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Th is  review focusses on a l t e r a t i o n s  o f  rheo log ica l  p roper t ies  o f  b loo  
which might  c o n t r i b u t e  t o  the development o f  c i r c u l a r o t y  d e t e r i o r a t i o l  
i n  neonatal septicaemia. The f o l l o w i n g  a1 t e r a t i o n s  i n  rheo log ica l  
p roper t ies  have been shown i n  septicaemia: 1. Decrease i n  RBC de fo r -  
m a b i l i t y .  RBC d e f o r m a b i l i t y  i s  determined by the  shape and geometry 
( i n  p a r t i c u l a r ,  by the  excess sur face  area) and by membrane and cy to -  
plasma p roper t ies .  We have shown t h a t  i n  severe neonatal septicaemia 
RBC may l o s e  membrane as we1 1 as c e l l  water .  This r e s u l t s  i n  decreased 
excess membrane surface and increased i n t e r n a l  v i s c o s i t y .  Moreover, 
endotoxin may markedly decrease RBC de fo rmab i l i  t y  i n  v i t r o  and i n  v i -  
vo. This appears t o  be due t o  a l o s s  i n  membrane e l a s t i c i t y .  A de- 
crease i n  RBC d e f o r m a b i l i t y  may a l s o  occur i n  n e c r o t i z i n g  e n t e r o c o l i -  
t i s  as a r e s u l t  o f  e i t h e r  endotoxin-mediated membrane des t ruc t ion  o r  
neuraminidase-induced l o s s  o f  membrane charge. 2. Increase i n  RBC 
aggregation. RBC aggregat ion i s  p r i n c i p a l l y  caused by plasma macro- 
molecules (e.g., f i b r i n o g e n ) .  I n  neonatal septicaemia, plasma f i b r i -  
nogen may increase. Moreover, i n  neonates w i t h  septicaemia RBC aggre- 
g a t i o n  i s  more enhanced than expected f rom the  r i s e  i n  plasma f i b r i -  
nogen. We have shown t h a t  f ibrin-monomer- f i b r i n o g e n  complexes induce 
a marked r i s e  i n  RBC aggregat ion i n  bo th  neonatal and a d u l t  blood. 
Since the complexes a re  formed as a r e s u l t  o f  endotoxinaemia, they 
might  c o n t r i b u t e  t o  the  increase i n  RBC aggregat ion i n  neonatal s e p t i - /  
caenia . These data i n d i c a t e  t h a t  a1 te red  rheo log ica l  b lood p roper t ies  
may c o n t r i b u t e  t o  c i r c u l a t o r y  compromise i n  septicaemia. 
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The ae t io logy  o f  congen i ta l  dysery th ropoe t i c  anemia (CDA) I 1  i s  

unknown. The diagnosis i s  based on morphologic and immunologic c r i -  
t e r i a .  We present  th ree  g i r l s  w i t h  w e l l  docomented CDA I 1  who were 
fo l lowed f o r  5 t o  8 years.  The anemia was always m i l d  and the body 
i r o n  s ta tus  (assessed by serum f e r r i t i n ,  serum i r o n  and t r a n s f e r r i n )  
was normal. I n  none o f  the  g i r l s  was splenectomy ind ica ted .  Morpho- 
l o g i c  fea tu res  o f  e ry th rocy tes  and bone marrow e r y t h o i d  c e l l s  were 
s tud ied  by meam o f  1 i g h t  and e l e c t r o n  microscopy. 15-30% o f  the  
e ry th rocy tes  showed invag ina t ions  w i t h  endocyt ic  cysterns and shape 
abnorma l i t i es  (ech inocy tos is ,  an isocy tos is ,  m ic rocy tos is ) .  Erythrocyte 
deformation and aggregat ion were s tud ied  i n  the three p a t i e n t s  by 
means o f  rheoscope techniques. Ery th rocy tes  w i t h  abnormal shape 
showed s i g n i f i c a n t l y  decrease d e f o r m a b i l i t y ,  p a r t i c u l a r l y  a t  low 
shear s t ress .  A t  low shear s t ress ,  up t o  15% o f  e ry th rocy tes  d i d  no t  
deform a t  a l l .  At  h i g h  shear s t ress ,  bo th  shape abnormal i t ies and 
e ry th rocy te  r i g i d i t y  were l e s s  pronounced. Erythrocyte aggregation 
s tud ied  under standard cond i t i ons  was s l i g h t l y  increased. This 
agrees w i t h  previous f i n d i n g s  o f  decreased neraminic a c i d  i n  e ry th ro -  
c y t e  membrane o f  these pa t ien ts .  Our s tud ies  i n d i c a t e  t h a t  both 
decreased e ry th rocy te  deformabi 1 i t y  and increased e ry th rocy te  aggre- 
g a t i o n  may c o n t r i b u t e  t o  the  shortened l i f e  span o f  e ry th rocy tes  i n  
p a t i e n t s  w i t h  dysery th ropoe t i c  anemia type 11. 
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Hered i ta ry  stomatocytosis i s  a hemolyt ic  an n i a  caused by an i n -  
creased Na' i n f l u x  and consecut ive hydrocytos-8 o f  the erythrocytes.  
I n  search o f  t h e  pathogenesis, the e r y t h r o c y t t  membranes o f  two unre- 
l a t e d  spl  enectomized p a t i e n t s  s u f f e r i n g  f rom revere stomatocytosi s  
were analyzed by an a n a l y t i c a l  SDS po lyac ry la - i i d  g rad ien t  gel  e l e c t r o -  
phoresis. A d im inu t ion  o f  the  e ry th rocy te  memorane p r o t e i n  band 7.2 
(Mr - 28000) was detected. By separat ing the i n t e g r a l  p ro te ins  i n  the 
o u t e r  plasma membrane (Low i o n i c  s t reng th  e x t r a c t i o n )  from the p e r i -  
pheral  p r o t e i n s  i n  the  inner  cy toske le ton  ( T r i t o n  X-100-extract ion)  we 
found t h a t  band 7.2 normal ly  cons is ts  o f  two f r a c t i o n s .  50% represent  
a per iphera l  membrane p r o t e i n  (7.2a), w h i l e  t h e  o ther  h a l f  i s  embedded 
i n  the l i p i d  b i l a y e r  (7.2b). The i n v e s t i g a t i o n  o f  the red  c e l l  c a t i o n  
f l u x e s  showed, t h a t  the  passive i n f l u x  of Nat was d isp ropor t iona te ly  
increased (50- fo ld )  compared t o  on ly  a s l i g h t l y  enhanced passive e f -  
f l u x  o f  K+ ( 5 - f o l d ) .  I n s p i t e  o f  an e levated t o t a l  Na' e f f l u x ,  the re  i s  
a n e t  Na+ i n f l u x  o f  17.8 mval / l  c e l l s  x hour. The heterozygous parents, 
who are c l i n i c a l l y  unaf fected,  compensate t h e i r  3 - f o l d  increase o f  
passive Na+ i n f l u x  by an increased t o t a l  Nat e f f l u x .  I t  i s  suggested 
t h a t  by the  absence o f  band 7.2b an o l igomer ic  complex o f  transmem- 
brane p ro te ins ,  respons ib le  f o r  the  passive Na+ i n f l u x ,  may desinte-  
g ra te  and thereby a l l o w  an enhanced Na+ i n f l u x  i n t o  the stomatocyt ic  
e ry th rocy te .  The lack  o f  band 7.2b, proven by SDS-polyacrylamidgel 
e lec t rophores is ,  should be a valuable d iagnos t i c  f o r  he red i ta ry  stoma- 
tncgtasls^ 
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Ch i ld ren  w i t h  e ry th rocy tos is  due t o  cyano t i c  congeni ta l  h e a r t  
diseases (CCHD) show an increased tendency t o  thrombot ic  d isorders.  
We s tud ied  r e d  c e l l  d e f o r m a b i l i t y  and 2,3-DPG concentrat ion,  p l a t e -  
l e t  aggregat ion and p l a t e l e t  re lease i n  18 c h i l d r e n  w i t h  CCHD 
( Pa02 c70 mn Hg). E ry th rocy tos is  (Ht>55%) was present i n  3 pa t ien ts .  
Red c e l l  d e f o r m a b i l i t y  was measured by a f i l t r a t i o n  technique. 
P l a t e l e t  aggregat ion was assessed by the change i n  l i g h t  t ransmission 
o f  p l a t e l e t - r i c h  plasma a f t e r  a d d i t i o n  o f  ADP (1-3 uM). Plasma 8-TG 
l e v e l  was determined by a radio imunoassay,  and 2,3-OPG by enzymatic 
ana lys is .  F i l t r a t i o n  t ime was B o t l o  seclml (meantSD) vs 30 t8  seclml 
(p<o.ol). 2,3-DPG was n o t  s i g n i f i c a n t l y  increased: 4.83io.15 mnol / l  
e ry th rocy tes  (meantSD) vs 4. iBto.  1. I n  a l l  samples p l a t e l e t  aggrega- 
t i o n  was impaired, w h i l e  plasma 0-TG was increased: 55+5ug/m1 (mean* 
SD) vs 20t2, p<o.ool. No c o r r e l a t i o n  was demonstrated between red  
c e l l  d e f o r m a b i l i t y  and e ry th rocy tos is  o r  2,3-DPG content .  Our data 
show t h a t  r i g i d  r e d  c e l l s  and "exhausted" p l a t e l e t s  (as suggested by 
impaired i n  v i t r o  aggregat ion and increased plasma 8-TG l e v e l )  may 
occur i n  p a t i e n t s  w i t h  CCHD a lso  i n  absence o f  severe hypoxia. 
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Previous s tud ies  have shown t h a t  i r o n  d e f i c i e n t  r e d  b lood c e l l s  
(RBC) a re  less  deformable than normal c e l l s  (Y ip  e t  a l .  Blood 62:99, 
1983). RBC from 20 c h i l d r e n  w i t h  severe i r o n  de f i c iency  and from 
20 hea l thy  a d u l t s  were used t o  study de fo rmab i l i  t y  (rheoscope), geo- 
metry (m ic rop ipe t te ) ,  membrane v i  s c o e l a s t i c i  t y  (mi c r o p i p e t t e )  and 
t h e  bhraeus-L indqv is t  e f f e c t  (decrease i n  b lood  v i s c o s i t y  as tube 
diameters decrease f rom 500 t o  50pm). RBC d e f o r m a b i l i t y  decreased 
as the MCV decreased (p<o.o5). The excess surface area o f  i r o n -  
d e f i c i e n t  RBC was up t o  20% l a r g e r  than t h a t  o f  normal RBC (pco.05). 
The membrane e l a s t i c  shear modulus o f  i r o n - d e f i c i e n t  RBC was by 
20% increased ( i . e . ,  e l a s t i c i t y  was impaired) whereas the  t ime 
constant  f o r  recovery f rom extensional  deformat ion was shortened 
by about 20% when compared t o  normal RBC. Membrane v i s c o s i t y  (com- 
puted as product  o f  the  e l a s t i c  shear modulus and the t ime cons tan t )  
was s i m i l a r  f o r  both c e l l  types. V iscos i t y  o f  normal b lood decreased 
by 31% when the tube diameter was decreased from 500 t o  5oum, 
whereas the  decrease i n  b lood  v i s c o s i t y  was o n l y  25% f o r  i r o n  
d e f i c i e n t  c e l l s  (p<o.o5). Thus,the Fahraeus-Lindqvist  e f f e c t  was l e s s  
f o r  iron-deficiency.We conclude t h a t  i r o n - d e f i c i e n t  RBC show several  
p e c u l i a r  p r o p e r t i e s  which may impa i r  b lood  f l o w  p a r t i c u l a r l y  when 
the hematocr i t  i s  increased (e.g., i n  p a t i e n t s  w i t h  chronic hypoxemia 
o r  pr imary polycythemia).  
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I n  an at tempt t o  c l a r i f y  the  r i s k  f a c t o r s  invo lved  i n  the decreased 
s u r v i v a l  o f  the r e d  c e l l s  of  the  ne0nate.a comparison of e ry th rocy tes  
iin cord  b lood and those i n  4 day o l d s  was performed.The fo l low ing  deter  - 
minat ions were c a r r i e d  out:Hb.Htc.MCV,electron s p i n  resonance spectres= 

copy of n i t r o x i d e  r a d i c a l  Mal-6,age dependent and oxygen scavenger 
e ry th rocy te  enzyme a c t i v i t i e s  G-6-PD,PK,GPI.GSH-Px,SOD and CAT;F and A 

Hb percentages.The f i n d i n g s  were as fo l l ows : l ) l ower  reduc t ion  k i n e t i c s 1  
p f  the s p e c i f i c  -SH reagent  Mal-6 i n  the cord  b lood.This f i n d i n g  sug= 
ges ts  l i m i t e d  a v a i l a b i l i t y  of reducing agent i n  cord  b lood  o r  decreased 
membrane permeab i l i t y  there to.2)Normal izat ion o f  Mal-6 k i n e t i c s  a f t e r  
resuspending cord b lood  r e d  c e l l s  i n  the  plasma of 4 day o l d  i n f a n t s .  
I t  i s  ev iden t  t h a t  s i g n i f i c a n t  mod i f i ca t ions  o f  the newborn's e ry th roz  
Cytes are induced by plasma factors.3)Increas.e i n  the mean oxygen scav= 
enger a c t i v i t y  GSH-Px from b i r t h  t o  4 t h  day o f  1 i fe .Th is  i s  most l i k e l y  
pue t o  the disappearance from the c i r c u l a t i o n  of the r e d  c e l l s  l e s s  
r e s i s t a n t  t o  o x i d a t i v e  st ress.4) Increase i n  F Hb dur ing  the  f i r s t  4 
pays o f  l i f e .  

The r e s u l t s  of  the  present  i n v e s t i g a t i o n  demonstrate t h a t  a cer= 
t a i n  number of e ry th rocy tes  v i a b l e  uder i n t r a u t e r i n e  condi t ions,are 
~ f r o m ~ a f t e F ~  
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