n  c a s e s  o f  c o n g e n i t a l  h a e m o ly t i c  anaem ia .  He 

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

b l o o d ,  t h e  r e d  blood c e l l s  adsorbed  l y s o l e c i t h i n  and 

t h e r e f o r e ,  when t h e  plasma and c e l l s  a r e  i n c u b a te d  

t o g e t h e r ,  only  a sm a l l  amount o f  l y s o l e c i t h i n  i n  th e  

plasma i s  n e c e s s a r y  to  p roduce  h a e m o ly s i s .  L y s o l e c i t h i n  

i s  d e s t ro y e d  by h e a t i n g  to  56 ° G • (S in g e r  1940) .  Hence,  

when th e  c e l l s  a r e  re su sp e n d ed  i n  t h e  h e a t e d  p la sm a ,  

t h e r e  i s  i n s u f f i c i e n t  l y s o l e c i t h i n  p r e s e n t  t o  cause  

h a e m o ly s i s .  Bergenhem and F ahreus  (1936) f i r s t  

d i s c o v e r e d  l y s o l e c i t h i n  and p o s t u l a t e d  t h a t  i t  was th e
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f a c t o r  i n  c o n g e n i t a l  h a e m o ly t i c  anaem ia .  They su g g e s te d  

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

c i t h i n  c o n t e n t  and t h e r e f o r e  i n c r e a s e d  t h e  h a e m o ly s i s ,  

so s t a g n a t i o n  o f  the  b lood  i n  t h e  sp l e e n  would i n c r e a s e  

t h e  h a e m o l y s i s .  This  work has  been c a r r i e d  a s t a g e  

f u r t h e r  by S in ge r  (1 9 4 0 ) ,  v/ho d e m o n s t ra ted  an i n c r e a s e d  

l y s o l e c i t h i n  c o n te n t  i n  th e  s p l e n i c  v e in  o f  dogs and i n  

b lood  t a k e n  from' v a r i c o s e  v e in s  o f  a p a t i e n t .  I f  t h e s e  

f i n d i n g s  a r e  c o r r e c t ,  t h e n  i t  i s  obvious  t h a t  t h e  

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

o f  l y s o l e c i t h i n  and on ly  a f t e r  d e l i v e r y ,  when t h i s  s i t e  

i s  rem oved,  would th e  ha em o ly s is  be reduced  and the  

anaemia r e s p o n d  to  t r e a t m e n t ,  a r e s u l t  which  a c t u a l l y  

happened i n  our  p a t i e n t #  Thus two o f  t h e  a p p a r e n t  

c o n t r a d i c t o r y  f i n d i n g s  have been  e x p l a i n e d .  As to  t h e  

cau se  o f  t h e  h a e m o ly t i c  c r i s i s  a s  a r e s u l t  o f  t h e  

t r a n s f u s i o n ,  we were a b le  to  g iv e  no e x p l a n a t i o n ,

L o u t i t  and Iviollison (1946) s t a t e  t h a t  i n  c a s e s  o f  

a c q u i r e d  h a e m o ly t i c  anaemia t r a n s f u s e d  c e l l s  a r e  

e l i m i n a t e d  more r a p i d l y  t h a n  i n  the  c o n g e n i t a l  type# 

D e s p i t e  t h i s ,  however ,  th e  above f i n d i n g s  p o i n t  more 

c o n c l u s i v e l y  towards  a d i a g n o s i s  o f  c o n g e n i t a l  h a e m o ly t i c  

anaemia where the  d eg re e  o f  h a e m o ly s i s ,  p o s s i b l y  due to  

th e  i n c r e a s e d  l y s o l e c i t h i n  c o n te n t  o f  th e  b l o o d ,  i s  

i n c r e a s e d  as  a r e s u l t  o f  th e  p reg n a n cy .
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Y/ith r e f e r e n c e  to  th e  second c a s e ,  t h e  d i f f i c u l t y  

t h a t  a r i s e s  h e r e  i s  t o  prove t h a t  t h i s  was an a c t u a l  

h a e m o ly t i c  anaemia and n o t  p e r n i c i o u s  anaemia o f  

p reg n an cy  a p p e a r in g  suddenly  i n  the  p u e rp e r iu m .  Most o f  

t h e  c a s e s  o f  haem o ly t ic  anaemia r e p o r t e d  i n  th e  r e c e n t  

l i t e r a t u r e  (Swan 1933, Lescher  1942) have been reg a rd e d  

a s  a c t u a l  c a s e s  o f  p e r n i c i o u s  anaemia of  pregnancy 

( G a l l e n d e r  1944, B e t h e l l  1 9 4 4 ) . Lescher  (1942) made h i s  

d i a g n o s i s  o f  a h a e m o ly t ic  anaemia on accoun t  o f  the 

r a i s e d  r e t i c u l o c y t e s ,  the  p o s i t i v e  Van den Bergh and 

t h e  r e m a rk a b le  r e s p o n s e  to  blood t r a n s f u s i o n .  At th e  

same t im e  he n o te d  a m e g a l o b l a s t i c  r e a c t i o n  i n  most o f  

h i s  c a s e s  and obse rved  t h a t  the  f r a g i l i t y  was n o rm a l .  I n  

t h e  p r e s e n t  c a s e ,  however ,  more d e f i n i t e  i n d i c a t i o n s  o f  

a h a e m o ly t i c  p ro c e s s  were o b t a i n e d ,  nam ely ,  two 

h a e m o ly t i c  c r i s e s  o c c u r re d  and ,  d u r in g  t h e  second ,  the  

p a t i e n t  was under  c lo s e  o b s e r v a t i o n .  W ith in  t h i r t y  s i x  

h o u rs  a d ra m a t i c  f a l l  i n  th e  blood l e v e l s  was o b s e r v e d ,  

which cou ld  only  be e x p la in e d  by a blood d e s t r u c t i o n .

At t h i s  t ime the  p e r i p h e r a l  b lood c o n ta in e d  many 

n u c l e a t e d  c e l l s  ( P l a t e  XVIII) and u s i n g  a t e c h n iq u e  

which h a s  a l s o  been  a p p l i e d  w i th  advan tage  e l s e w h e r e ,  i t  

was p o s s i b l e  t o  11 c o n c e n t r a te "  the  n u c l e a t e d  c e l l s  and 

examine them more c l o s e l y

2 c . c .  o f  o x a la t e d  blood were p la c e d  i n  the



ha  em oglob inom ete r  t u b e s ,  which were used o r i g i n a l l y  as

h a e m a t o c r i t  t u b e s .  The b lood  was spun,  as  d e s c r i b e d

b e f o r e  f o r  t  he h a e m a t o c r i t  e s t i m a t i o n ,  '/hen the  tube

was rem oved ,  i t  was found t h a t  due to  th e  o x a l a t e ,  th e

w h i te  c e l l s  formed a l a y e r  a t  the  f o o t  o f  the  t u b e .  On

to p  o f  t h e  r e d  c e l l s ,  however, a p in k  l a y e r  could  be

se en  and t h i s  was no ted  whenever th e  blood c o n ta in e d  a

l a r g e  number o f  n u c l e a t e d  red  c e l l s  and r e t i c u l o c y t e s .

I t  v;as found i n  c a s e s  o f  e r y t h r o b l a s t o s i s  f o e t a l i s ,  i n

b o th  h a e m o ly t i c  anaemias d e s c r i b e d ,  i n  some of  the

newborn b a b i e s  and i n  p e r n i c i o u s  anaemias o f  pregnancy

r e s p o n d i n g  to  f o l i c  a c i d  o r  l i v e r  du r in g  th e  r e t i c u l o c y t e
which

c r i s i s .  The d e p th  o f  th e  p in k  l a y e r Awas p r o p o r t i o n a l  to  

th e  p e r c e n t a g e  o f  n u c l e a t e d  c e l l s  and r e t i c u l o c y t e s  

p r e s e n t  i n  th e  p e r i p h e r a l  b lood v a r i e d  from 1-3 p e r  c en t  

on t h e  h a e m a t o c r i t  s c a l e .  The c e l l s  cou ld  e a s i l y  be 

p i p e t t e d  o f f  and resuspended  i n  the  p lasma.  Fi lms were 

made a s  b e fo r e  and the  c o n c e n t r a t i o n s  o f  n u c l e a t e d  c e l l s  

o b se rv e d  can  be seen i n  P l a t e s  XIX. The r e t i c u l o c y t e  

c o u n ts  o f  th e  p in k  l a y e r  e s t im a te d  between 20 and 60 pe r  

c e n t .

Thus i t  was p o s s ib l e  to  say  i n  t h i s  i n s t a n c e  

w i t h o u t  s e a r c h i n g  innumerable  f i e l d s  t h a t  no m e g a lo b l r s t s  

were s e e n  i n  t h e  p e r i p h e r a l  b lood d u r in g  the  haem oly t ic  

c r i s i s .  In  c o n t r a s t  t o  t h i s  l i n d i n g ,  the  p in k  l a y e r



examined i n  c a s e s  o f  p e r n i c io u s  anaemia of  pregnancy 

d u r i n g  a r e t i c u l o c y t e  re sp o n se  c o n ta in e d  numerous 

m e g a l o b l a s t s  a few e a r l y  some i n t e r m e d i a t e ,  and more 

l a t e .  Hence,  by t h i s  means i t  i s  p o s s i b l e  w i th o u t  a 

marrow b io p sy  to  de te rm ine  the  n a tu r e  o f  the  e a r l i e r  

c e l l s  o f  t h e  r ed  b lood  c e l l  s e r i e s .  One o t h e r  

i n t e r e s t i n g  p o i n t  was t h i s ,  t h a t ,  though the  m a j o r i t y  

o f  th e  w h i t e  b lood c e l l s  were found a t  the  bottom o f  

t h e  h a e m a t o c r i t  t u b e ,  a few e a r l y  m yelocy tes  were found 

i n  t h e  p in k  l a y e r  which a l s o  c o n ta in e d  a h ig h  p e rc e n ta g e  

o f  p l a t e l e t s .

A t ^ i r d  f i n d i n g  i n  favour  o f  a h a em o ly t ic  

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

i n  t h e  f r a g i l i t y  o f  the  red  blood c e l l s ,  haem olys is  

b e i n g  n o te d  a t  0 .6§  p e r  cen t  sodium c h l o r i d e .  I n  t h i s  

c a s e  how ever ,  the  i n c r e a s e d  f r a g i l i t y  was o f  a temporary  

n a t u r e ,  a s  a normal r e s u l t  was o b ta in ed  two weeks l a t e r ,  

and a g a i n  a year  l a t e r ,  when th e  p a t i e n t  r e p o r t e d  back^ 

I n  common w i th  the  c a se s  r e p o r t e d  by Lescher  (1942) ,  

t h i s  p a t i e n t  a l s o  showed a h ig h  r e t i c u l o c y t e  c o u n t ,  a 
p o s i t i v e  Van den Bergh,  and a very s a t i s f a c t o r y  re sp o n se  

t o  th e  second blood t r a n s f u s i o n *  I n  a d d i t i o n ,  a t e s t  

dose  o f  4 c . c .  of  a crude l i v e r  e x t r a c t  was g iven  

p a r e n t e r a l l y  while  she was s t i l l  very anaem ic ,  b u t  th e  

r e t i c u l o c y t e s  only r o s e  from 3 pe r  cen t  to  5 pe r  c en t



f o r  4 d a y s ,  a f i n d i n g  which i s  a l s o  a g a i n s t  a d i a g n o s i s  

o f  p e r n i c i o u s  anaemia o f  p regnancy .

Prom t h e  above r e s u l t s ,  t h e r e f o r e ,  a d i a g n o s i s  

o f  a h a e m o ly t i c  anaemia would appea r  t h e  more l i k e l y .  

Since  t h e r e  wrs no r e p o r t  o f  a fam ily  h i s t o r y  o f  

h a e m o ly t i c  anaemia in  t h i s  c a s e ,  end s in c e  s p h e r o c y t o s i s  

was n o t  o b s e r v e d ,  and the  s ig ns  o f  haem olys is  were o f  a 

t em p o ra ry  n a t u r e ,  i t  seems more l i k e l y  t h a t  the  

h a e m o ly t i c  p r o c e s s  was a cq u i red  r a t h e r  t h a n  c o n g e n i t a l  

i n  o r i g i n .  The q u e s t i o n  o f  a c o l i f o r m  i n f e c t i o n  be ing  

th e  c a u se  o f  the  haem olys is  has been d i s c u s s e d ,  bu t  i t  

s e e r s  u n l i k e l y .  The rem a in ing  f a c t o r s  which shou ld  be 

m en t io n ed  a r e  t h e  toxaem ia ,  which was p r e s e n t  b e f o r e  

d e l i v e r y ,  and f i n a l l y  the  pregnancy i t s e l f .  Since 

e x p e r im e n t s  to  d e t e c t  a haemolys in  were n o t  c a r r i e d  out 

i n  t h i s  c a s e ,  i t  i s  im p o ss ib le  to  go f u r t h e r  i n t o  t h e  

a e t i o l o g y  o f  the  h aem o ly t ic  p r o c e s s ,  bu t  i t  a p p ea rs  to  

be r e l a t e d  i n  some way to  th e  pregnancy o r  t o  the  

p u e rp e r iu m  a n d ,  as  such ,  could  be c a l l e d  a h a em o ly t ic  

anaemia o f  pregnancy or  the  puerper ium .

Before  com ple t ing  a survey of  th e  p a th o g e n e s i s  

o f  t h e  seve re  a n a e m ia s  o f  p reg n an cy , two s u b j e c t s  which 

have been  mentioned in  r e l a t i o n  to  every  type  o i  anaemia 

shou ld  be c o n s i d e r e d ,  namely,  the  plasma p r o t e i n  l e v e l s  

i n  r e l a t i o n  to  oedema and haemoglobin p r o d u c t i o n ,  and



s e c o n d l y ,  t h e  p re s e n c e  o f  i r o n  s t a i n i n g  " b o d i e s ” i n  t h e  

r e d  b lo o d  c e l l s  o f  the  marrow.

With r e f e r e n c e  t o  th e  plasma p r o t e i n  l e v e l s  i t  

h a s  been  shown t h a t  a f a l l  o ccu rs  when i r o n  i s  g iven  

and t h e  haemoglobin  i n c r e a s e s ,  b u t  i n  r e s i s t a n t  c a s e s ,  

where no r e s p o n s e  i s  ob se rv ed ,  th e  plasma p r o t e i n  

l e v e l s  r em a in  unchanged.  I t  wrs d e c id e d ,  t h e r e f o r e ,  to

f o l l o w  t h e  plasma p r o t e i n  l e v e l s  more c l o s e l y  i n  a

s m a l l  s e r i e s  o f  p a t i e n t s  to  see what the  e f f e c t  o f  i r o n  

t h e r a p y  was.  S ix te e n  p a t i e n t s ,  who were adm i t te d  to  

h o s p i t a l  and g iv en  i r o n  t h e r a p y ,  were t h e r e f o r e  s e l e c t e d .  

None o f  the  p a t i e n t s  was s u f f e r i n g  from toxaem ia .  The 

m a j o r i t y  o f  the  p a t i e n t s  shov/ed a maximal f a l l  i n  the 

plasma p r o t e i n  l e v e l s  a t  the  end o f  a week, t h e r e a f t e r

a s low  i n c r e a s e  o c c u r r e d .  A few c a s e s ,  however,  d id

n o t  r e a c h  minimal v a lu e s  t i l l  t h r e e  or  f o u r  weeks, and 

one c a s e ,  a p e r n i c i o u s  anaemia o f  p regnancy ,  who had 

been t r e a t e d  w i th  l i v e r  p r e v io u s ly  by he r  own d o c t o r , 

and was now showing a marked i r o n  d e f i c i e n c y ,  on ly  

r e a c h e d  a minimal  va lue  of 4 .5  g.  per  c en t  e t  the  end

o f  s i x  weeks.

Oedema was p r e s e n t  i n  a l l  t h e s e  p a t i e n t s  on 

a d m is s io n  to  h o s p i t a l .  A f te r  a few days r e s t  i n  bed 

w i t h  i r o n  t h e r a p y ,  the  oedema had c l i n i c a l l y  d isap p ea red  

i n  t e n  o u t  o f  the  twelve c a se s  and had d im in ish ed
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c o n s i d e r a b l y  i n  th e  rem a in in g  two, t h a t  i s ,  t h e  oedema 

d i s a p p e a r e d  a s  t h e  plasma p r o t e i n s  T e l l .  The average  

h aem o g lo b in  and plasma p r o t e i n  r e a d in g s  b e fo re  and a t  

t h e  t im e  o f  t h e  minimal plasma p r o t e i n  r e a d in g ,h a v e  

b e en  t a b u l a t e d  and c o r r e l a t e d  with  th e  degree  o f  oedema 

o b s e r v e d  i n i t i a l l y .  The r e s u l t s  a re  shown i n  Table XXVI. 

T h i s  shows t h a t ,  i r r e s p e c t i v e  o f  the  degree  o f  oedema, 

t h e  p lasma p r o t e i n s  were p r a c t i c a l l y  the  same in  each 

g roup  o r i g i n a l l y ,  but  when i r o n  th e ra p y  was g iv e n ,  the  

sev en  c a s e s  w i th  marked oedema showed a g r e a t e r  f a l l  i n  

p lasma p r o t e i n s  and a s m a l l e r  r i s e  i n  the  p e rc e n ta g e  

haem oglob in  i . e .  t h e  plasma p r o t e i n s  f e l l  1 .05 g,  pe r  

c e n t  a s  compared w i th  0 .5  g. per  cen t  and the  haemoglobin 

r o s e  5 p e r  c e n t  as  compared v/ith 14 pe r  c e n t  i n  th e  c a se s  

w i t h  m i ld  oedema. These f i n d i n g s  would su gg e s t  t h a t  the  

a d m i n i s t r a t i o n  o f  i r o n  t o  th e s e  p a t i e n t s  had caused the  

f a l l  i n  th e  plasma p r o t e i n  l e v e l s  and t h a t  the  p r o t e i n  

had been  withdrawn from the  plasma to produce haemoglobin .  

Since a g r e a t e r  f a l l  i n  plasma p r o t e i n s  was n o ted  i n  the  

oedematous p a t i e n t s ,  the  wi thdrawal  o f  p r o t e i n  i s  

p r o b a b ly  i n d i r e c t  i n  n a t u r e .  I n  t h e s e  p a t i e n t s  the  oedema 

had d i s a p p e a r e d  c l i n i c a l l y  i n  a l l  bu t  two,  when th e  b a s i c  

l e v e l  o f  4 .2 5  g .  pe r  c en t  was r e c o r d e d ,  y e t  t h e  r e a d i n g  

i s  f a r  be low t h e  “ oedema l e v e l "  o f  Moore and Van Slyke 

( 1 9 3 0 ) .  I n  f a c t  the  m a j o r i t y  o f  our anaemic p a t i e n t s



and t h e  baby b o rn  o f  . t h e  mother who showed the  g ross  

p r o t e i n  d e f i c i e n c y  were below the  " c r i t i c a l  l e v e l " ,  

s t a t e d  by t h e  above a u th o r s  to  be 5 .5  g .  p e r  cent* 

M o reo v er ,  a r o u t i n e  exam ina t ion  o f  th e  plasma p r o t e i n  

l e v e l s  o f  s i x t y  o f  th e  normal a n t e - n a t a l  p a t i e n t s  gave 

an a v e r a g e  r e a d i n g  o f  5 .78  g .  pe r  c e n t ,  which i s  no t  

much above th e  " c r i t i c a l  l e v e l " .  This f i g u r e  i s  lower 

t h a t  th e  r e s u l t s  r e p o r t e d  a t  any time d u r in g  pregnancy 

by R i n e h a r t  (1 9 46 ) .  I t  i s  obvious t h e r e f o r e  t h a t  the  

"oedema l e v e l "  i s  lowered i n  pregnancy and t h i s  may 

o c c u r  a s  a r e s u l t  o f  a)  an a l t e r a t i o n  i n  the  make-up 

o f  the  p lasma p r o t e i n s  them se lves  or b) an a l t e r e d  

■osmotic b a la n c e  between the  plasma and t i s s u e s .  F u r th e r  

s tu d y  o f  t h e  b lood amino a c i d s  and blood volume changes 

i n  t h e s e  oedematous p a t i e n t s  i s  n e c e ssa ry  befo re  any 

d e f i n i t e  o p in io n  can be vouched on t h i s  s u b j e c t ,  however.

From what has  been s a i d  p r e v io u s ly  conce rn ing  the

v a lu e  o f  a h i g h  p r o t e i n  d i e t  i n  anaemias w i th  toxaem ia ,

i f  n o t  d u r in g  p reg n a n cy , t h e n  c e r t a i n l y  i n  the  puerper ium ,

i t  can  be f u r t h e r  added here  t h a t  a h ig h  p r o t e i n  d i e t  i n

a d d i t i o n  t o  i r o n  th e ra p y  would be advantageous i n  the  
/

t r e a t m e n t  o f  an " i r o n  d e f i c ie n c y "  anaemia i f  oedema i s  

p r e s e n t • From the  d e f i n i t e  r e s u l t s  o b ta in e d  so f a r  i n  

two p a t i e n t s  and from a c l i n i c a l  im p re ss io n  o b ta in e d  in  

s e v e r a l  o t h e r s ,  i t  can be s a id  t h a t  b r e a s t  l e e d in g  i s
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d e t r i m e n t a l  t o  t h e  r e c o v e ry  from anaemia i n  case s  

b e l o n g i n g  to  Group B, i . e .  c a se s  o f  toxaemia w i th  

anaemia  and anaemia s im u la t in g  toxaem ia ,  who have been 

shown t o  h rv e  low plasma p r o t e i n s ,  should no t  b r e a s t  

f e e d  t h e i r  b a b i e s .

I r o n  s t a i n i n g  " i n c l u s i o n  bodies'* were f i r s t  

n o t e d  i n  t h e  bone marrow o f  the  f i r s t  case  of  haem oly t ic  

a n a e m ia .  They were a l s o  observed  i n  the  blood a t  the 

t im e  o f  th e  h a e m o ly t i c  c r i s i s .  The bod ies  which were 

m o s t ly  coco id  i n  shape were f i r s t  observed  i n  th e  smear 

s t a i n e d  w i th  May Grunwald, bu t  on f u r t h e r  exam ina t ion  

t h e y  gave a p o s i t i v e  i r o n  r e a c t i o n  w i th  po tass ium  

f e r r o c y a n i d e  and h y d r o c h lo r i c  a c i d ,  a n e g a t iv e  Peulgen 

r e a c t i o n  and f a i l e d  to  s t a i n  w i th  Gram or w i th  Gomori*s 

s t a i n  f o r  p h o s p h a t a s e .  I n  t h e i r  morphology and s t a i n i n g  

r e a c t i o n s  they  t h e r e f o r e  resemble  the  i n c l u s i o n s  d e sc r ib e d  

by Pappenheimer  e t . a l . ( 1 9 4 5 )  and McPadzean and Davis(1947).  

Marrow p r e p a r a t i o n s  from t h i s  p a t i e n t  were examined by 

P r o f e s s o r  Davis who confirmed the  a p p a ren t  s i m i l a r i t y  w ith

t h o s e  o b se rved  by him.

I n  the  course  of  i n v e s t i g a t i n g  the  re sp o n se  to  i r o n  

t h e r a p y  i n  c a se s  o f  a t y p i c a l  p e r n i c io u s  anaemia ol 

p r e g n a n c y , s i m i l a r  b od ies  were observed  i n  th e  marrows 

a f t e r  t r e a t m e n t  w i th  i r o n  had been g iven .  They a l s o  gave 

a n o s l t i v e  i r o n  r e a c t i o n  w ith  po tass ium  f e r r o c y a n i d e  and
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h y d r o c h l o r i c  a c i d ,  a n e g a t i v e  Feulgen  r e a c t i o n ,  and they  

f a i l e d  to  s t a i n  w i th  Gram. \a b e fo re  th ey  were m ain ly
e

c o co id  i n  shape and o f  v a r i a b l e  s i z e .t '
I n  a d d i t i o n ,  i n c l u s i o n  b o d ie s  were found i n  th e  

p e r i p h e r a l  b lood  o f  b a b ie s  w i th  e r y t h r o b l a s t i c  f o e t e l i a  

and d u r in g  the  r e t i c u l o c y t e  c r i s i s  observed  i n  the  c a s e s  

o f  p e r n i c i o u s  anaemia o f  pregnancy undergoing  t r e a tm e n t  

w i t h  f o l i c  a c i d .

I n c l u s i o n  b o d ie s  observed  i n  a l l  t h e s e  v a r i o u s  

c o n d i t i o n s  showed a marked s i m i l a r i t y .  I n  the  r ed  c e l l s  

t h e y  were u s u a l l y  found a t  the  p e r i p h e r y ,  a n y th in g  from 

one to  s i x  i n c l u s i o n s  o c c u r r i n g  i n  a s i n g l e  c e l l .  In  

t h e  p e r i p h e r a l  b lo o d ,  except  d u r in g  a h a e m o ly t ic  c r i s i s ,  

o n ly  a few i n c l u s i o n s  could  be seen  and no rm al ly  only ^ne 

o r  two were p r e s e n t  i n  each c e l l .  I n  the  marrow,however , 

t h e y  were seen  more f r e q u e n t l y  i n  the  red c e l l s  and i n  

t h e  l a t e r  n o rm ob la s ts  and m e g a lo b l a s t s .  I n  t h e  n u c l e a t e d  

c e l l s  th ey  were found i n  the  cytoplasm i n  c lo s e  r e l a t i o n  

t o  the  n u c l e u s ,  but  d e f i n i t e l y  s e p a r a t e d  from i t .  A 

few r o d - s h a p e d  forms were seen and o c c a s i o n a l l y  d i p l o i d s  

(Pappenheimer 1945) ,  b u t  the  l a r g e  c r e s c e n t - s h a p e d  masses 

q uo ted  by McFadzean and Davis (1947) were no t  o b se rv e d .

A few i n c l u s i o n s  were a l s o  seen  i n  the  monocytes o f  th e  

marrowj none were observed i n  any o f  the  c e l l s  of the 

m ye lo id  s e r i e s ,  bu t  o c c a s i o n a l l y  l a r g e  Mc o l l o i d a l



l o o k in g  m a s s e s ,  o f t e n  q u a d r i l a t e r a l  in  shape and g i v in g  

a p o s i t i v e  i r o n  r e a c t i o n ,  were seen  ly in g  f r e e  o u t s i d e  

t h e  marrow c e l l s *  These were more common in  the  marrows 

o f  t h e  p a t i e n t s  w i th  a t y p i c a l  p e r n i c io u s  anaemia o f  

p r e g n a n c y ,  who had f a i l e d  to  respond to  i r o n  th e ra p y  as  

o u t - p a t i e n t s .  S im i la r  masses were d e s c r ib e d  by McFadzean 

and Davis  (1947) and th ey  presumed t ’uat they  were due to  

r u p t u r e  o f  a c e l l  c o n ta in i n g  the  i r o n  s t a i n i n g  m a t e r i a l .  

I n  our  c a s e s ,  however ,  i r o n  s t a i n i n g  i n c l u s i o n s  were 

no t  obse rv ed  i n  the  m a j o r i t y  o f  p a t i e n t s ,  who showed 

t h i s  phenomenum.

Since th e  p resen ce  or  absence  o f  i n c l u s i o n  

b o d i e s  i n  the  marrow seemed to  be r e l a t e d  to  th e  cou rse  

o f  th e  anaemia and th e  t r ea tm e n t  a d o p te d ,  every  marrow 

smear examined was s t a i n e d  f o r  i r o n .  Summarising th e  

r e s u l t s  o f  t h e s e  exam ina t ions  i t  was found t h a t : -

(1) No i r o n  s t a i n i n g  bod ies  were found e i t h e r  i n s i d e  

o r  o u t s i d e  the  marrow c e l l s  i n  the  u n t r e a t e d  c a s e s .

(2) ‘.Then i r o n  the rap y  was g iven  to  p a t i e n t s  w i t h  an 

i r o n  d e f i c i e n c y  anaemia i n  the  t r a n s i t i o n a l  p h a s e ,  i . e .  

w i th  a few m e g a lo b la s t s  i n  the  bone marrow, numerous 

i n c l u s i o n  b o d ie s  were observed  m  th e  marrow c e l l s  even 

when the  b lood  count had reached  normal l e v e l s .

(5) S im i la r  r e s u l t s  were ob ta in ed  when i r o n  was g iven  

to  p a t i e n t s  w i th  a t y p i c a l  p e r n i c io u s  anaemia vf  pregnancy



t h o u gh  th e  i n c l u s i o n  b o d ies  appeared  l e s s  numerous i n  

t h e s e  c a s e s .

(4 )  Gases o f  t y p i c a l  p e r n i c io u s  anaemia o f  pregnancy 

who had r e c e i v e d  bo th  l i v e r  and i r o n  th e ra p y  showed no 

i n c l u s i o n  b o d ie s  i n  th e  marrow. There l i v e r  had been  

g iv e n  a lo n e  p r e v i o u s l y ,  the  i r o n  d e f i c i e n c y  be ing  

u n t r e a t e d ,  i r o n  a lone  was given i n  h o s p i t a l .  A f te r  

two w eeks’ i r o n  th e r a p y  no i n c l u s i o n  b o d ie s  were seen 

i n  t h e  marrow, bu t  by e ig h t  weeks they  had appea red  and 

were very  numerous. I n  comprr ison  w i th  the  f i n d i n g s  

o b se rv ed  i n  cases  o f  a t y p i c a l  p e r n i c io u s  anaemia of 

p regnancy  who had i n c l u s i o n  b od ies  i n  t h e i r  i n i t i a l  

marrow smear when i r o n  had been given  f o r  only t h r e e  or  

f o u r  d a y s ,  i t  would appear  t h a t  the a d m i n i s t r a t i o n  o f  

l i v e r  had delayed th e  appearance  of  the i n c l u s i o n  

b o d ie s  i n  the  c a s e s  mentioned above.

(5)  7/hen f o l i c  a c i d  was given to  p a t i e n t s  with  

a t y p i c a l  p e r n i c i o u s  anaemia o f  p regnancy ,  who had 

f a i l e d  t o  respond to  i r o n  th e ra p y  and had numerous 

i n c l u s i o n  b o d ie s  i n  t h e i r  marrow sm ears ,  th e  number o f  

i n c l u s i o n  b od ie s  decreased  r s  the  marrows became l e s s  

m e g a l o b l s s t l c .

(6) S im i la r  r e s u l t s  w-re no ted  a f t e r  c y s t i n e  t h e r a p y  

i n  a Group G p a t i e n t  and a f t e r  cash y d ro l  in  a croup B 

p a t i e n t ,  b u t  i n  the  l a t t e r  i n s t a n c e  d e l i v e r y  had



i n t e r v e n e d  b e fo r e  a second - s t e r n a l  pu nc tu re  was made and

may t h e r e f o r e  have m odif ied  the  marrow p i c t u r e .

From t h e  above f i n d in g s  two hyp o th eses  can be

made. F i r s t l y  a l l  th e  a t y p i c a l  p e r n i c io u s  anaemias o f

p reg nancy  g iven  i r o n  had a very gross  i r o n  d e f i c i e n c y

anaemia i n  a d d i t i o n  to  the  l a t e n t  d e f i c i e n c y  o f  the

a n t i - a n a e m i c  f a c t o r  o r  f a c t o r s .  They respond  r a p i d l y

to  i r o n  th e r a p y  as  shown by th e  i n i t i a l  r i s e  i n

haem oglob in  and the  appearance  of  i r o n  i n  the  marrow

f o u r  days a f t e r  commencing th e r a p y .  Thus more i r o n  i s
f o r

now a v a i l a b l e  to  th e  marrow.haemoglobin fo rm at ion  andA
may a c t  as  a s t im u lu s  to  produce new c e l l s .  On accoun t  

o f  th e  l a t e n t  e r y t h r o c y t e  m a tu r a t io n  f a c t o r  d e f i c i e n c y ,  

however ,  t h i s  may become more d i f f i c u l t  and u l t i m a t e l y  

i m p o s s i b l e ,  t h a t  i s ,  a t  t h e  time o f  appearance  o f  th e  

p l a t e a u  i n  the  b lood  l e v e l s .  D esp i te  t h i s ,  however,  

t h e  p r o c e s s  o f  i r o n  a b s o r p t i o n ,  m o b i l i z a t i o n ,  and 

t r a n s p o r t a t i o n  to  t h e  bone marrow may co n t in u e  and t h e  

p r e s e n c e  o f  the  i n c l u s i o n  b o d ie s  i n  the  l a t e  n o rm o b la s t s  

and r e d  b lood  c e l l s  may be the  r e s u l t  o f  a " p r o t e c t i v e  

mechanism" o f  t h e  body to  make a v a i l a b l e  as  much i r o n  as  

p o s s i b l e .  I n  o t h e r  words,  they are  due to  a d e f i c i e n c y  

of  t h e  e r y t h r o c y t e  m a tu r a t i o n  f a c t o r  i n  t h e  marrow i n  th e

p r e s e n c e  o f  excess  i r o n .

The second h y p o th e s i s  i s  t h a t  the  r?-pid



t r a n s p o r t a t i o n  o f  i ron ,  to  the  bone marrow r e s u l t i n g  i n  

r a p i d  haem oglobin  fo rm a t io n  i n  the  p resen ce  o f  a r e l a t i v e  

d e f i c i e n c y  o f  th e  e r y t h r o c y te  m a tu r a t i o n  f a c t o r  r e s u l t s  

i n  an abnormal  haemoglobin anabo l ism .

Since t h e  i n c l u s i o n s  were n o t  obse rved  i n  th e  

marrows when i r o n  and l i v e r  were g iven  t o g e t h e r  and s in ce  

f o l i c  a c i d  t h e r a p y  was a b le  to  reduce  th e  number o f  

i n c l u s i o n s ,  i t  would appear  t h a t  d e f i c i e n c y  o f  th e  

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

t h e  a p p e a ra n c e  o f  th e s e  b o d ie s ,  c y s t i n e  and c a sh y d ro l  

were a l s o  a b l e  to  reduce th e  number o f  i n c l u s i o n  b o d i e s .  

T h e i r  a c t i o n  was p o s s ib l y  i n d i r e c t ,  due to  t h e i r  e f f e c t  

on l i v e r  m e tab o l i sm ,  b u t ,  equ a l ly  w e l l ,  they  may have i n  

some way p ro v id ed  the  n e c e s s a r y  p r o t e i n  to  combine w i th  

the  i r o n  o f  t h e  i n c l u s i o n  bo d ies  and thus  form 

haem og lo b in .

Pappenheimer e t  a l  (1945) and McFrdzean and

D avis  (1947) have d i s c u s s e d  the a e t i o l o g y  o f  t h e s e  b o d i e s .
r

The fo rm er  a u t h o r s ,  a f t e r  e x t e n s i c e  s t u d i e s ,  proved a lm ost  

c o n c l u s i v e l y  t h a t  they  were n e i t h e r  an a r t e f a c t  n o r  i n t r a -  

e r y t h r o c y t i c  p a r a s i t e s .  They sugges ted  t h a t  th ey  were 

p ro b a b ly  i d e n t i c a l  w i th  the  s i d e r o c y t e s  o f  c runeberg  

(1 9 4 1 ) ,  b u t  they were unable  to  say t h a t  they were 

i d e n t i c a l  w i t h  the  s i d e r o c y t e s  of Case (1943, 1 945 ,1946) ,  

a l t h o u g h  they  o f t e n  occurred  in  the same c e l l s .  ...cr«adzean 

and Davis  (1947) found s i m i l a r  r e s u l t s  and th ey  s t a t e d



t h a t  t h e i r  i n c l u s i o n  b o d ie s  d id  n o t  s t a i n  w i th  t h e  

d i p y r i d y l  t e c h n iq u e  o f  dase  (1944) and i n  t h e i r  

o p i n i o n  they  c o n s id e re d  them to  be d i s t i n c t  from

Pappenheimer b o d i e s .  These a u th o r s  were a b le  to  

d e m o n s t r a t e  an i n c r e a s e  in  the  number o f  i n c l u s i o n  

b o d i e s  i n  c a se s  o f  a c q u i red  haem oly t ic  anaemia a f t e r  

sp le n ec to m y .  They sugges ted  t h e r e f o r e  t h a t  the  r e d  

c e l l  c o n t a i n i n g  i n c l u s i o n  b od ies  was a d e f e c t i v e  c e l l  

and n o rm a l ly  i t  was e l im in a te d  r a p i d l y  from the 

c i r c u l a t i o n  by the  s p l e e n ;  hence the  i n c r e a s e  a f t e r  

sp le n ec to m y .  In t h e i r  o p in io n  th e  d e f e c t  lay  i n  t h e  

h a e m o g l o b i n i s a t i o n , which was u s u a l l y  d e f e c t i v e  when 

t h e  i n c l u s i o n  b o d ie s  were m u l t i p l e  o r  l a r g e  i n  s i z e .  

Our r e s u l t s  ag ree  i n  p r i n c i p l e  w i th  th o se  o f  the  above 

a u t h o r s ,  bu t  would sugges t  t h a t  the  d e f e c t i v e  

h a e m o g lo b i n i s f t i o n  i s  due to a r e l a t i v e  d e f i c i e n c y  o f  

th e  e r y t h r o c y t e  m a tu r a t i o n  f a c t o r .

Since i t  has  been shown t h a t  the  p in k  l^ y e r  

c o n s i s t s  m ain ly  of young c e l l s ,  r e t i c u l o c y t e s  and 

n o r m o b la s t s  and s in c e  i n c l u s i o n  b od ies  have been shown 

t o  o c cu r  i n  young n u c le a t e d  r e d  c e l l s ,  whereas t h e  

s i d e r o c y t e s  of  Oase (1945) occur  i n  age ing  c e l l s ,  i t  

was d e c id e d  to s t a i n  the  p ink  l a y e r  and t h e  bottom 

l a y e r ,  which c o n s i s t s  mainly of o ld  c r e n a t e d  c e l l s ,  

w i th  JL<£ d i p y r i d y l  and potassium f e r r o c y a n i d e .  F iv e



c a s e s  o f  ery  t h r o b  l a s  tosjUs- f o e t a l i s , t h e  f i r s t  case  o f  

h a e m o ly t i c  anaemia and t h r e e  c a se s  o f  a t y p i c a l  and 

t y p i c a l  p e r n i c i o u s  anaemia o f  pregnancy d u r in g  a 

r e t i c u l o c y t e  c r i s i s  were examined.

U o n s id e r in g  the  r e s u l t s  w i th  no tas s iu m  

f e r r o c y a n i d e  f i r s t ,  i n  the  p ink  l a y e r  o f  b lood  from b a b ie s  

v / i th  e r y t h r o b l a s t o s i s ,  12 p e r  c e n t  o f  th e  c e l l s  c o n ta in e d  

i n c l u s i o n  b o d i e s ,  l e s s  th an  one p e r  c e n t  was observed  i n  

t h e  c a s e s  o f  p e r n i c i o u s  anaemia o f  pregnancy d u r in g  th e  

r e t i c u l o c y t e  c r i s i s  and i n  th e  one case  o f  haemc l y t i c  

a n ae m ia .  -No i r o n  s t a i n i n g  i n c l u s i o n  b od ie s  were seen in  

th e  bo t tom  l a y e r .

With J.JL d i p y r i d y l ,  however,  numerous s i d e r o c y t e s  

were seen i n  th e  bo t tom  l a y e r  and th e s e  appea red  to  be 

i n c r e a s e d  when the blood was s l i g h t l y  haemolysed .  Only a 

few s i d e r o c y t e s  were found i n  the  top l a y e r  and a g a in  

t h e s e  were obse rved  when t h e  b lood  was s l i g h t l y  haemolysed.  

As a r e s u l t  o f  th e s e  f i n d i n g s ,  the  f o l lo w in g  experiment  

was c a r r i e d  o u t : -

5 c . c . s  o f  normal f r e s h  o x a la t e d  blood was 

o b t a i n e d  a s  b e f o r e  and f r e s h  blood f i lm s  were made. The 

b lo o d  was t h e n  p a r t i a l l y  haemolysed by p u t t i n g  i t  i n  an 

i c e - c h e s t  f o r  h a l f  an h o u r ,  a f t e r  which i t  was removed 

and a l low ed  t o  warm up t o  room t e m p e r a t u r e . Fi lms 

were made an hour  l a t e r  and a g a in  tw e n ty - fo u r  hours



l a t e r .  Numerous s i d e r o c y t e s ,  t y p i c a l  o f  th o se  d e s c r i b e d  

by Gase (1945) were observed  i n  the  f i lm s  made a f t e r  

t w e n t y - f o u r  h o u r s , b u t  were no t  found i n  any o f  t h e  o t h e r s  

vVith p o ta s s iu m  f e r r o c y a n i d e  and h y d r o c h l o r i c  a c i d  no 

i n c l u s i o n  b o d ie s  were observed in  any o f  the  f i l m s .

These f i n d i n g s  would t h e r e f o r e  suggest  t h a t  haem olys is  

h a s  a b e a r i n g  on the  a p p e a rm c e  o f  11 s i d e r o c y t e s "  and 

t h a t  i n c l u s i o n  b od ies  have a com ple te ly  s e p a r a t e  i d e n t i t y ,  

Summary: -

(1)  48 p a t i e n t s  a l l  w i th  severe  anaemia have been 

f o l lo w e d  th roughou t  p regnancy ,  r e p e a t e d  marrow p u n c tu re s
4

b e in g  perform ed where p o s s i b l e .  A f u r t h e r  74 were seen 

a t  r e g u l a r  i n t e r v a l s  end b iochem ica l  and h a e m a to lo g ic a l  

f i n d i n g s  were r e c o rd e d  as  f o r  the  f i r s t  g roup .  A 

r e m a in d e r  o f  33 p a t i e n t s  w i th  sev e re  anaemia were seen 

j u s t  b e f o r e  d e l i v e r y  and could be fo l low ed  on ly  i n  th e  

p u e rp e r iu m .  The survey t h e r e f o r e  i n c l u d e s  148 p a t i e n t s  

w i th  s e v e r e  anaemia.

(2)  E ig h t  c a s e s  o f  t y p i c a l  p e rn i c io u s  anaemia o f  

p regnancy  were d iag n o sed .  Six of th e s e  p r e s e n t e d  the  

u s u a l  b lood—p i c t u r e  when f i r s t  se en ,  b u t ,  i n  two c a s e s ,  

t h e  p e r i p h e r a l  b lood p i c t u r e  was o r i g i n a l l y  t h a t  o f  a 

s e v e re  i r o n  d e f i c i e n c y  anaemia and th e  f e a t u r e s  o f  

p e r n i c i o u s  anaemia of  pregnancy developed only  a t  a 

l a t e r  d a t e .  The changes i n  t h e  p e r i p h e r a l  b lood  i n
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a l l  o f  t h e s e  c a se s  were s i m i l a r  to  th o se  o f  Addisonian 

p e r n i c i o u s  anaem ia ,  namely - m a c r o c y t o s i s ,  h y p e rch ro m ia ,  

a n i s o c y t o s i s , p o i k i l o c y t o s i s , a low r e t i c u l o c y t e  count  

and a no rm al  f r a g i l i t y .  The plrsma p r o t e i n s  we r e  low 

a n d ,  i n  t h e  two c a s e s ,  who o r i g i n a l l y  appeared  to  be 

s e v e r e  i r o n  d e f i c i e n c y  anaem ias ,  th e  plasma was 

j a u n d i c e d .  M o rp ho lo g ica l ly  th e  marrowv&s d im o rp h ic ,  

numerous smear c e l l s  were p r e s e n t  and th e  degree o f  

h a e m o g lo b i n i s a t i o n  o f  the  l a t e  no rm ob las ts  and 

m e g a l o b l a s t s  was marked. The m eg a lo b la s t  p e rc e n ta g e  

was h i g h ,  the  norm oblas t  low, and th e  p e rc e n ta g e  o f  

r e t i c u l a t e d  c e l l s  i n  u n t r e a t e d  cases  was low. The 

r e s p o n s e  to  l i v e r  and f o l i c  a c id  t h e ra p y  i n  these  

c a s e s  h a s  been d e s c r ib e d  and th e  e f f e c t  o f  s u b s t i t u t i n g  

i r o n  f o r  l i v e r  th e r a p y  has been observed i n  t h e  

p a r t i a l l y  t r e a t e d  c a s e s .

(3)  Gases o f  a t y p i c a l  p e rn i c io u s  anaemia o f  pregnancy 

a r e  much more common. A l toge ther  27 c a s e s  were proved 

to  b e lo n g  t o  t h i s  g roup ,  24 by s t e r n a l  p u n c t u r e ,  and 3 

by t h e r a p e u t i c  t e s t s .  G l i n i c a l l y  these  c a se s  can be 

d i v i d e d  i n t o  t h r e e  g rou p s ,  namely anaem ias ,  anaemias 

and toxaemia  c h a r a c t e r i s e d  by low plasma p r o t e i n s ,  and 

anaemia and j au n d ice  c h a r a c t e r i s e d  by t h e  development 

o f  a su b —c l i n i c a l  j au nd ice  i n  the  cou rse  o f  t h e r a p y .

The p e r i p h e r a l  b lood p i c t u r e  i n  th e s e  t h r e e  groups i s



e s s e n t i a l l y  th e  same and cannot  be d i f f e r e n t i a t e d  from 

t h a t  o f  th e  i r o n  d e f i c i e n c y  anaem ias .  An i n i t i a l  

d i a g n o s i s  i n  t h e s e  c a se s  depends on the  bone marrow 

p i c t u r e ,  which shows approx im ate ly  2 pe r  c e n t  m egalo-  

b l a s t s  and 20 p e r  cent  n o rm o b la s t s .  The l a t t e r  f i g u r e ,  

which i s  i n t e r m e d i a t e  between t h a t  o f  the i r o n  d e f i c i e n c y  

anaem ias  and th e  e s s e s  o f  t y p i c a l  p e r n i c io u s  anaemia o f  

p r e g n a n c y ,  i s  th e  more s i g n i f i c a n t .  The r e s p o n se  to  

i r o n  t h e r a p y  i s  the  same in  each group.  O r i g i n a l l y  

s a t i s f a c t o r y ,  i t  l e v e l s  o u t ,  g iv in g  a t y p i c a l  p l a t e a u  

cu rv e  beyond which no improvement w i l l  occur  on i r o n  

t h e r a p y  a l o n e .  The e f f e c t  o f  v a r io u s  t r e a tm e n t s  i n  

e ac h  group has  been d i s c u s se d  with  r e f e r e n c e  to  t h e  

a e t i o l o g i e s  1 f a c t o r s  and i t  has  so f a r  been found t h a t  

e q u a l l y  good r e s u l t s  were o b ta in ed  by t r e a t i n g  th e  

o b v io u s  d e f i c i e n c y  as  by g iv in g  l i v e r  o r  f o l i c  a c id  

e m p i r i c a l l y .  The importance  o f  g a s t r o - i n t e s t i n a l  

u p s e t  a s  a f a c t o r  i n  t h i s  type o f  anaemia has  been 

s t r e s s e d  and r e s u l t s  i n  accordance  w i th  those  n o ted  in  

p r e v i o u s  s e c t i o n s  have been o b t a in e d .

(4) The rem a inde r  o f  the  p a t i e n t s  i n v e s t i g a t e d  b e fo re  

d e l i v e r y  have been rega rded  as  i r o n  dex ic ie n cy  anaem ias .

I t  has  been  shown, however, t h a t  many o f  t h e s e  p a t i e n t s  

may have m e g a lo b la s t s  in  t h e i r  cone marrow and from 

t h e s e  f i n d i n g s  i t  has been concluded t h a t  m e g a lo b la s t s



o c c u r r i n g  i n  th e  marrows of  case s  with  a se v e re  m i c r o 

c y t i c  hypochromic anaemia o f  pregnancy have not  the  

s i g n i f i c a n c e  o f  th e  m eg a lo b la s t s  seen i n  the  marrows o f  

n o n - p r e g n a n t  p a t i e n t s .  I n s t e a d ,  the  s i g n i f i c a n t  

f e a t u r e  a p p e a r s  to  be the  p e rc en tag e  o f  n o r m o b la s t s ,  i f  

t h i s  i s  more than  30 per  cen t  i n i t i a l l y ,  the  anaemia w i l l  

r e sp o n d  s a t i s f a c t o r i l y  to i r o n  th e r a p y ,  i f  n e c e s s a r i l y  

a f t e r  a d m is s io n  to  h o s p i t a l  o r  wi th  th e  a d m i n i s t r a t i o n  

o f  a c id  h y d r o c h l o r .  d i l .  i n  a d d i t i o n  to  the  i r o n .  The 

marrow p i c t u r e  i n  th e s e  case s  appears  t o  be a c t i v e ,  

r e t i c u l a t e d  c e l l s  a re  numerous bo th  b e fo re  and a f t e r  

i r o n  t h e r a p y ,  and ,  i n  the  second smear taken  when the  

b lood  l e v e l s  a re  no rm al ,  th e  p e rcen tage  o f  m e g a lo b la s t s  

h a s  d e c r e a s e d  while  the  norm oblas ts  remain  unchanged. 

B io c h e m ic a l ly  th e  plasma p r o t e i n s  a r e  low, bu t  n o t  as  

low as  i n  th e  a t y p i c a l  cases  o f  p e r n i c io u s  anaemia o f  

p r e g n a n c y .  The Van den Bergh i s  n e g a t iv e  and t h e  e s s e s  

w hich  showed u r o b i l i n o g e n u r i a  o r i g i n a l l y ,  c l e a r  up as 

a r e s u l t  o f  i r o n  t h e r a p y .

(5)  I t  has  been shown t h a t  these  t h r e e  groups o f  

anaemias  a re  no t  d i s t i n c t  e n t i t i e s  bu t  t h a t  one may 

d ev e lo p  i n t o  a n o th e r .  However, d e f i n i t e  s t a g e s  have 

been  r e c o g n i s e d  and th e  value  of  marrow b io p sy  as  a 

g u ide  to  p ro g n o s i s  i n  these  case s  has been shown.

(6 ) Two c a se s  o f  haem oly t ic  anaemia,  a p p e a r in g  f o r



t h e  f i r s t  t ime i n  r e l a t i o n ,  to  a p reg n an cy ,  have been 

d e s c r i b e d .  The f i r s t  would appear  to  be a c a se  of  

c o n g e n i t a l  h a em o ly t ic  anaemia w ith  a h a em oly t ic  c r i s i s  

o c c u r r i n g  as  a r e s u l t  o f  the  p regnancy .  The second 

c a s e ,  which was i n v e s t i g a t e d  l e s s  f u l l y ,  ap p ea rs  to  be 

o f  t h e  a c q u i r e d  type  and th e  f i n d in g s  would sug g es t  

t h a t  i t  was a t r u e  case  o f  a haem oly t ic  anaemia o f  the  

p u e rp e r iu m .

(7)  The plasma p r o t e i n s  have been d i s c u s s e d  i n  

r e l a t i o n  to  oedema and haemoglobin p r o d u c t i o n .  A f a l l  

i n  p lasma p r o t e i n s  has been observed i n  a l l  c a s e s  given  

i r o n  t h e r a p y  and i t  has  been sugges ted  t h a t  t h i s  i s  a 

p r o c e s s  des igned  to  p rov ide  th e  n e c e s sa ry  p r o t e i n  f o r
t

t h e  i n c r e a s e d  haemoglobin p ro d u c t io n .  Though th e  

plasma p r o t e i n s  f a l l  f a r  below the  " c r i t i c a l  l e v e l "  

d u r in g  t r e a t m e n t ,  oedema,^hen p r e s e n t ,  tended to  

d i s a p p e a r ,  and i t  has  been suggested t h a t  t h e r e  i s  an 

a l t e r e d  osm ot ic  ba lance  between the  plasma and t i s s u e s  

d u r in g  p re g n a n c y .

( 8 ) I r o n  s t a i n i n g  i n c l u s i o n  bod ies  were found i n  th e  

marrow c e l l s  o f  cases  o f  i r o n  d e f i c i e n c y  anaemia and 

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

a f t e r  i r o n  t h e r a p y .  M orpho log ica l ly  i d e n t i c a l  b o d ie s  

have been  observed  i n  the p e r i p h e r a l  b lood o f  a l l  c a se s  

o f  p e r n i c i o u s  anaemia, o f  pregnancy d u r in g  r e t i c u l o c y t e



c r i s e s .  They were a l s o  found i n  the  p e r i p h e r a l  b lood  o f  

c a s e s  o f  e r y t h r o b 1b s t o s i s  f o e t a l i s  and i n  th e  marrow and 

b lo o d  o f  a c ase  o f  c o n g e n i t a l  h aem o ly t ic  anaem ia .  The 

i n c l u s i o n  bodies  have s i m i l a r  s t a i n i n g  r e a c t i o n s  to  the  

Pappenheimer b o d i e s ,  bu t  a re  d i s t i n c t  irom th e  s i d e r o c y t e s  

o f  G ase ,  which would appear  to  be r e l a t e d  to  h a e m o ly s i s ,  

r a t h e r  t h a n  a d e f e c t  i n  the  h a e m o g lo b in i s a t i o n  o f  th e  

r e d  c e l l .

(9)  F i n a l l y ,  by examin? t i o n  of  the p in k  l a y e r ,  a 

method has  been d ev ised  whereby the  n u c l e a t e d  c e l l s  i n  

th e  p e r i p h e r a l  b lood^observed  during  a h a em o ly t ic  c r i s i s  

o r  a r e t i c u l o c y t e  response  i n  a severe  p e r n i c i o u s  anaemia 

o f  p regnancy  can be s c r u t i n i s e d  more e a s i l y .  By t h i s  

m ean s ,  t o o ,  the  young c e l l s  could be p i p e t t e d  o f f  and 

s p e c i f i c  t e s t s  a p p l i e d  where n e c e s s a r y .

I n  c o n c lu s io n  we would sugges t  th e  f o l lo w in g  

c l a s s i f i c a t i o n  o f  the  anaemias of p regnancy ,  which 

a g r e e s  w i th  E l l i o t t  (1944) i n  p r i n c i p l e .

I .  D e f ic i e n c y  Anaemias.

(1)  I r o n  d e f i c i e n c y  anaemia a )  m i c r o c y t i c  hypochromic

anaemia w i th  a normo

b l a s t i c  marrow, which 

responds  s a t i s f r c t o r i l y  

to  i r o n  t h e r a p y ,  

b) m i c r o c y t i c  hypochromic



anaemia i n  th e  t r a n s i t i o n a l  s t a g e  

w i th  a marrow showing a r e l a t i v e l y  

h ig h  p e rc e n ta g e  o f  m e g a lo b l a s t s  in 

a d d i t i o n  to aPh?gh^o ̂ n o r m o b l a s t  s . 

This  anaemia w i l l  r e spond  to  i r o n  

t h e r a p y •

( 2 ) .  A ty p ic a l  p e r n i c i o u s  anaemia of  p regnancy .  The b lood 

p i c t u r e  i s  m i c r o c y t i c  hypochromic,  but  the  marrow c o n t a i n s  

a sm a l l  p e r c e n t a g e  of  m e g a lo b la s t s  i n  a d d i t i o n  to  a 

r e l a t i v e l y  low p e rc e n ta g e  of  no rm o b la s ts  i . e .  In  t h i s  

anaemia th e  i r o n  d e f i c i e n c y  i s  a p p a r e n t ,  bu t  t h e r e  i s  a l s o  

a l a t e n t  d e f i c i e n c y  o f  the  " e r y t h r o c y t e  m a t u r a t i o n  f a c t o r " .

(3) T y p ic a l  p e r n i c i o u s  anaemia o f  p regnancy ,  w i th  a 

m a c r o c y t i c  hype r  chromic blood p i c t u r e  and a m&rrow showing 

a h i g h  p e r c e n t a g e  o f  m e g a lo b la s t s  and a low p e rc e n ta g e  o f  

n o r m o b l a s t s .

H • Unproved g r o u p : -

(1)  Acute haem o ly t ic  anaemia o f  p regnancy .

(2)  P r o t e i n  d e f i c i e n c y  anaemia o f  p regnancy .

(3)  Vitamin B d e f i c i e n c y  anaemia o f  p regnancy .

H I .  Anaemia com plica ted  by pregnancy •

IV. P o s t -h a e m o r rh a g ic  anaemias .

V. Anaemia secondary to  o th e r  c o m p l ic a t io n s  e . g .  i n f e c t i o n  

t o x a e m ia ,  leukaemia e t c . ,
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