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removing in the first place the need for such extensive immuno-
suppressive therapy by attempting to achieve the best possible
tissue match before operation.

We are grateful to Professor D. N. S. Kerr, Professor J. Swinney,
and Mr. R. Taylor for permission to examine patients under their
care.
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Liquor Bilirubin Levels and False Prediction of Severity in
Rhesus Haemolytic Disease
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Summary

Liquor bilirubin levels gave a false prediction ofoutcome
for the fetus in 80 out of 716 rhesus-sensitized women
referred for treatment during 1965-9. Trauma caused by
amniocentesis seemed to be responsible for an increase
in the severity of immunization in a significant propor-
tion of cases. In addition, contamination of liquor
samples by plasma, particularly fetal plasma, completely
invalidated liquor bilirubin estimations. Errors in
estimation of gestational length were also found to be
associated with misleading results and a poor fetal
prognosis.

Introduction

Variations in the level of bilirubin in liquor amnii are closely
related to the severity of rhesus haemolytic disease in the fetus
and are used to identify those patients in whom special treat-
ment is needed to prevent intrauterine death. Liquor is ob-
tained by amniocentesis, but as this is potentially dangerous we
prefer initially to select patients for this investigation on the
basis of the previous obstetric history (Walker, 1968).

First Affected Pregnancy.-Initial amniocentesis is performed
at 31 weeks, but only if the maternal antibody titre by the indirect
Coonbs technique against Group OR1 R2 cells is 1: 16 or greater.
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Previous Liveborn Affected Infant.-Initial amniocentesis is
performed at 31 weeks. No account is taken of the maternal anti-
body titre.

Previous Stillbirth due to Rhesus Disease (Including Liveborn
Hydrops Fetalis).-Amniocentesis is first perforned at between
20 and 24 weeks of pregnancy. No account is taken of maternal
antibody titre.

Incorrect predictions occur; high levels of bilirubin are
sometimes found in liquor when the infant is not severely
affected, and, conversely, low levels can be associated with
severe rhesus haemolytic disease or even stillbirth. "Over"
prediction can lead to unnecessary intrauterine transfusion or
premature induction, both of which are dangerous, while
"under" prediction means that a fetus may die unnecessarily.

In the present study we examined cases in which an incorrect
forecast of severity was made in order to determine whether a
satisfactory explanation of failure is possible.

Subjects and Method

During 1965-9 810 rhesus-negative women with antibodies were
booked for delivery in the Princess Mary Maternity Hospital
and 716 of them had one or more specimens of liquor examined.
For this investigation the patients were admitted to hospital
overnight and amniocentesis was performed under strict
aseptic precautions. The liquor, once obtained, was placed in a
brown bottle to exclude light and the bilirubin level estimated
within a few hours by the method described by Knox et al.
(1965).
With a 0*5-cm light path the spectrum is constructed through

the visible range 360-630 nm. The optical density difference
between 520 and 490 nm wavelengths is measured and as this is a
logarithmic function it may also be expressed as a transmittance
ratio:

% transmission at 520 nm
% transmission at 490 nm
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Both the optical density difference and this ratio give a direct
measure of the quantity of bilirubin present. The level is then
used to make a decision about the timing of further amnio-
centesis or to plan active treatment.

In practice we regard three levels of bilirubin as critically
important. Ratios above or below 1-06 give the best discrimi-
nation between stillbirth and livebirth, but stillbirths occasionally
occur with ratios as low as 1-04. Values above 1 1, particularly if
rising, indicate a serious risk of imminent intrauterine death.
In practice, if the bilirubin level was low (ratio less than 1-04)
between 31 and 35 weeks we would leave the pregnancy to go to
spontaneous delivery, and would not repeat amniocentesis. If
the ratio was greater than 1-04 we would repeat amniocentesis
in two weeks. Two consecutive ratios above 1 -1 and rising are
taken as an indication for intrauterine transfusion, while ratios
rising to between 1-06 and 1 1 would be regarded as an indi-
cation for premature induction, provided that the pregnancy
was known with certainty to be of at least 35 weeks' gestation.

It is not realistic to expect precise prediction in all cases and
we therefore consider it satisfactory to include very severe
liveborn haemolytic disease (cord haemoglobin value less than
7.5 g/100 ml) in the same category as stillbirth. In fact many such
infants were hydropic at birth, unlikely to survive and almost
certainly would have benefited from earlier active treatment.

For the purpose of the present study we have defined wrong
predictions by the following rigid criteria on the grounds that
such objective categorization was necessary to evaluate the
cause of error:

Underprediction.-Liquor ratio less than 1-06 but at delivery
the infant was either stillborn or if livebom the cord haemogldbin
was less than 7-5 g/100 ml.

Overprediction.-The liquor ratio was greater than 1-06 but
the infant was liveborn with a cord haemoglobin value greater
than 75 g/100 ml.

Patients treated by intrauterine transfusion have been excluded
from this study.

Results

Wrong predictions as defined were made in 80 cases-over-
predictions in 56, underpredictions in 24.

UNDERPREDICTION

Of the 24 cases, 10 resulted in stillbirth, while 14 were liveborn
but very severely affected, and three of these died in the neonatal
period. One stillbirth was associated with a severe abruptio
placentae 10 days after the last amniocentesis, and as the infant
showed no evidence of haemolytic disease at necropsy it is
excluded from further consideration. The results in the re-
maining cases are summarized in Table I. All three infants who
died in the neonatal period had severe haemolytic disease, but
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In the underpredicted cases there was a 45% incidence of
blood-stained taps. Robertson et al. (1967) showed this to occur
in only 22% of cases if the placental site is located before
amniocentesis, compared with 50% if the placental site is not
known. Previous placental location had been ascertained in 17
of the 23 cases under consideration and allowing for this the
corrected figure for blood-stained taps should be 29%. This
difference is not quite statistically significant (X2 = 4-46; 2 D.F.)
but the suggestion is that trauma may be related to under-
prediction. In fact three mothers had rigors after withdrawal of
blood-stained liquor and there was additional haematological
evidence that large feto-maternal bleeds had occurred. All three
fetuses died within 48 hours of amniocentesis.

It is also plausible that small feto-maternal haemorrhages
occurring in association with amniocentesis could boost sensi-
tization of the mother, and this effect would be more pronounced
where there was a long interval between amniocentesis and
delivery. Such an effect of transplacental haemorrhage should
be reflected in a rise of maternal antibody titre. In Table II

TABLE II-Change in Antibody Titre between Last Amniocentesis and Delivery

changes in antibody titre between the time of the first amnio-
centesis and the time of delivery are summarized both for the
cases in which underprediction occurred and also for those
in which severity was overestimated.
The relevant data were available only for 19 of the 23 under-

predictions and for 53 of the 56 overpredictions. This is mainly
because delivery titres were not routinely carried out on patients
in whom stillbirth occurred, which unfortunately are the most
germane to this study.

In the underpredicted cases 18 out of 19 showed a rise in
antibody titre whereas this occurred in only 29 out of 53 cases
in the overpredicted group. In both groups rises in titre were
associated with "bloody taps," and changes in antibody titre in
relation to blood contamination of the liquor for all cases are
shown in Table III. The difference between the two groups is

TABLE iII-Relation between Blood-staining of Liquor at Amniocentesis and
Change in Antibody Titre between Last Amniocentesis and Delivery (All Cases)

Change in
Antibody Titre

Clear
Liquor

Blood-stained
Liquor

No rise .19 (452°,o) 6 (20-0%)
1-2tubes .11 (262%) 10 (33 3°o)
3 + tubes 12 (286%o) 14 (46 7%)

Total .42 (100l%) 30 (1000o)

TABLE i-Relation between Amniocentesis and Survival of Fetus in Under-
predicted Cases

No. of Amniocenteses Last Amniocentesis-
Total Delivery Interval

:1No. of ~~ Blood- (days)
IPatients Total stained

Specimens Mean Range

Stillbirth 9 20 10 (50°) 23 12-35
Neonatal deaths .. 3 7 2 (29°0) 21 17-26
Very severe disease 11 17 8 (470h) 26 10-44

Total . .. 44 20 (45%O) 22 10-44

the actual cause of death in one was intracranial haemorrhage,

in another severe hyaline membrane disease, and in the third

ruptured spleen. The overall perinatal mortality was 52-10o

statistically highly significant (P <0-001) and even if only large
titre rises of three or more dilutions are considered this difference
is still present (P = 0-025). However, although there is a
relation between trauma and increased maternal antibody titre,
it is more difficult to associate this with an increase in the
severity of haemolytic disease. Another factor which must be
considered is the time interval between the last amniocentesis
and delivery. If very severe disease was forecast then premature
induction was performed and the interval was short; whereas if
the forecast was of "mild" disease the patient was left to
spontaneous delivery. Thus in the underpredicted group there
was a longer interval during which maternal antibody levels
could have rise,n and given rise to effects in the fetus (Table I).
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Comparison between these two groups, therefore, must be
interpreted cautiously and any conclusions must be tentative.

OVERPREDICTIONS

All 56 cases in this group were electively delivered prematurely.
All were liveborn and by definition had cord haemoglobin
values greater than 7-5 g/100 ml. This does not mean that all
were mildly affected, in fact 28 had haemoglobin values between
7-5 and 11 g/100 ml, which indicates relatively severe disease,
but none were rhesus-negative, and a further five were only
mildly affected and required no treatment. Twenty-three
had cord haemoglobin values of greater than 11 g/100 ml but
required one or more exchange transfusions.
Premature induction itself carries certain risks and in Table

IV we show the mode of delivery for these cases. There is a
very high incidence of operative deliveries. Caesarean section
was required in about one-third of the cases; the indications
are summarized in Table V. At least 10 (50%) of the caesarean
sections were performed as a direct result of early intervention
and would probably have been avoided had pregnancy been
allowed to go to spontaneous delivery.

TABLE iV-Method of Delivery in All Cases

Delivery Underprediction Overprediction
Normal .20 (87°h) 24 (429% )Breech .0 (0°X) 1 (l8i)

Forceps .1 (4-30°) 11 (19-6°o)Caesarean .2 (8-7%) 20 (35-70o)
Total . 23 (100%o) 56 (1000o)

BRITISH MEDICAL JOURNAL 15 JULY 1972

(Knox et al., 1965). Measurement of the peak absorption at
450 nm requires an artificial baseline, the construction of which
becomes very arbitrary in haemoglobin-stained samples
(Liley, 1961).
Although red cells can be removed easily by centrifugation

and the samples may be free from haemoglobin, plasma cannot
be removed and, even in small amounts, may alter the tracing
and invalidate results. In Fig. 1 we show the effect of adding
small amounts of maternal plasma to a clear sample of liquor

A
B
C
D
E

E A
D

B

Normal liquor -101
5ml liquor + 0-25ml. plasmo -1028
5 ml liquor + 0-5 ml, plasma - 1.041
5 ml liquor + O*75 ml. pasma - 1 052

5ml liquor + 1-0 ml. psma - 1 073

A

360 400 440 40 520 560 600 640
nM

FIG. 1-Liquor contaminated with maternal plasma.

TABLE v-Indications for Caesarean Section in the Overpredicted Group
Placenta praevia
Accidental haemorrhage
Previous caesarean . .
Prolapsed cord
Failed induction

.. 4

. . I

.. 3

.. 2

.. 10

20

Seven (12-5%) of the liveborn infants died in the neonatal
period and the important clinical data for these are summarized
in Table VI. From this information prematurity seemed to be
the major cause of death in six of these seven infants, and from
the haemoglobin values we would not have expected any of
these infants to die from haemolytic disease. The case that
developed kernicterus emphasizes the danger of hyperbili-
rubinaemia in premature infants even in the presence of mild
haemolytic disease.

It is quite clear that premature induction carries serious
implications for the fetus and mother and cannot be justified in
patients in whom spontaneous delivery would result in a viable
liveborn infant.

Twenty-five out of 85 relevant liquor samples were con-
taminated with blood. Apart from the fact that these might have
been associated with transplacental haemorrhage, blood-stained
liquor samples are not suitable for analysis. The presence of
haemoglobin distorts the tracing but this can largely be elimi-
nated by measuring the optical density between 490 and 520 nm

E

D
C

B

N2x-4--.L 0

A

1- !-
360 400 440 480 520 560 600 640

nM

FIG. 2-Liquor contaminated with fetal plasma.

and in Fig. 2 the same experiment using fetal plasma. In both
cases serious errors are introduced, but they are much greater
with fetal plasma because a severely affected fetus might have a
plasma bilirubin value of more than 5 mg/100 ml whereas the
significant value in "yellow liquor" is often in the 0-2-0-5

TABLE vI-Summary of Neonatal Deaths in Overpredicted Cases

Birth Weight Cord
Hb Bilirubin

lb oz
g (g/100 ml) (mg/100 ml)

5 5 2,410 11-7 5.9
3 5 1,500 13-3 3-8
5 0 2,270 14-7 2-2

5 11 2,580 124 6-0
4 5 1,955 8-3 4-3
6 1 2,750 10-4 N.R.
3 14 1,760 13-6 6-8

Exchanges

1
0

2

Postmortem Findings

Hyaline membrane disease
Pulmonary collapse
Hyaline membrane disease. Intraventricular haemorrhage.Kernicterus
Hyaline membrane disease. Sinus thrombosis
Poorly aerated lungs
Severe congenital heart disease
Cerebral haemorrhage. Tentorial tear

No.

1 ..
2 ..
3 ..

4 ..
5 ..
6..
7. .

Gestation
(weeks)

36
32
?39

33
3T35
35

Induced

Yes
Yes
Yes

Yes
Yes
Yes
Yes

.--l ~~~~~~~~40

f%nr-lU

-1

-

I , r.-,
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mg/100 ml range. This was undoubtedly the case in a patient in
this series who had developed antibodies during the course of the
current pregnancy. Liquor obtained at 35 weeks' gestation was
heavily blood-stained and the red cells were shown to be fetal in
origin. The liquor bilirubin level was high (ratio 1-156) and
because of this labour was induced shortly afterwards. Liquor
obtained at the time of induction showed only a low level of
bilirubin (ratio 1-04). The infant, although Coombs-positive, was
only mildly affected, did not require exchange transfusion, but
developed severe respiratory distress syndrome.

Correct assessment of gestation is vital to the interpretation
of the liquor bilirubin level as this tends to fall with advancing
maturity. It is also relevant to the application of premature
induction because the danger to the infant is closely related to
the stage of gestation.

In Table VII the birth weights of these infants are plotted
against birth weight centiles for recorded gestation. Forty-six

TABLE vII-Comparison of Birth Weights of Liveborn Infants with Expected
Birth Weights for Gestation (Thomson et al., 1968)

Centiles Underpredictions Overpredictions

Below 25th 4 (28-6 "',) 27 (48-2%°)
25th-50th .3 (21 4%0) 19 (33*9%0)
51st-75th .4 (28-6"%) 6 (10-7 0)
Above 75th 3 (21.4) 4 (701)

Total .14 (100) 56 (100°)

(82%) fell below the 50th centile and this difference is statisti-
cally highly significant (P <0 001). This could be accounted for
either on wrong assessment of gestation or because of retarded
intrauterine growth. We have therefore taken into account the
clinical evaluation of the infant at birth and the certainty of the
calculated expected date of delivery. This we have considered
to be in doubt if: (1) the patient stated that she was uncertain of
the date of her last menstrual period, (2) her normal menstrual
cycle was six weeks or longer, or (3) the last period followed
withdrawal of an oral contraceptive agent.
We considered that in 18 of the 56 patients there was good

evidence that gestation was less than thought, and indeed 15 of
these 18 (83%) had birth weights that fell below the 25th centile.
Uncertainty about the stage of gestation was therefore an
important factor in overestimation of the severity of haemolytic
disease in the fetus.

Discussion

Even with the strict criteria used for defining wrong prediction,
88-8% (636 out of 716 women) were correctly predicted. Thus
liquor bilirubin is probably the most accurate single method of
predicting the severity of rhesus haemolytic disease (Savage
et al., 1966).

Amniocentesis to obtain liquor is being performed with
greater frequency in the management of a variety of conditions,
as well as haemolytic disease. The technique is not without
hazard, the commonest being trauma to the placenta. The
incidence of this can be decreased, but not completely elimi-
nated, by previously locating the placenta (Robertson et al.,
1969).
Death of the fetus due to blood loss from amniocentesis is

uncommon but occurred in three cases where haemolytic disease
would probably not have killed the fetus. In the'single instance
where the cord blood was analysed the haemoglobin was
3 g/100 ml, with a bilirubin of 0-8 mg/100 ml. These findings
are more suggestive of severe fetal haemorrhage than severe
haemolysis.

Smaller haemorrhages may further sensitize the mother and
increase the severity of the disease (Zipursky et al., 1963;
Queenan and Adams, 1964). Although it is difficult to prove,
the findings in this series strongly suggest that such changes do

occur. However, not all women who had rises in the antibody
titres or unexpectedly severely affected infants had had trau-
matic amniocenteses. Kelsall and Vos (1959) found that certain
women had a sudden late rise in antibody titre, occurring with-
out previous amniocentesis, which was associated with the
development of severe haemolytic disease. They suggested that
episodes of immunization, presumably spontaneous feto-
maternal haemorrhages, were responsible.

Amniocentesis performed before the 35th week of pregnancy
will not detect any later variation in severity. To detect these a
further amniocentesis would be required in the last four weeks
of pregnancy. But this would increase the hazard of trans-
placental haemorrhage, especially since there is a reduction in
liquor volume near term. In those patients who have had an
amniocentesis, but who are allowed to go to spontaneous
delivery, a further antibody titre in late pregnancy (37-38
weeks) may enable a late increase to be detected without
increasing the risk of placental trauma.

Although transplacental haemorrhage may increase the
severity of disease in the infant contamination of the liquor
sample by blood may cause an erroneously high bilirubin level.
Although it has been known for some time that haemoglobin
may affect analysis of liquor (Knox et al., 1965) the effect of
plasma contamination seems to be more serious. Thus it appears
that analysis of blood-stained samples is not only inaccurate
but may be positively dangerous. Samples contaminated with
blood should be discarded and not sent for analysis.

Errors in gestational age have also been shown to have an
appreciable effect on the interpretation of liquor bilirubin levels.
Liley (1961) showed that the level of bilirubin falls from 27
weeks to term in the normal pregnancy, whereas Walker (1970)
showed that values diagnostic of severe disease at 32 weeks
can be found in normal pregnancies at 28 weeks. In this series
overprediction was commonly associated with errors in the
assessment of gestation. This may be corrected by routine
analysis of liquor for factors which vary with gestation (Lind and
Billewicz, 1971) and using these for gestation assessment.

Conclusions

Although completely accurate prediction has not yet been
achieved several recommendations to improve accuracy are
made as a result of this study. Placental location should be
ascertained before amniocentesis, and the best results are
achieved by limiting the technique to a few skilled individuals.
Careful attention to clinical assessment of gestational age and
assessment of cytological and biochemical criteria in liquor
associated with prediction of gestational age will enable more
accurate use to be made of liquor bilirubin levels. Blood-stained
samples are not suitable for analysis and should be discarded.
Because a late rise in antibody titre may follow amniocentesis,
blood analysis should be repeated in late pregnancy where the
fetus has been predicted to be at low risk.
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