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A great mass of bilirubin streams 
from the extravascular space into 
the circulation during the  blood 
exchange of newborn infants, so th a t  
the decrease in  the serum bilirubin 
level lags behind the extent of ery th ro­
cyte exchange. B r o w n  and Z u e l z e r  
[2] have coined the term  “ rebound 
phenomenon” for the reflux of pig­
m ent into th e  intravascular com part­
ment. Since th is rapid reflux con­
tinues for some time after the  tran s­
fusion, the phenomenon in question 
may be divided into a firs t phase 
coinciding w ith, and a second follow­
ing, the exchange of blood.

The reduction in the serum bilirubin 
level during exchange transfusion 
performed on full-term newborns has 
been recorded serially [11], and it 
was thus possible to estim ate the 
extent and tim e of the first phase of 
the phenomenon. The reduction of 
the serum bilirubin level was increas­
ingly inhibited during the firs t half 
of the intervention, whereas the  effect 
was practically stationary during 
the second half when the exchanged 
amount had reached the threefold of 
the circulating blood volume.

Further observations [12] and the

analysis of records regarding a to tal 
of 50 transfusions performed under 
identical conditions have m ade it 
possible to  establish certain m athe­
m atical relationships. The form ulation 
of the exponential function express­
ing the arithm etic mean of the  bi­
lirubin values, and the narrow range 
of scattering allowed to  compute the 
bilirubin level to  be expected in  any 
given case of blood exchange.

The distribution of bilirubin in the 
organism depends on numerous fac­
tors such as the proportion o f the 
fluid compartments, the perm ea­
bility of the membranes between these 
compartm ents, and also on whether a 
given tissue binds the bilirubin revers­
ibly or irreversibly. Since the investi­
gations of M a r t i n  [6 ] and O d e l l  [8 ] 
indirect bilirubin circulating in  the 
blood and the interstitial spaces is 
assumed to  be attached to  albumin. 
The proteins of the organism are 
therefore highly significant in the 
metabolism of bilirubin.

A consideration of these factors 
makes it clear th a t the factors being 
a t play during blood exchange in 
prem ature babies must be substan­
tially  different from those in normal
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newborns. I t  was for th is reason and 
also w ith  a view to collecting data 
concerning the possible results of 
exchange transfusions th a t  we have 
stud ied  the  rebound phenomenon in 
p rem aturely  born babies.

M a t e r i a l  a n d  M e t h o d

F if ty -o n e  p rem a tu re  in fa n ts  su b jec ted  
to  e x c h a n g e  tran sfu s io n  h av e  b een  s tud ied . 
I n  e v e ry  case  th e  serum  b iliru b in  leve l w as 
d e te rm in e d  a t  leas t th re e  tim e s  d u rin g  th e  
in te rv e n tio n .

T h e  b o d y  w eigh t o f th e  b ab ies  w as 
1000 to  1500 g, in  15 cases;
1501 to  2000 g, in  25 cases;
2001  to  2500 g, in  11 cases.

T h e  sero log ica l d is tr ib u tio n  w as,
R h  in c o m p a tib il ity  in  10 cases, w hereof

3 w ere  sensitized ;
A B O  in c o m p a tib il ity  in  12 cases, w hereof

9 w ere  sensitized ;
D o u b le  in c o m p a tib ility  in  3 cases, w hereof

1 w a s  sensitized .
S e n s itiz a tio n  w as a sc e r ta in e d  on  th e  

ev id en c e  o f  C oom bs’ d ire c t a n d  in d ire c t 
re a c tio n s , a s  a lso  b y  th e  p resence  in  th e  
m a te r n a l  b lood  of an ti-A  a n d  a n ti-B  in ­
co m p le te  an tib o d ies  o f a d e q u a te  t i t r e  [1].

W h ile  m a te rn a l-fo e ta l b lo o d -g ro u p  in ­
c o m p a tib i l i ty  cou ld  be  d e m o n s tra te d  in  24 
cases , i t  w as n o t  possib le to  p ro v e  sen s iti­
z a tio n  in  m o re  th a n  13 in s tan ces . E xch an g e  
tr a n s fu s io n  w as re so rted  to  in  th e  o th e r 
38 cases  o n  acco u n t of hy p e rb iliru b in aem ia  
a b o v e  th e  perm issib le  leve l [19].

B lo o d  w as exchanged  b y  w ith d raw a l 
fro m  th e  ra d ia l  a r te ry  a n d  in je c tio n  in to  
th e  su p e rf ic ia l tem p o ra l v e in  [4]. W ith  
th is  te c h n iq u e  th e  d is tu rb in g  in fluence  of 
th e  d e a d  sp ace  of c a th e te rs  in s e rte d  in  th e  
u m b ilic a l v e in  is e lim in a ted  [17]. The 
av e ra g e  r a te  o f b lood  ex change  a m o u n te d  
to  100 m l/k g  b o d y  w eigh t/hour.

R e s u l t s

The resu lts are shown in percentage 
of the  in itial serum bilirubin level.

Considering th a t the weight, and also 
th e  volume, of circulating blood varied 
consideraby, it  seemed more con­
venient to  refer the changes in  biliru­
bin concentration not to  the absolute 
am ount of exchanged blood b u t to 
the ex ten t of exchange, in other 
words to  express the ratio, exchanged 
blood volume per circulating blood 
volume. Thus, on the abscissa in 
Fig. 1 the  upper scale indicates th a t 
fraction of the  prem atures’ circulat­
ing blood which has already been 
exchanged, while the lower scale 
shows (in ml) the corresponding 
am ounts in the exchange transfusion 
of full-term  babies.

The volume of circulating blood 
was taken  to  am ount to  10 per cent 
of body weight on the basis of per­
tain ing da ta  for normal newborns [10] 
and prem atures [15]. Accordingly, 
points 1I3, a/2, etc., on the  upper 
scale of Fig. 1 correspond to  100, 
150, etc. ml on the lower scale.

N ot more than  one-and-half-times 
the am ount of circulating blood hav ­
ing been exchanged in the examined 
prem ature infants, comparison w ith 
norm al newborns was restricted  to  
this phase of the tranfusion. Even 
within such limits it  was up to  a single 
exchange of the circulating blood 
th a t we obtained more numerous 
and so be tte r evaluable data. The 
results are shown in Table I.

Fig. 1 illustrates the changes in 
the serum  bilirubin level of 50 norm al 
and 51 prem ature newborns. B oth 
curves are based on mean values. 
Although the decrease In the serum 
bilirubin level was less pronounced in
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T a b l e  I

Name
Weight

at
birth

Ex­
changed
blood,

ml

Incompa­
tibility Sensi­

tiza­
tion

Serum bilirubin after the exchange 
following fractions of the circulating

of the 
blood

ABO Bh Initial 4. */. 1 Р/. !■/.*

1. B. Á. 1000 100 + + 9.6 6.2 5.7 5.4
о B. Zs. 1200 120 + — — 16.0 — 12,0 — 9.7 — —
3. I. B. 1700 170 + — + 14.5 — 10.6 — 5.1 — —
4. T. E. 1280 130 — — — 9.0 7.0 — — G.5 — —
5. P. M. 1410 140 — — — 10.0 9.7 — — 8.6 — —
G. L. K. 1900 140 — + — 15.5 12.2 — 11.8 — — —
7. F. J . 1730 120 — + • — 17.2 — 12.7 12.0 — — —
8. N. A. 1700 120 — — — 14.2 13.8 — 12.0 — t— —
9. H . I. 1500 120 — — — 16.5 15.4 — 14.8 — — —

10. P. V. 1100 110 — + — 10.1 9.3 — 6.9 6.6 — —
11. I I .  s. 1770 170 + — + 14.0 12.2 11.0 — 7.4 — —
12. Sz. I. 1800 150 + + — 19.3 16.5 13.5 11.9 — — —
13. R . A. 2050 200 + + — 14.2 12.3 — 9.8 8.2 — —
14. D. Cs. 1400 140 — — — 14.4 12.7 — — 10.9 — —
15. M. G. 1800 180 -f — — 18.8 14.6 — 12.3 12.0 — —
Hi. R . P. 1850 270 + — + 16.5 15.9 — — 10.4 — 7.5
17. T. E. 1850 230 — + — 15.1 14.6 — — 7.9 — 4.3
18. W. K. 2010 260 — — — 19.7 17.4 — 14.5 — 8.1 —
19. V. T. 1600 160 — + + 18.8 12.8 — 11.7 11.3 — —
20. K . J . 1200 180 + — + 15.4 — 10.1 — 9.5 — 7.7
21. F. A. 1670 170 — — — 23.0 14.5 — 13.5 10.1 — —
22. O. J . 2000 140 — — — 17.4 16.5 — 11.3 — — —
23. P. Á. ....... 200 — + + 16.5 15.4 — 11.0 8.5 — —
24. H . K. 2400 240 + — + 20.6 18.8 — 13.3 13.1 — —
25. H . M. 1790 240 — — — 21.9 — 18.6 — 16.3 — 15.0
26. P . L. 1470 200 — — — 31.0 — 25.0 — 15.0 13.2 —
27. Sz. Gy. 1920 190 — — — 26.5 20.5 — 14.5 10.0 — —
28. B. T. 1750 160 — — — 41.5 33.0 — 28.0 25.0 — —
29. G. Cs. 1600 160 — — — 27.5 20.2 — 16.2 14.0 — —
30. Sz. E. 2060 200 — — — 23.1 21.2 — 16.2 14.0 — —
31. B. A. 2020 200 — — — 26.0 22.0 — 20.0 19.0 — —
32. R. T. 1170 180 — — — 19.0 16.7 — — 11.7 — 11.0
33. H . Z. 1900 150 + — + 20.0 16.0 — 13.0 — — —
34. T. F. 1830 240 — — — 19.5 17.0 — 16.0 — 13.0 —
35. B. K. 1670 240 + + + 18.7 — 17.0 — — — 14.2
36. P . M. 2100 210 — — — 14.0 12.5 — — 11.2 — —
37. V. T. 1950 250 — — — 24.2 21.5 — 18.2 — 12.2 —
38. B. M. 2020 200 + — + 14.0 — 9.5 — 8.2 — —
39. B. N. 1760 180 — + + 15.0 13.1 — 11.7 9.2 — —
40. Sz. J . 1290 170 — — — 22.5 17.0 — 15.5 15.3 — —
41. M. P. 1570 210 — — — 13.2 — 11.0 — — 10.2 —
42. S. E. 2000 230 — + — 14.7 13.2 — 11.5 9.2 — —
43. N. A. 1770 280 — — — 12.2 11.5 — 10.2 — — 7.7
44. M. J . 1490 200 — — — 16.0 15.5 — 13.7 — 6.0 —
45. R . Gy. 1520 200 — — — 18.2 14.2 — 13.7 — 11.2 —
46. K . M. 1800 240 — — — 18.2 13.7 — 13.0 — — —
47. R . Cs. 1270 190 + — + 15.0 14.7 — 13.2 — — 4.2
48. Cs. I. 1600 180 — + — 14.0 12.0 — — 11.0 — —
49. G. G. 1500 230 — — — 16.2 14.0 — — 10.5 9.2 3.6
50. C. A. 2250 300 — — — 24.2 17.5 — 14.7 — 12.3 —

51. L. J . 2400 330 + — — 22.3 16.7 — 13.0 12.1
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ml. exchanged blood

F ig . 1. L e v e ls  o f th e  re s id u a l b il ir u b in  in  re la tion  to  th e  in i t ia l  level a re  in d ica ted  
on  th e  o rd in a te ,  an d  th e  a m o u n t  o f  exchanged  b lood  on  th e  absc issa . T h e  la t te r  is 
g iv en  a s  t h e  a c tu a l  amount: o f  e x c h a n g e d  blood in  th e  ca se  o f  fu ll- te rm  b ab ies , a n d  

a s  th e  frac tion  o f  c irc u la t in g  b lood  in  th e  case  o f  p re m a tu re s .
A  so lid  th ic k  line in d ica te s  t h e  m e a n  decrease in  th e  se ru m  b iliru b in  leve l in  
n o rm a l n ew b o rn s , an d  a  th in  d o t t e d  Une th a t  in  p re m a tu re ly  b o rn  in fa n ts . Crosses 

s t a n d  for m ean  v a lu e s  in  th e  lig h tes t w eig h t c lass  o f  p re m a tu re s

prem atures than in fullterm  infants, 
this difference became less and  less 
w ith th e  progress of the transfusion. 
I t  am ounted  to 8 to 9 pe r cent 
(initial value =  100 per cent) a t  the 
beginning and fell to  about 3 to  4 
per cen t after a single exchange of 
the  am oun t of circulating blood, 
while th e  two curves practically  
coincided after one-and-half-times the 
volume o f circulating blood h a d  been 
exchanged.

The serum  bilirubin level in  the 
blood o f the smallest p rem ature  
infan ts (between 1000 and  1500 g) 
showed m ean values in th e  course 
of transfusion tha t were above the 
m ean values for all prem atures; the 
num ber o f examined cases was, how­
ever sm all so that, instead of p lo tting

a separate curve, we have indicated 
these values by  crosses in the diagram.

D is c u s s i o n

Our observations have made it 
evident th a t  the decrease in the 
serum, bilirubin level during the blood 
exchange of prem ature infants lags 
behind th a t  of full-term babies. This 
lag is more pronounced in the first 
phase of transfusion and tends to  
disappear in the further course of 
the intervention.

Considering th a t the diminution of 
the serum  bilirubin level during 
blood exchange is decisively influ­
enced by the  am ount of extravascular 
bilirubin and  its reflux to  the blood 
path, the rebound phenomenon seems
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to be more pronounced in premature 
than  in normal newborns. Investiga­
tions in full-term  babies showed the 
rate  of the  pigment reflux to  have 
increased during the first phase of 
transfusion, i. e. until one-and-a- 
half-times the am ount of circulating 
blood had been exchanged, and to 
have become stationary  thereafter. 
This, together with our observation 
th a t the  higher intensity  of the 
rebound phenomenon in prematures 
ceases a t the  same limit, suggest th a t 
those factors which promote the reflux 
of bilirubin during the first phase of 
exchange transfusion in prematures 
tend  to lose this capacity in the 
further course of the  operation.

W hat are these factors?
The firs t to  be mentioned is a 

change in the  interproportion of 
extra- and intracellular fluids with 
the progress of foetal development. 
I t  has been dem onstrated by M c Ca n c e  
and W i d d o w s o n  [5] th a t, in pro­
portion to  body weight, the volume 
of extracellular fluids is continuously 
decreasing, while the  mass of cells, 
and so the am ount of fluids in them, 
is continuously increasing during in­
trauterine life. K e r p e l - F r o n i u s  ex­
pressed th is rule by the statem ent [3] 
th a t the ratio  between the to ta l 
am ount of proteins and th a t of 
intracellular fluids does not depend 
on age. This is only possible if the 
volume of intracellular fluid increases 
a t the expense of the interstitial 
fluid hand in hand with the m ulti­
plication of cell proteins. I t  is gener­
ally accepted [7] th a t  the fluid 
com partm ents of newborns bear the

following proportions to  th e  body 
weight (and so to one another): 

plasm a 5 per cent (of body weight) 
extracellular fluid 45 per cent (of 

body weight)
intracellular fluid 30 pe r cent (of 

body weight)
The more prem ature th e  newborn, 

th e  larger the proportion of the 
extracellular fluids. Hence, the  more 
prem ature the baby, th e  m ore biliru­
bin will be contained in  th e  inter­
stitia l spaces which m ay th en  increase 
th e  ra te  of the rebound phenomenon.

A similar effect is produced by 
changes in the organism’s lipid con­
ten ts  in the course of in trauterine 
growth. The chemical analysis of 
foetuses by W id d o w s o n  and  S p r a y  
[18] revealed the am ount o f fat per 
g of body weight to  increase expo­
nentially  with the increase of total 
body weight. The am ount of bili­
rubin, irreversibly bound in  the  cells, 
being directly proportional to  the 
lipid contents of the given tissue, it 
is evident th a t prem atures whose 
tissues contain but a sm all amount 
of lipids, possess a com paratively 
large amount of mobilizable pigment 
in  the  cells. Gaining access to  the 
extracellular com partm ent and  then 
to  the  blood paths, it  contributes to 
th e  intensification of th e  rebound 
phenomenon.

The amount of to ta l p ro te in  in the 
organism increases during foetal devel­
opm ent both absolutely an d  in  pro­
portion to  body weight [9]. The 
am ount of total serum protein is 
likewise known to increase during 
foetal life but is always less in pre­
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m atures th a n  in full-term newborns 
[13, 16]. Changes in the level of serum 
album in during intrauterine develop­
m ent are  of especial im portance. 
A lthough the  proportion of albumin 
vs. th e  o ther serum proteins is high 
in th e  foetus, its absolute am ount 
is low an d  reaches only gradually  the 
value usual in normal newborns [14]. 
C irculating indirect bilirubin is bound 
by album in, and it is therefore pos­
sible th a t  the  strong bilirubin-binding 
capacity  of the donor’s higher al­
bum in level produces a stronger 
effect in  prem ature than  in normal 
infants. This, too, m ay contribute 
to  enhancing the rebound phenome­
non.

The transfusion rate constitutes 
still ano ther factor. I t  has been noted 
th a t  th e  blood exchange was slower 
in the  prem atures than  in the  corre­
sponding full-term infants (100 in­
stead o f 130 ml/kg/hr), a circum­
stance which likewise helped to  in­
tensify  th e  rebound phenomenon.

The fac t th a t  the intensification o f 
the rebound phenomenon in prem a­
ture in fan ts becomes less and less 
m arked w ith  the progress of th e  
transfusion adm its of the conclusion 
th a t these rebound-promoting factors 
gradually weaken in the course o f 
the in tervention, a phenomenon which 
can only partially  be explained by  
the new level of serum albumin due 
to the donor’s blood.

S u m m a r y

The changes in the serum bilirubin 
level have been studied during ex­
change transfusion performed in 51 
prem ature infants. The decrease in 
the serum  bilirubin level was less 
than in full-term  infants, although 
the difference grew less and less w ith 
the progress of tranfusion. The re ­
bound phenomenon is, accordingly, 
more m arked  in prematures. This is 
believed to  be due to  a difference in 
body composition and the protein 
relationship of premature infants.
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