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Introduction

Red cell immunization represents the most important cause
of hemolytic disease of the fetus and newborn (HDFN),
affecting 1/300 to 1/600 live births.1 Rh (Rhesus) D incom-
patibility remains the most common cause of HDFN. The use
of Rh to immunoprophylaxis, inmany countries, has reduced

the incidence of HDFN under 0.1%, while alloimmunizations
due to other rarer antibodies are increasing.2 Anti-K HDFN
occurs in about 0.1% of pregnant womenwith approximately
40% of mild to severe disease in live newborn.3,4 The anti-K
immunization itself places the pregnancy at high risk despite
the low antibody titer and HDFN occurs early (<20 weeks)
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Abstract Hemolytic disease of the fetus and newborn (HDFN) remains the main cause of fetal
anemia primarily due to RH-Dmaternal incompatibility but also to other rarer antigens.
Anti-Kell mediated immunization is a rare disease involving about 0.1% of pregnant
women causing amore severe HDFN compared to RH-D both for its anemiamechanism
and because of lack of preventive immunoglobulin therapy. Although the standard
treatment of fetal anemia is intrauterine transfusion (IUT), at early gestational age with
high antibody titer and absence of ultrasound anemia signs, noninvasive strategies can
be offered. We present a case of severe anti-Kell and anti-C Rh positive immunized
pregnancy with high Kell titer at 14 weeks of gestation that successfully treated with
plasma exchange and intravenous immunoglobulin to prevent the onset of fetal
anemia and to avoid the need for IUT.
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with severe manifestation at onset, including hydrops. Re-
garding anti-C immunization, the perinatal mortality is
much lower as compared to anti-D; however, severe HDFN
could result from the combination of alloantibodies.5

High-risk pregnancies require close monitoring from the
16th week of gestation by ultrasound assessment to detect
possible fetal anemia and to determine the need for intra-
uterine fetal transfusion (IUT).6 Alternative noninvasive
options have been proposed to postpone IUT, due to the
related risks.

Some clinical protocols involve the use of plasma ex-
change (PE) and/or intravenous immunoglobulins (IVIGs).2

The success of these therapies in cases of non-Rh-D is less
known because of the different mechanisms of fetal damage
and the lack of sufficient studies.

In this report, we discuss a case of complex anti-K and
anti-C alloimmunization in a Rh positive pregnant woman
successfully treated with PE and IVIG to avoid the onset of
fetal anemia and the need for IUT and postnatal transfusion
support.

Case Report

A 25-year-old Caucasian woman, G2, P1, without previous
history of hemolytic disease, was referred to our department
at 14 weeks of gestation because of suspected rare alloim-
munization (blood type: A Rh positive, indirect antiglobulin
test: positive). The immunohematologic evaluation included
red blood cell (RBC) typing for ABO, Rh, and Kell antigens, by
microplates in automated instruments (Neo-Immucor). Di-
rect antiglobulin test (DAT) was performed with a broad
spectrum antiserum by the column agglutination test (Bio-
rad). Indirect antiglobulin test (IAT) was performed with
untreated and treated (ficin/papain) autologous and homol-
ogous RBC (Ortho Clinical Diagnostics-OCD- and Biorad). The
antibodies specificity was identified using O RBC extended
panels (Ortho Clinical Diagnostics and Grifols). Antibodies
titration, recorded as the reciprocal of the dilution, was
performed by column agglutination test using O Kk CC and
with O kk Cc RBC (for anti-K and anti-C titers, respectively).
The desensitization strategy was based on four PE proce-
dures for each one 1.5 volumes processed (substitution fluid:
albumin), using COBE SPECTRA, to remove preformed anti-
bodies, scheduled from 19 to 21 weeks, and weekly IVIG
infusion (1 g/kg), to limit antibodies rebound, starting from
week 20th of pregnancy.

Fetal ultrasound monitoring was performed from 16
weeks without detecting fetal anemia which results in
middle cerebral artery (MCA) peak systolic velocity (PSV)
>1.5 multiples of the median (MoM) for gestational age
expressed in cm/s according to the Mari curve; the PSV of
the MCA, with a starting value of 1.06 MoM at 19 weeks, was
monitored every 2 weeks until 32 weeks of gestation, then
weekly.

Because of the high risk of HDFN, the therapeutic first-
line strategy of therapeutic plasma exchange and IVIG was
shared with the patient and an informed consent was
obtained.

The patient wasARhpositive, CCDee, kk; her husbandwas
O Rh positive, ccEe, Kk. The patient decided not to perform
prenatal diagnosis for personal and economic reasons.
Results of the immunohematologic evaluation showed a
negative DAT and a positive IAT, due to anti-K (titer 64)
and anti-C (titer 1) at 14 weeks of gestation. Anti-K titer
increased to 128 at 17 weeks of pregnancy, while anti-C
remained stable.

The immunohematologic monitoring, performed pre and
post each PE, showed anti-K reduction after the first proce-
dure (titer from 128 to16), followed by a mild rebound (titer
32) at 21 weeks of pregnancy, and a final stabilization (titer
64) from 24 weeks until delivery. PE was followed by weekly
IVIG which continued until 28 weeks of gestation.

Fetal ultrasound surveillance did not show signs of ane-
mia (►Fig. 1) despite the elevated anti-K titer. Cesarean
section was performed at 37 weeks with the indication of
nonreassuring stress test. The patient delivered a healthy
female infant, weighing 3,045 g, with Apgar 9/10 and pH
7.25. The newborn was A Rh positive CcEe, Kk; DAT was
positive and the elution test showed only anti-K specificity.
The hemoglobin and bilirubin levels were normal without
requiring a blood transfusion.

Discussion

The screening of rare antibodies is essential to identify
women at risk of HDNF. In the case of positive IAT, it is
needful to characterize antibodies specificity and titer. The
severity of fetal anemia caused by anti-K is less predictable
considering antibody titer or ultrasound signs than Rh-D
sensitization.6 Although in literature there is no specific
protocol for anti-K monitoring, a monthly immunohemato-
logic evaluation is recommended. Moreover, there is no
consensus on a critical anti-K titer predictive for HDFN.7,8

In case of moderate to severe anemia (defined with a
hemoglobin reduction �5g/dL) and signs of hydrops, IUT
should be performed starting from 18 weeks, because of
major difficulties and high risk of complications both for
fetus and mother before this period. Since the survival rates
varied from 76 to 88%, with a total complication rate of 3.1%,9

alternative noninvasive treatment options could be applied
before the 20th week. Several case reports illustrate the use
of PE and IVIG for the treatment of anti-D immunization.2–10

PE could have an impact on plasma with possible changes in
maternal pressure, coagulation factors, and electrolyte and
immunoglobulin levels. Therefore, to minimize the adverse
events related to the procedure it is fundamental to evaluate
each patient's hemodynamic and coagulation status.11 The
PETIT study demonstrated the positive effect of IVIG in
pregnancies at high risk for severe hemolytic disease (the
majority anti-D) to postpone HDFN compared to no
treatment.12

In our report, despite the absence of a previous history of
hemolytic disease, K-immunization represents itself, as the
major risk to develop HDNF because of its rarity and lack of
evidence about this condition and considering the early
onset of fetal anemia and the severity of clinical signs,
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regardless of antibody titer.6 For the above-mentioned rea-
sons, we preferred combined strategy of PE and IVIG to avoid
risky IUT after abnormal evidence of MCA PSV. We began PE
and IVIG before 20 weeks, with continuous and careful
monitoring of fetal ultrasound Doppler. Due to the possible
rebound of antibody, PE was associated with IVIG, which
cross the placenta and compete with the maternal alloanti-
bodies in the fetal reticuloendothelial system, saturating
protective receptors, and replacing the IgG pool removed
by PE.13 IUT is considered standard treatment in fetal anemia
although limited by the invasivity and potential risks. How-
ever, progress in noninvasive methods may render PE with
IVIG a more attractive approach in early pregnancy and in
high-risk conditions.

Few data are available regarding the optimal time to the
delivery. In case of mild fetal hemolysis, it is recommended a
delivery at 37 to 38weeks.Wemay affirm that in our case the
close multidisciplinary surveillance and the noninvasive
therapeutic options allowed us to avoid fetal anemia and
to overcome the prematurity with good perinatal and ma-
ternal outcomes.

Implications for Clinical Practice

PE and IVIG have been employed in various antibody-medi-
ated autoimmune diseases, showing successful results as
compared with PE or IVIG alone. In the near future, new
drugs, such as M281, a monoclonal antibody capable of
competitively binding with high affinity IGFcRn sites of the
fetal monocyte-macrophage cells, inhibiting the transfer of

IG from the maternal to the fetal circle will become avail-
able.14 It must be considered a global decrease in the
availability of IG due to a wide range of indications, leading
to some difficulties in drug procurement. Therefore, shared
protocols between transfusion medicine, obstetrics, neona-
tology, and hospital pharmacy are essential.15

Prospective randomized controlled studies would be re-
quired, nevertheless considering the rarity of the disease the
experience of single cases or cases series is still useful to
improve our knowledge. In conclusion, our data showed that
in selected cases of rare alloimmunization in pregnancy,
early PE procedures combined with IVIG may represent a
valuable therapeutic and preventive option.

Patient Consent
Informed consent was obtained from the patient regard-
ing the data.

Authors’ Contributions
G.P., S.C., U.L.R.: conception and design of the study.
G.G., M.G., M.F.B.: acquisition of data.
G.S., D.P., B.L., F.F.: drafting the article.
P.G., R.B., G.P., S.C.: final approval of the version to be
submitted.

Funding
none.

Conflict of Interest
None declared.

Fig. 1 Graphic representation of changes in maternal anti-K titers and fetal MCA-PSV in relation to PE and IVIG. Fetal ultrasound surveillance did
not show anemia and MCA-PSV values referred to the Mari curve. MCA, middle cerebral artery; PSV, peak systolic velocity; IVIG, intravenous
immunoglobulin; PE, plasma exchange.
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