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During exchange transfusion a con­
siderable am ount of bilirubin passes 
from the extra vascular into the in tra ­
vascular com partm ent of newborn 
infants, and it is due to this so-called 
rebound phenomenon th a t the dye 
level decreases a t a rate slower than  
th a t a t which the red corpuscles are 
exchanged [2, 10]. The flow of biliru­
bin continues after term ination of the 
transfusion so th a t the rebound phe­
nomenon has two phases: a first one, 
coinciding with the exchange tran s­
fusion, and a  second one occurring 
after the intervention [14]. The la tte r 
phase can be divided into two sub­
phases, viz. a) early rebound, occurring 
within 12 hours following transfusion;
b) late  rebound, occurring thereafter.

The dye level is a result of the in te r­
action of various factors during both 
phases. In the second phase, in addi­
tion to the diffusion of bilirubin be­
tween the extra- and intravascular 
compartments, haemolytic factors and 
the secretory activity  of the liver are 
a t play. A correct assessment of these 
factors is of considerable importance.

The prim ary purpose being the 
prevention of kernicterus, it m ust 
carefully be observed whether after

the  exchange the bilirubin level rises 
to  the  danger zone and whether, there­
after, a second transfusion will have 
to  be performed.

I t  was hoped th a t the study  o f post­
transfusion dye levels might facilitate 
the  solution of these practical and 
theoretical problems.

M a t e r ia l  a n d  Meth o d

I .  Seria l post-transfusion estimations of 
serum bilirubin in  mature newborns and  

prematures
(B eh av io u r o f  th e  early  rebound  p h e n o m e ­
non)

A to ta l  o f  29 fu ll-te rm  n ew b o rn s has 
b een  ex am in ed  1, 3, 6, 9 and  12 h o u rs  a f te r  
th e  ex ch an g e  tran sfu s io n . I n  o rd e r  to  avo id  
excessive  stress , blood from  th e  sam e  b a b y  
w as w ith d raw n  th re e  tim es a t  th e  m o st. 
E x c h a n g e  tran sfu s io n  was p e rfo rm ed  in  13 
cases on  acco u n t o f  R h  in c o m p a tib ility , in  
8 cases o f  A BO  in co m p a tib ility  a sso c ia te d  
w ith  ic te ru s  grav is, an d  in  8 cases o f  h y p e r- 
b iliru b in aem ia . C oom bs’ re ac tio n  w as p o si­
t iv e  in  11 cases. A verage b o d y  w e ig h t o f  
th e  in fa n ts  w as 3150 g. On th e  av e rag e , 
2.7 tim e s  th e  c ircu la ting  b lood  vo lum e, 
reg a rd ed  as rep resen tin g  10 p e r  c e n t o f 
b o d y  w eigh t [13], w as exchanged  a t  a  r a te  
o f  130 m l/k g  body  w eigh t/hou r.

I n  a d d itio n , in  33 p re m a tu re  in fa n ts  
b iliru b in  co n cen tra tio n s w ere e s tim a te d  3, 
6 an d  12 hou rs  follow ing b lood exchange . 
E x ch an g e  w as perfo rm ed  on  a c c o u n t o f
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h y p e rb iliru b in a e m ia  a sso c ia te d  w ith  im m a­
t u r i t y  in  28 cases, on  a c c o u n t o f  R h  incom ­
p a t ib i l i ty  in  2 (of w h ich  one  w as Coombs 
p o s itiv e ), an d  because o f  A B O  in co m p a ti­
b i l i ty  in  3 cases. D is tr ib u tio n  accord ing  to  
b o d y  w eig h t was

1250 to  1500 g  5 cases
1501 to  1750 g  11 cases
1751 to  2000 g  13 cases
2001 to  2500 g 4 cases

w ith  a n  average  o f 1680 g. O n th e  average,
I .  7 tim e s  th e  volum e o f  c ircu la tin g  blood 
w as  exchanged  [18, 24] a t  a  r a te  o f  100 
m l/k g  b o d y  w eig h t/h o u r.

B iliru b in  e s tim a tio n  w as m ad e  w ith  
th e  m e th o d  o f .Je n d r a s s ik  a n d  Gbó f  [7], 
w h ile  th e  sam ples o f  b lood  co llec ted  in  th e  
f i r s t  h o u rs  a f te r  th e  in te rv e n tio n  w ere 
e x a m in e d  w ith  a  P o ly te s t  Zeiss colori­
m e te r .  T he  la t te r  m e th o d  is, essentially , 
o n e  o f  d iazo tiza tio n . I t  h a s  th e  ad v an ta g e  
t h a t  n o t  m ore th a n  tw ice  0.2 m l se rum  are 
n e e d e d  in  th e  cages w ith  th e  h ighest 
b il iru b in  values; i t  w as th e re fo re  enough 
to  w ith d ra w  1 m l b lood  ev en  w hen  high 
h a e m a to c r i t  values w ere  exp ec ted .

W ith  a  view  to  f in d in g  o u t  w h e th e r th e  
re s u lts  o b ta in ed  w ith  th e  sem i-m icro  P o ly ­
te s t  m e th o d  w ere su ita b le  fo r be ing  inserted  
in  th e  series y ie lded  b y  th e  m e th o d  of 
J e n d r a s s ik  an d  Gb ó f , w e pe rfo rm ed  150 
p a ra l le l  m easu rem en ts  w h ich  w ere supp le­
m e n te d  b y  th e  tr ip l ic a te  e x am in a tio n  of 
18 s e ru m  sam ples co n ta in in g  d ifferen t 
a m o u n ts  o f  b ilirub in . M a th e m a tic a l ev a lu a ­
tio n  rev ea led  no s ig n ific an t d ifference be­
tw e e n  th e  b ilirub in  levels d e te rm in ed  in  th e  
s a m e  sam p le  o f se ru m  b y  e ith e r  m ethod .

I I .  Connection between theparameters express­
ing the efficiency of exchange transfusions, 
and the extent and time of the post-exchange

rebound

T h e  p e a k  post-ex ch an g e  b iliru b in  level 
w as  d e te rm in ed  on th e  b asis  o f  one o r tw o 
e s tim a tio n s  perfo rm ed  d a ily , accord ing  to  
th e  c lin ica l p ic tu re . R e -e le v a tio n  h as been 
ex p re ssed  in  per cen ts  o f  th e  p re-exchange

level a n d  is te rm ed  “ p e rcen tu a l re b o u n d ” 
in  th e  follow ing. T he d iag ram s in  F ig s  1 
a n d  2 show  th e  degree o f  reb o u n d  in  m g  
p e r  100 m l as well.

E v a lu a t io n  o f  th e  p e rc e n tu a l reb o u n d  
seem s to  be  m ore re liab le  in  signa lling  th e  
d an g e ro u s  degree o f  re -e lev a tio n  w hereas 
th e  e le v a tio n  expressed in  m g  p e r  100 m l 
is m o re  d ep en d en t on  th e  b iliru b in  level a t  
th e  en d  o f  th e  in te rv en tio n . T he re su lts  o f  
b o th  m e th o d s  show  som ew hat d is to r te d  
v a lu e s  i f  th e  level o f  b ilirub in  is low  a t  th e  
b eg in n in g  o f  th e  exchange tran sfu s io n . 
T h e re  w ere  6 such  cases o f  R h  in c o m p a ti­
b il ity  in  o u r  m a te ria l.

I t  h a s  been  a tte m p te d  to  e s tab lish  a  
c o rre la tio n  betw een  th e  p o st-ex ch an g e  
m a x im a  (percen tu a l rebound ) a n d  th e  
fo llow ing  factors:

(i) exchanged  blood vo lum e in  m l/k g  
b o d y  w e ig h t;

(ii) fa ll o f  b ilirub in  level d u rin g  th e  
in te rv e n tio n , expressed in  p e r c en t o f  th e  
in i tia l level;

(iii) a m o u n t o f b iliru b in  rem o v ed  fro m  
th e  o rg an ism  d u ring  exchange tran sfu s io n , 
in  m g /k g  b o d y  w eight;

(iv) a m o u n t o f  b ilirub in  rem oved  from  
th e  e x tra v a sc u la r  co m p a rtm e n t d u rin g  
e x ch an g e  tran sfu s ion , in  m g /k g  b o d y  
w e ig h t ;

(v) p e rio d  from  th e  end  o f  th e  ex change  
u n ti l  th e  p e a k  o f re-e levation .

V a lu es fo r (iii) an d  (iv) w ere e s tim a te d  
b y  a  m e th o d  described earlie r [16], c o n s is t­
ing  in  a  se ria l d e te rm in a tio n  o f  d y e  c o n ­
c e n tra tio n s  d u ring  th e  in te rv en tio n , a n d  
th e  in te g ra tio n  o f th e  d a ta  so d e te rm in ed . 
E s tim a tio n s  o f  th is  n a tu re  w ere m ad e  in  74 
fu ll- te rm  new borns.

V a lu es fo r (i) an d  (ii) w ere s tu d ie d  in  
100 fu ll- te rm  and  61 p re m a tu re  new borns. 
T he  sero log ica l d is tr ib u tio n  o f  th is  m a te r ia l
w as a s  follow s.

F u ll- te rm  in fan ts
R h  in co m p a tib ility 35
A B O  in co m p a tib ility 23
D o u b le  in co m p a tib ility 9
H y p e rb iliru b in aem ia 33
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P re m a tu re s
R h  in co m p a tib ility 4
A B O  in co m p a tib ility 6
H y p e rb iliru b in aem ia 51

D is tr ib u tio n  acco rd in g  to  volum e of 
exchanged  b lood was,

Volume of exchanged blood, 
ml per kg body weight

F u ll-term  I Prem ature 

newborns

150 or less 2 30
151-200 io 19
201 -250 26 12
251-300 43 -
301 or more 13 -

Total 100 61

R esu lts  

I . Early rebound

Fig. 1 shows bilirubin levels in full- 
term  babies after blood exchange. The 
mean values are characterized by an 
attenuating exponential function. The 
initial steep segment of the curve 
represents the first 3 hours during 
which the elevation of bilirubin level 
averaged 1.7 mg per 100 ml per hour. 
The second segment of the  curve rep­
resents the last 9 post-exchange hours. 
During this period re-elevation aver­
aged 0.5 mg per 100 ml per hour.

Fig. 2 illustrates corresponding 
values for prem atures. The curves 
are conspicuously flat, indicating the 
slight degree of rebound. A compari­
son with the dotted line (mean values 
for full-term infants) shows the dif­
ference very distinctly. Mean re-eleva­
tion in the prem ature group amounted 
to  0.5 mg per 100 ml per hour during

the first 3 hours, and to 0.2 mg per 
100 ml per hour in the next 9 hours.

I I .  Late rebound

(i) Fig. 3 shows the correlation be­
tween exchanged blood volume and 
peak dye levels. Only in cases of 
hyperbilirubinaemia did the rebound 
decrease in proportion to the increase 
in the volume of exchanged blood. 
The coefficient of this correlation was 
—0.549. The minus sign of the coef­
ficient expresses an inverse relation 
between the respective quantities 
plo tted  on the ordinate and the ab ­
scissa. The diagram presents moreover 
the stra igh t line of regression which 
conveys a  more accurate idea o f the 
direction of the inverse relationship; 
its formula is y '=  — 0.238ar -j- 121. Such 
a relationship was not demonstrable 
in cases of ABO incompatibility and 
still less in Rh incompatibility. I t  is, 
thus, not always possible in such 
cases to  reduce the extent of rebound 
by increasing the volume of exchanged 
blood.

The m ajority of prem atures was 
subjected to  exchange transfusion on 
account of hyperbilirubinaemia, and 
— like in the full-term group of similar 
aetiology — the volume of exchanged 
blood varied inversely with the degree 
of re-elevation (Fig. 4). While ou t of 
a to ta l o f 30 it was in 11 cases th a t 
the ex ten t of rebound surpassed 30 
per cent when less than 150 per cent of 
the circulating blood was exchanged, 
th is happened only in 3 out o f 31 
cases when the volume of exchanged
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F r a .  1. E le v a t io n  o f b iliru b in  leve l in  fu ll- te rm  in fa n ts  a f te r  blood exchange, in  m g  per 
100 m l p e r  h o u r in  th e  low er p a r t  o f th e  d ia g ra m , an d  in  per cen ts  o f th e  in itia l level 

(p e rcen tu a l rebound) in  th e  u p p e r  p a r t .  C ircles ind ica te  m e a n  values

blood was larger. The chi-square test 
showed th is  difference to be signifi­
cant (x2 =  6.28, p <  0.05).

(ii) A correlation between the fall 
of th e  dye level during exchange 
transfusion and the degree of rebound 
was dem onstrable likewise only in 
cases o f  hyperbilirubinaemia. The 
coefficient of the correlation was as 
under (i).

(iii) Comparisons between percen­
tu a l rebound and the am ount of re­

moved bilirubin in full-term  babies 
proved th a t the rebound was slight 
in cases of hyperbilirubinaemia and 
m oderate in those of ABO incom ­
patib ility . Results in cases of R h in­
com patibility were variable.

(iv) We were unable to  find a  corre­
lation between the am ount of dye 
rem oved from the extracellular com­
partm en t and the behaviour of post­
exchange rebound.

(v) Re-elevation m axim a suggest-
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after exchange -  transfusion

F ig . 2. E lev a tio n  o f b iliru b in  level in  p re m a tu re s  a f te r  blood exchange . C o n stru c tio n  
o f  th e  d iag ram  is like in  F ig . 1. T he d o tte d  line  show s d y e  c o n cen tra tio n s  in  fu ll-te rm  

babies, a s  also  th e  p e r t in e n t ex p o n en tia l cu rv e

ing the necessity of a second exchange 
took 18 to  24 hours to  appear after 
the  first intervention. Development 
of such peaks took 36 to  72 hours in 
cases of ABO incom patibility and 
hyperbilirubinaemia.

The range of indications for ex­
change transfusions in  non-immune 
haemolytic cases has been increasingly 
restricted in the last 2 to  3 years. As a 
consequence of this policy of wait- 
and-see the babies were somewhat 
older a t  the time of the intervention, 
and the critical bilirubin levels a t 
which the transfusions seemed to

become imperative were accordingly 
higher. The percentual rebound in 
general, as also with reference to  the 
volume of exchanged blood and to 
the fall of the dye level during ex­
change, was less during the  last two 
years than before.

D isc u ssio n

A s to  th e  b e h a v io u r o f  th e  b iliru b in  
level d u rin g  th e  12 h o u rs  fo llow ing 
exch an g e  tra n sfu s io n , V a la es  [25] 
ho lds t h a t  i t  ta k e s  o n ly  o n e  h a lf  h o u r 
fo r  a  new  eq u ilib riu m  to  be  e s tab lish ed
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exchanged blood

F ig . 3. Correlation between volume of exchanged blood and maximum of subsequent 
rebound expressed in percentage of initial dye-level, “percentual rebound”

betw een the intracellular a n d  extra­
cellular dye concentrations. The ex­
te n t  o f the exchange reached in his 
cases 1.2 to 2.0 times the  circulating 
blood volume. U s h e r  [ 2 3 ] ,  exchang­
ing twice the volume of circulating 
blood, assumes th a t th e  post-ex­
change migration of bilirubin does 
n o t las t more than one hour. K e u t h

[9], studying the optim um  conditions 
o f two-stage exchange transfusion, 
found th a t the rebound term inated 
3  hours after the first intervention, 
an d  recommended therefore to  begin 
th e  second exchange a t  th a t  point of 
tim e. G o l d f a r b  [6] perform ed ex­
change transfusions w ith  0 group 
erythrocytes suspended in A B plasma,

and observed an intensive rebound 
during the  next 4 hours, and a mode­
rate  one thereafter.

We have found th a t the establish­
m ent of post-exchange equilibrium is 
a process consisting of several phases.

The ra te  of re-elevation was rapid 
in the  first 3 hours after exchange, 
am ounting in full-term  infants to 1.7 
mg per 100 ml per hour on theaverage. 
Re-elevation was enhanced by copious 
and/or quick exchanges accompanied 
by a m arked drop of the bilirubin 
level.

The bilirubin level during the first 
3 post-exchange hours depends in the 
first phase on the quantity  of bilirubin 
flowing in from the extracellular
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e x c h a n g e d  b l o o d

F ig . 4. Correlation between exchanged blood volume and post-exchange rebound in
prematures

space. Since this influx is subject to 
the  laws of diffusion [22], the  pro­
cess can be expressed by an exponen­
tial function.

Accordingly, the steepest segment 
of the rebound curve coincided with 
the first post-exchange hour in the 
present cases also. Those parts  of the 
extracellular space which probably are 
contiguous to  the blood pa th  contain 
more bilirubin a t the term ination of 
the exchange than  more d istan t parts 
do. This initial steep concentration 
gradient between the vessels and their 
surroundings explains the rapid rate 
of early rebound. However, 30 or 60 
minutes do not seem to suffice for 
the establishment of bilirubin equi­

librium between the intracellular and 
extracellular compartments. W e share 
the view th a t a t  least 3 hours are 
necessary for the equilibrium to  de­
velop [3, 26].

The rebound curve runs a  fla t 
course in the next 9 hours. I t  is 
during th is time th a t reversibly bound 
intracellular bilirubin passes into the 
blood stream  and the jaundice loses 
in intensity.

There are numerous observations to 
show th a t the rebound occurring 
after the 12th hour is m ostly due to  
haemolysis.

I t  has been claimed by K a u d e e  [8] 
th a t the  necessity for a repetition of 
exchange transfusions is significantly
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m ore frequent if a shortening of the 
haptoglobin half-time poin ts to the 
presence of haemolytic breakdown 
products.

Various factors are known to be 
involved in haemolysis.

The role of sensitized erythrocytes 
rem aining in the circulation a t the 
end of the exchange is obvious. P ola- 
cek [11] observed in tensive rebound 
where the level of foetal haemoglobin 
rem ained high. I t  is commonly known 
th a t  injected donor cells o f identical 
blood group [5] or cells o f citrated 
blood are particularly vulnerable [4] ; 
a  great part of the la tte r  is destroyed 
w ithin 48 hours.

The significance of sensitized red 
corpuscles to be found in the foetal 
haemopoietic tissues is more doubtful. 
The explanation advanced by S is s o n  
[19] for the success o f exchanges per­
form ed with sedimented erythrocytes 
was th a t the high ery th rocy te  count 
an d  the corresponding high haemo­
globin level a t the end o f the inter­
vention inhibited the  outflow  of such 
cells.

In  the present experim ents, post­
exchange bilirubin values determined 
a t  9 and 12 hours in ten  Coombs 
positive newborns were 48 per cent 
higher than in their adequately 
m atched hyperbilirubinaemic counter­
p a rts . I t  was evident th a t  in cases of 
im m une haemolysis, and  especially in 
those of Rh incom patibility, not even 
a  threefold exchange o f th e  circulat­
ing blood volume was capable of keep­
ing the rebound w ithin th e  desired 
lim its. Since the ratio  o f residual cells 
m ay  amount to about 5 per cent in

such cases, i t  is safe to assume th a t 
fu rther haemolytic factors have con­
trib u ted  to  the undesired extent of 
rebound. The fla t rebound curve of 
prem atures and the moderate rebound 
in m ature hyperbilirubinaemic infants 
were fu rther proofs to show that, in 
the  absence of immune haemolysis, 
no t even the imperfect glucuronizing 
activ ity , characteristic of prematures, 
need to  bring about a dangerous re­
elevation of the bilirubin level. Earlier 
investigations in immature babies 
[15] pointed likewise to the fact th a t 
it is ra ther by an increase of the 
rebound during blood exchange th a t 
the  effect of extracellular dye stores 
m anifests itself.

R esults of this kind make it neces­
sary to  reconsider the efficiency of 
exchange transfusions.

I t  has been dem onstrated in a pre­
vious s tudy  [16] th a t the extent of 
bilirubin removal is proportional to 
the volume of exchanged blood. 
Sprotxl’s subsequent isotope experi­
m ents [20] have confirmed our find­
ings. I t  is, however, doubtful whether 
an increase in the volume of exchanged 
blood retains its rebound-diminishing 
effect a fter the intervention.The m ate­
rial of Sprotjl consisted of immune 
haem olytic infants, and the extent of 
post-exchange rebound showed no 
correlation with the am ount of re­
moved bilirubin or its extravascular 
fraction. Our cases of immune haeemo- 
lysis were similar in this respect to 
those of Sprotjl.

Some tim e ago we have justified 
the  exchange of the threefold volume 
of circulating blood by the resulting
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favourable degree of bilirubin removal 
[16]. Let us examine whether now, 
th a t  the significance of haemolytic 
factors has been recognized, m atters 
look different in this respect.

The evacuation of extra vascular 
dye-depots is undoubtedly promoted 
by a generous exchange of blood in 
cases of hyperbilirubinaemia and weak 
sensitization. This applies to cases of 
immune haemolysis as well, and an 
ample exchange of blood inhibits 
moreover intravascular haemolysis. 
Results th a t can be achieved without 
risk by increasing the volume of 
exchanged blood should not be re­
nounced on account of haemolytic 
factors th a t are hardly manageable 
and many of which are of unknown 
origin.

One of the advantages of a generous 
exchange is the deferred reappearance 
of dangerous dye concentrations. I f  
the volume of exchanged blood was 
adequately large, not even in cases of 
Coombs-positive Rh-incompatibility 
was a second intervention necessary 
earlier than 18 to 24 hours after the 
first one. This interval was still long­
er in cases of ABO incompatibility 
and hyperbilirubinaemia. Besides, gain 
of tim e augments the  chances of dis­
pensing with the second intervention. 
Our experience justifies the statem ent 
tha t, after an adequately generous 
exchange, the bilirubin level need not 
to be re-examined before 12 hours 
and a second exchange performed 
before 24 hours.

How often a gain of time makes it 
possible to avoid a second exchange 
is shown by the fact th a t we had to

repeat the intervention in no t more 
th an  4 per cent of our cases in the 
last 3 У2 years. Not one single pre­
m ature  baby had to be subjected  to 
a  second intervention since th e  m ethod 
of exchanging the twofold volume of 
circulating blood had been adopted. 
Exchange transfusion had to  be re­
peated  in 7 per cent of 118 babies with 
weights exceeding 2000 g. O ur data  
include cases where a second in ter­
vention became necessary because 
the  first had been in terrupted  owing 
to  some technical reason. Our sta tis­
tics will be better appreciated if  we 
m ention th a t the now usual ratio  of 
blood exchange repetitions am ounts 
to  12 to  20 per cent [17, 26, 27].

A restriction of the range o f indi­
cations has doubtlessly contributed 
to  the  reduction in the num ber of 
repeated exchanges. I t  has been men­
tioned th a t the re-elevation o f the 
dye level was more modest when the 
concentration of bilirubin had been 
allowed to attain a higher degree be­
fore the  intervention. The role of 
evacuated stores of bilirubin was in 
such cases (hyperbilirubinaemia for 
th e  m ost part) presumably more de­
cisive than  th a t of haemolysis. These 
factors, however, do not y e t explain 
why our quota of repeated exchanges 
is so much below th a t of o ther insti­
tu te s  [26, 27].

We conclude by proposing to  conti­
nue the present practice o f exchang­
ing 2.5 to 3 times the volum e of 
circulating blood. F u rther im prove­
m ent of the conditions of exchange 
transfusions and therapeutical m eth­
ods will allow to deal w ith the
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haem olytic factors m any of which 
still escape management.
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S u m m a r y

I t  has been found possible to  charac­
terize by  an exponential function the 
m ean bilirubin levels serially measured 
afte r th e  exchange transfusion in 29 
fu ll-term  newborns. The ra te  of re­
elevation averaged 1.7 mg per 100 ml 
per hour during the first 3 post-ex­
change hours, and 0.5 mg per 100 
ml pe r hour during the next 9 hours. 
The corresponding figures for 33 pre­

m atures were 0.5 and 0.2 mg per 100 
ml, respectively.

In flux  of bilirubin from the  extra- 
vascular spaces is the decisive factor 
in early, and  liberation of the  dye by 
haemolysis in late, rebound.

Re-elevation of the dye level has 
been studied  following exchange tra n s ­
fusions performed in 100 m ature and 
61 p rem atu re  infants. Increase in the  
volum e o f exchanged blood delayed 
the re-appearance of dangerous dye 
concentrations. The extent of rebound 
was found to  have significantly d im in­
ished a fte r  a threefold (full-term) or 
twofold (prematures) exchange o f the  
circulating blood volume. A single 
exchange, however copious, d id not 
invariab ly  yield the desired resu lt in 
cases o f immune haemolysis.

The ra tio  of repeated blood ex­
changes am ounted in the present 
m aterial during the last 3% years to 
4 per cent in general, and to 7 per cent 
in babies weighing more than 2000 g.
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