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During exchange transfusion a con-
siderable amount of bilirubin passes
from the extravascular into the intra-
vascular compartment of newborn
infants, and it is due to this so-called
rebound phenomenon that the dye
level decreases at a rate slower than
that at which the red corpuscles are
exchanged [2, 10]. The flow of biliru-
bin continues after termination of the
transfusion so that the rebound phe-
nomenon has two phases: a first one,
coinciding with the exchange trans-
fusion, and a second one occurring
after the intervention [14]. The latter
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 inter-
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
at play. A correct assessment of these
factors is of considerable importance.

The primary purpose being the
prevention of kernicterus, it must
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.

It was hoped that the study of post-
transfusion dye levels might facilitate
the solution of these practical and
theoretical problems.

Material and Method

I. Serial
serum hilirubin

post-transfusion estimations of
in mature newborns and
prematures

(Behaviour of the early rebound phenome-
non)

A total of 29 full-term newborns has
been examined 1, 3, 6, 9 and 12 hours after
the exchange transfusion. In order to avoid
excessive stress, blood from the same baby
was withdrawn three times at the most.
Exchange transfusion was performed in 13
cases on account of Rh incompatibility, in
8 cases of ABO incompatibility associated
with icterus gravis, and in 8 cases of hyper-
bilirubinaemia. Coombs’reaction was posi-
tive in 11 cases. Average body weight of
the infants was 3150 g. On the average,
2.7 times the circulating blood volume,
regarded as representing 10 per cent of
body weight [13], was exchanged at a rate
of 130 ml/kg body weight/hour.

In addition, in 33 premature infants
bilirubin concentrations were estimated 3,
6 and 12 hours following blood exchange.
Exchange was performed on account of
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hyperbilirubinaemia associated with imma-
turity in 28 cases, on account of Rh incom-
patibility in 2 (of which one was Coombs
positive), and because of ABO incompati-
bility in 3 cases. Distribution according to
body weight was

1250 to 15009 5 cases
1501 to 17509 11 cases
1751 to 2000 g 13 cases
2001 to 2500 o} 4 cases

with an average of 1680 g. On the average,

I. 7 times the volume of circulating blood

was exchanged [18, 24] at a rate of 100
ml/kg body weight/hour.

Bilirubin estimation was made with
the method of Jendrassik and Gbof [7],
while the samples of blood collected in the
first hours after the intervention were
examined with a Polytest Zeiss colori-
meter. The latter method is, essentially,
one of diazotization. It has the advantage
that not more than twice 0.2 ml serum are
needed in the cages with the highest
bilirubin values; it was therefore enough
to withdraw 1 ml blood even when high
haematocrit values were expected.

W ith a view to finding out whether the
results obtained with the semi-micro Poly-
test method were suitable for being inserted
in the series yielded by the method of
Jendrassik and Gbof, we performed 150
parallel measurements which were supple-
mented by the triplicate examination of
18 serum samples containing different
amounts of bilirubin. M athematical evalua-
tion revealed no significant difference be-
tween the bilirubin levels determined in the
same sample of serum by either method.

Il1. Connection between theparameters express-

ing the efficiency of exchange transfusions,

and the extent and time of the post-exchange
rebound

The peak post-exchange bilirubin level
was determined on the basis of one or two
estimations performed daily, according to
the clinical picture. Re-elevation has been
expressed in per cents of the pre-exchange
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level and is termed “percentual rebound”
in the following. The diagrams in Figs 1
and 2 show the degree of rebound in mg
per 100 ml as well.

Evaluation of the percentual rebound
seems to be more reliable in signalling the
dangerous degree of re-elevation whereas
the elevation expressed in mg per 100 ml
is more dependent on the bilirubin level at
the end of the intervention. The results of
both methods show somewhat distorted
values if the level of bilirubin is low at the
beginning of the exchange transfusion.
There were 6 such cases of Rh incompati-
bility in our material.

It has been attempted to establish a

correlation between the post-exchange
maxima (percentual rebound) and the
following factors:

(i) exchanged blood volume in ml/kg
body weight;

(i) fall of bilirubin level during the

intervention, expressed in per cent of the
initial level;

(iii) amount of bilirubin removed from
the organism during exchange transfusion,
in mg/kg body weight;

(iv) amount of bilirubin removed from

the extravascular compartment during
exchange transfusion, in mg/kg body
weight;

(v) period from the end of the exchange

until the peak of re-elevation.

Values for (iii) and (iv) were estimated
by a method described earlier [16], consist-
ing in a serial determination of dye con-
centrations during the intervention, and
the integration of the data so determined.
Estimations of this nature were made in 74
full-term newborns.

Values for (i) and (ii) were studied in
100 full-term and 61 premature newborns.
The serological distribution of this material
was as follows.

Full-term infants
Rh incompatibility 35
ABO incompatibility 23
Double incompatibility 9
Hyperbilirubinaemia 33
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Prematures

Rh incompatibility 4
ABO incompatibility 6
Hyperbilirubinaemia 51

Distribution according to volume of
exchanged blood was,

Volume ofexchanged b_Iood, Full-term 1 Premature
ml per kg body weight newborns
150 or less 2 30
151-200 io 19
201 -250 26 12
251-300 43 -
301 or more 13 -
Total 100 61
Results

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 prematures. 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 premature 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.

Il. Late rebound

0] 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
plotted on the ordinate and the ab-
scissa. The diagram presents moreover
the straight line of regression which
conveys a more accurate idea of the
direction of the inverse relationship;
its formula isy'= — 0.238ar -j- 121. Such
a relationship was not demonstrable
in cases of ABO incompatibility and
still less in Rh incompatibility. It is,
thus, not always possible in such
cases to reduce the extent of rebound
by increasing the volume ofexchanged
blood.

The majority of prematures was
subjected to exchange transfusion on
account of hyperbilirubinaemia, and
—like in the full-term group ofsimilar
aetiology — the volume of exchanged
blood varied inversely with the degree
of re-elevation (Fig. 4). While out of
a total of 30 it was in 11 cases that
the extent of rebound surpassed 30
per cent when less than 150 per cent of
the circulating blood was exchanged,
this happened only in 3 out of 31
cases when the volume of exchanged
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Fra. 1. Elevation of bilirubin level in full-term infants after blood exchange, in mg per
100 ml per hour in the lower part of the diagram, and in per cents of the initial level
(percentual rebound) in the upper part. Circles indicate mean values

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

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

(iii) Comparisons between percen-
tual rebound and the amount of re-

moved bilirubin in full-term babies
proved that the rebound was slight
in cases of hyperbilirubinaemia and
moderate in those of ABO incom-
patibility. Results in cases of Rh in-
compatibility were variable.

(iv) We were unable to find a corre-
lation between the amount of dye
removed from the extracellular com-
partment and the behaviour of post-
exchange rebound.

(v) Re-elevation maxima suggest-
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after exchange - transfusion

Fig. 2. Elevation of bilirubin level in prematures after blood exchange. Construction
of the diagram is like in Fig. 1. The dotted line shows dye concentrations in full-term
babies, as also the pertinent exponential curve

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 incompatibility 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 at the time of the intervention,
and the critical bilirubin levels at
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.

Discussion

As to the behaviour of the bilirubin
level during the 12 hours following
exchange transfusion, Valaes [25]
holds that it takes only one half hour
for a new equilibrium to be established
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exchanged blood

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

between the intracellular and extra-
cellular dye concentrations. The ex-
tent of the exchange reached in his
cases 1.2 to 2.0 times the circulating
blood volume. usner [23], exchang-
ing twice the volume of circulating
blood, assumes that the post-ex-
change migration of bilirubin does
not last more than one hour. K eutn
[9], studying the optimum conditions
of two-stage exchange transfusion,
found that the rebound terminated
3 hours after the first intervention,
and recommended therefore to begin
the second exchange at that point of
time. Gorafarb [6] performed ex-
change transfusions with 0 group
erythrocytes suspended in AB plasma,

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

We have found that the establish-
ment of post-exchange equilibrium is
a process consisting of several phases.

The rate of re-elevation was rapid
in the first 3 hours after exchange,
amounting 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 marked 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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Fig. 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 path contain
more bilirubin at the termination of
the exchange than more distant 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. We share
the view that at least 3 hours are
necessary for the equilibrium to de-
velop [3, 26].

The rebound curve runs a flat
course in the next 9 hours. It is
during this time that reversibly bound
intracellular bilirubin passes into the
blood stream and the jaundice loses
in intensity.

There are numerous observations to
show that the rebound occurring
after the 12th hour is mostly due to
haemolysis.

It has been claimed by Kaudee [8]
that the necessity for a repetition of
exchange transfusions is significantly
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more frequent if a shortening of the
haptoglobin half-time points to the
presence of haemolytic breakdown
products.

Various factors are known to be
involved in haemolysis.

The role of sensitized erythrocytes
remaining in the circulation at the
end of the exchange is obvious. Pola-
cek [11] observed intensive rebound
where the level of foetal haemoglobin
remained high. It is commonly known
that injected donor cells of identical
blood group [5] or cells of citrated
blood are particularly vulnerable [4];
a great part of the latter is destroyed
within 48 hours.

The significance of sensitized red
corpuscles to be found in the foetal
haemopoietic tissues is more doubtful.
The explanation advanced by Sisson
[19] for the success of exchanges per-
formed with sedimented erythrocytes
was that the high erythrocyte count
and the corresponding high haemo-
globin level at the end of the inter-
vention inhibited the outflow of such
cells.

In the present experiments, post-
exchange bilirubin values determined
at 9 and 12 hours in ten Coombs
positive newborns were 48 per cent
higher than in their adequately
matched hyperbilirubinaemic counter-
parts. It was evident that in cases of
immune haemolysis, and especially in
those of Rh incompatibility, not even
a threefold exchange of the circulat-
ing blood volume was capable of keep-
ing the rebound within the desired
limits. Since the ratio of residual cells
may amount to about 5 per cent in
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such cases, it is safe to assume that
further haemolytic factors have con-
tributed to the undesired extent of
rebound. The flat rebound curve of
prematures and the moderate rebound
in mature hyperbilirubinaemic infants
were further proofs to show that, in
the absence of immune haemolysis,
not even the imperfect glucuronizing
activity, 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 that
it is rather by an increase of the
rebound during blood exchange that
the effect of extracellular dye stores
manifests itself.

Results of this kind make it neces-
sary to reconsider the efficiency of
exchange transfusions.

It has been demonstrated in a pre-
vious study [16] that the extent of
bilirubin removal is proportional to
the volume of exchanged blood.
SprotxI’s subsequent isotope experi-
ments [20] have confirmed our find-
ings. It is, however, doubtful whether
an increase in the volume ofexchanged
blood retains its rebound-diminishing
effect after the intervention.The mate-
rial of Sprotjl consisted of immune
haemolytic infants, and the extent of
post-exchange rebound showed no
correlation with the amount of re-
moved bilirubin or its extravascular
fraction. Our cases ofimmune haeemo-
lysis were similar in this respect to
those of Sprotjl.

Some time 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,
that the significance of haemolytic
factors has been recognized, matters
look different in this respect.

The evacuation of extravascular
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 that can be achieved without
risk by increasing the volume of
exchanged blood should not be re-
nounced on account of haemolytic
factors that are hardly manageable
and many of which are of unknown
origin.

One ofthe advantages ofa generous
exchange is the deferred reappearance
of dangerous dye concentrations. If
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 time augments the chances of dis-
pensing with the second intervention.
Our experience justifies the statement
that, 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 that we had to

repeat the intervention in not more
than 4 per cent of our cases in the
last 3Y2 years. Not one single pre-
mature baby had to be subjected to
a second intervention since the method
of exchanging the twofold volume of
circulating blood had been adopted.
Exchange transfusion had to be re-
peated in 7 percent of 118 babies with
weights exceeding 2000 g. Our data
include cases where a second inter-
vention became necessary because
the first had been interrupted owing
to some technical reason. Our statis-
tics will be better appreciated if we
mention that the now usual ratio of
blood exchange repetitions amounts
to 12 to 20 per cent [17, 26, 27].

A restriction of the range of indi-
cations has doubtlessly contributed
to the reduction in the number of
repeated exchanges. It has been men-
tioned that the re-elevation of 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
the most part) presumably more de-
cisive than that of haemolysis. These
factors, however, do not yet explain
why our quota of repeated exchanges
is so much below that of other insti-
tutes [26, 27].

We conclude by proposing to conti-
nue the present practice of exchang-
ing 2.5 to 3 times the volume of
circulating blood. Further improve-
ment of the conditions of exchange
transfusions and therapeutical meth-
ods will allow to deal with the
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haemolytic factors many of which
still escape management.
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Summary

I't has been found possible to charac-
terize by an exponential function the
mean bilirubin levels serially measured
after the exchange transfusion in 29
full-term newborns. The rate 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 per hour during the next 9 hours.
The corresponding figures for 33 pre-
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