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Maternal anti-D concentrations and outcome in rhesus
haemolytic disease of the newborn

P BOWELL, J S WAINSCOAT, T E A PETO, H H GUNSON

Abstract

The relation between maternal anti-D concentrations,
measured against the British working standard, and out-
come of rhesus-sensitised pregnancies was studied.
There is a clear relation between increasing anti-D
concentrations and the chance of a severely affected baby.
Of those pregnancies (78) where serial anti-D concentra-
tions remained below 4 IUI/ml, no baby had a cord
haemoglobin below 10 g/dl and three had exchange
transfusions. In contrast, of those mothers (106) with
anti-D concentrations above 4 IU/ml, 23 had babies with a
cord haemoglobin below 10 g/dl and 79 babies had
exchange transfusions.

It is suggested that those pregnancies where anti-D
concentrations remain below 4 IUT/ml represent a rela-
tively safe group in which amniocentesis may be avoided.

Introduction

In spite of prophylaxis, rhesus haemolytic disease of the newborn
remains an appreciable clinical problem.1 2 The management of
affected pregnancies is helped by a prediction of outcome, which
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is conventionally based on previous history, some measure of
maternal anti-D potency, and, in selected cases, examination of
amniotic fluid. The estimation and interpretation of anti-D
potency has been problematic for several reasons: the older
manual titration method gives poor reproducibility,3 the early
automated method of quantification4 required several modifica-
tions,5 6 and different anti-D standards have been used in
Britain for the automated quantification method. A British
anti-D working standard (coded 72/229) was established in 1975,
however, and virtually all laboratories have now adopted this
preparation for determination of antenatal anti-D concentrations.
We examined the relation between maternal anti-D concen-

trations and outcome of rhesus-sensitised pregnancies in the
Oxford region. This is the first such study to report anti-D
concentrations measured, with the above modifications, directly
against the British anti-D working standard.

Patients and methods

From 1977 to 1980 all pregnant women in the Oxford region were
screened for red cell antibodies, principally at the Oxford Regional
Transfusion Centre but also at several of the district hospitals.
During this period 380 women were found to have anti-D antibodies:
details of relevant investigations were routinely sent to the Oxford
Regional Transfusion Centre and sufficient data for study was avail-
able from 260 patients. The remaining 120 were excluded for the
following reasons: only one anti-D concentration determined (60),
anti-D detectable by enzyme-modified cells only (level < 0 05 IU/ml)
(35), insufficient information (14), incidental abortions (six), anti-D
found only at birth (four), rhesus-positive patient with 0 75 IU/ml
anti-D (one).
Cord haemoglobin and bilirubin concentrations were measured,

ABO and rhesus blood group determined, and direct antiglobulin
tests performed in hospital laboratories by standard methods. Auto-
mated anti-D quantification was performed using an autoanalyser
(Technicon) and based on the method of Marsh et al4 using the modi-
fications recommended by Gunson et al.5 6 In addition, a cell concen-

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.285.6338.327 on 31 July 1982. D

ow
nloaded from

 

http://www.bmj.com/


328

tration of 5%, an interference filter of 410 nm, and a flow cell 8 mm
long were substituted for those described by Marsh. The haemagglu-
tinating activity of the test sera was compared with that of the British
anti-D working standard (72/229). A second standard preparation was
included in each test run to control the primary working standard. A
variation of the secondary standard value from its established mean
value of > 10% (2 standard deviations) required that the whole test
run should be repeated.

Results

During the study there were 109 000 births in the Oxford region.
Seven babies died from haemolytic disease of the newborn, (0 07/1000
births) and 380 women were found to have anti-D antibodies during
pregnancy (3-5/1000 births). Of these 380 women, 260 were studied in
detail. Five pregnancies were managed with intrauterine transfusion:
two babies survived (initial anti-D concentrations of 7 9 IU/ml and
28 IU/ml) and three died (initial anti-D concentrations of 45 IU/ml,
104 IU/ml, and 104 IU/ml). Four pregnancies were managed with
plasmapheresis: two babies survived (initial anti-D concentrations of
32 IU/ml and 71 IU/ml) and two died (initial anti-D concentrations

20.

18 -

16 -

Cord 14
hoemoglobin
(g/dl) 12

10.

8

140-

120

Cord
bilirubin
(/umol/l )

100

80

60

40.

20.

0-2 >2-4 >4-8 >8-16 >16-32 >32
Maximum anti-D (IU/ml

FIG 1-Cord haemoglobin and cord bilirubin concentrations
(± SD) at different maximum maternal anti-D concentrations.
No of cases in each group are same as in fig 2.

Conversion: SI to traditional units-Bilirubin: 1 ,Lmol/l
0-06 mg/100 ml.

TABLE I-No of rhesus-sensitised women with rhesus-positive or rhesus-negative
babies according to percentage change in anti-D concentrations during pregnancy

Change in anti-D concentrations*

Rhesus (D) group Decreaset Within Increase
(babies) > 50%0 50% > 50%° Total

Positive 4 55 125 184
Negative 24 42 0 66

Total 28 97 125 250

* 100 (maximum -minimum)-' minimum.
tMinimum occurs after maximum.
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260 IU/ml and 345 IU/ml). There was one intrauterine death with an
initial anti-D at 16 weeks of 4 6 IU/ml, which at the time of death (28
weeks) had risen to 168 IU/ml.
The remaining 250 pregnancies resulted in live births; amniocentesis

was performed at the clinician's discretion. One baby died shortly
after birth (gestation 28 weeks, cord haemoglobin concentration 2 7
g/dl, maximum maternal anti-D 28 IU/ml). The average number of
anti-D estimations per pregnancy was six (range two to 16). These 250
pregnancies resulted in 184 rhesus-positive and 66 rhesus-negative
babies. Table I shows the relation of maternal anti-D concentrations
to the rhesus D group of the baby. Serial determinations of anti-D
show that a rise of greater than 500% during pregnancy is highly
suggestive of a rhesus-positive baby. A fall of greater than 50% is less
strongly suggestive of a rhesus-negative baby. Maternal anti-D

100

80

60

40

20

8

6
%/ Babies

6

D Cord hoemoglobin <14g /dl

0 Cord hoemoglobin <10g /di
l-

10 /27

3/35 2/22

11/19
20/27

19/23

b0 Cord bilirubin>80,umol/l
SO

0 10 /18

0 0/128 6/29

Given exchange transtusion
2 2623/25

2 0 - -

0-2 >2-4 >4-8 >8-16 >16-32 >32
Maximum anti-D (IU/mi )

FIG 2-Percentage of babies severely affected with haemolytic
disease of the newborn at different maximum maternal anti-D
concentrations. Numbers represent exact numbers of babies
affected and studied.

concentrations showed little change in about one-third of the preg-
nancies producing rhesus-positive babies and two-thirds of those pro-
ducing rhesus-negative babies.

It was decided to use maximum anti-D concentrations, a clinically
simple value, to predict the outcome of the pregnancy. We were unable
to improve the predictive power of maximum anti-D concentrations by
taking the rate of rise of anti-D concentrations or the gestation into
consideration. For the purposes of subsequent analysis, therefore, the
pregnancies resulting in rhesus-positive babies were divided into the
following groups based on maximum anti-D concentrations: 52 with
maximum concentrations of 0-2 IU/ml, 26 with concentrations of 2-4
IU/ml, 29 with 4-8 IU/ml, 24 with 8-16 IU/ml, 28 with 16-32 IU/ml,
and 25 with over 32 IU/ml.

Figure 1 shows the relation of maximum anti-D concentrations to
cord haemoglobin and bilirubin concentrations. There is a clear re-
lation between the maximum anti-D concentrations and the mean
values of these cord parameters. The clinical value of anti-D measure-
ments was examined by relating the sevetity of haemolytic disease of
the newborn to maximum anti-D concentrations. The severity of the
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disease was judged in terms of cord haemoglobin value below 10 g/dl
and below 14 g/dl, cord bilirubin values above 80 ,mol/l (4 7 mg/100
ml), and the incidence of exchange transfusions. Figure 2 shows the
probability of a severe outcome, by this definition, with maximum
anti-D concentrations. The chance of a baby being severely affected
is related to anti-D concentrations, with a considerably increased
likelihood of such an outcome when the maximum anti-D concentra-
tion is above 4 IU/ml.
The cord haemoglobin and bilirubin concentrations and the treat-

ment of babies was analysed with respect to the mothers' previous
history of babies with haemolytic disease of the newborn (see table II
for analysis of cord haemoglobin). After controlling for maximum anti-
D concentrations, there was no difference in outcome for mothers either
with or without a past history of haemolytic disease of the newborn.

TABLE iI-Cord haemoglobin concentrations of rhesus-positive babies of mothers
with and without a previous history of babies with haemolytic disease of the
newborn. Mothers are grouped according to maximum anti-D concentrations and
results are means ± SEM (numbers of babies in parentheses)

Mean cord haemoglobin (g/dl)

No previous history of Previous history of
Maximum anti-D haemolytic disease of the haemolytic disease of the

(IU/ml) newborn newborn

0-2 15-9 ±0-36 (24) 17-0 ±0-75 (10)
> 2-4 16-9 ±0-70 (17) 16-4 ±0-49 (5)
> 4-8 15-5 ±1*09 (16) 15-0±1*07 (8)
> 8-16 13-0 ±0-88 (7) 14-4 ±1*35 (9)
>16-32 12-5 ±1-02 (10) 11-6±0-82 (12)
>32 11-I 1-14(13) 11-2±1-13(8)

Discussion

These results show the continuing morbidity and mortality of
rhesus haemolytic disease of the newborn. To determine the
value of anti-D measurements in the management of rhesus-
sensitised pregnancies we analysed serial concentrations of anti-
D against outcome of pregnancy.
The anti-D concentrations were measured by the Technicon

AutoAnalyzer using a modern assay calibrated directly against
the British anti-D working standard (72/229). Previous reports
on maternal anti-D concentrations and outcome have used
various standards and different units and their results are
therefore difficult to compare with ours.7-1
Outcome of pregnancy was assessed by reference to cord hae-

moglobin and bilirubin concentrations and to the incidence of
exchange transfusion, all of which give a similar association with
anti-D concentrations. It was, therefore, felt unnecessary to
adopt more complex indices of haemolytic disease of the
newborn. The results confirm that increasing concentrations of
anti-D are associated with an increasing risk of a severely affected
baby. There is, however, a large individual variation of outcome
with maximum anti-D concentrations; this may relate to factors
such as the rate of transfer of antibody across the placenta,
period of contact with the antibody, rhesus genotype of the fetus,
and the fetal response to haemolysis. We were unable to show
that a previous history of haemolytic disease of the newborn
accounted for any of the variation.

In sensitised pregnancies resulting in rhesus-negative babies,
maternal anti-D concentrations would be expected to remain the
same or to fall due to the increase in plasma volume and natural
decline in antibody production. Those small increases seen in
this group are probably attributable to the level of reproduci-
bility of the technique (+ 20%).5 In rhesus-positive cases these
factors still operate but are often masked by sensitisation causing
further increases in anti-D concentrations. Present results show
that serial anti-D concentrations cannot predict a rhesus-nega-
tive baby with confidence, though rises of anti-D greater than
50% do indicate a rhesus-positive baby.
Although serial anti-D concentrations cannot define the

group of pregnancies resulting in rhesus-negative babies we
were able to define a relatively safe group of pregnancies
where serial anti-D concentrations remain below 4 IU/ml.

Of 78 such pregnancies resulting in rhesus-positive babies no
baby had a cord haemoglobin below 10 g/dl; only three required
exchange transfusion and in two of these there was good
evidence ofABO haemolytic disease. We were not able to define
a group of pregnancies associated with a high risk of fetal or
neonatal death from our study as the total number of deaths
was too small, though others have attempted such predictions.8 11

This study shows the relation between maternal anti-D
concentrations and outcome and should help in the management
of rhesus-sensitised patients. We recommend that regular
blood samples are taken fortnightly after the 20th week of
gestation. This is of value in detecting sudden rises of anti-D
and in deciding on the need for amniocentesis. Our results
suggest that amniocentesis, known occasionally to cause second-
ary immunisation,12 13 could be avoided in low-risk patients.

Requests for reprints to P Bowell.
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ONE HUNDRED YEARS AGO Dr Dutrieux, the Belgian
explorer, writes, under date Alexandria, July 20th:-"I have escaped
the massacres perpetrated by the criminals and Bedouins let loose by
Arabi Pasha against a defenceless population. My house has been
burnt and pillaged. As medical officer of the Government Hospital and
of the European Hospital, my professional duties detained me in
Alexandria, which I have not quitted for a single minute." Dr
Dutrieux's devotion to his duties has been fitly rewarded by the
Khedive, who has conferred upon him proprio motu the title of Bey,
and the appointment of Physician-in-Chief to the Egyptian Govem-
ment Hospital.

(British Medical3Journal, 1882.)
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