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blood sampling with the decision to perform an IUT contingent upon the
blood sampling result.17 The IUT procedure has been described
previously.3

Pregnancies where an IUT had been performed were identified from
the clinic database. 70 infants from 65 mothers who had received IUT
were reviewed. Cases were selected if the infant had received one or more
IUT for haemolytic disease, was liveborn, and delivered at NWH between
January 1991 and June 2000. Both intravascular and intraperitoneal IUT
were included in the study. The four stillbirths were excluded.

For all cases both the maternal clinical record and available neonatal
notes were reviewed. Maternal data collected included maternal age,
parity, antibody titres and gestation at which IUT were given along with
fetal blood sample results if obtained. Neonatal data collected included
gestation at birth, birth weight, cord blood results, infant haemoglobin,
infant bilirubin and reticulocyte levels when recorded, exchange
transfusion requirement, simple transfusion requirement and days of
phototherapy. Time of discharge from hospital, medications, feeding,
head ultrasound results, audiology, and development as assessed at follow-
up were also recorded if available. Where infants had been transferred
from NWH prior to discharge home, a letter was sent to the local
paediatrician requesting information on transfusion requirement, hospital
discharge, audiology and neurodevelopmental follow up. Early top up
transfusion was defined as transfusion before three completed postnatal
weeks, and late top up as blood transfusion required at or after three
completed weeks. 

Data are presented as mean ± standard deviation if normally distributed,
or as median (range) as appropriate. Incidences were compared by Fisher’s
exact test or by Chi squared. The groups were compared by two-way
Mann Whitney U test or Student’s t-test as appropriate. 

Results
37 infants from 34 pregnancies including three sets of twins,
fulfilled the entry criteria for the study and were reviewed.
Rhesus disease complicated 31 pregnancies and anti-Kell
antibodies three. The mean ± SD gestational age (GA) at
birth was 34 ± 2.5 weeks, and birth weight 2298 ± 675 g. 33
(89%) infants were born between 32 and 37 weeks GA and
only four (11%) before 32 weeks GA. These infants had a
combined total of 139 IUTs. 74 were intravascular, 36 were
intraperitoneal, and 28 were a combination of intravascular
and intraperitoneal IUTs. The median (range) number of
IUT was four  (1-9), with a mean GA at the first IUT of 25
± 5 weeks, and the last IUT at a mean GA of 31 ± 2.1 weeks.
The median of peak maternal antibody titres measured
during each pregnancy was 1:4096 (128-8192). Postnatal
testing revealed sixteen of the infants to be Coombs positive
and the remaining 21  to be Coombs negative, reflecting the

In-utero transfusion (IUT) is the accepted method of
management for pregnancies complicated by fetal haemolytic
disease due to maternal red cell alloimunization.1-3 The
majority of such cases are due to Rhesus haemolytic disease
however IUT may also be used in the management of disease
due to anti Kell or other non Rhesus antibodies.3

Although survival data following IUT have been
published4-9 there has been less work documenting the
postnatal course of the infants. In particular, there is little
information on the role of antenatal or neonatal factors in
predicting the exchange or top-up transfusion requirement
following IUT. Furthermore, many cases of haemolytic
disease managed by IUT result in the delivery of a well infant
at or close to term. Hence, neonatal care may occur in a local
centre. 

Infants who have received IUT for haemolytic disease may
have a prolonged postnatal transfusion requirement.10-13 This
is thought to be due to a combination of factors including a
shortened survival of transfused cells, ongoing haemolysis
due to residual anti D following reduced exchange
transfusion requirement12,14 and a hyporegenerative anaemia
due to suppression of fetal erythropoiesis. The latter is
reflected in the absence of the expected reticulocytosis, and
may be confirmed on bone marrow aspirate.11,13,14

Erythropoietin has been shown to improve haematological
parameters, and reduce transfusion volume in infants who
have a persisting transfusion requirement following IUT.13,15,16

However, at present it is difficult to identify those infants at
risk of prolonged transfusion requirement.

The aim of this study was to review the outcome of infants
who received IUT at National Women’s Hospital (NWH).
Specifically it was planned to determine the requirement for
postnatal exchange and top-up transfusion, to examine
antenatal or neonatal factors useful for predicting this
requirement and to review neurodevelopmental status of
recipients. 

Methods
The Rhesus Clinic at NWH is the national referral centre for the
management of haemolytic disease and the only centre performing IUT
in New Zealand. Pregnancies affected by a raised antibody titre are
assessed by a combination of ultrasound measurements of fetal liver size
and cerebral doppler. Those with an abnormal result then undergo fetal
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Abstract

Aims. To review the outcome of infants who received in-
utero transfusion (IUT) at National Women’s Hospital
(NWH). Specifically to determine postnatal exchange and
top-up transfusion requirements, to examine perinatal factors
useful for predicting this and review neurodevelopmental
status of recipients.
Methods. A review was undertaken of infants delivered at
NWH between 1991 and 2000, who had received one or
more IUT for haemolytic disease. The mean gestational
age at birth was 34 weeks and birth weight 2298 g. The
median number of IUT was four (range 1-9). The mean
gestational age at the first IUT was 25 weeks and at last
IUT was 31 weeks. 

Results. All 37 infants survived to discharge. Postnatal
exchange transfusion was required in ten and top up
transfusion in 27 infants. Late transfusion (>3 weeks) was
required in 21 infants. Follow-up information on 36
infants revealed one born prematurely following death of
a co-twin had cerebral palsy and developmental delay. No
other infant had audiology or neurodevelopmental
abnormality. 
Conclusions. This review helps to confirm the good
outcome following IUT although some infants continue
to require transfusions for up to four months after birth. 
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transfused Rhesus negative blood. The median number of
IUTs in the Coombs positive group was three (1-9) and the
median number of IUTs in the Coombs negative group was
four (1-6) with considerable overlap between the groups. 

Exchange transfusions were required in ten (27%) of the
37 infants with a median of one (1-3) double volume
exchange performed. Table 1 details the requirement for
exchange and top up transfusion by Direct Coombs test.
Table 2 details the top up transfusion requirement in the
study group depending on whether an exchange transfusion
was performed. Linear regression demonstrated a weak, non-
significant trend for increased exchange transfusion
requirement in infants who had had fewer IUTs (p=0.1). Also
there was no apparent relationship between peak maternal
antibody titres and exchange requirement (p=0.44), or
between exchange transfusion requirement and cord blood
Coombs test (p= 0.27).

The cord blood results for serum bilirubin (SBR) and
haematocrit are summarized in Figure 1. No infant with a
cord SBR below 83 µmol/L required an exchange
transfusion. Although cord SBR correlated with exchange
requirement, (p= 0.03), the range of cord SBR results was
wide with overlap between the groups. The cord SBR in the
infants not requiring exchange ranged from 
37-139 µmol/L and in the exchange group was 
83-282 µmol/L. Similarly cord haematocrit values
demonstrated overlap between the group who required
exchange transfusion and those who did not.

Top up transfusions were required in 26 (70%) of the 37
infants. Four of the eleven infants who did not require top up
transfusion had undergone an exchange transfusion and
another four had anti Kell antibody. Early transfusion was
required in 21 infants and late in 22 infants. The median
number of early transfusions (less than 3 weeks) was one, (0-
9) and late transfusions (after 3 weeks) was two (1-4). Eight
infants received transfusion after ten weeks postnatal age and
one infant, born at 33 weeks gestation, received a transfusion
fifteen weeks after birth. The number of early transfusions
correlated with both the number of IUT, (p=0.035) and the
number of late top ups (R2= 0.21, p=0.03). Early top up
transfusion was required in 67% of infants who did not
undergo an exchange transfusion and 30% of the infants who
did, however this difference did not quite reach statistical

significance (p=0.07). Reticulocyte values were checked in
seventeen out of 37 infants. Median values at four weeks were
5 (0 to 331), 6 weeks 18 (2 to 447) and 12 weeks 72 (2 to 152)
x 109/L. 

All infants survived to discharge, at a mean gestational age
of 37.8 (± 1.9) weeks. Of the 37 infants in the study full
follow-up information was available on 36 (97%). Eighteen
infants were discharged home from NWH, and followed up
by NWH; seven were discharged home from NWH, with
follow-up out of Auckland, and twelve infants transferred
back to the local centre prior to discharge for ongoing care
and follow-up. Follow up data were not available in one
infant who was discharged from NWH to the local centre
but subsequently moved. Fourteen infants had a head
ultrasound examination performed for clinical criteria. Of
these three were reported to be abnormal. One infant born at
33 weeks GA had mild ventricular asymmetry, which was
stable on follow-up scans, and was reported to be
neurologically normal on exam at five months corrected age.
A second infant, one of a set of twins delivered at 35 weeks
GA, was suspected to have a left parietal migration
abnormality, but was reported to be neurodevelopmentally
normal at clinic follow-up. The third infant was born two
weeks after an IUT, at 28 weeks GA, following the death of a
co-twin from feto-fetal transfusion syndrome. He developed
significant intraventricular haemorrhage with ventricular
dilatation on the left side and has cerebral palsy with
significant developmental delay at two year follow-up. No
other infant was reported to have neurodevelopmental
abnormality. Formal audiology assessment was performed in
ten infants, all of which were normal.

Discussion
This review of experience from a single centre performing
IUT helps to confirm the overall good outcome in infants
who have undergone this procedure for haemolytic disease.
Exchange transfusion was required in 27% of the group,
which compares favourably with data published from 
other centres. Rates of exchange transfusion reported 
from previous studies vary from 24-61%.4,10,18,19 The relatively
low rate in our cohort may be due to improvements in and
more aggressive use of phototherapy compared with previous

Table 1. Outcome of infants based on Coombs test result.

Direct Exchange Median no. Early top-up Mean no. early Late top-up Mean no. late Mean age last Maximum age last
Coombs Transfusion Exchanges transfusion transfusions transfusions transfusion transfusion transfusion

Positive n=4 1 (1-3) n=10 1.7±2.39 n=10 1.6±1.50 7.6±4.9 15 wks
n=16 (25%) (62.5%) (62.5%)

Negative n=6 1 (1-2) n=11 0.7±0.76 n=12 2±0.85 6.5±3.4 12 wks
n=21 (29%) (52%) (57%)

Mean ± standard deviation unless otherwise stated. No significant differences between groups for any parameter.

Table 2. Outcome of infants based on exchange transfusion requirement.

Exchange No. infants with No. of early No. infants with Mean no. late Mean age last Max. age at
transfusion early transfusion transfusions late transfusion transfusions transfusion transfusion

No exchange n=18 2.1±2 n=18 2.3±1 8.8±3.14 15 weeks
n=27 (67%) (67%)

Exchange n=3 1.7±0.6 n=4 2±0.8 7.5±3.3 10 weeks
n=10 (30%) (40%)

Mean ± standard deviation unless otherwise stated. No significant differences between groups for any parameter.



studies. A correlation between the number of IUTs and the
subsequent exchange transfusion requirement has been
reported.4 In that study 24% of infants required exchange
transfusion overall, but of infants with only one IUT 57%
required exchange transfusion compared with only 21% of
infants with greater than one IUT. In our experience, there
was a trend towards increased exchange transfusion
requirement with fewer IUT but this was not statistically
significant. 

Although exchange transfusion rates are low in the Auckland
cohort the overall top up transfusion rates of 70% are
relatively high. Furthermore, infants required frequent blood
testing and could be transfusion dependent for an extended
period with one infant receiving a transfusion fifteen weeks
after birth. Reported transfusion rates from the literature
vary from 28%-83%4,10,18  however, there are variations in
both the criteria used for transfusion and also in the
definition of early and late transfusion. An increase in the
incidence of late anaemia in the group who did not require an
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Figure 1. Box and whisker plot demonstrating relationship of cord
serum bilirubin and haematocrit results to exchange transfusion
requirement. The median is marked by a single line, the 25th and
75th centiles as outline of the box, the 10th and 90th centiles are
the whiskers and observations outside 10-90th are marked as
single dots. SBR = serum bilirubin;
HCT = haematocrit. 
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exchange transfusion has been reported previously18 with late
anaemia in 92% compared with 36% post exchange
transfusion. In the Auckland data late transfusion was
required in 67% of the non-exchanged infants and 40% of
the exchanged infants (p=0.26). Neither the Coombs test
result, maternal antibody titre nor exchange transfusion
status were helpful in predicting subsequent top up
transfusion requirements. Although infants with anti Kell
antibodies did seem to have a less complicated postnatal
course, the numbers were small.

The need for ongoing monitoring and possible requirement
for late top up transfusion, which persists until the infant is over
three months of age, is a source of great concern for families.
The frequency of blood counts and who follows up the results
may vary between individual infants and in some cases this
responsibility will fall upon the general practitioner. Moreover,
the criteria used for top up transfusion may alter depending on
the individual practice and the perception of symptoms. There
is literature available on transfusion for anaemia in preterm
infants, based on both haematocrit and symptoms, but the
natural history of anaemia due to haemolytic disease is
different.12 In most of the literature concerning infants with
haemolytic disease, criteria for when transfusion was given is
not clearly stated. However, for near term infants outside the
stage of acute haemolysis a haematocrit of <0.27, or <0.3 with
symptoms has been used and would seem a reasonable guide.16

The use of a clear transfusion guideline such as this may ensure
that paediatricians and general practitioners provide consistent
advice to families.

The role of erythropoietin in the prevention of late
anaemia associated with haemolytic disease has been
explored in a small number of published reports starting
treatment at or after two weeks postnatal age. Although the
studies have been small the results have been
encouraging.13,15,16 The largest randomised controlled study of
20 infants showed a reduction in the top up transfusion
requirement from a mean of 4.2 to 1.8 in the group who
received erythropoietin.16 The data obtained from review of
the Auckland cohort do not allow us  to predict which infants
would develop late anaemia. However, the high rate of late
transfusion may justify the use of erythropoietin in all infants
who receive IUT rather than attempting to further identify
risk factors for late transfusion requirement.

One drawback in this study was the limited data available
on reticulocyte count both antenatally and postnatally. This
test requires extra blood and postnatally is not routinely
performed at NWH unless specifically requested. The data
although limited are consistent with the previously reported
finding that there may be an absence of reticulocytosis
despite the degree of anaemia.11,13,14,16

The follow-up data acquired for this group of infants
reflects the perceived low risk of morbidity in a cohort who
had a low incidence of preterm delivery prior to 32 weeks.
Developmental outcomes were not assessed with formal
testing unless other high risk factors were present. However,
the combination of low exchange transfusion rate and
relatively mature gestation at delivery meant that most
infants did not require intensive care. For such a population
clinical assessment by either a NWH or local paediatrician
provides an effective screen for neurodevelopmental
abnormality. Only one out of the 36 infants is known to have
developmental delay. This is most likely secondary to the in-
utero death of a monochorionic twin, which is recognised to
be associated with a high risk of neurodevelopmental
impairment in the surviving twin.20 The overall good
neurodevelopmental outcome for the cohort is similar to that
reported for other groups of infants who have received IUT
for haemolytic disease.21-23
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This review of the NWH experience helps to confirm the
overall good outcome for infants undergoing IUT for
haemolytic disease. The majority of infants were born in good
condition with a birth weight above 2000g and a gestation
greater than 32 weeks. Such infants may require paediatric care
in the local hospital but typically they do not require prolonged
neonatal intensive care and have a good neurodevelopmental
outcome. Exchange transfusions are now infrequent in this
group although top up transfusion is still commonly required.
It is likely that, in the future, the use of erythropoietin will
decrease the rate of late anaemia in these infants. Although it
was not possible to identify specific factors that predicted
postnatal transfusion requirement the data provided by this
study may be used to counsel parents and plan postnatal care. 

Correspondence. Dr M Battin, Newborn Services, National Women’s
Hospital, Private Bag 92189, Auckland. Fax: (09) 630 9753.
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