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Prenatal Intracranial Hemorrhage and Neurologic
Complications in Alloimmune Thrombocytopenia

Uzma Sharif, MD; Karl Kuban, MD, SMEpi

ABSTRACT

Neonatal alloimmune thrombocytopenia results from platelet-antigen incompatibility between mother and fetus, leading
to antibody-mediated destruction of fetal platelets. With a prevalence of 1 in 1000 births, approximately 4000 infants born
in the United States each year develop neonatal alloimmune thrombocytopenia. Ten to 20% of affected neonates develop
intracranial hemorrhage, with 25 to 50% occurring prenatally. We report three infants who developed prenatal hemorrhage.
One died in utero, and the other two had cerebral porencephaly and neurologic deficits. Infants with neonatal alloimmune
thrombocytopenia have elevated risks of perinatal death and neurologic complications, including cerebral palsy, hypoto-
nia, cortical blindness, developmental delay, seizures, and psychomotor retardation. We also report our retrospective
review of the New England Medical Center neonatal intensive care unit between 1990 and 1999. Using current manage-
ment guidelines, including treatment of the mother with a weekly infusion of high-dose (1-2 g/kg) intravenous immunoglobulin
and/or corticosteroids, all eight infants with neonatal alloimmune thrombocytopenia did well. (J Child Neurol 2001;16:838-842).

Each year, an estimated 400 to 800 cases of prenatal intracra-
nial hemorrhage occur as a result of immune-mediated
thrombocytopenia, the vast majority because of maternal
sensitization to fetal (paternally inherited) platelet anti-
gens. These infants who have alloimmune (isoimmune)
thrombocytopenia have an elevated risk of in utero and
postnatal death and are at elevated risk for developing both
preventable and treatable neurologic complications, includ-
ing intracranial hemorrhage and hydrocephalus. In addition,
alloimmune thrombocytopenia often recurs in future preg-
nancies, but the neurologic repercussions are largely pre-
ventable. Yet there is scant recognition of this disorder in
the American pediatrics and neurology literature. Thus, we
report the presentation and outcome of three members in
two families who developed prenatal hemorrhage because
of alloimmune thrombocytopenia. We also present a retro-
spective review of eight cases of neonatal alloimmune
thrombocytopenia admitted between 1990 and 1999 to our
neonatal intensive care unit.
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CASE REPORTS

Case 1
A 2-month-old boy was born at 39 weeks’ gestation to a healthy 26-
year-old mother who underwent two elective abortions previously
with the same partner. The pregnancy was notable for spotting at
the 12th and 32nd weeks. Following the second episode of spot-
ting, the mother noted diminished frequency and amplitude of
fetal movements. Ultrasonography studies at 6, 14, and 19 weeks
appeared normal. Labor continued for 22 hours, and because of fetal
decelerations, a cesarean section was performed. Apgar scores were
8 and 9 at 1 and 5 minutes.

At 3 hours of life, the head circumference was measured at
37.5 cm (>95%), and petechiae were noted over the trunk and
arms. The platelet count was 7000/u.L, and he underwent platelet
transfusions, with subsequent normalization of platelet counts.
Cranial computed tomography (CT) and magnetic resonance imag-
ing showed bilateral, intraventricular clots, a right temporal poren-
cephalic cyst, aqueductal stenosis, and severe hydrocephalus
(Figures 1 and 2). A ventriculoperitoneal shunt was placed on the
third day of life. The maximum serum bilirubin level was 6 mg/dL.

The family history was notable for the absence of strokes, ten-
dency to bleed, or other neurologic problems. The maternal grand-
mother had Sjogren’s syndrome and hypothyroidism, and a maternal
aunt had hyperthyroidism. The mother’s platelets did not have the
PI(A1) antigen, whereas the father’s platelets were positive for PI(Al).

On examination at 2 months of age, the head circumference
was 36.7 cm (25%), and he had left plagiocephaly. The anterior
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Figure 1. Axial cranial ultrasonogram (third day of life). Bilateral
intraventricular clot, and hydrocephalus. Right temporal echolucency
extending from cortex to ventricle (arrow).

fontanelle was almost closed. The subject had a nonobligatory
head tilt to the left and excellent head control to traction pull. He
moved all extremities equally and had normal tone. He had poor
visual orientation, with no fixation and following, but turned to
voices. Deep tendon reflexes were symmetric and normal.

Case 2

A 15-year-old boy was seen for seizures, severe learning disability,
a left hemiparesis, behavioral difficulties, and a right temporal
cyst. Review of the perinatal records disclosed that the infant was
born at term with a normal birthweight following an uncomplicated
pregnancy. Following birth, he was found to have numerous
petechiae, had a platelet count of 8000/uL, and required several
platelet transfusions. A CT scan on the fifth day of life revealed a
right temporal hemorrhage, and the head circumference was at the
90th percentile. Subsequently, he developed a partial complex
seizure disorder with a right temporal spike abnormality on elec-
troencephalographic testing. He was treated initially with pheno-
barbital and subsequently with carbamazepine and valproate, and
continues to have an incompletely controlled epileptic disorder at
15 years of age. He has required special educational interventions,
and at 15 years reads at a 5th-grade level. In addition, he has
required hospitalization for behavioral difficulties and is main-
tained on neuroleptic medications.

Case 3

A sister of case 2 was stillborn because of intracranial hemor-
rhage and hydrocephalus, but an autopsy was not performed. An
11-year-old brother was well at birth. The mother’s platelets did not
have the PI(Al) antigen.

REVIEW OF ADMISSIONS

Eight patients of 5808 admissions were identified to have
neonatal alloimmune thrombocytopenia using discharge
diagnoses in the New England Medical Center neonatal
intensive care unit database (Table 1). Their charts were
reviewed, and all cases were confirmed by testing for the
P1(A1) antigen and antibody. None were born before 32
weeks’ gestation. All had high Apgar scores. Three infants

Figure 2. Coronal T,-weighted magnetic resonance imaging (3
months). Right temporal cyst with residual blood (long arrow), right
sylvian and frontal cortical atrophy (short arrow), widened right frontal
horn, right skull defect from shunt.

had a history of prior affected siblings; therefore, these
pregnancies were carefully monitored, and the mothers
received in utero treatments. Two were suspected to have
neonatal alloimmune thrombocytopenia on the basis of
hematuria, and four had petechiae, predominantly in the
groin areas. In the three cases that were monitored with peri-
umbilical blood sampling and in utero transfusions, the
prenatal platelet count ranged from 5,000 to 63,000/p.L. The
platelet count for all eight cases in the immediate neonatal
period ranged from 8,000 to 196,000/p.L. Postnatal cranial
ultrasonography for four of the eight infants was normal. The
other four infants did not undergo cranial ultrasonography
studies. No infant developed neurologic symptoms, all did
well while in the neonatal intensive care unit, and all were
discharged home in good condition.

In this group of eight infants, one might have expected
intraventricular hemorrhage/hydrocephalus in one or two
of the infants, with the highest risk evident in the three
with a previously affected infant. Those three mother/fetal
pairs underwent periumbilical blood sampling, with two
receiving intrauterine platelet transfusions, and were treated
with intravenous immunoglobulin and/or corticosteroids.
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Table 1. Review of 5808 Admissions to NEMIC NICU 1990-1999:
Clinical Features of 8 Infants with NAT*

No. Affected

Clinical Features

History of prior affected
siblings 3
Multigravidity 5
Thrombocytopenia 8; average platelet count (range)
Prenatal: 25,3000/p.L (500-63,000/p.L)
Postnatal: 57,000/u.L (8000-196,000/p.L)
Petechiae in newborn
period 4; mostly in the groin
Hematuria 2
Hydrocephalus 0; 4 had cranial ultrasonography
studies
1; received intravenous immunoglobulin
1; received prednisone
1; received both

Maternal management

Fetal management
sampling 3; underwent periumbilical blood

2; received intrauterine platelet
transfusions

Postnatal treatment 5; platelet transfusions

*Prevalence of 1.4/1000.
NEMC = New England Medical Center; NICU = neonatal intensive care unit;
NAT = neonatal alloimmune thrombocytopenia.

None developed central nervous system hemorrhage or
complications.

DISCUSSION

We report three infants with alloimmune thrombocytopenia
who either died or developed neurologic complications.
We also show that infants with neonatal alloimmune throm-
bocytopenia may do well, particularly if at-risk pregnancies
and early neonatal courses are monitored and treated appro-
priately. This condition has been widely recognized and
reported in the perinatology, obstetrics, hematology, and
transfusion medicine literature. In the general pediatrics lit-
erature, however, there have been only two case reports, in
1979' and 1985, at times when prenatal treatment options
were not recognized. There were no MEDLINE citations of
this disorder in the American child neurology literature.
Alloimmune thrombocytopenia is a serious clotting
disorder resulting from platelet-antigen incompatibility
between the mother and fetus and has been recognized for
almost 40 years. It has variously been called isoimmune
thrombocytopenia, fetomaternal alloimmune thrombocy-
topenia, and neonatal alloimmune thrombocytopenia, the
most commonly used designation. This disorder is an uncom-
mon event but an important cause of thrombocytopenia in
infants. Initially, the prevalence of neonatal alloimmune
thrombocytopenia was estimated to be approximately 1 in
5000 to 10,000 births.? More recent, updated surveillance data
support a prevalence of approximately 1 in 1000 births.*® The
chief complication is intracerebral hemorrhage, which devel-
ops in approximately 10 to 20% of affected neonates,® and
25 to 50% of the cases occur in utero.” Given an estimated
4 million live births annually in the United States, approxi-
mately 4000 infants in the United States each year will have
neonatal alloimmune thrombocytopenia, 800 of whom are
expected to have intracranial hemorrhage, up to half of

whom will experience it prenatally.® Yet, currently, this dis-
order is not part of routine antenatal screening in pregnant
women presumably because it is viewed as a rare occurrence
and is therefore not cost effective.

Intracranial hemorrhage owing to neonatal alloimmune
thrombocytopenia often recurs in subsequent pregnan-
cies, ! as occurred in the second case of this report. As only
10 to 15% of the infants with neonatal alloimmune throm-
bocytopenia develop central nervous system hemorrhage, cer-
tain families appear to be at particular risk for this
complication. This increased risk in certain families may
be related to the observation that platelet antigens are found
on endothelial cells and activated lymphocytes.'? Apart from
a previously affected infant, there is no other predictor of
neonatal alloimmune thrombocytopenia.'® However, fetuses
with older affected siblings who had had a prenatal intracra-
nial hemorrhage have significantly lower initial platelet
counts than fetuses without affected siblings, suggesting
that it may be possible to predict which fetuses are at greater
risk for earlier hemorrhage in subsequent pregnancies.'*

Pathophysiology

Neonatal alloimmune thrombocytopenia occurs when a
mother becomes sensitized to a platelet antigen, usually
P1(Al), present on the fetal platelets, inherited from the
father, but lacking in the maternal platelets. The maternally
produced antiplatelet IgG antibodies cross the placenta
and cause immune-mediated platelet destruction.>'® This
mechanism is analogous to what occurs in Rh-hemolytic dis-
ease of the newborn, although neonatal alloimmune throm-
bocytopenia, unlike Rh disease, can occur in the first born.
Thirty to 60% of affected neonates are born to nulliparous
women.' Placental transfer of antibodies can occur from
the 14th week of pregnancy, and fetal platelet alloantigens
have been demonstrated as early as the 18th week of ges-
tation.!”8 The earliest recorded intracranial hemorrhage
was at 14 to 16 weeks of gestation. Congenital hydrocephalus
resulting from in utero intracranial hemorrhage has been
reported.'*? After birth, without intervention, the duration
of thrombocytopenia depends on the rate of removal of
maternal antiplatelet antibodies from the neonatal circula-
tion, which usually requires from 1 to 3 weeks.

Currently, five biallelic platelet alloantigen systems are
well established,!” and a number of rare alloantigens have
also been described. In Caucasians, the P1(Al) (Zw?) is the
most common antigen implicated as a cause of neonatal
alloimmune thrombocytopenia, whereas in Asians, it is
P1(6b). Overall, the subsequent fetuses of sensitized P1(A1-)
mothers who are obligatorily homozygous recessive have
an 85 to 90% chance of having neonatal alloimmune throm-
bocytopenia.?! If the father is heterozygous (P1A1/P1A2),
the recurrence rate is 50%, whereas if the father is homozy-
gous for PI(Al), the recurrence rate is 100%.*

Clinical Aspects

The course of neonatal alloimmune thrombocytopenia in the
infant is variable, ranging from benign resolution of throm-
bocytopenia within 2 to 3 weeks to fatal hemorrhage.?
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Approximately 10 to 20% of affected fetuses have intracra-
nial hemorrhages, of which an estimated one quarter to
one half occur in utero,'* some of whom may have more than
one hemorrhage.? Obstetricians and neonatologists have
recommended delivery by cesarean section; however, hem-
orrhagic events may precede delivery and consequently
may not be totally prevented by choice of delivery route.

Diagnosis

Neonatal alloimmune thrombocytopenia occurs in approx-
imately 1 in 1000 neonates. The diagnosis is usually made
after the discovery of unexpected, severe neonatal throm-
bocytopenia in an otherwise healthy infant, identified as a
result of signs of bleeding such as petechiae and ecchymoses.
Since prenatal sonographic screening is so prevalent, some
cases of intracranial hemorrhage, or resulting hydrocephalus,
can be identified prenatally.?? However, about 60% of infants
born with thrombocytopenia are serologically negative for
antibodies to P1(A1).6 Other considerations in the differen-
tial diagnosis of thrombocytopenia in the “well” newborn
infant include maternal immune-mediated thrombocytopenia
purpura, which is usually symptomatic in the mother dur-
ing pregnancy and at times associated with systemic lupus
erythematosus, and platelet consumption within a heman-
gioma (Kasabach-Merritt syndrome). The ill neonate can
develop thrombocytopenia resulting from septicemia, con-
genital infections, neonatal leukemia, meconium aspira-
tion, cyanotic congenital heart disease, neonatal
encephalopathy with brain injury, and as part of the syn-
drome seen with trisomy 13 and 18.

The differential diagnosis of prenatal intracranial hem-
orrhage includes both maternal and fetal factors. Maternal
conditions that predispose to antenatal hemorrhage include
the presence of von Willebrand’s disease, trauma, cocaine
exposure, maternal treatment with warfarin, amniocente-
sis, cholestasis of pregnancy, abdominal massage, and febrile
illness. Fetal conditions include factors V and X deficiency,
hemorrhage into congenital tumors, twin-twin transfusion,
demise of a co-twin, fetomaternal hemorrhage, ruptured
vascular malformations, and idiopathic causes of intraven-
tricular hemorrhage.

Since routine antenatal screening does not include PI(Al)
typing of the mother, the first affected infant is usually unex-
pected, and the diagnosis is made after delivery employing
immunoblot technology. However, diagnosis can be antici-
pated when there is a history of a previously affected infant.!
The detection of other women at risk in the families of anti-
gen-negative mothers should be carried out in all cases,
allowing prenatal management to be planned in advance.

Although a rising maternal platelet antibody titer usu-
ally correlates with severity of disease in the infant, severely
affected infants have been born to mothers with low anti-
body titers.??

Prognosis
Antenatal hemorrhage occurs in up to one half of the intracra-
nial hemorrhages seen in cases of neonatal alloimmune

thrombocytopenia, and there can be as many as 800 cases in
4 million deliveries per year of neonatal alloimmune throm-
bocytopenia-related intracranial hemorrhage in the United
States.® Affected fetuses have a 9% mortality rate (24% in the
first affected pregnancy and 5% in subsequent pregnancies),
with an overall 28% incidence of intracranial hemorrhage.?*
Kaplan et al® found that 17% of neonates with purpura at birth
subsequently developed neurologic sequelae.

Vergani et al® found that the prognosis is poor in nearly
90% of infants who developed parenchymal and subdural
hemorrhages, whereas it is better in the subgroup with
intraventricular hemorrhage. Infants with intracerebral
hemorrhage have been reported to develop spasticity, cere-
bral palsy, hypotonia, cortical blindness, developmental
delay, seizures, and psychomotor retardation'>'22” but can
remain normal®? or die in 9 to 14% of cases.?>?#230 In the
three cases of this report, one died, and the other two had
substantial neurologic deficits.

Treatment

Treatment recommendations vary according to whether a
case is an anticipated recurrence or identified as a result of
in utero or postnatal signs, such as intracranial hemorrhage
or hydrocephalus, seen most often in nulliparous women.

The management of a possible anticipated recurrence
involves fetal blood sampling at about 20 weeks of gestation
to evaluate fetal platelet phenotype and platelet count, 141629315
Therapy must be introduced in even moderately affected
fetuses because in untreated fetuses, the platelet count will
always fall subsequently.’*" If the fetus is found to have
neonatal alloimmune thrombocytopenia, then treatment is
instituted by administration of high-dose (1-2 g/kg) intra-
venous immunoglobulin given weekly to the mother.>3

A second fetal blood sampling should be performed at
about 24 weeks to assess the efficacy of treatment and, if
inadequate, to consider additional therapeutic interven-
tions, including use of corticosteroids and platelet transfu-
sions. Administration of oral corticosteroid to the pregnant
mother has also been shown to be effective, especially
when intravenous immunoglobulin alone is not. Together,
these two therapeutic maneuvers will result in an almost
immediate rise in the platelet count to safe values.?” Another
fetal blood sampling should be undertaken 4 weeks after
additional treatment, once again to evaluate efficacy.

When platelet counts remain low despite appropriate
therapy, some authors recommend in utero platelet trans-
fusions. Generally, effective management by platelet trans-
fusion alone appears to be difficult as the lifespan of the
transfused platelets is only 8 to 10 days, requiring repeated
administrations. In addition, the need for repeated fetal
blood sampling to measure therapeutic effects has been
shown to be associated with increased risk for hemorrhage
and exsanguination at the site of sampling,.

A final sampling near the end of the pregnancy assists
in determining appropriate mode of delivery. When the fetal
platelets are above 50,000/p.L, vaginal delivery can be con-
sidered safe. With platelet counts below 50,000/p.L, intrauter-
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ine transfusion of platelets can be performed prior to vagi-
nal delivery. If platelets are not available, cesarean section
should be considered.?

When the diagnosis of neonatal alloimmune thrombo-
cytopenia is considered because of in utero complications,
such as intracranial hemorrhage or hydrocephalus result-
ing from hemorrhage, the first line of treatment consists of
administration of washed and irradiated maternal platelets.
Concomitant high-dose intravenous immunoglobulin is also
recommended!® and needs to be continued weekly through
the pregnancy. The addition of corticosteroid treatment
appears warranted as well.

After the delivery, thrombocytopenia, bleeding diathe-
sis, intracranial clot, and hydrocephalus are managed in
standard fashion. All affected infants require cranial imag-
ing studies, and platelet counts should be performed twice
weekly for 3 to 4 weeks. Once the platelet count increases,
recurrence of thrombocytopenia is unlikely.?
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