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Correlations between the free anti-D antibodies contained in the
newborn serum, and the phenomenon of bilirubin rebound have been studied.
In haemolytic disease caused by Rh-isoimmunization, the presence or
absence of anti-D antibodies decisively influenced the extent of bilirubin
rebound. This was less serious if the serum of the newborn contained no
free antibodies, and in such cases an exchange transfusion was rarely neces-
sary. On the other hand, in the presence of free anti-D antibodies, bilirubin
rebound may be so high as to necessitate several transfusions. This high
rebound is presumably due to that a considerable portion of the free anti-D
antibodies, having escaped from the blood paths is damaging the tissues
and inducing haemolysis in the extravascular space. A method of combined
blood exchange has been elaborated by which a larger amount of antibodies
can be eliminated than by the usual transfusion of Rh-negative blood.
Increased elimination of antibodies diminishes the possibility of post-trans-
fusion extravascular haemolysis and so reduces the frequency of repeated
transfusions.

Lathe [15] was the first to state
that the amount of bilirubin remov-
able from the circulation by exchange
transfusion was less than the theoret-
ically calculated volume, further,
that the level of bilirubin rose again
after the intervention so that this
had to be repeated in some cases.
Lathe attributed this phenomenon
to a reflux of bilirubin from the tissues
and to a temporary hepatic disorder.
Brown et al. [1] coined the term
rebound phenomenon for the reflow
of bilirubin.

Subsequent investigations have
made it clear that capillary permea-

bility, escape of bilirubin from the
blood depots as well as haemolytic
factors contributed to the rebound
phenomenon [7, 13, 15, 20, 25]. The
volume of replaced blood and the
duration of transfusion were regarded
by most authors as the factors on
which the possibility of diminishing
the extent of bilirubin reflux depended
[1, 5 G 10, 11, 12, 14, 20, 23, 25].
Whether the infusion of albumin is
able to depress the level of bilirubin
is still a debated question [2, 3, 4, 9].

Uniform evaluation of the results
obtained by the various authors is
difficult because of the diversity of
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the material on which their obser-
vations were based: some investiga-
tors studied the rebound phenomenon
in mature, others in premature in-
fants; the material consisted of pa-
tients with hyperbilirubinaemia, in
others with ABO incompatibility or
Rh-isoimmunization. Rosta and
Wohimtjth [23] demonstrated that
the degree of bilirubin rebound varies
according to the pathogenesis of ic-
terus gravis, although the exchange
transfusion is carried out under iden-
tical conditions. The degree of bili-
rubin rebound may, however, vary
even in a homogeneous material;
while the bilirubin level is low in
some Coombs-positive infants, it is
so high in other similarly Coombs-
-positive babies that several trans-
fusions of blood are needed in order
to keep the level below the critical
value.

The present material contained
patients whose disease was due to
Rh-isoimmunization. It had the pur-
pose to study the correlations existing
between free anti-1) antibodies (to be
called antibodies in the following) and
the bilirubin rebound in newborn
infants.

Material and Methods

In 65 Coombs-positive newborn infants,
in addition to the usual pre-transfusion
examinations, the free antibodies were
determined by the cysteine-papain enzyme
method. Since cord blood was not always
available, venous blood was used. The pa-
tients were divided into

Group |, 27 babies with no demon-
strable antibodies in the serum;

Eh-isoimmunization

Group |1, 38 babies with free antibod-
iesin the serum.

Results

Course of the disease and behaviour of
bilirubin in Group 1

The bilirubin level was below 20 mg
per 100 ml during the first five post-
natal days in 14infants. Despite their
Coombs positivity, no exchange trans-
fusion was performed in these cases.

As in the other 13 babies the
bilirubin level gradually reached the
critical level, exchange transfusion
became imperative. Six babies re-
ceived the usual Rh-negative blood
(Category 1), whereas 7 babies were
given Rh-positive blood (Category 2).
The therapeutic use of Rh-positive
blood was dealt with in previous
communications [17, 18, 19]. Results
regarding the bilirubin level in Cate-
gories 1 and 2 are illustrated in Fig. 1
Bilirubin values were determined in
each patient before, during and after
the transfusion; the individual values
were then averaged separately for
the two categories, and these averages
were then compared.

As regards pre-transfusion bilirubin
values, there was no significant dif-
ference between Categories 1 and 2
(p > 0.3). The level of bilirubin fell
equally during transfusion, and the
degree of rebound was likewise equal
in the two categories. In neither of
these categories did the level of bili-
rubin reach the value of 20 mg per
100 ml in the post-transfusion days
so that no second intervention was
necessary.
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Serum

Fig. 1. Changes in serum bilirubin level
in patients with no free antibodies. Broken
line indicates patients treated with Rh-
positive blood, solid line indicates those
treated with Rh-negative blood

Course of the disease and behaviour of
bilirubin in Group 11

Exchange transfusion had to be
carried out in every case; the rapid
rise of the bilirubin concentration
made it necessary in babies admitted
soon after birth, and the high bili-
rubin level in the babies admitted
later.

Nineteen members of this group
received Rh-negative blood (Category
1). Blood exchange did not satisfac-
torily remove the antibodies from the
circulation; the antibody titre rose
anew after the intervention. The
phenomenon was termed antibody
rebound [17, 18]. In 9 cases it was
necessary to repeat the exchange
transfusion once or more than once
because of the rapid rise of the bili-
rubin concentration. Since in the
other 10 patients of Category 1 the
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Anti-Dtitre

Fig. 2. Changes in free antibody level.

Broken line indicates patients treated with

combined blood exchange, solid line indi-

cates those treated with Rh-negative
blood

degree of bilirubin rebound was mod-
erate, no repetition of the trans-
fusion seemed to be indicated. Results
in respect of the members of Group 11,
Category 1, are shown in Table I.

Comparison between the post-trans-
fusion bilirubin values for Groups |
and 11 showed that a high bilirubin
concentration and the consequent
necessity of renewed exchange trans-
fusion should be excepted if free anti-
bodies are demonstrated in the serum
of the newborn. It follows that the
serum bilirubin level is often influ-
enced by the presence of such anti-
bodies.

On the reasoning that a more
efficient removal of the antibodies
would probably reduce the incidence
of high bilirubin levels and so also
the necessity of repeated exchange
transfusions, we elaborated the meth-
od of combined blood transfusion

Acta Paediatrica Academiae Scientiarum Hungaricae 11, 1070



06T ‘TT @eouefunH WnJIenualds selwspedy edleipsed eloy

Table |

Patients with free antibody in the serum, treated with Rh-negative blood

T{me of Before After Before After Before After Before After NUM-
Weight  trans- On the post
No. at bivth fl(lﬁlrg” Laborato fransfusion ber of
(0] after first transfusion day second transfusion third transfusion fourth transfusion fusion
birth)
| 2650 8 SeBi mg 15.0 7.3 28.8 28.8 175 2G.8 9.4 3
dir. Coombs o+ o+ + + 4+ + + 0 0 0
anti-D 1:1 1:1 1:1 1:1 1:1 1:1 1:1
2 3400 10 SeBi mg 15.8 5.5 14.2
dir. Coombs + o+ o+ 0 0
anti-D 1:1 1:1 1:1
3 3400 20 SeBi mg 18.0 75 13.0
dir. Coombs 4+ o+ 4+ i i
anti-D 1:1 1:1 1:1
4 2700 8 SeBi mg 14.2 3.2 8.4
dir. Coombs 4 4 + + + 0
anti-D 1:2 1:1 1:2
5 3500 16 SeBi mg 15.8 GS8 10.4
dir. Coombs {1 1 n + 0 I
anti-D 1:4 12 1:2
G 2900 7 SeBi mg 18.8 73 20.5 20.5 175 26.8
dir. Coombs o+ o+ 4+ + EY) i 0 0 0 3
anti-D 1:4 1:1 1:1 1:1 1:1 1:1 1:1
7 3800 15 SeBi mg 255 104 27.2 27.2 9.2
dir. Coombs 4+ 4 4 4 + + + o+ + + 0 o
anti-D 1:4 1:2 1:4 1:4 1:1
8 2950 77 SeBi mg 355 9.9 25.8 25.8 11.0
dir. Coombs  +H—1p + + + 0 2
anti-D 1:4 1:2 1:4 1:4 1:4
9 2700 14 SeBi mg 9.3 2.0 19.9 19.9 6.5 20.4 6.5
dir. Coombs 4 4+ + + + i i 0 + 0 3
anti-D 1:8 t: 1:8 1:8 1:4 1:8 1:2

444

ijered 1
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10

1

12

13

14

15

16

17

18

19

2000

3400

4400

2900

3100

3200

3000

3400

2950

3200

Note

13

28

12

52

17

SeBi

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
andti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

mg = Serum

7.8 3.0 10.1
0 0 1
1:16 1:8 1:16
13.0 6.2 13.0
+ + + + + i 1
1:16 1:8 1 :16
15.3 5.2 9.7
4+t 0 0 1
1:16 1:8 1:16
15.6 7.0 24.0 24.0 9.8
+ 4+ 0 0 * 0 2
1:32 1:8 1:32 1:32 1:4
12.0 45 19.8 19.8 5.9
H—h + + + + 0 2
1:32 1:16 1:32 1:32 1:8
23.8 9.7 145
+ o4+ 0 1 1
1:64 l:32 1:32
15.8 3.8 135
+H—b+ 0 0 1
1:64 1:16 1:64
7.5 3.0 10.1
+ + H-h 0 1
1:128 1:64 1:32
13.2 6.9 28.5 28.5 14.4 36.6 17.2 35.5 17.8
411} + -f- + 0 0 0 0 0 4
1:128 1:64 1:128 1:128 1:64 1:128 1:32 1:64 1:32
16.8 7.0 25.1 25.1 7.7 21.6 4.1
-—i-1-h -f H—h + o+ 0 0 0 3
1:256 1:128 1:256 1:256 1:64 1: 256 1:64
Total number of transfusions 34

bilirubin, mg/100 m
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Weight
at birth

©

3200

3100

3200

3300

3200

2780

3300

3000

3200

Time of
trans-
fusion
(hrs
after
birth)

45

32

32

32

Table |l

Patients with free antibodies in the serum, treated witli combined blood transfusion

Laboratory
results

SeBi mg
dir. Coombs
anti-D

SeBimg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-E

SeBi mg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-1)

SeBimg
dir. Coombs
anti-D

SeBi mg
dir. Coombs
anti-D

Before

After

first transfusion

5.0
+ 4+ + +
1:1
6.3
+ + + +
1:2
21.7
+ + + +
t:2
42.0
+ + + +
1:4
18.0

+ + + +
1-4

4.5
i
1:8
0.7
+ + + +
1:8
7.6
+ H—h+
1:8
19.2

+ + + +
l:16

17.5
+ +
1:1

9.7
J-

Before After

On the post-
transfusjon

day second transfusion

15.4

Before After

third transfusion

Before

After

fourth transfusion

Num-
ber of
trans-
fusions

vee
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10 3100 3 SeBi mg 131 4.5

dir. Coombs ++ Y+ 0
anti-D 1:16 1:2
11 3500 4 SeBi mg 9.7 1.6 24.3 24.3 8.0
dir. Coombs —l_i 0 0 0 0
anti-D 1:16 0 0 0 0
12 2900 45 SeBi mg 37.2 15.0 21.0
dir. Coombs {1 | h 0 0
anti-D 1:16 1:4 1:2
13 3200 5 SeBimg 6.7 1.0 6.6
dir. Coombs -bl--b -
anti-D 1:32 1:4 1:8
14 3510 8 SeBimg 8.3 3.0 215 21.5 7.0
dir. Coombs o+ o+ “H- + o+ 0
anti-D 1:32 1:8 1:16 10 i 1:4
15 2530 4 SeBi mg 9.7 3.2 22.6 22.6 6.7 31.4 9.4
dir. Coombs  + H—1-h 0 0 0 0 0 0
anti-D 1:32 1:8 1:16 1:16 1:4 1:16 1:4
16 3200 6 SeBi mg 7.5 17 6.3
dir. Coombs 4+ 4+ + + 0 0
anti-D 1:32 1:2 1:8
17 3000 30 SeBi mg 26.5 8.3 175
dir. Coombs o+ 4+ i =h
anti-D 1:64 1:8 1:16
18 2800 17 SeBi mg 22.9 6.8 155
dir. Coombs + 4+ + 4+ 0 +
anti-D 1:128 1:64 1:32
19 3050 29 SeBimg 14.2 3.2 12.6
dir. Coombs —h+ + 0 0
anti-D 1:128 1:32 1:64

Total number of transfusions

Note. SeBi mg = serum bilirubin, mg/100 ml.
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[17, 18]; it consists in that the inter-
vention is started with the trans-
fusion of a moderate amount of Rh-
positive blood and continued with
Rh-negative blood.

Data regarding the 19 patients
treated with combined blood trans-
fusion (Category 2) are listed in
Table I1.

The antibody level of the patients
in Group Il treated with combined
blood transfusion and of those treated
with Rh-negative blood are shown in
Fig. 2. For comparison, pre-trans-
fusion antibody values were regarded
as 100%; the relative values were
then determined for each individual
during transfusion and on the follow-
ing day and the individual values
were then averaged.

It can be seen from Fig. 2 that
the free antibodies were more effici-
ently removed from the circulation
of patients treated with combined
blood transfusion than from that of
patients treated with Rh-negative
blood, and that antibody rebound
was less after the combined treat-
ment, while the bihrubin level rose
less frequently above the critical
value. Twenty-four exchange trans-
fusions were necessary in the 19 cases
treated with the combined method
(Table I1) against 34 transfusions in
the 19 cases treated with Rh-negative
blood (Table ).

Discussion

The examination of newborns whose
haemolytic disease was due to Rh-
immunization has made it obvious

Rh-isoimmunization

that the gravity of the disease and
the behaviour of the bilirubin level
were decisively determined by the
presence or absence in the serum of
free antibodies.

The course of the disease was milder
and the necessity of exchange trans-
fusion did not usually arise if the
serum contained no free antibodies,
and even if it arose, a repetition was
rarely necessary.

An exchange transfusion is, on the
other hand, invariably necessary if
there are free antibodies in the
serum. The bilirubin level often
reaches the critical value so that
renewed transfusions are frequently
needed. The problem regarding the
interdependence between free anti-
bodies and bilirubin level requires
further elucidation. The observations
allowed the following conclusions in
this respect.

The fact that the concentration of
antibodies diminishes during the ex-
change transfusion and rises there-
after permits of the assumption that
a certain part of the antibodies, after
having escaped from the blood paths,
passes like bilirubin — once more
into the circulation after the trans-
fusion. Free antibodies, streaming
into the extravascular compartment
damage the tissues and make it
moreover possible for the antigen-
antibody reaction and haemolysis to
start in the extravascular space, e.g.,
in the extramedullary haemopoietic
foci, the bone marrow. Simultaneous
extra- and intravascular haemolysis
makes it understandable that the
disease is more serious if the serum

Acta Paediatrica Academiae Scientiarum Hungéariam 11, 1970
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contains- demonstrable antibodies.
Since it is not possible to eliminate
all antibodies from the circulation,
haemolysis may continue even after
transfusion. Haemolysis is presum-
ably more intensive in the extra-
vascular compartment in which Rh-
positive erythrocytes are produced
at a higher rate provided free anti-
bodies are present. Post-transfusion
haemolysis in the vessels is less
pronounced because they are filled
with Rh-negative blood in the course
of transfusion.

It is suggested that, in the presence
of free antibodies, bilirubin rebound
is fed from two sources, viz. the
amount of bilirubin reflowing from
the tissues and the bilirubin arising
in the course of extravascular haemo-
lysis. Haemolysis outside the blood
paths and hepatic damage may be
more or less pronounced, and the
value of bilirubin rebound may vary
accordingly.

The extent of bilirubin rebound is
always moderate in the absence of
free antibodies. This is probably due
to that only a smaller amount of
antibodies passes from the maternal
to the foetal circulation; the erythro-
cytes of the foetus are capable of
neutralizing them so that no extra-
vascular invasion of antibodies oc-
curs, no extravascular haemolysis
takes place, and the tissues remain
practically unimpaired. If there is no
extravascular haemolysis, rebound is
caused only by the bilirubin returning
from the tissues. The intact or but
slightly damaged liver is able to cope
with the smaller amount of bilirubin

Rh-isoimmunization 227

so that the concentration of the latter
does not return to the critical pre-
transfusion value.

The present investigations failed to
provide information as to why the
degree of bilirubin rebound was lower
in some members of Group Il and
higher in others (Cases Nos 14, 15,
17, 18 in Table 1), although their
antibody titre was exactly or nearly
equal. It is likewise obscure why there
is apparently no correlation between
the antibody titre and the extent of
bilirubin rebound. While the blood
exchange had to be repeated in some
cases in which the titre of antibodies
was lower (Cases Nos 1, 6, 7, 8 in
Table 1), no repetition was necessary
for other patients with higher anti-
body titre (Cases Nos 15, 16, 17 in
Table I).

Further investigations will have to
elucidate the question why the serum
of newborn infants contains free anti-
bodies and will have to identify the
factors which determine the antibody
titre. There are several alternatives
in this respect.

(1) Free antibodies may be present
in the newborn’s serum because the
antibodies of maternal origin have
not yet been bound by D-antigens,
i.e., because the antigen—antibody
reaction is still incomplete. Blood
transfusion in this condition is more
effective. Removal of much antibody
decreases the probability of post-
transfusion extravascular haemolysis,
and the degree of bilirubin rebound
will be lower.

(2) Another reason for the presence
of free antibodies in the newborn’s

Acta Pacdiatrica Academiae Scientiarum Hungaricae 11, 1970
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serum might be that the red cor-
puscles are saturated, there is no free
D-antigen so that there is nothing
to bind the antibodies. The antigen—
antibody reaction is complete in such
cases, the degree of haemolysis is
higher and the effect of transfusions
weaker. If the transfusion does not
succeed in removing a sufficient
amount of antibodies, the degree of
post-transfusion extravascular haemo-
lysis will be high and the value of
bilirubin may return to the critical
level. This would explain the differ-
ences in bilirubin rebound at identical
antibody titres.

3) The antibody titre may decis-

ively be determined by the extent to
which the foetal organism is able to
neutralize antibodies. In cases of in-
creased medullary and extramedul-
lary haematopoiesis a larger amount
of antibodies is bound by the red
blood corpuscles, and their titre will
be accordingly lower. Increased ad-
sorption of antibodies intensifies the
process of haemolysis. A low antibody
titre is thus by no means incompatible
with serious haemolysis. This may be
the reason why transfusion has some-
times to be repeated despite the low
antibody titre.

It appears from our results that
the disease is usually grave if the
serum of the newborn contains free
antibodies, irrespective of whether
their amount is large or small. Repe-
tition of the exchange transfusion can
be prevented only by the efficient
removal of antibodies. We do not
claim that our method of combined
blood transfusion is invariably effec-

Rh-isoimmunization

tive; its perfection will be the object
of further research work. However, it
has already allowed to reduce the
number of repeated transfusion. The
results of its application point to the
significance of the free antibodies.
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