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The f u n c t i o n  o t  m i c r o c i r c u l a t i o n  i s  t o  achieve the exchange of 
gases, f l u i d s  and substances between b lood  and t issues.  By 
decreasing the diameter  o f  the c a p i l l a r i e s  and the spacing be- 
tween them the t r a n s p o r t  processes are made more e f f i c i e n t  f o r  
two reasons: 1. The same blood volume wi 11 have an increased area 
o f  con tac t  w i t h  the  t i s s u e  and 2. the t r a n s p o r t  d i s tance  w i t h i n  
the c a p i l l a r i e s  and i n  the t i ssues  w i l l  be minimized (1) .  However, 
the  sma l les t  c a l i b r e  o f  c a p i l l a r i e s  must s t i l l  pe rmi t  the passage 
o f  e ry th rocy tes  and o t h e r  b lood c e l l s .  Red c e l l s  w i t h  r e s t i n g  
diameters o f  8pm are ab le  t o  e n t e r  c a p i l l a r i e s  w i t h  diameters 
o f  3~ because o f  t h e i r  unique a b i l i t y  t o  assume var ious shapes 
i n  a very s h o r t  t ime.  Thus, r e d  c e l l  d e f o r m a b i l i t y  i s  a i m p o r -  
t a n t  p r e r e q u i s i t e  f o r  narrow and c l o s e l y  arrayed c a p i l l a r i e s .  The 
t ime f o r  marked ex tens iona l  deformat ion,  f o r  the  passage o f  a r e d  
c e l l  through a c a p i l l a r y  and f o r  deoxygenation i s  approximately 
0.1 s (2, 3) .  Moreover, r e d  c e l l  deformat ion accelerates deoxy- 
genat ion o f  r e d  c e l l s  ( 2 ) .  This may be expla ined by c l o s e r  
con tac t  o f  r e d  c e l l s  and vessel w a l l ,  by a sma l le r  s tagnant  l a y e r  
on t h e  c e l l  sur face and bv m ix ina  o f  the  hemoalobin dur ina  
c e l l u l a r  deformat ion.  
Red c e l l  d e f o r m a b i l i t y  a l s o  a f f e c t s  p l a t e l e t  aggregat ion and 
p l a t e l e t  adherence t o  the  vessel w a l l  (5) .  P l a t e l e t  adherence mav 
be increased as a r e s u l t  o f  decreased ;ed c e l l  de fo rmab i l i  t y ,  
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The r e f r a c t o r y  anaemia o f  p rematu r i t y  (REAP) i s  one o f  the  m u l t i -  
p l e  non-physio logical  compl icat ions o f  preterm d e l i v e r y  and r e -  
f l e c t s  the inadequacies o f  t h e  b lood oxygen t r a n s p o r t  system f o r  
phys io log ica l  needs ex utero.  These i n f a n t s  depend f o r  a pro-  
longed per iod  on preaominant ly  f e t a l  r e d  c e l l s  o f  poor v i a b i l i t y  
and h i g h  oxygen a f f i n i t y  so t h a t  haemoglobin concen t ra t ion  and 
P50 a re  low ( 3 ) .  This r e s u l t s  i n  low values o f  ' a v a i l a b l e  oxygen' 
( 2 ) :  dur ing  the f i r s t  th ree  o r  so monthsaf ter  b i r t h .  Dur ing t h i s  
per iod  oxygen requirements f o r  growth, no tab ly  o f  the  b ra in ,  are 
h igh  and a re  i n t e n s i f i e d  by c a r d i o - r e s p i r a t o r y  and i n f e c t i v e  com- 
p l i c a t i o n s .  The inadequacy o f  the e r y t h r o p o i e t i c  response t o  
hypoxia i s  p a r t l y  expla ined by i n a p p r o p r i a t e l y  low e r y t h r o p o i e t i n  
concentrat ions,  perhaps a l s o  a fea tu re  o f  i m n a t u r i t y  (1 ) .  This 
haemat in ic - re f rac to ry  anaemia would be compounded by hypoxia f rom 
o t h e r  causes and by spontaneous and i a t r o g e n i c  b lood losses i n  
the  e a r l y  weeks o f  l i f e .  The r e s u l t i n g  hypoxia i s  c l i n i c a l l y  r e -  
cognisable by increased r e s p i r a t o r y  and h e a r t  r a t e s  a t  r e s t  o r  on 
s l i g h t  exer t ion ,  r a i s e d  oxygen consumption and poor feed ing  and 
growth. These symptoms and s igns respond t o  r e d  c e l l  t rans fus ion ,  
the  imnunological  and i n f e c t i v e  hazards o f  which are incomple te ly  
understood. The longterm c l i n i c a l  e f f e c t s  o f  impaired oxygen 
a v a i l a b i l i t v  i n  the  f i r s t  months are unknown. f o r  example. on the  . . 

increased red  c e l l  s i z e  and increased hematocr i t .  P l a t e l e t  aggre- i n d i v i d u a l  '; u l t i m a t e  i n t e l l e c t u a l  p o t e n t i a l  : 
g a t i o n  a t  h i g h  shear i s  enhanced by increased r e d  c e l l  deform- 
a b i l i t y  and by increased hematocri t. 
C e l l u l a r  d e f o r m a b i l i t y  determines t h e  a b i l i t y  o f  the  r e d  c e l l  t o  
s u r v i v e  i n  the  m i c r o c i r c u l a t i o n  ( 3 ) .  R i g i d  c e l l s  (e.g., sphero- 
cytes,  aged r e d  c e l l s )  a re  destroyed i n  t h e  spleen. I n  most types 
o f  hemolyt ic  anemias, t h e  f i n a l  d e s t r u c t i o n  o f  r e d  c e l l s  i n  the 
spleen i s  due t o  impaired c e l l u l a r  d e f o r m a b i l i t y .  
Which p e d i a t r i c  d iso rders  a r e  associated w i t h  both decreased 
r e d  c e l l  de fo rmab i l i  t y  and d is tu rbed  m i c r o c i r c u l a t i o n ?  The bes t  
known example i s  s i c k l e  c e l l  anemia. 1rreversiS:e s i c k l e d  red  
c e l l s  cannot deform a t  a l l  and, the re fo re ,  p l u g  narrow 
c a p i l l a r i e s .  Subsequent r e d  c e l l s  a re  blocked, they re lease  t h e i r  
oxygen, become s i c k l e d  and p lug  a d j o i n i n g  vessels; thereby 
i n i t i a t i n g  a s i c k l e  c r i s i s .  
Red c e l l s  f rom preterm and term neonates and a d u l t s  show s i m i l a r  
d e f o r m a b i l i t y  when s tud ies  under de f ined  shear cond i t i ons  (4 ) .  
Decreased f i l t e r a b i l i t y  o f  neonatal r e d  c e l l s  i s  probably due t o  
t h e i r  l a r g e r  volume. 1n neonates, decreased r e d  c e l l  deformabi l  i ty 
has been observed i n  sept icemia and n e c r o t i z i n g  e n t e r o c o l i t i s .  
This may c o n t r i b u t e  t o  impaired c i r c u l a t i o n  i n  these disorders.  
Moreover, r e d  c e l l s  i n  i n f a n t s  o f  d i a b e t i c  mothers a re  moderately 
less  deformable than i n  normal neonates. 
I n  ch i ld ren ,  red  c e l l s  may be l e s s  deformable because o f  i r o n  
de f i c iency .  This may be hazardous i f  t h e  hematocr i t  i s  increased 
as i n  p a t i e n t s  w i t h  cyano t i c  congen i ta l  h e a r t  disease. These 
p a t i e n t s  a re  h i g h l y  suscep t ib le  t o  cerebrovascular  accidents when 
polycythemia i s  associated w i t h  i r o n  de f i c iency .  Moreover, r e d  
c e l l  d e f o r m a b i l i t y  may be diminished i n  c h i l d r e n  w i t h  d iabetes,  
hypertension and M. Raynaud and c o n t r i b u t e  t o  the  long-term 
vascular  compl icat ions i n  these diseases. 
L i t t l e  i s  known about the  meaning o f  leukocyte d e f o r m a b i l i t y  
(6)  f o r  m i c r o c i r c u l a t i o n .  Neonatal leukocytes a re  l e s s  deformable 
than a d u l t  leukocytes when s tud ied  by means o f  m ic rop ipe t tes  and 
f i l t e r  techniques. There i s  a l s o  evidence t h a t  leukocytes become 
more r i g i d  i n  neonatal  septicemia. Moreover, leukocytes may be 
invo lved  i n  the  pathogenesis o f  vascular  comp l i ca t ion  i n  d iabetes 
and per iphera l  vascu la r  diseases. I n  c h i l d r e n  w i t h  leukemia, 
c i r c u l a t o r y  problems have been observed when the leukocy te  count  
exceeds 50.000/p1. 
Therapeut ic  approaches t o  improve d i s t u r b e d  r e d  c e l l  deform- 
a b i l i t y  i nc lude  s imple removal o f  r i g i d  r e d  c e l l s  by exchange 
t rans fus ion .  Leukocytes can be removed by leukopheresis o r  
exchange t rans fus ion .  P e n t o x i f i l l  i n e  i s  the o n l y  drug known t o  
decrease the deformabi 1 i t y  o f  r e d  c e l l s .  A t  h i g h  concentrat ion,  
i t  a l s o  decreases the  r i g i d i t y  o f  leukocyte by up t o  50% (6) .  
I n  s p i t e  o f  ex tens ive  use o f  p e n t o x i f i l l i n e  i n  adu l t s ,  no 
experience appears t o  e x i s t  f o r  p e d i a t r i c  pa t ien ts .  
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Object ives i n  o p t i m i s i n q  management o f  REAP v) Def ine adequate ' a v a i l a b l e  oxygen' values by appropr ia te  
c l i n i c a l  i n v e s t i g a t i o n s  i n  preterm i n f a n t s  dur ing  t h e  f i r s t  few 
months o f  l i f e ,  e.g. u n t i l  one year  post-conception. 
(2 )  Seek means o f  making ' a v a i l a b l e  oxygen' adequate t o  p reven t  
short - term and anv lona-term adverse c l i n i c a l  e f f e c t s .  P re fe rab lv  
avo id  donor r e d  c e l l  tFansfusion.  
(3)  When r e d  c e l l  t rans fus ion  i s  required,  e.g. f o r  replacement o f  
i n v e s t i g a t i o n a l  b lood  losses and/or f o r  the  prevent ion and cor -  
r e c t i o n  o f  anaemia, avo id  hazards o f  donor r e d  c e l l  t rans fus ion ,  
e.g. imnunological  and i n f e c t i v e .  

Possib le means o f  ach iev ing  opt imal  management o f  REAP (assuminq 
minimal b lood losses and opt imal  haematinic suppl ies)  
(1)  Def ine and secure opt imal  p lacen to - fe ta l  t rans fus ion  on 
d e l i v e r y ,  avo id ing  c i r cu laJory  over load!  
(2)  C o l l e c t  and s t o r e  p lacen ta l  b lood f o r  autologous replacement 
o f  b lood losses.  
(3)  Optimise t h e  newborn's whole-blood and red  c e l l  r h e o l o g i c a l  
p roper t ies  t o  minimise haemolysis and so jaundice, perhaps c i r c u -  
l a t o r y  s tagna t ion  i n  v i v o  and c e r t a i n l y  anaemia. 
(4 )  Optimise f e t a l h a e m o g l o b i n  f u n c t i o n  f o r  oxygen t ranspor t .  
(5 )  Study c o n t r o l  o f  t i m i n g  and r a t e  o f  f e t a l  t o  a d u l t  e r y t h r o -  
p o i e t i c  sw i tch  and o f  resumption o f  e ry th ropo ies is  a f t e r  i t s  
post-natal  shutdown: b r i n g  forward a d u l t  e ry th ropo ies is  i n  preterm 
i n f a n t s .  (Drugs may be developed t o  achieve some o f  these goa ls ) .  

Per t inen t  i n v e s t i g a t i o n s :  n) Laboratory and c l i n i c a l  assessment o f  adequacy o f  oxygen 
supply from blood. ' A v a i l a b l e  oxvaen' c a l c u l a t i o n :  e r v t h r o ~ o i e t i n  
3ssay; I n f a n t ' s  oxygen consumption-at r e s t  and under st ress;  e.g. 
i n  a cool  environment. Est imat ion o f  cardiac ou tpu t  and ca lcu la -  
t i o n  o f  mixed venous oxygen tension.  
(2 )  P lacen ta l  blood. Placento- feta l  t rans fus ion  - assess blood 
dolume a t  b i r t h  i n  r e l a t i o n  t o  subsequent anaemia. P lacen ta l  
b lood - c o l l e c t ,  s t o r e  and assess usefulness i n  autologous t rans-  
fus ion  t o  replace i n v e s t i g a t i o n a l  b lood losses.  
(3 )  I n f a n t ' s  b lood 's  Hb-02 d i s s o c i a t i o n  - may be pharmacologi- 
c a l l y  mod i f iab le .  
(4 )  I n f a n t ' s  r e d  c e l l  d e f o r m a b i l i t y  - assess a t  b i r t h  and 
p rospec t i ve ly  i n  r e l a t i o n  t o  l a t e r  r a t e  o f  f a l l  o f  Hb concentra- 
t i o n  and development o f  jaundice. 
( 5 )  F e t a l - a d u l t  e r y t h r o p o i e t i c  swi tch.  Assess f e t a l / a d u l t  
e r y t h r o p o e t i c  balance a t  b i r t h  and the  changes across per iod  o f  
REAP. 
(6 )  U l t ima te  assessments - long-term s tud ies  needed o f  r e d  cel l -  
t rans fus ion  and i t s  compl icat ions,  e.g. immunological and i n -  
f e c t i v e .  and o f  the  oa tho loa ica l  s i a n i f i c a n c e  o f  the REAP i n  
i n f l u e n c i n g  the  deveiopmentdof the ynd iv idua l ' s  u l t i m a t e  i n t e l -  
l e c t u a l  p o t e n t i a l .  
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