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Abstract: Neonatal alloimmune thrombocytopenia occurs in one in 1,000-1,500 live births
and is the most common cause of severe thrombocytopenia and intracranial hemorrhage in
term infants. It is the equivalent of red blood cell alloimmunization and is due to transplacental
passage of maternal antibodies against paternally derived fetal platelet antigens. A diagnosis of
neonatal alloimmune thrombocytopenia should be considered for any neonate with unexplained
thrombocytopenia. Once the diagnosis is made, it is known that all subsequent pregnancies are at
risk for severe disease. In order to prevent the devastating and potentially life-threatening mani-
festations of the disease, the goal is to initiate treatment early with serial percutaneous umbilical
blood sampling, intravenous immunoglobulin administration, prednisone, and/or fetal platelet
transfusions. Timing of delivery is variable with delivery for severe disease recommended at an
earlier gestational age. Vaginal delivery can be considered if the fetal platelet count is greater
than 50,000-100,000 uL. Thrombocytopenia due to neonatal alloimmune thrombocytopenia
usually resolves spontaneously within 1-2 weeks after delivery, but a platelet transfusion may
be necessary to prevent a serious hemorrhagic event. In all cases, a multidisciplinary approach
to care should be undertaken with delivery at a tertiary care center.

Keywords: neonatal thrombocytopenia, fetal therapy, intracranial hemorrhage, intravenous

immunoglobulin, alloimmunization

Background

Neonatal alloimmune thrombocytopenia (NAIT) is defined as a fetal/neonatal platelet
count of less than 150,000/uL resulting from maternal sensitization to incompatible
fetal platelet antigens. Although it is a rare condition, it is the most common cause of
severe thrombocytopenia (platelet count less than 50,000/uL), in the fetal and neonatal
period and the most common cause of intracranial hemorrhage (ICH) in term infants.
The reported incidence of NAIT is one in 1,000-1,500 live births.! ICH occurs in 10
per 100,000 cases, with most cases occurring before 28 weeks.? NAIT tends to be
more severe with each subsequent pregnancy and typically occurs at an earlier ges-
tational age than the first affected pregnancy.’ Therefore, it is important to consider
this diagnosis in all cases of neonatal thrombocytopenia in order to determine future
pregnancy risk and an acceptable treatment plan. This article is a review of NAIT
including the pathogenesis of NAIT as well as the antenatal and postnatal treatment
strategies currently available.

Pathogenesis
NAIT is the platelet equivalent of red blood cell alloimmunization. Fetal platelets con-
tain paternally derived platelet antigens that maternal platelets lack. After an episode
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of fetomaternal hemorrhage, maternal immunoglobulin G
(IgG) antibodies are created against these specific antigens,
cross the placenta, and bind to fetal platelet antigens result-
ing in sequestration and destruction of fetal platelets. This
process occurs in the fetal reticulo-endothelial system and
can also lead to impaired platelet aggregation. This results
in fetal/neonatal thrombocytopenia in varying degrees of
severity. Fetomaternal hemorrhage occurs most often at
delivery. Cesarean delivery, multifetal gestation, bleeding
placenta previa or abruption, manual removal of the placenta,
and intrauterine manipulation are the most common causes
that increase the volume of fetomaternal hemorrhage. Other
causes of fetomaternal hemorrhage include any antepartum
vaginal bleeding after spontaneous, threatened, or induced
abortions; trauma; external cephalic version; or after invasive
procedures such as chorionic villus sampling, amniocentesis,
or fetal blood sampling (FBS). Unlike Rhesus (Rh) alloimmu-
nization, 40%—-60% of index pregnancies can be affected by
NAIT. This is due to the transplacental transport and coating

Table | Human platelet alloantigens

of fetal platelets with maternal IgG antiplatelet antibodies to
glycoproteins on the fetal platelet antigens.*

Fetal human platelet antigens (HPAs) are located on cell
membrane glycoproteins and are inherited in an autosomal
co-dominant fashion. To date, 24 HPAs have been described
and are grouped in one of five major bi-allelic systems of
platelet-specific antigens (each differs by a single amino
acid): HPA-1 through HPA-5.> Within this nomenclature,
the platelet alloantigens are further defined according to
the frequency in which they appear within the population,
with “a” being a high-frequency alloantigen and “b” a low-
frequency alloantigen (Table 1).%” The most common HPA
haplotype is HPA-1a. Approximately 80% of pregnancies
affected by NAIT have maternal antibodies that are directed
against platelet antigen HPA-1a with the remaining 20%
being affected by the other HPA types. Studies have shown
that approximately 98% of Caucasian women express HPA-1a
(genotype HPA-1a/HPA-1a or HPAla/HPA 1b) and about 2%
of Caucasian women are HPA-1a negative (genotype HPA-1b/

Antigen Other names Glycoprotein location Amino acid change Phenotype frequency?*
HPA-1a P1A ZW GPllla Leu <-> Pro33 72% ala
HPA-1b 26% alb
2% b/b
HPA-2a Ko, Sib GPIb Thr <-> Metl|45 85% ala
HPA-2b 14% a/b
1% blb
HPA-3a Bak, Lek GPIl lle:Ser843 37% ala
HPA-3b 48% alb
15% b/b
HPA-4a Pen, Yuk GPllla Arg:GInl43 >99.9% ala
HPA-4b <0.1% a/b
<0.1 b/b
HPA-5a Br, He, Zav GPla Glu:Lys505 80% ala
HPA-5b 19% alb
1% blb
HPA-6bw Ca?, Tu GPllla Arg:GIn489 <I1% b/b
HPA-7bw Mo GPllla Pro <-> Ala407 <1% b/b
HPA-8bw Sr? GPllla Arg:Cys636 <0.1% b/b
HPA-9bw Max? GPllla Val:Met837 <1% b/b
HPA-10bw La® GPllla Arg:GIn62 1% blb
HPA-I 1bw Gro* GPllla Arg:His633 <0.5% b/b
HPA-12bw ly? GPIb Gly:Glul5 1% blb
HPA-13bw Sit* GPla Met:Thr799 <1% b/b
HPA-14bw Oe? GPllla Del:Lys61 | 1% b/b
HPA-15a Gov CD109 Tyr:Ser703 35% ala
HPA-15b 42% alb
23% blb
HPA-16bw Duv? GPllla Thr:lle140 <%
NA NAK? CD36 (GPIV) 99.8%

Notes: *Phenotypic frequencies for antigens shown are for white populations only. “a” and “b” under the column Phenotype frequency refer to alleles, “a” for the high-frequency
and “b” for the low-frequency alleles. Reproduced with permission from: A review of pathophysiology and current treatment for neonatal alloimmune thrombocytopenia
(NAIT) and introducing the Australian NAIT registry. McQuilten ZK, Wood EM, Savoia H, et al. Aust N Z | Obstet Gynaecol, 51. Copyright © 2011 John Wiley and Sons.*

Abbreviations: HPA, human platelet antigen, NA, non applicable.
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HPA-1b). The second most common platelet antigen causing
NAIT in Caucasians is HPA-5b antigen, followed by HPA-1b
and HPA-15.8 In the Asian population, HPA-4 is the most fre-
quent cause of NAIT.” ! Several other platelet antigens have
been associated with NAIT by varying degrees depending on
ethnicity and are very rare causes of NAIT.!2!3

In at-risk pregnancies, mothers are antigen negative
(most commonly HPA-1b) and fathers are either antigen-
positive homozygous (genotype HPA-1a/1a) or heterozygous
(genotype HPA-1a/1b). As mentioned earlier, the overall
frequency of the HPA-1b/1b genotype in Caucasian mothers
is 2%. It has been shown, that only 10% of HPA-1a-negative
mothers who are exposed to HPA-la antigen-positive
platelets during pregnancy actually become immunized
(develop HPA-1a alloantibodies), and of those, only 30%
of fetuses/neonates will develop thrombocytopenia with
20% of those cases being severe.'*!>16 Approximately 75%
of Caucasian males are homozygous for HPA-1a and 25%
are heterozygous. Given these percentages, after the index
pregnancy, 85% of couples are at risk for NAIT in subse-
quent pregnancies.!’

Multiple theories exist behind disease severity with the
presence of different maternal human leukocyte antigen
(HLA) types modulating severity of disease by affecting
the ability to produce HPA system antibodies. It has been
shown that most alloimmunization occurs in women with
the presence of HLA DRB3*0101, and, in the absence of
this phenotype, alloimmunization is rare.®'s:?

Additionally, it has been postulated that disease severity is
also affected by other factors, including maternal concentra-
tion of IgG alloantibodies, subclass of maternal antibodies,
antigen concentration on fetal/neonatal platelets, phagocyte
activity in the reticulo-endothelial system, and the ability of
the fetal/neonatal bone marrow to compensate for the rapid
destruction of fetal platelets.?

Differential diagnosis

The differential for fetal or neonatal thrombocytopenia is
extensive and can be due to problems with increased platelet
consumption or destruction, decreased production, or other
mixed causes (Table 2).

Clinical manifestations

Most cases of NAIT are usually diagnosed incidentally, when
shortly after birth, the first-born infant is found to have throm-
bocytopenia with petechiae, ecchymosis, or bleeding, or in
women with a previously affected pregnancy. Additionally,
spontaneous fetal or neonatal ICH can be the first marker

Table 2 Differential diagnosis of neonatal alloimmune thrombo-
cytopenia

Increased consumption
Immune related
Autoimmune
Alloimmune
Drug induced
Peripheral consumption
Hypersplenism
Bacterial sepsis
Kasabach—Merritt syndrome (giant hemangioma)
Disseminated intravascular coagulation
Necrotizing enterocolitis
Miscellaneous
Neonatal cord injury
Von Willebrand disease
Exchange transfusion
Decreased production
Infiltrative
TAR syndrome
Wiskott—Aldrich syndrome
Congenital leukemia
Osteoporosis
Amegakaryocytic thrombocytopenia with radio ulnar synostosis (ATRUS)
Small for gestational age
Perinatal asphyxia
Aneuploidy
Jacobson syndrome
Noonan syndrome (PTPN I | mutation)
RUNXI deletion
Congenital amegakaryocytic thrombocytopenia (CAMT)
Mixed causes
Infection
Congenital (TORCH)
Extracorporeal membrane oxygenation
Drug toxicity
Acquired (viral infection; CMV)
Note: Reprinted from Clin Lab Med, 33, Strong N and Eddleman KA. Diagnosis
and management of neonatal alloimmune thrombocytopenia in pregnancy, 311-325.
Copyright 2013, with permission from Elsevier.?
Abbreviations: CMV, cytomegalovirus; TAR, Thrombocytopenia Absent Radius;

TORCH:Toxoplasma gondii, other viruses (HIV, measles, and so on), rubella
(German measles), cytomegalovirus, and herpes simplex.

of disease. It has been shown in several studies that up to
7%—-20% of fetuses/neonates affected by NAIT will suffer
from ICH with as many as 75% of these cases occurring ante-
natally, diagnosed as early as the mid-second trimester.?!-*

Depending on the severity of thrombocytopenia (mild,
moderate, or severe), NAIT may present as a spectrum
of disease findings. A platelet count of <150,000/uL has
been used to define thrombocytopenia because this is the
threshold used in adults and represents the lower fifth per-
centile. Approximately 0.5%-0.9% of neonates will have
thrombocytopenia, and this can be further classified as mild,
moderate, or severe (Table 3).
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Table 3 Classification of neonatal thrombocytopenia with %
incidence in newborns

Thrombocytopenia Platelet count % of newborns

Mild 100,000—-150,000/uL 0.8
Moderate 50,000~100,000/uL 0.5
Severe <50,000/uL 0.2

Note: Reprinted from Clin Lab Med, 33, Strong N and Eddleman KA. Diagnosis
and management of neonatal alloimmune thrombocytopenia in pregnancy, 3| [-325.
Copyright 2013, with permission from Elsevier.?

Other clinical manifestations of NAIT include gastroin-
testinal bleeding, hematoma, melena, hematemesis, hemopty-
sis, hematuria, retinal hemorrhage, or central nervous system
hemorrhage. Depending on the degree of thrombocytopenia,
some neonates may be asymptomatic.?

ICHs, either intraparenchymal or intraventricular hem-
orrhage, occur in up to 10% of pregnancies affected by
NAIT.?*? Most occur in the antepartum period; however, after
delivery, the greatest risk of bleeding is in the first 96 hours
of life.>% Intraparenchymal hemorrhages may lead to
encephalomalacia with resulting porencephalic cysts. Some-
times (although less likely), intraventricular hemorrhage can
result in arachnoiditis with or without hydrocephalus. Both
porencephalic cysts and hydrocephalus can be diagnosed via
ultrasound (Figure 1).

Long-term complications from NAIT can be seen in as
many as 14%-26% of cases and can include mental retar-
dation, cerebral palsy, cortical blindness, and/or seizures.?’
Neonatal death can occur in up to 5%—10% of affected
neonates.?3? Platelets have a half-life of approximately
8-10 days, and therefore, platelet counts return to normal
after 1-2 weeks at which point bleeding from NAIT no
longer occurs.

Mothers of fetuses or infants with NAIT are asymp-
tomatic with a normal platelet count and function. Factors
that can predict disease severity include (+)HPA-1a antigen,
alloantibody levels, and a previous child affected by an
ICH. A prospective study by Killie et al found a positive
correlation between maternal antibody levels and neona-
tal platelet counts with a 93% sensitivity in prediction of
severe fetal thrombocytopenia if the anti-HPA-1a level
was >3.0 IU/mL in either week 22 or 34 of pregnancy.’!
Studies have shown that the earlier the gestational age an
ICH occurred in a previous pregnancy, the higher the risk
for severe disease with earlier onset in each subsequent
pregnancy.’>*? Studies have found that there is nearly a
100% recurrence risk of antenatal ICH in untreated preg-
nancies where the previous sibling was affected by an
antenatal I[CH.!734

243.Trim.
Har-low
Pwr 100 %

LV 3.10cm

Figure | Fetal ultrasound Images of complications from neonatal alloimmune
thrombocytopenia.

Notes: (A) In utero intracranial hemorrhage. This figure demonstrates an in
utero organized clot that appears echogenic on ultrasound and is causing a mass
effect. Arrow corresponds to area of large intracranial hemorrhage or organized
clot. (B) Ventriculomegaly/hydrocephalus. Fetal dilated/enlarged lateral ventricles
measuring 31 mm. Ventriculomegaly often measures >10 mm and is asymmetrical.
Hydrocephalus is severe ventriculomegaly measuring >15 mm.

Laboratory diagnosis

If thrombocytopenia is suspected in a newborn, a complete
blood count should be obtained to document whether there
is isolated thrombocytopenia or if the thrombocytopenia is
part of a pancytopenia syndrome. A maternal complete blood
count should also be performed to exclude low maternal
platelets, which is suggestive of an autoimmune throm-
bocytopenia. Platelet immunological tests should then be
performed on parental blood and sent to one of two reference
laboratories, The Blood Center of Southeastern Wisconsin
(https://www.bcw.edu/bew/index.htm) or Puget Sound Blood

Center (http://www.psbc.org/home/index.htm), to confirm
the diagnosis of NAIT. Antigen assays are performed on
the maternal and paternal blood.**3¢ If there is evidence of
incompatibility, the maternal blood is processed to see if
the mother has antibodies specific to that particular putative
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antigen. If maternal antibodies are present, but not specific
to that antigen, HLA typing will be performed, which can
show up in a nonspecific antibody screen and confound the
diagnosis. If the parental genotypes are different and the
mother has specific antibodies to the putative antigen, then
the pregnancy is at risk for NAIT and fetal/neonatal antigen
typing would then be indicated. The diagnosis of NAIT is
clear when there is a maternal alloantibody directed against
a paternally derived HPA antigen in the newborn that is
lacking in the mother. On the other hand, NAIT is unlikely
if there is no parental HPA incompatibility and antiplatelet
antibodies are absent.’” If there is an initial negative maternal
alloantibody screen and the suspicion of NAIT in the neonate
continues to be high, it is recommended that follow-up testing
for maternal antibodies be repeated 6—9 weeks postpartum
as antibodies may first appear at this time.*

The two techniques that are used most often to confirm
these findings are the platelet suspension immunofluores-
cence test (PSIFT) and the monoclonal antibody-specific
immobilization of platelet antigens assay. Using PSIFT,
maternal platelets are incubated with control anti-HPA-1a
serum allowing antigen—antibody complex formation. These
complexes are then labeled with antihuman globulin labeled
with a fluorochrome, which can be detected by flow cytom-
etry. Monoclonal antibody-specific immobilization of platelet
antigens assay is a two-stage, enzyme-linked immunosorbent
assay and is the confirmatory test following PSIFT.** Mono-
clonal antibody-specific immobilization of platelet antigens
assay is more specific but less sensitive than the PSIFT
alloantibody screen but is effective in detecting antibodies to
HPA-5 and HPA-15, which have fewer glycoprotein copies
per platelet than HPA-1.°

More recently, noninvasive screening using real-time
polymerase chain reaction to detect cell-free fetal DNA iso-
lated from maternal blood has been used to screen patients
at risk; however, this is still experimental.

Unlike in Rh alloimmunization where antibody titers can
be used to dictate management, antiplatelet antibody titers
are not predictive of disease severity in the fetus or neonate
and should not be used to monitor disease.*’

Screening and prevention

Currently, it is not feasible to screen for thrombocytopenia
solely by maternal ultrasound. Generally, if NAIT is diagnosed
in the first pregnancy, it is usually after ultrasound findings
are positive for ICH or after delivery, when an infant presents
with petechiae and a low platelet count. Once there is evidence
of ICH, permanent impairment has likely already occurred.

The only intervention is to prevent or decrease the risk of sub-
sequent pregnancies from suffering the same fate. As a result,
many have argued for a routine screening test for NAIT that
could be performed for all pregnancies.*! A good screening
test is one that attempts to screen for a clinically important
and prevalent condition for which there is a treatment at an
acceptable cost in relation to medical expenditure as a whole
for the disease, which results in high reproducibility and is
safe and acceptable to the population.

Currently, routine screening of all pregnant women for
HPA-1a discordancy is not recommended, as screening is
not cost-effective and the optimal treatment approach is
not widely defined.** Approximately 80% of NAIT is due
to a single antigen; however, the remaining 20% is caused
by multiple other antigens, some, of which are very rare.
Additionally, the maternal immune response is influenced
by other factors and only a minority of infants at risk will
develop thrombocytopenia that is significant enough to cause
ICH. There are many false negatives and positives with test-
ing, and no adequate risk/benefit ratio or cost-effectiveness
analysis has been performed.®!4243

In one study, HPA-1a alloimmunization occurred in
9% of at-risk pregnancies (ie, pregnancies with a mater-
nal HPA-1b/1b genotype and a paternal genotype either
homozygous or heterozygous for HPA-1a in the presence of
maternal HPA-1a antibodies). NAIT was found in 31% of
these immunized pregnancies, with perinatal ICH occurring
in 10% of the pregnancies affected by NAIT. From this data,
it was found that screening for HPA-1a alloimmunization only
detects approximately two cases of NAIT for every 1,000
unaffected pregnancies." Because there is no consensus
regarding the utility of screening for alloimmune antiplatelet
antibodies, active management of NAIT is currently reserved
for pregnancies that have already had a previously affected
fetus or neonate.

Recurrence risk

In order to determine the probability of a fetus or neonate
being affected in a subsequent pregnancy, parental geno-
typing is done through polymerase chain reaction of DNA
obtained from maternal and paternal peripheral blood. If the
father is heterozygous, the fetus has a 50% chance of being
affected and 100% chance if the father is homozygous for
the putative HPA antigen. Once the couple is determined to
be at risk for NAIT in subsequent pregnancies, fetal cells
obtained from chorionic villous sampling, amniocentesis,
or percutaneous umbilical blood sampling (PUBS) can be
used to determine if the fetus inherited the putative paternal
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antigen that the mother lacks. Amniocentesis is the preferred
method because with chorionic villus sampling there is a
theoretical risk that placental sampling may exacerbate
maternal sensitization. PUBS carries a baseline greater risk
of preterm delivery and fetal demise than amniocentesis,
1% per PUBS procedure versus <1% after amniocentesis.
Additionally, because of potentially severe thrombocy-
topenia, the risk of fetal hemorrhage or exsanguination is
greater when FBS is performed for NAIT than for other
conditions such as Rh alloimmunization.**** In an affected
pregnancy, the mother is always antibody positive specific
to the putative paternal and fetal platelet antigen and antigen
negative to that same antigen. As such, if a fetus/neonate
is diagnosed with NAIT, the couple has an 85% chance of
recurrence in each subsequent pregnancy.*

Prenatal management

First affected pregnancy

Unlike Rh disease where the first pregnancy is not affected,
up to 40%—60% of infants with NAIT will be first borns.
Classically, the infant is born at full-term with a normal
birth weight. Thrombocytopenia is generally unexpected and
oftentimes severe. One series reports a median platelet count
0f 19,000/uL on the 1st day of life. Therefore, NAIT should
be suspected in a thrombocytopenic neonate with extensive
petechiae or visceral hemorrhage. All other possible etiolo-
gies must be ruled out including sepsis, maternal idiopathic
thrombocytopenic purpura, viral exposure, and disseminated
intravascular coagulation (Table 3).

If thrombocytopenia is seen in the neonate, first repeat the
venous blood sample and examine the peripheral blood smear.
A thorough maternal history should be obtained including medi-
cation history, history of idiopathic thrombocytopenic purpura,
as well as other collagen vascular disorders. Maternal platelet
count, toxoplasma gondii, other viruses (HIV, measles, and so
on), rubella , cytomegalovirus, and herpes simplex (TORCH)
titers, and coagulation profiles should be obtained. Parental
blood should be collected for antigen typing, and the maternal
serum should be tested for the presence of platelet-specific HLA
alloantibodies. If the suspicion for NAIT is high, treatment
should not be withheld until the laboratories return given the high
likelihood of continued bleeding. Neonatal head ultrasounds
should also be performed to rule out any evidence of ICH.

Antepartu m management

in subsequent pregnancies
Once NAIT has been diagnosed in a previous pregnancy, it is
known that all subsequent pregnancies are at risk for severe

disease.™ The goal is to initiate treatment early in order to
prevent the devastating and potentially life-threatening mani-
festations of disease. In light of the wide disease spectrum,
treatment should be tailored to each individual patient based
on previous pregnancy history. Factors involved in treatment
initiation should include the presence or absence of ICH in
the previously affected pregnancy, and, if present, the timing
of'its occurrence. The different treatment strategies depend on
predicted severity of the disease, which can be separated into
three categories: standard risk, high risk and very high risk
(Table 4). A standard-risk pregnancy is defined as a pregnancy
where a previous sibling had isolated thrombocytopenia and
no previous ICH. High-risk pregnancies are pregnancies
where a previous sibling suffered an ICH at =28 weeks or
after birth, and very high risk pregnancies are those where
a previous pregnancy resulted in ICH at <28 weeks or was
complicated by an intrauterine fetal demise.

Because ICH is one of the most devastating antenatal
complications of NAIT, the goal is to prevent its occurrence
once a diagnosis of NAIT has been made. Studies have
demonstrated that the risk of ICH is rare if platelets are
kept above 20,000/uL; therefore, the goal of treatment is to
keep platelet levels above that threshold. 1gG alloantibod-
ies can cross the placenta as early as 14 weeks gestation
and fetal glycoproteins are expressed on platelets starting
at 16 weeks; therefore, symptoms of NAIT can present as
early as 16 weeks.?>#24748 For this reason, treatment should
be initiated early, especially in those at high risk and very
high risk for severe disease.

Because the blood tests are sent out to reference
laboratories and it can take several weeks to confirm the
diagnosis, if NAIT is suspected, treatment should be initi-
ated before obtaining laboratory confirmation of disease.

Table 4 Approach to risk assessment for women with a previous
maternal history of NAIT

Risk of neonate
with severe NAIT

Clinical features of prior pregnancy

Previous sibling with isolated thrombocytopenia, Standard risk
no ICH

Previous sibling with antenatal ICH =28 weeks High risk
High risk

Very high risk

Previous sibling with peripartum ICH
Previous sibling with antenatal ICH <28 weeks

Previous sibling with in utero fetal death Very high risk

Notes: Criteria for diagnosis include a clinical history consistent with NAIT.
Adapted with permission from: A review of pathophysiology and current treatment
for neonatal alloimmune thrombocytopenia (NAIT) and introducing the Australian
NAIT registry. McQuilten ZK, Wood EM, Savoia H, et al. Aust N Z | Obstet Gynaecol,
51. Copyright © 201 | John Wiley and Sons.*

Abbreviations: ICH, intracranial hemorrhage; NAIT, neonatal alloimmune
thrombocytopenia.
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A multidisciplinary approach to care should be undertaken
involving a maternal—fetal medicine specialist, neonatolo-
gist, hematologist, and the blood bank. Affected pregnancies
should also be monitored with serial growth ultrasounds
every 2-3 weeks and fetal magnetic resonance imaging, if
available, every 4—-6 weeks to assess for evidence of ICH.

Treatment options include maternal intravenous immuno-
globulin (IVIG), corticosteroid administration, FBS to moni-
tor platelet counts with platelet transfusions as needed, in
utero IVIG administration, and early delivery (after 32 weeks
gestation). More recent literature has shown that noninvasive
treatment with IVIG and corticosteroids is safe, effective, and
preferred over the more invasive serial PUBS and transfusions
secondary to the procedure-related complications including
fetal loss or miscarriage.'*#° Data from previously pub-
lished studies recommend that treatment should be initiated
antenatally in order to raise the fetal platelet count thereby
preventing in utero bleeding.?>*!

IVIG and prednisone

IVIG is a blood product administered intravenously that con-
tains pooled, polyvalent, and IgG antibodies extracted from
the plasma of over 1,000 blood donors. It is costly, resulting
in at least US $1,000 per dose usually given as a weekly
infusion over a period of 6—12 hours. When the IVIG dose is
2 g/kg/wk, it can be infused as doses of 1 g/kg twice a week.
Compared to no treatment, prospective studies have shown
IVIG to be more effective in reducing the risk of ICH. One
study showed that only 2.7% of fetuses treated with IVIG
developed ICH.* The only way to monitor efficacy of IVIG
is to perform FBS. A randomized controlled trial found that
75% of pregnancies respond to weekly IVIG, with half of
the nonresponders improving after the addition of high-dose
prednisone (1 mg/kg/d).> However, treatment with both IVIG
and steroids are not without maternal and fetal risks. IVIG
can be associated with a local reaction at the injection site,
fevers, rash, headache, flushing, myalgia, and chills. There
is also a small increased risk of hepatitis and HIV. More
severe reactions include aseptic meningitis, acute kidney
injury, arterial or venous thrombosis, hemolytic anemia,
and stroke. Prior to undergoing IVIG treatment, the patient
should be premedicated with acetaminophen 650 mg and
diphenhydramine 25-50 mg. By infusing slowly, side effects
can be minimized. Chronic steroid use can lead to osteopo-
rosis, impaired glucose tolerance and gestational diabetes,
hypertension, immunosuppression, mood swings, and fetal
structural anomalies such as midline facial defects. Those on
chronic steroids should be screened for gestational diabetes

and receive calcium supplementation (1 g/d) and vitamin D
(400 u/d).>*

IVIG has an unclear mechanism of action; however, it is
thought to work by diluting the anti-HPA antibodies in the
maternal circulation resulting in a lower proportion of anti-
HPA antibodies reaching the Fc-receptors on the placenta.
IVIG is thought to block the placental Fc-receptors thereby
decreasing the placental transmission of maternal antibodies
across the placenta. IVIG may also block the Fc-receptors
on macrophages in the fetal circulation and prohibit the
destruction of antibody-covered cells. Finally, IVIG is
thought to suppress maternal IgG antibody production.'® The
fetal risks after maternal transfusion with IVIG are minimal.
Follow-up studies after antenatal treatment with IVIG have
not been shown to have adverse effects on the general health
or neurodevelopmental outcome in the affected fetus with
one study showing improved neurodevelopmental outcomes
despite delivery at an earlier gestational age.>>°

Percutaneous umbilical blood sampling
Another treatment option to consider is PUBS, also referred
to as cordocentesis or FBS. More recently, management with
serial PUBS has fallen out of favor because of the fetal and
maternal risks from repeated invasive procedures when effec-
tive noninvasive alternatives are available. Currently, the main
indications for performing PUBS procedures are to quantify
platelet levels, to determine if noninvasive treatment mea-
sures have been effective or adjustments with therapy need
to be made, to determine mode of delivery, and if necessary,
for platelet transfusion.

PUBS should be performed close to an operating room,
either on labor and delivery or in an ultrasound unit in close
proximity to the operating room, should procedural compli-
cations arise and an emergency cesarean section is required.
The procedure is usually performed starting at 20 weeks, and
once viability is reached (~24 weeks), it is recommended
that the patient receive a course of corticosteroids (either
betamethasone or dexamethasone) 2448 hours prior to the
procedure in order to stimulate fetal lung maturity in case of
delivery. Patients are usually instructed to avoid oral intake
for 6-8 hours preprocedure and will have intravenous access
secured on presentation. Before starting, the abdomen is
prepped and draped in a sterile fashion using chlorhexi-
dine. With the assistance of ultrasound, fetal presentation is
identified, a preprocedure fetal heart rate is obtained, and the
placental cord insertion site is located. Lidocaine 1% can be
administered in the subcutaneous layer if preferred by the
patient. A 22-gauge spinal needle is typically used and, under
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ultrasound guidance, inserted into the umbilical vein at the
placental cord insertion site. A 22-gauge needle as opposed
to a 20-gauge needle is used to minimize the risk of bleed-
ing from the puncture site as studies have found a two fold
increased risk of fetal exsanguination after PUBS for NAIT
compared to PUBS for other indications."’

After needle insertion, a fetal blood sample is withdrawn
in a 1-cc heparinized syringe to identify the fetal platelet
count. Additionally, a mean corpuscular red cell volume is
assessed to confirm that the blood sample is fetal as opposed
to maternal. A mean corpuscular volume >100 uL suggests
fetal red cells.

After a blood sample is obtained and confirmed to be
fetal, a short-acting paralytic such as atracurium (0.4 mg/
kg) or vecuronium (0.1 mg/kg) can be administered to mini-
mize fetal movement.’’ Platelets should only be transfused if
there is evidence of thrombocytopenia. If platelets are given
empirically and the fetal platelet count is normal, the fetus
is at increased risk for thrombocytosis, hypercoagulability,
and intrauterine demise. Transfusion of platelets via PUBS
is usually indicated when the platelet count is less than
50,000/uL with the goal transfusion platelet count to be above
50,000/uL to allow for clotting from the umbilical cord after
transfusion and needle removal. If transfusion is indicated,
transfusion with maternal platelets is best. Maternal platelets
can be obtained by apheresis at least 24—48 hours before the
procedure. The platelets must be washed in order to remove
the maternal alloantibodies and gamma irradiated to avoid
graft versus host disease. If maternal platelets are not avail-
able, platelets can be obtained from a national registry of
HPA-typed donors.?

If platelets are transfused, the primary operator should
visualize the transfused platelets streaming away from the
needle as they mix with fetal blood in the umbilical vein
throughout the procedure. Care should be taken to intermit-
tently assess the fetal heart rate for bradycardia. Once the
platelet transfusion is completed, flush the needle with normal
saline, withdraw, and discard 1 cc of blood. Next, in a heparin-
ized 1-cc syringe, fill the syringe to obtain a postprocedure
platelet count in order to determine the final platelet count
before needle removal. In some cases, if transfusion is not
performed, a small aliquot of 3—5 mL of platelets can be
infused to decrease the risk of exsanguination. The puncture
site should be visualized upon completion of the procedure
to determine if there is excessive bleeding or streaming.
If >24 weeks gestation, the patient should be monitored on
the labor floor for up to 4 hours postprocedure in order to
ensure a reassuring fetal status.

The required transfusion volume can be obtained using
the following equation:

Volume transfused (mL)
Estimated fetoplacental volume (mL)*
_ % (Target final - Initial platelet count)x 2

Platelet count of transfused concentrate

*The fetoplacental volume is calculated by multiplying
the ultrasound-estimated fetal weight in grams by 0.14. In
order to allow for possible platelet sequestration in the fetal
spleen or liver, the numerator is multiplied by a factor of 2.

Platelet counts fall by approximately 10,000-20,000/
UL each week. Therefore, because the half-life of transfused
platelets is about 3 days, a fetus should be transfused to a
target platelet count of 300,000-500,000/uL to achieve a
nadir platelet count of 30,000—50,000/uL at the time of the
next transfusion.® Once transfusions are initiated, they are
usually repeated weekly because of the limited half-life of
transfused platelets. There is currently no consensus regarding
gestational age of delivery after serial platelet transfusions;
however, delivery after 32 weeks of gestation may be appro-
priate when weighing the risks of prematurity to the risks of
continued transfusions and possible worsening NAIT.

PUBS and in utero transfusion is associated with sig-
nificant procedure-related risks including fetal bradycardia
requiring delivery, exsanguination, cord hematoma or
occlusion, and death. A study by Overton et al identified
12 pregnancies that underwent a total of 84 transfusions.
They found that the risk of pregnancy loss from each PUBS
and transfusion is 1%, with a cumulative loss rate as high as
8% per pregnancy.*

Antepartum management based
on severity of disease
Standard risk group

Pregnancies with a history of a previous fetus or neonate with
thrombocytopenia, serologically confirmed NAIT, without
evidence of ICH are classified as standard risk. Published
studies recommend treatment with IVIG starting at 20 weeks
at a dose of 2 g/kg/wk alone or 1 g/kg/wk plus prednisone
0.5 mg/kg/d as both treatment options are comparable.?*#3
FBS is then recommended at 32 weeks to determine the
fetal platelet count and in order to decide if salvage therapy
is necessary. Salvage therapy should be implemented if the
fetal platelet counts is <30-50,000/uL by adding prednisone
0.5 mg/kg/d to the IVIG regimen only or increasing the IVIG
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dosing to 2 g/kg/wk if previously receiving combination
therapy of IVIG 1 mg/kg/wk and prednisone 0.5 mg/kg/d. A
salvage failure is considered a birth platelet count less than
30,000/uL (Figure 2). The decision for attempted vaginal
delivery should be discussed in detail with the understanding
that a vaginal delivery is only recommended for those whose
fetal platelets are =100,000/uL at 32 weeks and remain
compliant with therapy. An alternative approach is to start
salvage therapy on everyone at 32 weeks without knowledge
of platelet status followed by FBS at 36 weeks in order to
determine the mode of delivery. A randomized controlled
trial by Berkowitz et al demonstrated that O of 73 patients
suffered an ICH in the antepartum period after using this
treatment regimen.>

High-risk group

Those patients at high risk for severe disease are patients
who are pregnant with serologically confirmed NAIT with
a previous fetus or newborn affected by NAIT who had an
ICH at =28 weeks or in the neonatal period. According to
a study by Bussel et al, treatment is recommended start-
ing at 12 weeks with IVIG 1 mg/kg/wk. At 20 weeks, it is

recommended to empirically add prednisone 1 mg/kg/d or to
increase the IVIG dose to 2 g/kg/wk. As an alternative, FBS
can be performed at 32 weeks to determine if salvage therapy
needs to be initiated. If the platelet count is <30,000/uL,
or FBS is not possible, salvage therapy is initiated by add-
ing prednisone 1 mg/kg/d to those not previously on it or
by increasing the IVIG dose to 2 g/kg/wk. Delivery after
32 weeks is also an option if indicated.*’

Very high risk group

If the patient is at extremely high risk for severe disease
that being serologically confirmed NAIT and previous fetus
with an ICH at <28 weeks or history of an intrauterine
fetal demise, aggressive therapy should start at 12 weeks
with 2 g/kg/wk of IVIG. All patients should be started on
1 mg/kg/wk of prednisone at 20 weeks for the remainder of
the pregnancy. FBS should be performed at 32 weeks to see
if additional salvage therapy, fetal transfusions, or delivery
is needed. In the study by Bussel et al, all seven extremely
high risk patients treated with this regimen delivered infants
with birth platelet counts of >50,000/uL, and none suffered
an [CH.*

| Paternal zygosity for the potentially involved HPA antigen |

!

| Father homozygous

!

I

| Father heterozygous |

{

| Antigen-positive fetus )

' !

Previous fetus or neonate with
intracranial hemorrhage diagnosed
at 28 or more weeks of gestation

Previous infant with
thrombocytopenia but no
intracranial hemorrhage

| PCR testing via
amniocentesis (not CVS)
+ for fetal platelet genotype
Previous fetus with intracranial +

hemorrhage diagnosed at less |

than 28 weeks of gestation Antigen-negative fetus |

i

1
{ | No further testing necessary |

EGA 12 weeks:
Intravenous immunoglobulin
(1 g/kg/week)

EGA 12 weeks:
Intravenous immunoglobulin
(2 g/kg/week)

!}

I

EGA 20 weeks:

Intravenous immunoglobulin
(1 g/lkg/week) and prednisone
(0.5 mg/kg/day)
or
intravenous immunoglobulin
(2 g/kg/week)

EGA 20 weeks:
Increase intravenous

EGA 20 weeks:
Add prednisone (1 mg/kg/day)

immunoglobulin to 2 g/kg/
or
add prednisone (0.5 mg/kg/day)

EGA 32 weeks:
Give intravenous immunoglobulin
(2 g/kg/week) and prednisone
(0.5 mg/kg/day)

EGA 28 weeks:
Give intravenous immunoglobulin
(2 g/kg/week) and prednisone

Deliver by cesarean at 37-38
weeks EGA after lung maturity
documented; vaginal delivery only
recommended if percutaneous
umbilical blood sampling at or
after 32 weeks shows more
than 100,000 mm?® platelets

Figure 2 Platelet alloimmunization algorithm.
Note: Reproduced with permission from: Pacheco LD, Berkowitz RL, Moise K], et al. Fetal and neonatal alloimmune thrombocytopenia. Obstet and Gynecol. 201 1;118:1 57—

11635

(0.5 mg/kg/day)
[

f

Deliver by cesarean at 35-36
weeks EGA after lung maturity
documented; vaginal delivery only
recommended if percutaneous
umbilical blood sampling at or
after 32 weeks shows more
than 100,000 mm? platelets

Abbreviations: CVS, chorionic villus sampling; EGA, estimated gestational age; HPA, human platelet antigen; PCR, polymerase chain reaction.
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For patients who do not respond to IVIG and gluco-
corticoid administration, an alternative treatment includes
serial-matched platelet transfusion. Platelet transfusions only
transiently increase the fetal platelet count because transfused
platelets are also targeted by maternal antibodies.* All treat-
ment regimens should be continued until delivery. Although
the data are conflicting regarding the optimal mode of deliv-
ery, early delivery via cesarean section may help reduce the
risk of ICH in severely thrombocytopenic fetuses.

Mode of delivery

Timing of delivery is variable with delivery for severe disease
recommended at an earlier gestational age. Currently, there is
no absolute recommendation for gestational age of delivery
or preferred mode of delivery. There is no definitive evidence
that cesarean delivery prevents ICH.!'® Most studies suggest
liberal use of cesarean delivery for those at high risk or very
high risk for disease with consideration of vaginal birth only
if the platelet count is greater than 50,000—100,000/uL prior
to delivery. For those at standard risk, vaginal deliveries are
thought to be safe. A prospective study from the Netherlands
found that vaginal delivery is safe in pregnancies affected by
NAIT when there was no ICH detected in the previous preg-
nancy. In this study, 23 women delivered vaginally and nine
had cesarean deliveries, all for obstetric indications. Severe
neonatal thrombocytopenia (<50,000/uL) was seen in four
deliveries, of which three were born vaginally. None of the
neonates had signs of ICH or bleeding after delivery.*

For those in the higher risk groups who desire vaginal
delivery, FBS is recommended at 32 weeks and if the platelet
count is greater than 100,000/uL, the patient should continue
therapy and then may undergo induction at 37-38 weeks. If
the patient decides to forego PUBS FBS at 32 weeks, but
desires a vaginal delivery, PUBS FBS can be performed
between 36 and 37 weeks and if the fetal platelet count is
above 50,000/uL, a vaginal delivery can be offered.”

IfPUBS FBS is not performed, delivery after documented
fetal lung maturity by cesarean section is recommended at
37-38 weeks if there is no history of ICH in a prior pregnancy
and at 35-36 weeks in those with a prior affected newborn
or fetus with an ICH. For those in the very high risk group,
cesarean delivery is usually recommended regardless of
platelet count. Care should be taken to avoid fetal trauma
with vacuum, forceps, fetal scalp electrodes, and external
cephalic version in all cases affected by NAIT.>

Although up to 10% of women can have gestational
thrombocytopenia, maternal platelets are usually normal and
there should be no contraindications to regional anesthesia.

In all cases, delivery should occur at a tertiary care center
secondary to the risk for ICH and need for platelet transfu-
sion after delivery.

Neonatal management

Although the thrombocytopenia caused by NAIT usually
resolves spontaneously within 1-2 weeks after delivery, seri-
ous bleeding, including ICH, can still occur in the immediate
postpartum period. Serial neonatal platelet counts should
be obtained for the first 5-7 days after delivery.'®6%* The
goal of therapy in the first 72-96 hours of life is to keep
platelet levels above 30,000/uL without active bleeding
and above 50,000—100,000/uL if there is evidence of active
bleeding.?*?"?8 Neonates can be treated similarly to mothers
in the antenatal period with IVIG, steroids, or platelet trans-
fusions if rapid correction of the platelet count is indicated.
Maternal or donor platelets should be available for transfu-
sion after delivery. The recommended transfusion is 10 mL
of platelets per kilogram of neonatal weight where 1 mL of
platelet increases the platelet count by 5,000/uL.

If a platelet transfusion is necessary, washed and irradi-
ated maternal platelets or HPA-compatible donor platelets
obtained from a regional registry of HPA-typed donors are
recommended. Of note, maternal platelets are no longer used
as frequently because the process of washing and irradiat-
ing maternal platelets to make them suitable for transfusion
is lengthy and can reduce platelet function and is therefore
not the best option when an emergent transfusion is needed.
If postpartum transfusion cannot be delayed, it is safe and
beneficial for the neonate to receive a random platelet trans-
fusion with or without IVIG.?%62% One retrospective study
showed that transfusion of random-donor platelets alone
was effective in correcting critically low platelet counts and
preventing further bleeding.

Conclusion

It is important to remember that although NAIT is a rare
condition, however, it is the most common cause of severe
thrombocytopenia in the “well” term neonate. The disease
spectrum may vary from mild to severe thrombocytopenia
with ICH and possibly death. Any term neonate with no
identifiable cause for thrombocytopenia should have parental
samples sent for NAIT testing. Treatment in all subsequent
pregnancies should be initiated early and should include
IVIG with or without the addition of steroids, if necessary. If
fetal transfusion is required, HPA-compatible donor platelets
are preferred; however, random-donor platelet transfusions
have been shown to be a safe, effective, and an immediate
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way to increase the platelet count if HPA-matched platelets
are unavailable. A multidisciplinary approach should be
used to care for women with pregnancies affected by NAIT
including maternal—fetal medicine specialists, hematologists,
neonatologists, and the blood bank, with delivery occurring
at a tertiary health care center.
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