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Anti-M red blood cell (RBC) alloantibodies are observed in
0.3% of pregnant women,1 in which it causes hemolytic
disease of the fetus/newborn; currently, no standard treat-
ment method has been established. It is managed by plas-
mapheresis and high-dose intravenous immunoglobulin
(IVIG) therapy that are conventionally used for treating Rh
blood-type alloimmunization during pregnancy.We report a
unique case of a pregnant womanwho had intrauterine fetal
death (IUFD) in two previous pregnancies; the detected titers
of anti-M antibodies were very low. Informed consent was
obtained from the mother for publication of this case report.

Case Report

A 25-year-old woman presented to us at 8 weeks of preg-
nancy with a history of IUFD in two previous pregnancies.
Following blood testing, a 16-fold increase in immunoglob-
ulin (Ig)G-type anti-M antibody titer was observed during
her first pregnancy (age, 21 years), which ended in IUFD at
36 weeks. In her second pregnancy (age, 23 years), anti-M
antibodies were detected at 12 weeks, which increased
64-fold at 15 weeks, and resulted in hydrops fetalis and
IUFD at 19 weeks. Blood type analysis revealed type O ccDEE

Keywords

► alloimmunization
► anti-M non-Rh

antibody
► anti-HPA-4b antibody
► DFPP
► high-dose IVIG

Abstract Hemolytic disease is a commoncauseof fetalmorbidity andmortality. Theanti-Mblood cell
alloantibodies are one of the most severe causes of fetal anemia and intrauterine death.
Since no standard treatment method has been established for pregnant women, the
management of this pathology is through conventional methods used for treating Rh
blood-type alloimmunization. For the first time, we report a unique case wherein a
pregnant woman who had intrauterine fetal death in two previous pregnancies with
very low titers of anti-M antibodies had negative effects during very early pregnancy, which
were successfully managed in her third pregnancy with a novel protocol. We aggressively
managed the blood type (anti-M antibody) and blood platelet incompatibilities (anti-HPA-
4b antibody) through combination therapy twice a week (46 cycles between 12 and 34
weeks) of double filtration plasmapheresis (DFPP) and high-dose γ-globulin (20–40g/wk).
An elective cesarean section was performed at 34 weeks, and a healthy neonate was born
without detection of alloantibodies in the umbilical cord blood. Our report suggests that
the combination of DFPP and intravenous immunoglobulin should be considered for the
treatment of anti-M alloimmunization in pregnant women.
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NN in the patient and type O CCDee MM in her husband.
IgG-type anti-M antibody titers were observed to be
increased 32 times postpartum until 3 months.

In her current (third) pregnancy, IgG-type anti-M anti-
bodies were elevated by eight times from 6 to 11 weeks.
Owing to her history of IUFD at relatively low anti-M anti-
body titers, antibody depletion by a twice-weekly course of
double filtration plasmapheresis (DFPP) was initiated at
12 weeks of pregnancy. Fresh frozen plasma was used as
replacement solution but was changed to 5% albumin solu-
tion during the second round when she displayed allergy
symptoms. After DFPP, fibrinogen levels decreased, but not
below 70mg/dL. The reduced Ig levels during DFPP were
replenished with γ-globulin preparations (20–25g/wk, in-
creased to 40 g/wk from 22 weeks) (►Fig. 1). The IgG-type
anti-M antibody titers decreased from 128 times at 12weeks
to 2 to 16 times at 15weeks beforeDFPP administration, with
a further drop after each DFPP administration (►Fig. 2).

As RBC alloimmunization is sometimes accompanied by
platelet alloimmunization,2 screening for HPA and HLA anti-
bodies was conducted at 22 weeks. Thus, anti-HLA antibody
was negative, but anti-HPA antibodies (anti-HPA4b) were
confirmed in her serum. HPA typing showed type 1/a 2a/a
3a/b 4a/a 5a/a 6a/a 7a/a 15a/a in the patient and type 1a/a
2a/a 3b/b 4a/b 5a/a 6a/a 7a/a 15a/a in her husband. The same
treatment was continued for platelet alloimmunization ow-
ing to the risk of neonatal alloimmune thrombocytopenia
(NAIT), and anti-HPA4b levels were monitored (►Table 1).
Fetal middle cerebral artery peak systolic velocity (MCA-

PSV) was also measured from 16 weeks to monitor for fetal
anemia (►Fig. 3) to guide the decision to continue
pregnancy.

Uterine contractions and cervical length shortening were
encountered at 24 weeks and immediately managed using
oral nifedipine. The fetus did not show signs of hydrops
fetalis, remained well, and had an estimated fetal weight of
�0.8 to �1.3 standard deviation (SD) for gestational age on
the growth curve. Owing to the significant burden imposed
by frequent DFPP, an elective cesarean sectionwasplanned at
34 weeks. After the 46th DFPP session (16-fold increase in
IgG-type anti-M antibodies and anMCA-PSVof 1.39multiple
of the median), a course of antenatal corticosteroid therapy
was administered and amale neonate (birth weight, 1,822 g;
Apgar scores, 7 [1minute] and 9 [5minutes]; umbilical
artery pH 7.34) was delivered. At 1-month postpartum
follow-up, the mother had a 128-fold increase in IgG-type
anti-M antibody titer.

The newbornwas admitted to the neonatal intensive care
unit for urgent care. Blood test revealed hemoglobin (Hb)
levels of 12.6 g/dL, platelet count of 121,000/μL, O Rh(þ) type,
type 4a/band HPA type, and eightfold increase in IgG-type
anti-M maternal antibodies. Although his antibody disasso-
ciation test was positive, he possessed antibodies with anti-
M specificities, and his direct globulin test was negative. The
newborn had HPA-4b positive platelets, but no anti-HPA
antibodies, so the possibility of NAIT was excluded. The
newborn was discharged 6 weeks after birth and developed
normally over 2 years of follow-up.

Fig. 1 IgG concentration in the bloodstream also decreased after DFPP treatment. DFPP, double filtration plasmapheresis; Ig, immunoglobulin;
MCA-PSV, middle cerebral artery peak systolic velocity.
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Discussion

The anti-M blood cell alloantibody is one of the most severe
causes of fetal anemia and intrauterine death, and no stan-
dard treatment has been established for this pathology.3

Currently, there are three different types of approaches to
dealwith this pathology: an A1—Conservative approach, such
as ultrasonographic measurement of MCA-PSV or direct
measurement of Hb level through umbilical cordocentesis,
is often adopted in milder cases. However, if severe fetal
anemia or hydrops fetalis is observed, newborns are deliv-
ered preterm. 2—Interventional approach, such as intraperi-

toneal fetal blood transfusion or neonatal exchange
transfusion and fetal intraperitoneal injections of Ig, is
adopted if symptoms of anemia are present.4 3—Preventative
methods, such as plasmapheresis and high-dose IVIG therapy
are adopted to prevent such symptoms from emerging. As
intrauterine transfusion via intravascular is possible from 18
to 20 weeks of gestation, and prior to 18 weeks (from
16 weeks of gestation), intraperitoneal transfusion can be
performed.5,6

Sincewehave demonstrated that DFPP can achieve approx-
imately 70% antibody depletion rate, a twice-weekly regimen
of DFPP was chosen to achieve a satisfactory depletion in
antibody levels.7 Owing to the history of recurrent IUFD at
relatively low titers of anti-M antibodies, we supplemented
DFPPwithhigh-dose IVIG therapy.High-dose IVIG therapyand
administration of anti-D globulins have been previously
shown to prevent allosensitization by negative feedback and
reduce the transfer of erythrocyte antibodies to the newborn
by saturating villus IgGFc receptors. In addition, the treatment
reduces fetal erythrocyte lysis by the reticuloendothelial sys-
tem.8,9 To be effective, high-dose IVIG therapy such as plas-
mapheresismustbestartedwhenthemother is10 to12weeks
pregnant.10 Reports have suggested an IVIG dosage of 400
mg/kg (mother’s weight) for 5 days for 3 to 6 weeks.10

However, in the current case, we applied a twice-weekly
DFPP regimen that could decrease Ig levels, and administrated
ahigherdosageof IVIG,which startedat12weeksofgestations
with 400mg/kg (mother’s weigh) and gradually increased to
800mg/kg (mother’s weight), taking into account that the
mother’s weight before pregnancy was 50kg. The patient

Fig. 2 Changes in IgG-type anti-M antibody levels with DFPP treatment. DFPP, double filtration plasmapheresis; Ig, immunoglobulin; IVIG,
intravenous immunoglobulin.

Table 1 Gestational age and changes in anti-HPA-4b antibody
titer

Pregnancy (wk) Anti-HPA-4b antibody titer

Before DFPPa After DFPPa

24 �256 �256

26 �128 –

28 �256 �256

30 �128 �128

31 �64 �64

32 �32 �16

33 �128 �128

34 �512 �256

Abbreviation: DFPPa, double filtration plasmapheresis administration.
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tested positive for anti-HPA-4b antiplatelet antibodies, the
most common type of anti-HPA antibody in Japanese individ-
uals.11 Anti-HPA antibodies are observed in 0.6 to 0.8% of
pregnancies andmaymanifest as NAIT in 10% of these cases,12

which iswhyDFPP and IVIGwere continuedwhilemonitoring
the fetal status. As uterine contractions are a potential cause of
fetomaternal transfusion and further sensitization by in-
creased fetal blood inflow to the mother’s bloodstream, the
increased production of anti-M antibodies was a concern.
Tocolytics were therefore immediately administered when
uterine contractions occurred in the 22nd week.

Conclusion

This report showed that a combination of DFPP and IVIG
achieved a successful outcome in a pregnant patient with
anti-M and anti-HPA alloimmunizations, and a history of
recurrent IUFD. We strongly recommend that a combination
of DFPP and IVIG as in these cases should be considered the
first option as a preventive method in the treatment of anti-
M alloimmunization in pregnant women.
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