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There is an array of conditions, both inherited
and acquired, which may be responsible for
thrombocytopenia in the pediatric population.
The conditions leading to thrombocytopenia may
vary from relatively benign with the only risk being
bleeding from defective coagulation to life-threat-
ening conditions such as sepsis and multisystem
organ failure that result not only in thrombocyto-
penia but severe end-organ dysfunction. Of the
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many medications used in the hospital setting,
the potential role of heparin in inducing throm-
bocytopenia is being recognized more frequently.
In a subset of patients exposed to heparin, there
may be the development of antibodies that
induce thrombocytopenia and, at times, throm-
bosis. Given the potential for morbidity if
unrecognized, heparin-induced thrombocytope-
nia (HIT) should be considered in the differential
diagnosis of thrombocytopenia in the pediatric
patient. In this issue of the Journal of Pediatric
Pharmacology and Therapeutics, Dr. Vakil et al1

present a comprehensive and informative review
of what is recognized as one of the more serious
and potentially life-threatening causes of a falling
platelet count, HIT. Although originally de-
scribed in the adult population, with increased
awareness of the entity, heightened vigilance, and
improved diagnostic laboratory tests, HIT is
being recognized with increased frequency in the
pediatric population. Timely and comprehensive
reviews such as the one presented herein serve to

inform and educate all of us involved in the care
of pediatric patients.

Heparin is one of the oldest medications in
widespread clinical use. Although its discovery in
1916 predates the establishment of the Food and
Drug Administration, it did not enter clinical trials
until 1935.2 Heparin was originally isolated from
canine liver cells, hence its name hepar from the
Greek meaning ‘‘liver.’’ Native heparin is a polymer
with a molecular weight ranging from 3 to 30 kDa,
although the average molecular weight of most
commercial heparin preparations varies from 12 to
15 kDa. Heparin is a member of the glycosamino-
glycan family of carbohydrates (which includes the
closely related molecule heparin sulfate). It is
composed of a variably sulfated repeating disac-
charide unit. Heparin is a naturally occurring
anticoagulant produced by basophils and mast
cells. It has been estimated that approximately 12
million individuals or one-third of hospitalized
patients have some type of exposure to heparin
yearly.

HIT, sometimes referred to as the ‘‘white clot
syndrome,’’ is a potentially fatal disorder. Although
significant attention has been given to this disorder
in the adult population, there have been limited
reports in pediatric-aged patients.3–5 Shortly after
the introduction of heparin for clinical use in the
1930s, reports of thrombocytopenia began to
appear, although its clinical implications were not
truly appreciated.6–8 In 1958, two vascular surgeons
reported arterial thrombosis in 10 patients receiving
heparin.9 This was followed by a report of 11
additional patients in 1964 and the suggestion that
the process resulted from an autoimmune (antigen–
antibody) interaction.10 This theory was later
proven in 1973 by Rhodes et al.11 Diagnostic tests
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for HIT became available in the 1980s, while the
1990s saw the introduction of several non-heparin
agents to provide anticoagulation.12

The exact incidence of HIT is unknown, but
studies have suggested that it ranges from as low as
1% to as high as 30%.13–16 HIT can develop after
exposure to either unfractionated or low-molecular-
weight heparin, although the incidence is lower with
the second type. Exposure may be from any method
of administration, including a bolus, infusion,
intravenous, or subcutaneous route, as a flush
solution, or on heparin-impregnated catheters.17–21

In most scenarios, the patient’s platelet count falls 5
to 14 days after heparin is first given; however, if
circulating anti-heparin antibody (immunoglobulin
G [IgG]) from previous heparin exposure is already
present, the platelet count may fall immediately on
reexposure. The most common symptom of HIT is
enlargement or extension of a previously diagnosed
thrombus or the development of a new thrombus
elsewhere in the body. In the adult population,
thrombolytic complications are primarily arterial
and tend to involve the extremities, although there
are reports of cerebral, myocardial, and mesenteric
thrombosis.22–24 Venous thromboses, especially
deep venous thrombosis (DVT), and their pulmo-
nary embolic complications are less frequent,
although a strong index of suspicion should be
maintained when HIT is suspected. Thrombotic
complications may occur at multiple anatomic sites
and can result in significant morbidity including
loss of limb and mortality rates of up to 30% in
adult patients.24–26 The location, incidence, and risk
of morbidity and mortality from HIT is less well
defined in pediatric patients. Makhoul et al27

reported that arterial and venous thrombotic events
occurred in previously catheterized vessels in 19 of
their 25 patients when anticoagulation was admin-
istered for cardiopulmonary bypass and thrombo-
cytopenia was noted postoperatively. The latter
condition may suggest a propensity to develop
thrombotic complications in vessels with previous
endothelial damage.

The mechanism by which heparin causes throm-
bocytopenia has not been completely elucidated.
Heparin antibodies form an antigenic compound by
binding to platelet factor 4. Platelet factor 4 is a
protein stored in the a-granule of the platelet. The
platelet factor 4-heparin complex binds additional
heparin antibodies and activates platelets, leading
to their clearance from the circulation and subse-
quently thrombocytopenia.29,30 Although the pro-
cess generally takes 5 to 14 days, the decline in the
platelet count may be more rapid in patients who
have been previously exposed to heparin and have
already formed antibody.

HIT can be divided into two subgroups, HIT
type 1 and HIT type 2. It is unknown whether these
are two distinct pathophysiological processes or
different manifestations of the same process. Type 1
HIT is a less severe form of the disease. There is a
mild and early decrease in platelet count that
improves even if heparin administration is contin-
ued. Thrombotic complications generally do not
occur with HIT type 1. HIT type 2 results in a more
severe degree of thrombocytopenia, which does not
resolve without cessation of heparin therapy.
Thrombotic complications occur with HIT type 2.
Current laboratory testing cannot differentiate
between the two subgroups of HIT. Given the
severity of HIT type 2 and its associated morbidity
and mortality, clinicians should assume a diagnosis
of HIT type 2.

In patients exposed to heparin with a declining
platelet count, there are different laboratory tests,
which may be used to aid in the diagnosis of HIT.
These tests include either identification of the
antibody in the patient’s serum or demonstration
of platelet aggregation and activation when incu-
bated with the patient’s serum. An enzyme-linked
immunosorbent assay (ELISA) for heparin-platelet
factor 4 has been shown to have better sensitivity
than the platelet aggregation test. Sensitivity is
increased because ELISA can detect antibodies to
IgM and IgA (which are typically not detected by
the aggregation assays) in addition to the more
common IgG antibodies.31,32 However, there is a
relatively high false-positive rate as the presence of
the antibody does not demonstrate that it actually
results in platelet activation. Given this problem,
other tests that demonstrate platelet activation have
been shown to have a higher specificity, although
they may not be routinely available in most
institutions. One such test is the heparin-induced
platelet aggregation study in which donor platelets
are mixed with the patient’s plasma. Aggregation of
platelets results in a change in the optical density of
the solution. The test is considered positive if
aggregation results in a change of optical density
greater than 20%. Results are reported as ‘‘nega-
tive,’’ ‘‘weakly positive,’’ ‘‘positive,’’ or ‘‘strongly
positive.’’ The test offers a sensitivity and specificity
rate of more than a 90%.33 Other tests assess
platelet aggregation by identifying the release of a
specific substance from platelets during activation,
such as adenosine diphosphate (identified by
chemiluminescence) or a 14C-labeled serotonin
release assay.31 These tests are considered the ‘‘gold
standard’’ but are also more cumbersome and time
consuming and are likely available only in research
laboratories. Given the issues outlined above with
the laboratory diagnosis of HIT, attention has been
focused on clinical signs and symptoms.34,35 The
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authors suggest that patients with a high score may
need to be treated with an alternative drug while
more sensitive and specific tests for HIT are
performed, whereas those patients with a low score
can safely continue receiving heparin as the
likelihood that they have HIT is extremely low.
The 4T scoring system can be found in the Table.

Although HIT is well described in the adult
population, there is a paucity of reports of HIT in
infants and children. Ranze et al4 reviewed the
literature and identified a total of 9 pediatric
patients, ranging in age from 3 months to 15 years,
who developed HIT. All of these patients developed
HIT following unfractionated heparin administra-
tion. In 8 of the 9 patients, there were thrombotic
complications. The majority of the thrombotic
complications included the venous system. Five of
the 6 venous thromboses affected the inferior vena
cava or the lower extremity venous system. Four
patients had arterial involvement, including 2
patients with evidence of central nervous system
involvement (hemiparesis, amaurosis fugax), an
intracardiac thrombus in 1 patient, and thrombosis
of the femoral/tibial artery in another. Morbidity
was noted in 3 patients, including residual hemipa-
resis, gangrene of the left forefoot that required
amputation, and the need for mitral valve replace-
ment.

Spadone et al5 evaluated 34 neonates with a
mean gestational age of 29 weeks for HIT during
their neonatal intensive care unit courses. None of
the infants had received therapeutic anticoagula-
tion, as heparin was administered only to maintain
patency of invasive vascular catheters. Screening for
HIT was initiated because of a platelet count of
,70,000/lL (n¼23), a precipitous 30% to 50%
decrease of the platelet count (n¼5), or an
unexplained thrombotic event (n¼6). HIT was
diagnosed in 14 newborns in the cohort of 34. This
finding resulted in an overall incidence of 1.5% of
neonates exposed to heparin during the study
period. Aortic thrombosis was diagnosed by ultra-
sonography in 11 of the 14 patients (85%)

compared with 5 of the 20 (25%) neonates with
negative laboratory test results for HIT. Overall
mortality in the neonates with HIT was 21% vs.
35% (p¼not significant) in neonates with thrombo-
cytopenia of other causes.

Of primary importance when dealing with either
the adult or pediatric patient with HIT is immediate
cessation of heparin administration via any route.
There are several alternative anticoagulants for
patients with HIT who require ongoing anticoagu-
lation. Warfarin therapy is generally not suggested
as there has been an association between warfarin
and an increased risk of microvascular thrombosis
during HIT.32 If warfarin is used, treatment should
be delayed until the platelet count is at least
150,000/lL. Although cross-reactivity occurs with
low-molecular-weight heparin in 80% to 90% of
cases, these medications have been safely used
provided that in vitro testing fails to demonstrate
platelet aggregation.25 A lower incidence of cross-
reactivity (10%-20%) is seen with danaparoid, a
heparinoid with factor Xa-inhibiting properties.36

Other non-heparin anticoagulants include the gly-
coprotein (GP) IIb/IIIa inhibitors, the direct
thrombin inhibitors (hirudin, lepirudin, bivalirudin,
and argatroban), and the defibrinogenating enzyme
(ancrod).3,37–49 The synthetic direct thrombin in-
hibitor argatroban is not immunogenic, as opposed
to danaparoid sodium and lepirudin, which have
some immunogenicity. Argatroban is approved in
the United States for treatment of patients with
HIT. It is given intravenously as a continuous
infusion with a half-life of elimination of about 45
minutes. The dose of argatroban does not need to
be adjusted in the presence of renal insufficiency;
however, it does need to be lowered in case of
hepatic injury or insufficiency. The therapeutic
effect of argatroban can be followed by serial
activated partial thromboplastin time examinations.

Following identification and treatment of an
episode of HIT, education of the patient and family
is critical to avoiding reexposure. Heparin must be
clearly flagged as a medication to be avoided in the
patient’s chart. Medical alert bracelets may aid in
preventing future exposure to heparin. Education of
healthcare professionals is also crucial to successful
prevention of reexposure. Healthcare professionals
must be educated to check for contraindications to
heparin. Careful attention must be paid to avoid
heparin-containing flushes and heparin-impregnat-
ed catheters as even a small exposure to heparin can
trigger another acute thrombotic event.

In summary, HIT should be considered in any
patient presenting with thrombocytopenia. Al-
though HIT is diagnosed most commonly in the
adult cardiac surgical patient, even minor exposures
to heparin via flush solutions for arterial and

Table. Criteria Included in the 4Ts Scoring System for
Heparin-Induced Thrombocytopenia

1. Thrombocytopenia - a platelet count decrease of
more than 50% or a platelet nadir of �20,000/lL

2. Timing - the onset of thrombocytopenia within 5-
10 days of initiation of heparin therapy or �1day
with previous heparin therapy

3. Thrombosis - documented as new

4. Thrombocytopenia – no likely alternative cause for

JPPT C Lancaster, et al

4 J Pediatr Pharmacol Ther 2012 Vol. 17 No. 1 � www.jppt.org



venous cannulae can precipitate HIT. Diagnosis is
based on clinical findings in association with
available laboratory testing. With increased aware-
ness and vigilance, HIT is now being diagnosed in
pediatric patients of all ages. Given the risk of
significant morbidity related to arterial and venous
thrombolytic disease, prompt diagnosis and cessa-
tion of heparin therapy are necessary.
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