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ABSTRACT

BACKGROUND

In Rh-D haemolytic disease of foetus and newborn (HDFN), newborns can be severely affected, thereby associated with extensive
morbidity and mortality.

Aim- The aim of this study is to describe the clinical profile of Rh-D HDFN.

Settings and Design- This was a descriptive study conducted in newborn, who had Rh-D HDFN. Setting was Depts. of Transfusion
Medicine and Paediatrics in Govt. Medical College, Trivandrum.

MATERIALS AND METHODS

Enrolment of newborn was done according to inclusion criteria. Maternal and neonatal details were noted and risk of jaundice,
severity of disease and intensity of treatment was assessed.

Statistical Analysis- All statistical data were analysed using SPSS software version 16.

RESULTS

29 (65.9%) belonged to male gender and 15 (34.1%) to female gender. The mean bilirubin levels in neonates on Day 1, 2, 3,4 and 5
were 4.15, 6.66, 9.44, 11.1 and 11.14 mg% respectively; 20 (45.5%) belonged to low risk, 13 (29.5%) to low intermediate risk, 7
(15.9%) to high intermediate risk and 4 (9.1%) to high risk categories; 4 (9.1%) belonged to no anaemia category, 17 (38.6%)
belonged to mild anaemia category, 19 (43.2%) to moderate category and 4 (9.1%) to severe category; 35 (79.5%) of infants
showed signs of haemolysis; 33 (75%), 7 (15.9%), 3 (6.8%) and 1 (2.3%) infants had mild, moderate, severe and very severe
disease respectively; 20 (45.5%) infants required no treatment; 13 (29.5%) infants were treated only with phototherapy. IVIG was
given along with phototherapy in 7 (15.9%) infants; 4 (9.1%) infants were treated with exchange transfusion along with IVIG and
phototherapy. Neonates were transfused with 9 (20.5%) packed red blood cells, 3 (6.8%) platelets and 2 (4.5%) fresh frozen
plasma. Results of intensity of treatment was 20 (45.5%) belonged to grade 0, 13 (29.5%) to grade 1 category; 7 (15.9%) fell into
grade 2, 3 (6.8%) into grade 3 and 1 (2.3%) into grade 4 category of treatment.

CONCLUSION
Male infants had higher risk of developing Rh-D HDFN. Majority of infants had mild hyperbilirubinaemia and anaemia only. Disease
was mild among 3 /4t of infants and almost half of the infants required no treatment.
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BACKGROUND

Spectrum of neonatal haemolytic disease of foetus and
newborn (HDFN) had faced profound and drastic
transformations in the course of past 30 to 40 years.t
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In Rh-D alloimmunization newborns were often severely
affected, unstable at birth, necessitated multiple exchange
transfusions; thereby associated with extensive morbidity
and mortality. Improved deliverance and appreciation of
phototherapy, IVIG, exchange transfusion and RhIG had
changed the picture dramatically.2

In countries with a low human development index
antepartum treatment, improved neonatal surveillance and
therapy had been established only to a limited degree.

Consequently, HDFN remained a major cause of morbidity
and mortality in these countries. Thus, aim of this study was
to describe the clinical profile of Rh-D HDFN for designing
better management designs.
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MATERIALS AND METHODS
This was a descriptive study conducted in 44 neonates who
were suffering from Rh-D HDFN. Research was done in Depts.
of Transfusion Medicine and Paediatrics in Govt. Medical
College, Trivandrum.

Enrolments of newborn were according to the inclusion
criteria for a period of 18 months between 01-03-2012 and
30-08-2013.

Inclusion Criteria for Rh-D HDFN

1. Maternal antibody screen positive for anti-D and
presence of D antigen in neonate.

2. Between mother and neonate, there should be no ABO
incompatibility.

3. DAT and elution positivity in neonate.

Increased bilirubin levels in first 24 hours of birth.

5. No other aetiological feature for hyperbilirubinaemia.

-~

Features of HDFN in presence of jaundice due to other
illness was excluded.

Demographic details and maternal details such as age,
blood group, parity, history of transfusion, abortion, IUD,
ectopic pregnancy, amniocentesis, neonatal jaundice in
previous delivery, IVIG administration, chronic disease,
chronic infection and intrauterine transfusion were noticed.
Mode of delivery and birth details including as birth weight,
maturity, gender, APGAR score and feeding pattern were
noted down.

Increased bilirubin levels were classified using chart
provided by American Academy of Paediatricians (AAP).
Investigations such as blood group of neonate, reticulocyte
count, peripheral smear, haemoglobin and bilirubin levels
were recorded. Grading of anaemia was performed according
to the description in Wintrobe’s Haematology? (No-Hb =2
17g%, Mild-Hb 14 - 17g%, Moderate-Hb 12 - 14g%, Severe-
Hb < 12g%).

According to AAP chart risk related to peak bilirubin
values were categorised. Grading of disease as mild,
moderate, severe and very severe was done according to the
proposal by Andrew et al.# (Mild-Grade 0; Hb > 12.5 g/dL, no
transfusions, Moderate-Grade 1: Hb > 12.5 g/dL + top-up or
exchange transfusion, Severe-Grade 2: Hb < 12.5 g/dL +
exchange transfusion, Very Severe-Grade 3: intrauterine
transfusions and/or Hb < 10.0 g/dL #* exchange transfusions
or foetal death).

Details of phototherapy, IVIG, exchange and top-up
transfusion with blood components were documented.
Treatment was graded as described in book of Wintrobe’s
Haematology.> (Grade 0- no treatment, Grade 1-
phototherapy alone, Grade 2- phototherapy plus IVIG, Grade
3- phototherapy, IVIG plus single exchange transfusion, Grade
4- phototherapy, IVIG plus multiple exchange transfusions).

Treatment duration and status of survival of the neonate
were recorded. Haemoglobin and bilirubin levels of neonates
were performed on 14th day in review clinic.

Ethics

Human Ethical Committee and Review Board of Institution
had approved the research. Parents of all newborn were
counselled about the study. A written consent was obtained
from all of them.
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Statistical Analysis

Analysis of statistical data was done with SPSS software
version 16. Continuous variables were expressed as mean *
standard deviation and qualitative data as frequencies and
percentages. Chi-square test was done for comparison of
categorical variables. Correlation between variables was
done using spearman correlation test. P values were two
tailed and < 0.05 was considered statistically significant.

RESULTS

Among the mothers of infants with Rh-D HDFN 9 (20.5%)
belonged to 18 - 22 years, 17 (38.6%) belonged to 23 - 27
years, 11 (25%) belonged to 28 - 32 years, 6 (13.6%)
belonged to 33 - 37 years and 1 (2.3%) belonged to 38 - 42
years. Mean maternal age was 27 * 5.06. The minimum and
maximum age of mothers was 18 and 39 years respectively.

Regarding the parity of mothers, 1 (2.3%) belonged to
primigravida, 26 (59.1%) to second gravida, 12 (27.3%) to
third gravida and 5 (11.3%) to fourth gravida. In mothers of
infants with Rh-D HDFN, there were 2 cases of previous blood
transfusion (4.5%), 14 abortions (31.8%), 9 neonatal
jaundiced babies (20.5%), 11 IVIG injections (25%), 4
intrauterine deaths (9.1%), 1 ectopic pregnancy (2.3%), 5
neonatal deaths (11.4%), 1 case of diabetes mellitus (2.25%),
1 case of psoriasis (2.25%) and 1 case of hepatitis (2.3%).

There were 14 (31.8%) vaginal deliveries, 16 (36.4%)
induced vaginal deliveries and 14 (31.8%) caesarean
sections; 29 (65.9%) belonged to male gender and 15
(34.1%) to female gender.

In infants with Rh-D HDFN 27 (61.4%) were with birth
weight of 2500 g or more and 17 (38.6%) with birth weight
less than 2500 g; 39 (88.6%) were term babies and 5 (11.4%)
preterm babies; 39 (88.6%) were with APGAR score 7 - 10, 3
(6.8%) with 4 - 6 and 2 (4.6%) with 3 or lesser; 34 (77.3%)
neonates were fed with breast milk, 6 (13.6%) with both
breast milk and formula feed and 4 (9.1%) with formula feed
alone.

Mean bilirubin values in newborn on Day 1, 2, 3, 4 and 5
were 4.15, 6.66, 9.44, 11.1 and 11.14 mg% respectively. Out
of the 44 infants with Rh-D HDFN 20 (45.5%) belonged to low
risk, 13 (29.5%) to low intermediate risk, 7 (15.9%) to high
intermediate risk and 4 (9.1%) to high risk categories. The
mean cord blood bilirubin level was 4.148 + 1.104. Minimum
and maximum bilirubin levels were 1.8 mg% and 8.8 mg%
respectively.

Level of Risk Frequency Percentage
Low risk 20 45.5
Low intermediate risk 13 29.5
High intermediate risk 7 15.9
High risk 4 9.1
Total 44 100.0
Table 1. Risk Related to Peak Bilirubin Levels

Among infants 4 (9.1%) belonged to no anaemia category,
17 (38.6%) belonged to mild anaemia category, 19 (43.2%) to
moderate category and 4 (9.1%) to severe category. Mean
cord blood haemoglobin level was 14.470 * 1.975. Minimum
haemoglobin level was 9.8 g% and maximum was 17.7 g%.
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Grading of Anaemia Frequency Percentage
No anaemia 4 9.1
Mild 17 38.6
Moderate 19 43.2
Severe 4 9.1
Total 44 100.0
Table 2. Grading of Anaemia in Infants with HDFN

Reticulocyte count was 2 4.6 in 38 (86.4%) and < 4.6 in 6
(13.6%) neonates; 35 (79.5%) of infants showed signs of
haemolysis in peripheral smear, whereas 9 (20.5%) did not
show any signs of haemolysis.

33 (75%), 7 (15.9%), 3 (6.8%) and 1 (2.3%) infants had
mild, moderate, severe and very severe disease respectively;
20 (45.5%) infants required no treatment. Phototherapy
alone was the modality of treatment in 13 (29.5%) infants.
IVIG was administered along with phototherapy in 7 (15.9%)
infants; 4 (9.1%) infants required exchange transfusion in
addition to IVIG and phototherapy.

Grade Frequency Percentage
Mild 33 75.0
Moderate 7 159
Severe 3 6.8
Very Severe 1 2.3
Total 44 100.0
Table 3. Severity of HDFN
Treatment Modalities Frequency Percentage
No treatment 20 45.5
Phototherapy alone 13 29.5
Phototherapy and IVIG 7 15.9
Exchange transfusion, IVIG 4 91
and Phototherapy '
Total 44 100.0

Table 4. Treatment Modalities in Infants with HDFN

Regarding blood product transfusion, 9 (20.5%)
transfused packed red blood cells, 3 (6.8%) transfused
platelet concentrate and 2 (4.5%) transfused fresh frozen
plasma. Results of intensity of treatment was 20 (45.5%)
belonged to grade 0, 13 (29.5%) to grade 1, 7 (15.9%) to
grade 2, 3 (6.8%) grade 3 and 1 (2.3%) to grade 4 category of
treatment.

In infants with Rh-D HDFN 20 (45.5%), 2 (4.5%), 8
(18.2%), 4 (9.1%), 3 (6.8%), 5 (11.3%), 1 (2.3%) and 1
(2.3%) had undergone 0, 3, 4, 5, 6, 7, 8 and 9 days of
treatment respectively. Among infants 22 (50%), 6 (13.6%), 5
(11.4%), 1 (2.3%), 3 (6.8%), 3 (6.8%), 1 (2.3%), 2 (4.5%) and
1(2.3%) had stayed in ICU 5, 6, 7, 8,9, 10, 12, 14 and 15 days
of ICU stay respectively. Mean treatment duration was 2.91 *
2.94 days. Median and maximum treatment duration was 3.5
and 9 days respectively. Mean duration of stay in ICU was
6.84 + 2.73 days. The range of stay in ICU was 5 - 15 days.

During follow-up after two weeks, hyperbilirubinaemia
was detected in 2 (4.5%) infants; 1 (2.3%) of the infants was
anaemic. All three infants were readmitted for treatment.
Three neonates did not attend follow-up clinic; 1 (2.3%)
infant with Rh-D HDFN died.

Association between high bilirubin levels and anaemia
was done by chi-square test. Those newborn categorised
under high risk and high intermediate risk categories in AAP
grading were considered as high bilirubin group. Those
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categorised under low intermediate risk and low risk
categories were considered as low bilirubin group. P value
was 0.004, which was significant. High bilirubin level was
associated with 2.3 times higher risk for moderate and severe
anaemia in neonates affected with Rh-D HDFN. Odds ratio
was 2.308 and confidence interval was 1.453 - 3.665.

Association between anaemia and duration of stay of
infants with Rh-D HDFN in ICU for more than one week was
assessed using chi-square test. P value was 0.004, which was
significant.

Anaemia was associated with 9.1 times higher risk for
stay in ICU for more than one week in neonates affected with
Rh-D HDFN. Odds ratio was 9.130 and confidence interval
was 1.275 - 65.384.

Association between high bilirubin levels and signs of
haemolysis was assessed using chi-square test. No significant
risk was found in the test.

In Rh-D HDFN cord blood haemoglobin levels were
negatively correlated with treatment intensity and disease
severity (p value of 0.001). Correlation was significant at the
0.01 level.

In Rh-D HDFN risk of peak bilirubin levels was positively
correlated with severity of disease, intensity of treatment and
stay in ICU. Significant negative correlation was observed
between risk of peak bilirubin levels and cord blood
haemoglobin. Correlation was significant at the 0.01 level.

DISCUSSION

44 neonates admitted in NICU with Rh-D HDFN were
included in the study. Most of the mothers were multiparae
(97.7%). For immune antibodies causing HDFN, there should
be a sensitising event such as transfusion, pregnancy or
abortion.

Similar findings were obtained in our study too.
Literature points out that the first D positive infant born in a
previously unimmunised woman might have a positive DAT,
but very seldom showed clinical signs of haemolytic disease.6

Even if affected, haemolytic disease in the first affected
infant was less severe when compared to subsequently
affected siblings.” In our study, a single case of Rh-D HDFN
occurred in a primigravida who was previously sensitised by
an out of group platelet transfusion for dengue haemorrhagic
fever two years back.

Nevanlinna had opined that the severity of HDFN in first
affected infant born to a previously transfused mother was
presumably greater since transfusion appeared to be a more
sensitising factor than TPH.8

In this study, abortion was found in a higher rate among
mothers of infants with Rh-D HDFN (31.8%). In a research by
Grant et al, it was found out that the overall risk of
immunization following induced abortion in a D negative
woman was 4%.9

After an induced abortion in D negative primiparae, the
frequency of anti-D in succeeding pregnancy was 1.5% within
first 3 months and 3.1% by term.10.11

Risk of D immunization following amniocentesis was
greater and Grant et al observed that the maternal anti-D
concentration increased rapidly after procedure.12 But in our
study, no woman had undergone amniocentesis in present or
previous pregnancies.
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In a study by Warren RC et al, no foetal red cells were
detected by acid-elution method in 161 mothers who had
undergone chorionic villus sampling at 7 - 14 weeks.13

Walker et al noticed that the risk of stillbirth in a woman
who previously delivered mildly affected infant was 2%,
whereas in a woman who delivered one previous stillbirth
was as high as 70%.7

In this analysis, eleven mothers of infants with Rh-D
HDFN had undergone postpartum RhIG prophylaxis during
previous deliveries. Since intrauterine transfusion was not
practiced in study setting, there was no single foetus that had
undergone the same.

Mothers of infants with Rh-D HDFN underwent induced
vaginal (36.4%) and caesarean section (31.8%) in a higher
rate, probably because of an expectant HDFN in Rh
incompatible deliveries. Bowman suggested that if history,
antibody levels and amniotic fluid measurements had
indicated that the foetus was only mildly affected, delivery
should be allowed to take place spontaneously.

At the same time, Allen FH Jr. has opined that 50% of all
stillbirths due to haemolytic disease occurred after 35 weeks
gestation.!* Walker et al have further added that the delivery
carried out on 30 - 32 weeks had high survival rates.

65.9% of infants were males in Rh-D HDFN. A cluster of
studies had showed that the D positive male infant initiated
Rh-D immunization more frequently than female
counterpart; the sex ratio ranged from 1.44 - 1.74:1 in
different studies.1516.17

Among 44 D positive neonates with Rh-D HDFN, 45.5%
had low risk, 29.5% had low intermediate risk, 15.9% had
high intermediate risk and 9.1% had high risk related to
bilirubin levels. In infants with Rh-D HDFN, risk related to
peak bilirubin levels exhibited a significant positive
correlation with severity of disease, intensity of treatment
and duration of stay in ICU and negative correlation with
umbilical cord blood haemoglobin.

Mollison et al and Ackerman et al explained a correlation
between cord bilirubin concentration and severity and a close
relationship between peak serum bilirubin concentration and
development of kernicterus.1819

But Karel Polacek noticed that even though the cord
blood bilirubin levels were always increased in infants with
Rh-D HDFN, their prognostic significance were not as clear as
that of the haemoglobin concentration.20

Mollison and Cutbush noticed a close relationship
between peak serum bilirubin concentration and
development of kernicterus.2! In mature infants, kernicterus
seldom developed when serum bilirubin concentrations were
less than 18 mg/dL.22 Karel Polacek opined that the bilirubin
levels were always increased in cord blood of affected
neonates and it was useful in deciding treatment modalities.22

In present research, majority fell in mild or moderate
anaemia categories. Bowman noticed that in infants with Rh-
D HDFN, 50% of DAT positive infants had mild anaemia and
hyperbilirubinaemia, 25% had severe disease and the
remaining 20% to 25% had very severe disease.?3

Likewise, in our study 45.7% of infants with Rh-D HDFN
had no or mild anaemia and 25.1% had severe disease. In our
research, in Rh-D HDFN higher bilirubin level was found to be
a risk factor for occurrence of anaemia.
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Nicolaides KH opined that in infants with more severe
haemolytic process, profound anaemia developed in-utero
and hydrops foetalis occurred when foetal haemoglobin
deficit exceeded 7 g/dL.

Levine had concluded that the best criterion to assess
severity of haemolytic disease was cord haemoglobin
concentration.2* Armitage had observed that before
introduction of immunoprophylaxis, almost 50% of affected
infants had cord haemoglobin concentrations of 14.5 g/dL or
more, 30% had 10.5 - 14.4 g/dL and about 20% had 3.4 - 10.4
g/dL.25

Mollison pointed out that the probability of survival
diminished as the cord haemoglobin concentration dropped.
Mollison and Cutbush found out that cord haemoglobin
concentration was strongly correlated with disease severity
as compared to cord bilirubin levels.26

Crawford et al observed a minor increase in osmotic
fragility and spherocytosis in severe cases of Rh-D haemolytic
disease.2” Hughes Jones et al detected 0.4 to 18.0 pg of anti-D
per mL of cord blood cells, which was not correlating with
cord haemoglobin or bilirubin concentration.28

In this study, haemoglobin levels displayed a significant
negative correlation with intensity of treatment. Close
negative correlation between the haemoglobin concentration
in cord blood and the infant’s chance of survival was
demonstrated by Mollison and Cutbush.1?

Reticulocyte count was increased in 86.4% of neonates
with Rh-D HDFN. Crawford et al witnessed that a slight
increase in reticulocytes was a common feature in HDFN and
in an analysis by Levine et al, reticulocyte count exceeded
15% in 54.5% of neonates.2930 Signs of haemolysis were seen
in 79.5% of infants who underwent this study.

Few researchers reviewed that in Rh-D HDEFN, the
severity of haematologic abnormalities were directly
proportional to the severity of haemolysis and the extent of
haematopoiesis. But in this research, high bilirubin level was
not associated significantly with degree of haemolysis.

Cremer opined that exposure to light with a wavelength
of 420 - 480 nm would help to convert toxic bilirubin to non-
toxic bilirubin.3! Peterec observed that serum bilirubin
declined by 0.5 - 1 mg/dL in the first 4 - 8 hours on intensive
phototherapy.32

Eugene et al opined that early phototherapy usually
reduced or prevented a further rise in serum bilirubin levels
and most of the neonates required no transfusions.33 This
research also yielded similar results.

Phototherapy, IVIG and exchange transfusions were
collectively administered to 9.1% of neonates with Rh-D
HDFN. American Academy of Paediatrics says that the use of
IVIG in a single or multiple dose regimen had been able to
effectively reduce need for exchange transfusion, duration of
phototherapy and hospital stay.32

Rubo et al observed that exchange transfusion was
required in 11 out of 16 infants receiving phototherapy alone
and 2 out of 16 infants receiving phototherapy and high-dose
IVIG.34

Although, IVIG was proven to be safe, a retrospective
review by Figueras Aloy et al had reported that it carried an
increased risk of necrotising enterocolitis in late preterm and
term infants.35
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Exchange transfusion with D negative blood greatly
increased the survival rate and almost removed the risk of
kernicterus.3¢ Harvey Klein and David Anstee pointed out
that in 80% of cases postnatal exchange transfusion was not
required when the foetus had been transfused prenatally for
severe disease.3”

Sproul et al noticed that the exchange transfusion
removed 25% of circulating bilirubin and 70% - 90%
antibody coated red cells. They also observed that rapid
rebound of serum bilirubin level was common after
equilibration and required additional exchange
transfusions.38

Erythropoiesis might be suppressed for many months
after exchange transfusion giving a false impression of red
cell aplasia.

Blood component therapy was required in infants with
Rh-D HDFN and they needed 9 units of PRC, 3 units of
platelets and 2 units of FFP. In accordance to literature
review, thrombocytopenia was common, especially after
exchange transfusions in Rh-HDFN.

When intensity of treatment was analysed, 45.5% of
infants with Rh-D HDFN required no treatment (grade-0).
Few required more intensive treatment (grade 3 and 4).
Anaemia was significantly associated with increased duration
of stay in ICU in case of infants with Rh-D HDFN. Similarly,
Bowman JM found out that at birth, about half of the affected
infants had no or mild anaemic, no dangerous
hyperbilirubinaemia and required no treatment.23

He also observed that 25% of affected infants were
extremely jaundiced and developed kernicterus or died.23 A
low reticulocyte count was observed by Koenig in foetuses
treated with intrauterine transfusion.38 Vidnes ] and Finne H
established that the severity of haematologic abnormalities in
Rh-D haemolytic disease was directly proportional to the
severity of39 haemolysis.

Koenig JM saw that thrombocytopenia was common in
Rh-D haemolytic disease after intrauterine or exchange
transfusions. He also found out that hypoglycaemia was seen
in infants with Rh-D haemolytic disease due to islet cell
hyperplasia and hyperinsulinism, secondary to release of
metabolic byproducts such as glutathione from lysed red
cells.

During follow-up after two weeks, two infants with Rh-D
HDFN were readmitted for treatment of hyperbilirubinaemia.
One Rh-D HDFN baby had anaemia necessitating readmission.
In contrast Bel Cosmos et al observed that newborn with Rh-
D HDFN did not have significant anaemia during first three
months of life after disease period.

The research was descriptive one and had limitation in
assessing the risk and correlation. Long term analytical
studies with more numbers of samples are necessitated for
getting more solid information.

CONCLUSION

1. Male infants had higher risk of developing Rh-D HDFN.

2. Hyperbilirubinaemia and anaemia was milder in
majority of neonates.

3. Disease was mild among 3/4t of infants and almost half
of the infants required no treatment.

4. High bilirubin levels were associated with anaemia and
anaemia was associated with longer stay in ICU.
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5. Cord blood haemoglobin levels were negatively
correlated with intensity of treatment and severity of
disease.

6. Peak bilirubin levels were positively correlated with
severity of disease, intensity of treatment and stay in ICU
and negatively correlated with cord blood haemoglobin.
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