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ABSTRACT
Introduction: Severe hemolytic disease of the fetus and newborn (HDFN) due to red cell alloim-
munization is a frequent cause of recurrent fetal loss. This conditionbecomes criticalwhen standard
treatments like intrauterine transfusion (IUT) or immune-modulating therapies such as therapeutic
plasma exchange (TPE) and intravenous immunoglobulin (IVIG) are unavailable or not administered
in a timely manner. This case report emphasizes the potential benefits of early TPE and IVIG admin-
istration. Case Presentation: A 28-year-old Rhesus D (RhD) negative woman (G3P2) experienced
recurrent fetal loss due to severe HDFN and had a history of RhD alloimmunization and fetal loss in
her second pregnancy. In her third pregnancy, high anti-D titers (1:2,024) were identified at weeks
12 and 16. Despite the need, TPE and IVIG were not administered properly due to the patient miss-
ing follow-ups and the absence of IUT facilities, culminating in macerated intrauterine death (IUD)
at 27 weeks. Discussion: The failure to implement early TPE and IVIG interventions, alongside
systemic treatment inadequacies, contributed to the adverse pregnancy outcome. This case ac-
centuates the necessity of accessible and timely intervention in pregnancies complicated by high
anti-D titers. Conclusion: For RhD alloimmunized pregnancies with high anti-D titers, early ad-
ministration of TPE and IVIG before 20 weeks of gestation is crucial in reducing fetal morbidity and
mortality. This case underscores the importance of early intervention and continuous monitoring
in managing sensitized pregnancies.
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INTRODUCTION
Maternal red blood cell (RBC) alloimmunizationmay
lead to the production of harmful antibodies that
cause hemolytic disease of the fetus and newborn
(HDFN), resulting in fetal morbidity and mortality.
Severe HDFN can lead to hydrops fetalis and sig-
nificant jaundice, potentially resulting in kernicterus,
permanent brain damage, or infant death. In contrast,
mild HDFN typically causes only mild neonatal jaun-
dice, which is often effectively treated with photother-
apy alone1. Before the introduction of anti-D im-
munoglobulin (RhIG) in 1968, it was estimated that
HDFN affected approximately 1% of all pregnancies
worldwide, with anti-D being a major contributor to
fetal morbidity and mortality 2. Approximately 0.1 to
0.4% of pregnant women remain sensitized despite
the implementation of RhIG, likely due to antigens
other than RhD3.
The related morbidity and mortality of HDFN due to
anti-D have significantly reduced after routine ante-

natal and postnatal RhIG prophylaxis. However, Rhe-
sus D (RhD) alloimmunization still occurs due to fail-
ure in identifying the mother’s Rhesus status or de-
tecting fetal-maternal hemorrhage (FMH), and non-
compliance with RhIG prophylaxis guidelines. These
were evidenced in our published data on RBC alloim-
munization and HDFN in pregnant Malay women,
besides reported cases of severe anti-D HDFN in
primigravida women4,5.
The risk and management of HDFN have improved
with advanced diagnostic methods and treatment
modalities. Nowadays, the fetal RhD genotype can be
detected with a high-sensitivity method using poly-
merase chain reaction (PCR) techniques on free fe-
tal DNA (ffDNA) extracted from maternal plasma,
eliminating the need for paternal testing6. Detailed
ultrasonography scanning (USS) and Doppler as-
sessment of fetal middle cerebral artery-peak sys-
tolic velocity (MCA-PSV) have significantly increased
the success of accurately diagnosing HDFN without
placing the fetus at risk 7. Meanwhile, therapeutic
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plasma exchange (TPE), intravenous immunoglob-
ulin (IVIG) injections, and intrauterine transfusion
(IUT) have provided excellent outcomes in treating
severe HDFN7,8. Here we report the case of a woman
with recurrent fetal loss due to high anti-D titers and
highlight the benefit of administering TPE and IVIG
as early as 20 weeks of gestation to avoid sudden in-
trauterine death (IUD). However, the patient missed
the opportunity to undergo those treatments and our
institution also lacked the experience to perform an
IUT.

CASE PRESENTATION
A 28-year-old gravida 3 para 2 (G3P2) patient with
RhD negative status was referred to our healthcare
institution for fetal monitoring and pregnancy man-
agement. She had one surviving child from her first
pregnancy in 2015, when she was 22 years old. RhD
alloimmunization was detected in her second preg-
nancy in 2017, at the age of 24, when she delivered
a macerated fetus at 38 weeks with a high anti-D
titer of 1:>4,096. Her RhD negative status was iden-
tified as a rr (cde/cde) phenotype during her first
pregnancy. Her husband’s blood type was O RhD
positive with a R1R1 (CDe/CDe) phenotype. She
claimed that she was given only one dose of antenatal
anti-D prophylaxis during her first and second preg-
nancy at 28 weeks gestation, and no postnatal pro-
phylaxis was given. She also said she did not receive
any blood transfusion, suffered miscarriage, or expe-
rienced FMH events during her first pregnancy. With
regard to her RhDalloimmunization, she andher hus-
band were provided counseling on future pregnancy
plans and the possible complications that entailed.
Thus, she chose to remain in voluntary subfertility
for four years by taking intramuscular Depo Provera.
However, after three years, in October 2021, she was
referred to our institution at 16 weeks of gestation
when complications arose in her latest pregnancy.
The patient had early antenatal booking at six weeks
gestation (July 2021) and uneventful follow-ups at
a district hospital. However, a positive indirect
antiglobulin test at the 12th week of gestation detected
a high anti-D titer of 1:2048 (September 2021). She
was referred to our center on the 16th week (October
2021), where another test also yielded the same result
(Table 1). Initially, she was scheduled for bi-weekly
check-ups and adhered to the schedule very well. De-
tailed ultrasound scanningwas performed at 21weeks
gestation, which showed good fetal growth, but there
was a presence of minimal pericardial effusion with

no cardiomegaly or pleural effusion. Despite hav-
ing a high anti-D titer, fetal MCA-PSV Doppler as-
sessment remained normal throughout the follow-
up. After the obstetrician and transfusion team dis-
cussion, it was decided to proceed with therapeutic
plasma exchange (TPE) to reduce her anti-D titer dur-
ing her next follow-up appointment (in early Decem-
ber 2021). In the meantime, referral to a maternal-
fetal specialist for intrauterine transfusion (IUT) was
planned in case her MCA-PSV Doppler assessments
showed abnormal results.
However, TPE could not be carried out as the patient
missed her follow-up appointment for unknown rea-
sons after 23 weeks gestation (December 2023). Later,
the clinicians were informed of the termination of her
pregnancy at 27 weeks (January 2022) after she deliv-
ered a macerated stillborn by induction at a district
hospital near her home. Her postnatal recovery went
well physically and mentally because she was already
aware of the poor outcome. On further discussion,
she and her husband were still keen to attend appoint-
ments at our institution for future pregnancies. De-
tails of the patient’s pregnancies are summarised in
Table 2.

DISCUSSION
The risk of an RhD negative woman becoming al-
losensitized could be reduced from 16% to less than
0.2% through the administration of antenatal and
postnatal RhIGprophylaxis9. RhD alloimmunization
in this patient clearly occurred due to non-compliance
with guidelines on RhIG prophylaxis, since the pa-
tient was given a single dose of RhIG only during her
first and second pregnancies without postnatal pro-
phylaxis. There was also no indication that she was
treated in her latest pregnancy. The guidelines suggest
that allosensitized pregnant women should receive ei-
ther two doses of 500 IU RhIG at 28 and 34 weeks
gestation, or a single dose of 1,500 IU RhIG between
28 and 30 weeks gestation, as well as within 72 hours
post-delivery 10,11.
In addition to RhIG compliance, immunogenicity of
RBC antigens, FMH and related events, and the re-
cipient’s inflammation status, several studies have ex-
plored the influence of genetic polymorphisms on
RBC alloimmunization among responders, particu-
larly in transfused patients. However, there is a
notable lack of research on the impact of genetic
polymorphisms on RBC alloimmunization in preg-
nant women. Among transfused patients, variants
of human leukocyte antigen (HLA) class II, espe-
cially HLA-DRB1, have been linked to RBC alloim-
munization. For instance, HLA-DRB1*04 and HLA-
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Table 1: Summary of patient’s immunohaematological test results

Test Patient Husband

ABO/RhD Blood group A RhD negative A RhD positive

Rh phenotype rr (cde/cde) R1R1 (CDe/CDe)

Antibody screening Positive Not applicable

Antibody identification Anti-D Not applicable

Anti-D titre 1:2048
(at 12 and 16 week gestation)

Not applicable

Table 2: Chronology of the patient’s pregnancies and outcomes

Gestation
(weeks)

Anti-D status Anti-D 
prophylaxis

Foetal 
monitoring

Management
/ pregnancy
outcome

1 2015 37 Not detected Given at 28
weeks
Not given
postnatal

IUGR and oligo-
hydramnios of 
unknown cause

Boy, 1.4 kg
via LSCS at
37 weeks due
to acute foetal
distress, the only
surviving child.

2 2017 28 Unknown Given at 28
weeks

Unknown Girl, 2.8 kg,
vaginal delivery.

week of37-38 Detected, Anti-D
titre of 1: > 4,096

Not given 
postnatal

IUD after 37
weeks

3
(current)

2021
July-

September

6-15 Detected, anti-D
titre of 1:2,048 at
12th week

Not given, not
indicated

Booking and
follow-up at 
district hospital.
Foetal growth
corresponding to
age.

Referred to our
centre at 16
weeks gestation.

Oktober-
December

16-23 Anti-D titre of
1:2,048 at 16th

week

Foetal growth
corresponding to
age, normal MCA
Doppler.

Opted for TPE.
IUT is planned if
abnormal MCA
Doppler results.

Late
December

After
23

Missed follow-up at our centre unknown

2022
January

27 Delivered at district hospital after being diagnosed with an
IUD

MSB

ND: not detected, IUD: intrauterine death, LSCS: lower segment caesarean section, IUGR: intra uterine growth retardation,MSB: macerated
stillbirth, TPE: therapeutic plasma exchange;MCA: middle cerebral artery

DRB1*15 have been associated with anti-Fya, HLA-
DRB1*10, HLA-DRB1*11, and HLA-DRB1*13 with
anti-K, and HLA-DRB1*01 with anti-Jka. In the case
of Rh and RhD alloimmunization, only limited stud-
ies have shown an association with HLA-DRB1*01,
HLA-DRB1*15, and HLA-DQB1*06 with anti-D and
HLA-DRB1*09 with anti-E12,13.
The diagnosis and management of pregnancy in a
highly sensitized RhD negative condition require

close cooperation from the patient, her partner, and
healthcare providers. As the condition might be ge-
netically influenced, poor outcomes could recur in fu-
ture pregnancies. Our center does not have its own
guidelines; instead, we follow the Royal College of
Obstetricians andGynaecologists guidelines forman-
aging pregnant women with RBC alloantibodies, in-
cluding those who are RhD negative (Figure 1)6.
There were different critical titers of anti-D antibod-

Pregnancy Year

MSB at 38th

week of
gestation.
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Figure 1: Management algorithm for pregnancies complicated with anti-D alloimmunisation (adapted
from RCOGGreen-top guideline No. 656).
Abbreviations: RhD: rhesus D; HDFN: haemolytic of foetus and newborn; RhIG: anti-D immunoglobulin; ffDNA:
free foetal DNA; TPE: therapeutic plasma exchange; IVIG: intravenous immunoglobulin; +ve: positive; -ve: neg-
ative, USS: ultrasonography, MCA: middle cerebral artery; IUT: intra uterine transfusion; Hb: haemoglobin; DAT:
direct antiglobulin test. *suggested to start performing intensive TPE, followed by IVIG before 20 weeks of gesta-
tion, #if evidence of foetal anaemia

ies associated with significant fetal risk. Most used a
titer of more than 16 as an indication for close moni-
toring, and a repeated titer of≥32 as an indication for
MCA-PSVDoppler assessment14,15. The higher anti-
D titers in RhD negative pregnant women predicted
more severe HDFN and increased need for IUT16.
A titer higher than 1,000 was a clear indication that
severe HDFN was inevitable if preventive measures
were not provided properly as reported in this case15.
Besides the anti-D titer, the IgG subclass might also

determine the severity of HDFN, in which the ma-
ternal anti-D antibodies were usually associated with
IgG1 and/or IgG3 subclasses. Maternal serum con-
taining both IgG1 and IgG3 was reportedly associated
with more severe HDFN than the presence of a sin-
gle subclass15. Unfortunately, despite a very high titer
(more than 1,000), we did not determine the IgG sub-
class in our patient to observe this association due to
a lack of resources.
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There were many reported cases of RhD alloimmu-
nization with very high anti-D titer in pregnancies
(>1,000). Recently, they were effectively treated with a
multidisciplinary approach with gynecologist, neona-
tal, immune-hematological and apheresis specialists
which included intensive TPE, followed by high dose
IVIG (400 mg/kg per day for five days) and with
or without IUT7,8,17. Previous studies reported that
early application of TPE and IVIG treatment in severe
RhD incompatible pregnancy could potentially avoid
the need for IUT16–18. The previous report utilized a
Plasma Flow OP-05W and a Cascade Flow EC-20W
for TPE. Each procedure processed 9,000 ml of whole
blood at a flow rate of 60 mL/min, resulting in a total
plasma volume of 2,600 ml19. The anti-D titer should
be measured both before and after the TPE.This non-
invasive approach effectively reduced the anti-D titers
significantly and subsequently reduces the placental
transfer of maternal anti-D16,19. Thus, TPE and IVIG
administration should be considered early in preg-
nancy from the 7th to 20th week and continued un-
til IUT could safely be administered if indicated. If
the current pregnancy is managed with intensive TPE
followed by IVIG in the earlier weeks, it is expected to
have a different outcome in terms of fetal survival, as
demonstrated in previous case reports7,8,17,19.
There have also been reported cases where the use of
TPE and/or immunoadsorption in combination with
IVIG proved to be an effective and safe treatment
strategy for extremely high anti-D alloimmunization
in pregnant women20. Recently, there are poten-
tial and awaiting more formal evaluation of emerging
strategies using B cell depletion or plasma cell target-
ing approaches to prevent alloantibody formation fol-
lowing RBC transfusion in at-risk patients21. These
treatment modalities could be beneficial in prevent-
ing andmanaging RBC alloimmunization in pregnant
women in the future.
In our patient, the fetus was at high risk of hydrops fe-
talis based on previous obstetric history and very high
anti-D titer. She should have received counseling and
been managed with a combination of antibody treat-
ment modalities (TPE and IVIG) as early as possible,
despite her normal serial MCA-PSV Doppler find-
ings, as the delay increased the risk of IUD. In the ab-
sence of fetal anemia and without the observation of
hydrops in a detailed USS, it was possible to modulate
the maternal immune response using TPE and IVIG
as they could delay the onset of fetal anemia and even
avoid the need for IUT. Because of the lack of expe-
rience and expertise in dealing with alloimmunized

pregnant women with high anti-D titer, the interven-
tion and management plans for the patient were de-
layed until a late stage of gestation, and this was com-
pounded when she missed her appointment for treat-
ment at our center. Therefore, it was no surprise that
her latest pregnancy also ended in fetal loss.
Since the patient and her husband planned to have
another baby, our institution learned from the short-
comings and presented the couple with a properman-
agement plan. The management of pregnant women
with RhD alloimmunization and high anti-D titers
should include early booking, close fetal monitor-
ing using MCA-PSV Doppler assessment, and anti-
D titer measurements. Intensive TPE should be car-
ried out, followed by IVIG (<20 weeks gestation) and
IUT if there was evidence of fetal anemia. While TPE
and/or IVIG with IUT offers a promising fetal out-
come in managing pregnant women with high-titer
anti-D, it is essential to counsel patients on the risks
and benefits of the opted procedures, as well as the
potential consequences of refusal or delayed proce-
dures. Antibody titers might rebound following TPE,
but this effect is variably suppressed if TPE is re-
peated or followed by IVIG16. IUTmay still be neces-
sary if MCA-PSV Doppler findings indicate fetal ane-
mia, even if the patient has already undergone inten-
sive TPE and/or IVIG in early pregnancy. Although
IUT is considered a relatively safe treatment, adverse
events persist such as preterm labor, infection, and fe-
tal death, especially if performed before 20 weeks of
gestation22. The importance of patient compliance in
attending follow-ups must also be emphasized. The
patient’s full compliance with treatment would have
effectively reduced the anti-D antibody titer to mini-
mal levels so that fetal anemia could be prevented, and
an early delivery should be carried out whenever pos-
sible.

CONCLUSIONS
Early identification of RhDnegative pregnantwomen,
coupled with timely detection of anti-D alloimmu-
nization, regular monitoring of anti-D titres and fetal
anaemia, and a multidisciplinary approach to man-
aging HDFN due to anti-D alloimmunization, en-
hances the likelihood of a positive pregnancy out-
come and fetal survival. Intensive TPEwith high-dose
IVIG should be started as early as possible in highly
sensitized RhD negative pregnant women. TPE and
IVIG could delay IUT or prevent severe HDFN with
a good pregnancy outcome. Future research should
explore the role of genetic polymorphisms that con-
tribute to elevated anti-D titres, aiming to enhance
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precision medicine in preventing and managing anti-
D alloimmunization with high anti-D titres in preg-
nant women and its consequences.

ABBREVIATIONS
ffDNA: free foetal DNA, FMH: Foetal-maternal
haemorrhage, HDFN: Haemolytic disease of foe-
tus and new born, IUD: Intrauterine death, IUT:
Intrauterine transfusion, IVIG: Intravenous im-
munoglobulin, MCA-PSV: Foetal middle cerebral
artery-peak systolic velocity, RBC: Red blood cell,
RhD: Rhesus D, RhIG: anti-D immunoglobulin,
TPE: Therapeutic plasma exchange, USS: Ultrasound
sonography
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