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Heparin-induced thrombocytopenia: when a
low platelet count is a mandate for
anticoagulation

Thomas L. Ortel1
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Heparin-induced thrombocytopenia (HIT) is an immune-mediated disorder caused by the development of
antibodies to platelet factor 4 (PF4) and heparin. The thrombocytopenia is typically moderate, with a
median platelet count nadir of ~50 to 60 × 109 platelets/L. Severe thrombocytopenia has been described
in patients with HIT, and in these patients antibody levels are high and severe clinical outcomes have been
reported (eg, disseminated intravascular coagulation with microvascular thrombosis). The timing of the
thrombocytopenia in relation to the initiation of heparin therapy is critically important, with the platelet
count beginning to drop within 5 to 10 days of starting heparin. A more rapid drop in the platelet count
can occur in patients who have been recently exposed to heparin (within the preceding 3 months), due to
preformed anti-heparin/PF4 antibodies. A delayed form of HIT has also been described that develops
within days or weeks after the heparin has been discontinued. In contrast to other drug-induced
thrombocytopenias, HIT is characterized by an increased risk for thromboembolic complications, prima-
rily venous thromboembolism. Heparin and all heparin-containing products should be discontinued and
an alternative, non-heparin anticoagulant initiated. Alternative agents that have been used effectively in
patients with HIT include lepirudin, argatroban, bivalirudin, and danaparoid, although the last agent is not
available in North America. Fondaparinux has been used in a small number of patients with HIT and
generally appears to be safe. Warfarin therapy should not be initiated until the platelet count has recov-
ered and the patient is systemically anticoagulated, and vitamin K should be administered to patients
receiving warfarin at the time of diagnosis of HIT.

The development of thrombocytopenia or a new
thrombus in a patient receiving heparin or a low-
molecular weight heparin (LMWH) necessitates

careful assessment for heparin-induced thrombocytopenia
(HIT), an antibody-mediated complication of heparin
therapy.1 It is essential that HIT is accurately identified,
since it is associated with a substantially increased throm-
botic risk, and treatment includes stopping the heparin and
initiating a therapy with a non-heparin anticoagulant such
as a direct thrombin inhibitor. Incorrect diagnoses can lead
to patients who need to be treated with an alternative
anticoagulant not receiving appropriate therapy, while
patients who do not have HIT potentially may receive
inappropriate anticoagulation, contributing to an increased
hemorrhagic risk.

Thrombocytopenia and Heparin
Thrombocytopenia occurs quite frequently in hospitalized
patients receiving heparin, but not all patients receiving
heparin who are thrombocytopenic will have HIT. Each

patient needs to be carefully evaluated for other causes of
thrombocytopenia, regardless of whether they clearly meet
appropriate diagnostic criteria for HIT or not (Table 1).
Common clinical settings in which thrombocytopenia and
heparin therapy converge in the same patient include the
intensive care unit, particularly those with devices such as
an intra-aortic balloon pump or left-ventricular assist
device; the post-operative setting, particularly individuals
after cardiac bypass procedures; and in patients receiving
hemodialysis or similar procedures. These patients are also
frequently receiving multiple other medications that can
cause thrombocytopenia, such as antibiotics and immuno-
suppressive agents. Furthermore, HIT can occur concomi-
tantly with other potential causes of thrombocytopenia,
including antiphospholipid syndrome and disseminated
intravascular coagulation (DIC), which can further compli-
cate the picture (Table 1).

A subset of patients will develop a transient, non-immune–
mediated mild thrombocytopenia early in the course of
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heparin therapy, which will subsequently resolve as heparin
is continued. This benign process, sometimes referred to as
heparin-associated thrombocytopenia, is not associated
with an increased risk for thromboembolic events and needs
to be clinically distinguished from HIT. It is not a reason to
stop heparin. A recent meta-analysis of thirteen randomized
trials comparing unfractionated heparin to LMWH for the
treatment of venous thromboembolism reported that the
incidence of non-immune–mediated thrombocytopenia was
similar for both treatments (LMWH, 1.2%; unfractionated
heparin, 1.5%; P = .246).2

Pathophysiology of the Thrombocytopenia
and the Hypercoagulable State in HIT
HIT is an idiosyncratic immune reaction characterized by
the formation of antibodies that recognize complexes of
platelet factor 4 (PF4) and heparin (unfractionated or low-

molecular weight). PF4 is a CXC chemokine that binds to
heparin and other negatively charged glycosaminoglycans
with high affinity, in part because PF4 forms tetramers that
have a circumferential belt of positively charged amino
acids.3 PF4 is synthesized during megakaryopoiesis and
stored in platelet α-granules, and large amounts of PF4 are
released during platelet activation.4 Normally, PF4 released
into the circulation will bind to negatively charged
glycosaminoglycans on the surfaces of endothelial cells. In
the presence of circulating heparin, however, PF4 appears to
bind preferentially to heparin due to a higher affinity for
heparin compared with cell surface glycosaminoglycans.5

Formation of complexes of PF4 and heparin leads to the
exposure of neoepitopes, which results in the formation of
the anti-heparin/PF4 antibodies that are identified in
patients with the syndrome. Anti-heparin/PF4 IgG antibod-

Table 1. Comparison of selected thrombocytopenic disorders that should be considered when evaluating a patient
for heparin-induced thrombocytopenia (HIT). Common clinical manifestations focus on thrombotic versus hemorrhagic
symptoms. Comments include relationships to other disorders and/or drugs that need to be considered. HIT has also been
reported to occur concomitantly in patients with antiphospholipid syndrome or disseminated intravascular coagulation.

Common clinical Useful clinical
Disorder manifestations laboratory analyses Comments

Heparin-induced >50% present with thrombosis; Anti-heparin/PF4 antibody testing Temporal relationship with heparin or
thrombocytopenia (HIT) venous thrombosis > arterial. (ELISA, functional assays). LMWH therapy.

Antiphospholipid syndrome (APS) Recurrent venous and/or arterial Anticardiolipin antibody and Autoimmune disorder, either primary
thromboembolic complications; anti-β2-glycoprotein I antibody or associated with other
recurrent fetal loss. testing (ELISA); lupus rheumatologic conditions (eg,

anticoagulant testing. lupus); in some cases, may be drug-
induced (eg, procainamide).

Disseminated intravascular Hemorrhagic or thromboembolic PT, PTT, thrombin time, May be acute (eg, associated with
coagulation (DIC) events predominate, depending fibrinogen, D-dimer. sepsis, obstetric complications,

on underlying cause and clinical severe trauma) or chronic (eg,
course. associated with cancer, aortic

aneurysm). DIC can complicate
severe HIT.

Thrombotic thrombocytopenic Neurologic manifestations may Microangiopathic hemolytic Associated with severe ADAMTS13
purpura (TTP) include stroke, TIA, altered changes on blood film, deficiency due to inhibitors in most

mental status, seizures; other elevated LDH, decreased patients; may be seen in patients
symptoms include fever, renal ADAMTS13 levels. taking ticlopidine or clopidogrel, or
insufficiency. with other drugs, (eg, cyclosporine,

tacrolimus, mitomycin).
Microangiopathy can also be seen
in severe HIT with associated DIC.

Drug-induced thrombocytopenia Petechiae, purpura, and other Isolated thrombocytopenia, Associated with multiple drugs (eg,
(non-heparin) hemorrhagic symptoms with may be severe. abciximab, quinine, multiple

severe thrombocytopenia. antibiotics).

Post-transfusion purpura (PTP) Hematoma, ecchymoses, Severe thrombocytopenia that Temporal relationship to transfusion
purpura. begins approximately five days therapy; most common in

after blood product use. multiparous females. The timing of
PTP approximately one week after
surgery can mimic HIT.

LMWH indicates low molecular weight heparin; DIC, disseminated intravascular coagulation; ELISA, enzyme-linked immunosorbent assay; TIA,
transient ischemic attack; PT, prothrombin time; PTT, partial thromboplastin time; LDH, lactate dehydrogenase; ADAMTS13, a disintegrin and
metalloproteinase with thrombospondin components-13.
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ies bind to heparin/PF4 complexes in solution, and the
resultant ternary complexes bind to platelets through
FcγRIIa receptors expressed on the platelet surface.6

Binding of antibody-antigen complexes to this receptor
leads to increased platelet clearance, platelet activation,
and release of procoagulant microparticles and additional
PF4.7 Anti-heparin/PF4 antibodies can also bind to platelet
surface–bound PF4 in the absence of heparin and activate
the platelets.8 These complexes can also bind to Fc recep-
tors on the surfaces of monocytes, neutrophils, and endothe-
lial cells, which can further contribute to the profound
thrombin generation seen in patients with HIT.6,9 The
development of a prothombotic state in the setting of a
dropping platelet count is a relatively unique aspect of HIT
that distinguishes it from other drug-induced
thrombocytopenias.

Although the presence of these antibodies is essential for
confirming the diagnosis of HIT, many patients who test
positive for anti-heparin/PF4 antibodies do not develop
thrombocytopenia or thrombosis. For example, as many as
50% of patients undergoing cardiac bypass surgery will
develop anti-heparin/PF4 antibodies in the postoperative
setting, but only a small number of these patients will
develop clinical manifestations of HIT.10,11 The clinical
significance of these “non-pathogenic” anti-heparin/PF4
antibodies remains unclear, and the molecular basis that
distinguishes them from “pathogenic” anti-heparin/PF4
antibodies is unknown.

In addition to the frequent development of non-pathogenic
anti-heparin/PF4 antibodies, approximately half of the
patients who meet criteria for HIT do not (at least initially,
at the time of diagnosis) develop thromboembolic compli-
cations, referred to as “isolated HIT.” Differences in the
clinical phenotype of HIT may partially reflect the bio-
physical properties of the heparin/PF4 complexes formed in
the presence of different circulating concentrations of PF4
occurring in different clinical settings.12 Additional
hypercoagulable factors, such as a central venous catheter
or atherosclerotic disease, may also modulate the risk for
vascular thrombosis. Anti-heparin/PF4 antibodies of IgM
and IgA subclass have been described in patients with HIT,
but it is unclear whether these antibody classes cause HIT in
the absence of anti-heparin/PF4 IgG antibodies.

Diagnosis of HIT
The diagnosis of HIT can be challenging, given the
frequency of administration of unfractionated heparin/
LMWH,13 the common occurrence of thrombocytopenia
from other causes,14 and the frequent convergence of these
two phenomena in hospitalized patients.15 This difficulty in
establishing a diagnosis is further exacerbated by the lack

of a readily accessible “gold-standard” laboratory test for
the disease and the frequent detection of elevated anti-
heparin/PF4 antibody levels in patients exposed to heparin
who do not have clinical features of the disease.1 Conse-
quently, testing for anti-heparin/PF4 antibodies should be
primarily reserved for evaluation of patients in whom there
is reasonable suspicion of the syndrome based on clinical
criteria.

Currently, HIT is diagnosed by a combination of clinical
observations and laboratory results. Clinical criteria for the
syndrome include the development of thrombocytopenia
and/or thrombosis in temporal association with heparin
therapy and the exclusion of other causes of thrombocy-
topenia. Thrombocytopenia is defined as an otherwise
unexplained drop in the platelet count by 50% or more
while on heparin, which occurs in the great majority of
patients with HIT.16 Typically, the thrombocytopenia is of
moderate severity, with median platelet count nadirs of
approximately 50 to 60 × 109 platelets/L.7 It is atypical for a
patient with HIT to have a platelet count less than 20 × 109

platelets/L, and alternative causes of thrombocytopenia
should be considered in this situation. For those patients
with HIT who do have profound thrombocytopenia,
however, the clinical presentation can be rapidly progres-
sive, including the development of DIC and microvascular
thrombotic complications. HIT may also be recognized in
patients with drops in the platelet count of less than 50%
who present with thrombosis or skin lesions at heparin
injection sites.7

Timing of the thrombocytopenia in relation to the initiation
of heparin therapy is also critical for the diagnosis of HIT.
Typically, the drop in the platelet count (or thrombotic
event) begins 5 to 10 days after the initiation of heparin
therapy in heparin-naïve individuals, although thrombocy-
topenic levels may not be reached until several days later.17

For patients in the postoperative setting, the expected
pattern would be for an initial rise in the platelet count after
surgery, followed by an unexpected drop.7 Persistent
thrombocytopenia following cardiac bypass surgery is
usually due to causes other than HIT (eg, postoperative
complications); however, postoperative thrombocytopenia
lasting for 5 days or longer, without an apparent alternative
cause, is also suggestive of HIT.18

Thrombocytopenia can develop more quickly in patients
who have been recently exposed to heparin (within the
preceding 3 months, and especially within the past 30
days), referred to as “rapid-onset” HIT.17,19 This presentation,
which may occur in some 15% to 20% of patients diag-
nosed with HIT, represents the abrupt onset of platelet
activation in a patient who has residual circulating anti-

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2009/1/225/645436/225_232ash.pdf by guest on 22 M
ay 2024



228 American Society of Hematology

heparin/PF4 antibodies related to recent prior exposure.17

Conversely, some patients have been described who
develop HIT days to weeks after heparin exposure, referred
to as “delayed-onset” HIT.20 Delayed-onset HIT may occur
in patients exposed to minimal amounts of heparin (eg,
heparin flushes to maintain intravascular catheter patency),
but also occurs in patients exposed to large amounts of
heparin during coronary artery bypass grafting.21,22 These
patients may present with a new thromboembolic event, and
treatment with heparin results in a rapid fall in platelet
count and either a new thromboembolic event or exacerba-
tion of an existing clot. Heparin-dependent and -indepen-
dent platelet activation has been demonstrated for these
patients in laboratory analyses, suggesting that the anti-
heparin/PF4 antibodies may be able to react with endog-
enous glycosaminoglycans on platelets or other cells, in
these patients.20

About half of all patients with HIT present with a new
thromboembolic complication related to the syndrome.23,24

Of those patients presenting with thrombocytopenia only,
referred to as “isolated HIT,” almost half will subsequently
develop a thromboembolic event.23 Venous thromboembo-
lism complicates HIT more often than arterial thromboem-
bolic events, and pulmonary embolism is particularly
common.25 Arterial thrombosis most commonly involves the
arteries of the lower limbs, with thrombotic strokes and
myocardial infarction seen less frequently.25 Rare but well-
described thromboembolic events include cerebral sinus
venous thrombosis and adrenal vein thrombosis, resulting
in hemorrhagic infarction of the adrenal gland.7

Several diagnostic algorithms have been developed to
provide a more systematic approach to the diagnosis of HIT.
The “4Ts” score provides an estimate of pre-test probability

for HIT by assigning scores based on the degree of Thromb-
ocytopenia, the Timing of the fall in the platelet count or
other sequelae, the presence of Thrombosis, and the
exclusion of oTher causes of thrombocytopenia (Table
2).7,26 This scoring system has been evaluated in two
studies, both of which determined that a low score (ie, a
score of 0-3) appeared to be a reliable strategy to rule out
HIT.27,28 A scoring system has also been reported for the
diagnosis of HIT after cardiopulmonary bypass, which
includes the pattern of the platelet count after surgery, the
time from surgery, and the duration of time on cardiopulmo-
nary bypass.18 As with the “4Ts” method, the negative
predictive value for this scoring system appeared to be most
useful (97%).18

Laboratory testing is necessary to confirm or refute the
diagnosis of HIT and is most appropriately used in patients
assessed to be at intermediate or high clinical suspicion for
HIT.1 Because of the high frequency of elevated anti-
heparin/PF4 antibody levels in certain patient populations
(eg, after cardiopulmonary bypass surgery), testing should
not be used to “screen” patients for HIT or evaluate patients
assessed to have a low pre-test probability for HIT (ie, a low
score in one of the diagnostic algorithms described
above).16 Laboratory studies for HIT include immunoassays
and functional assays that detect platelet activation or
aggregation. Most clinical laboratories offer an immunoas-
say due to the ease of performance, the rapid turnaround
time, and the high sensitivity of the assays.29 The primary
limitation of the immunoassays, however, is their limited
specificity (74% to 86%), due to the fact that they also
detect anti-heparin/PF4 antibodies in patients who do not
have clinical HIT.30 Higher immunoassay results have been
shown to correlate with strong-positive platelet serotonin-
release assay results31 and an increased risk for thrombosis

Table 2. Criteria for estimating pre-test probability of HIT using the “4 T’” score (from Warkentin7 and Bryant et
al26). The pre-test probability score would be high for a score of 6-8, intermediate for a score of 4-5, and low for a score of 0-3.

                                                                           Points (0, 1, or 2 for each of 4 categories; maximal possible score = 8)
Findings 2 1 0

Thrombocytopenia >50% fall or platelet 30%-50% fall or platelet Fall <30% or platelet
nadir 20-100 × 109/L nadir 10-19 × 109/L nadir < 10 × 109/L

Timing of platelet count fall Clear onset between day 5-10; Consistent with immunization but Platelet count falls too early,
or other sequelae or less than 1 day (if heparin exposure not clear, or onset of thrombo- without recent heparin

within past 30 days). cytopenia after day 10, or within exposure.
1 day and prior heparin exposure
within past 31-100 days.

Thrombosis of other sequelae New thrombosis; skin necrosis post Progressive or recurrent None.
(eg, skin lesions) heparin bolus acute systemic reaction. thrombosis; erythematous skin

lesions; clinically suspected
thrombosis not yet proven.

Other cause for No other cause for platelet count Possible other cause is evident. Definite other cause is
thrombocytopenia not evident fall is evident. present.
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in patients with HIT.32 Not all patients with HIT have
immunoassay results above 1.00 optical density units,
however, and the immunoassay results are most useful when
combined with a clinical scoring system.33 Other strategies
that have been used to improve the specificity of the
immunoassays include restricting the assay to detecting IgG
antibodies only34 and adding a heparin confirmatory
procedure.24

Functional assays detect heparin-dependent antibodies
capable of binding to Fc receptors on platelets and measure
platelet activation. The serotonin release assay measures the
release of 14C-serotonin from activated platelets and has
high sensitivity (88% to 100%) and specificity (89% to
100%) for HIT; this test may be obtained through referral to
a specialized coagulation laboratory. Alternative functional
assays include platelet aggregation using either washed
platelets or platelet rich plasma, or detection of platelet
activation by flow cytometry (eg, platelet-derived
microparticles, annexin V binding). Limitations of the
functional assays include lack of standardization of the
assays,29 technical complexity, and variability in the
reactivity of platelet donors, which can lower the sensitivity
of the assays.35

Additional laboratory studies can also be useful in the
assessment of patients developing thrombocytopenia while
on heparin (Table 1). Laboratory evidence for DIC, charac-
terized by a prolonged PT or aPTT, or hypofibrinogenemia,
can be detected in a small subset of patients with HIT.7

Severe DIC is not seen in most patients with HIT, although
it has been described in patients with “delayed-onset” HIT.7

The peripheral blood film should be reviewed for evidence
of microangiopathic hemolysis, which may suggest an
alternative diagnosis. Bleeding is an uncommon clinical
manifestation in patients with HIT, and the presence of
clinically significant bleeding should lead the clinician to
thoroughly assess for other causes of thrombocytopenia.

Treatment of HIT
The initial management of patients with HIT is dependent
on the degree of clinical suspicion that the physician has
for the diagnosis of the syndrome. When clinical suspicion
for HIT is low, the decision to stop heparin and initiate an
alternative anticoagulant needs to be tailored to the
individual patient’s condition, that is, it may well be
appropriate to maintain heparin therapy. Conversely, if
clinical suspicion for HIT is intermediate or high, all
sources of heparin, including the heparin solutions used to
maintain patency of intravenous lines that are temporarily
not in use, should be discontinued and an alternative
anticoagulant therapy initiated.1 In addition, for patients
suspected of having HIT, substitution of an LMWH for

unfractionated heparin is contraindicated. Although
LMWHs are less likely to cause HIT,36 they can cross-react
with antibodies that have developed in response to
unfractionated heparin and consequently exacerbate the
syndrome.

Although patients with HIT can have markedly decreased
platelet counts, they require anticoagulation with an
effective antithrombotic agent that does not cross-react in
vivo with the circulating anti-heparin/PF4 antibodies.
Three direct thrombin inhibitors that directly bind and
inactivate thrombin are currently available for patients with
HIT: lepirudin, argatroban, and bivalirudin. Danaparoid is a
mixture of non-heparin glycosaminoglycans that has been
used extensively in patients with HIT, but this agent has not
been available for use in the United States since 2002.
Fondaparinux, a synthetic pentasaccharide that binds to
antithrombin and inhibits factor Xa, has been used effec-
tively in some patients with HIT,37 although apparent
“fondaparinux-induced” thrombocytopenia has been
reported in two patients.38,39

Lepirudin is a recombinant analogue of the leech protein
hirudin, which irreversibly binds to and neutralizes
thrombin. It is cleared by the kidney, and its use in patients
with renal insufficiency is relatively contra-indicated. It is
an effective antithrombotic agent for patients with HIT,
although hemorrhagic complications are not uncommon.40

Because of the higher risk for bleeding events with increas-
ing doses, without evidence for superior antithrombotic
efficacy, current guidelines recommend lower doses of
lepirudin than those used in the initial studies leading to
approval of the drug for patients with HIT.16 Argatroban is a
synthetic compound that reversibly binds to the catalytic
site of thrombin. Two prospective, multicenter studies
demonstrated the efficacy of argatroban in a total of 373
patients with HIT.41,42 In contrast to lepirudin, argatroban is
primarily cleared by the liver and should be used with
caution in patients with hepatic insufficiency. Bivalirudin
is a synthetic thrombin inhibitor that binds reversibly to the
catalytic site and the anion-binding exosite of thrombin.
Bivalirudin is approved for patients undergoing percutane-
ous cardiac intervention who either have HIT or are at risk
for developing HIT. Bivalirudin has also been studied the
most in patients with HIT undergoing cardiac bypass
procedures.43 An issue with the direct thrombin inhibitors is
that aPTT monitoring can be problematic in patients with
concurrent coagulopathy, including those with severe HIT
and associated DIC, thus compromising efficacy of the
therapeutic agent.44

Patients with HIT and thrombosis should receive a non-
heparin anticoagulant until the thrombocytopenia has
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resolved, at which time an oral vitamin K antagonist can be
introduced. Warfarin should be initiated with a low mainte-
nance dose (specifically, no loading dose) and overlapped
with the non-heparin anticoagulant until the target interna-
tional normalized ratio (INR) has been reached and for a
minimum of 5 days.16 The duration of therapy should be
standard for venous thromboembolism, for a minimum of 3
months with consideration for a more extended course
depending on clinical circumstances related to the throm-
boembolic event. For patients with “isolated HIT,” antico-
agulation with a non-heparin anticoagulant should con-
tinue at least until the platelet count has returned to
baseline,16 and some experts would recommend extended
anticoagulant therapy for 4 to 6 weeks (eg, with fonda-
parinux or with conversion from a direct thrombin inhibitor
to warfarin after resolution of the thrombocytopenia).
Current guidelines also recommend that patients with
“isolated HIT” should undergo duplex ultrasonography of
their lower limbs as well, given the high likelihood for
occult thrombosis.16

Patients who are taking warfarin therapy at the time of
diagnosis with HIT are predisposed to venous limb gan-
grene and warfarin-induced central skin necrosis.45,46 These
patients typically have a supratherapeutic INR, but small
vessel thrombotic occlusions are felt to be due to acquired
protein C deficiency that develops early during the
initiation of warfarin therapy and contributes to the
hypercoagulable state associated with anti-heparin/PF4
antibodies.45 In the acute setting of HIT, patients who are
taking warfarin should have their elevated INR results
normalized with vitamin K.16 As noted above, warfarin can
subsequently be used in patients with HIT after their
platelet counts have returned to baseline levels, but it
should not be used during the acute phase of HIT.

As with most drug-induced thrombocytopenias, patients
with a prior history of HIT should usually not be re-exposed
to heparin. However, anti-heparin/PF4 antibodies appear to
not persist in the circulation and are frequently not detect-
able by 3 months after the diagnosis of HIT.17 This provides
an important option for patients with a remote history of
HIT who need to undergo cardiopulmonary bypass. Current
guidelines recommend re-exposure to heparin during
bypass surgery in these patients, given the limited experi-
ence with non-heparin anticoagulants during bypass
surgery and the inability to rapidly reverse their anticoagu-
lant effect.16

In summary, the thrombocytopenia encountered in patients
with HIT differs from other drug-induced thrombocyto-
penias in a number of important areas. First, the thrombocy-
topenia is typically not as severe as other drug-induced

thrombocytopenias and occurs in a well-defined timeframe
in relation to the administration of heparin. Second, these
patients typically do not bleed, even if the platelet count
drops very low. Third, a non-heparin anticoagulant is
essential for the treatment of patients with HIT because of
the significantly increased thrombotic risk. Finally, the anti-
heparin/PF4 antibodies that are responsible for the syn-
drome appear to disappear over the course of several
months, and re-exposure of patients to heparin does not
appear to lead to recurrent thrombocytopenia.

Acknowledgments
Supported by the Centers for Disease Control and Preven-
tion (DD000014) and the National Heart Lung and Blood
Institute (HL077878, HL087229, and HL072289).

Disclosures
Conflict-of-interest disclosure: The author declares no
competing financial interests.
Off-label drug use: None disclosed.

Correspondence
Thomas L. Ortel, MD, PhD, Professor of Medicine &
Pathology, Hemostasis and Thrombosis Center, Duke
University Medical Center, Box 3422, Room 0563 Stead
Building, Durham, NC 27710; Phone: 919-684-5350; Fax:
919-681-6160; e-mail: thomas.ortel@duke.edu

References
1. Arepally G, Ortel T. Heparin-induced thrombocytope-

nia. N Engl J Med. 2006;355:809-817.
2. Morris T, Castrejon S, Devendra G, Gamst A. No

difference in risk for thrombocytopenia during treat-
ment of pulmonary embolism and deep venous
thrombosis with either low-molecular-weight heparin
or unfractionated heparin. A metaanalysis. Chest.
2007;132:1131-1139.

3. Rauova L, Poncz M, McKenzie S, et al. Ultralarge
complexes of PF4 and heparin are central to the
pathogenesis of heparin-induced thrombocytopenia.
Blood. 2005;105:131-138.

4. Poncz M. Mechanistic basis of heparin-induced
thrombocytopenia. Semin Thorac Cardiovasc Surg.
2005;17:73-79.

5. Cines D, Rauova L, Arepally G, et al. Heparin-induced
thrombocytopenia: an autoimmune disorder regulated
through dynamic autoantigen assembly/disassembly. J
Clin Apheresis. 2007;22:31-36.

6. Visentin G, Ford S, Scott J, Aster R. Antibodies from
patients with heparin-induced thrombocytopenia/
thrombosis are specific for platelet factor 4 complexed
with heparin or bound to endothelial cells. J Clin
Invest. 1994;93:81-88.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2009/1/225/645436/225_232ash.pdf by guest on 22 M
ay 2024



Hematology 2009 231

7. Warkentin T. Heparin-induced thrombocytopenia:
pathogenesis and management. Br J Haematol.
2003;121:535-555.

8. Rauova L, Zhai L, Kowalska M, Arepally G, Cines D,
Poncz M. Role of platelet surface PF4 antigenic
complexes in heparin-induced thrombocytopenia
pathogenesis: diagnostic and therapeutic implications.
Blood. 2006;107:2346-2353.

9. Arepally G, Mayer I. Antibodies from patients with
heparin-induced thrombocytopenia stimulate mono-
cytic cells to express tissue factor and secrete
interleukin-8. Blood. 2001;98:1252-1254.

10. Bauer T, Arepally G, Konkle B, et al. Prevalence of
heparin-associated antibodies without thrombosis in
patients undergoing cardiopulmonary bypass surgery.
Circulation. 1997;95:1242-1246.

11. Everett B, Yeh R, Foo S, et al. Prevalence of heparin/
platelet factor 4 antibodies before and after cardiac
surgery. Ann Thoracic Surg. 2007;83:592-597.

12. Suvarna S, Espinasse B, Qi R, et al. Determinants of PF4/
heparin immunogenicity. Blood. 2007;110:4253-4260.

13. Smythe MA, Koerber JM, Mattson JC. The incidence of
recognized heparin-induced thrombocytopenia in a
large, tertiary care teaching hospital. Chest.
2007;131:1644-1649.

14. Laber D, Martin M. Etiology of thrombocytopenia in
all patients treated with heparin products. Eur J
Haematol. 2005;75:101-105.

15. Oliveira GBF, Crespo EM, Becker RC, et al. Incidence
and prognostic significance of thrombocytopenia in
patients treated with prolonged heparin therapy. Arch
Intern Med. 2008;168:94-102.

16. Warkentin T, Greinacher A, Koster A, Lincoff A.
Treatment and prevention of heparin-induced thromb-
ocytopenia. American College of Physicians evidence-
based clinical practice guidelines (8th edition). Chest.
2008;133:340S-380S.

17. Warkentin T, Kelton J. Temporal aspects of heparin-
induced thrombocytopenia. N Engl J Med.
2001;344:1286-1292.

18. Lillo-Le Louet A, Boutouyrie P, Alhenc-Gelas M, et al.
Diagnostic score for heparin-induced thrombocytope-
nia after cardiopulmonary bypass. J Thromb Haemost.
2004;2:1882-1888.

19. Lubenow N, Kempf R, Eichner A, Eichler P, Carlsson
LE, Greinacher A. Heparin-Induced Thrombocytope-
nia: temporal pattern of thrombocytopenia in relation
to initial use or re-exposure to heparin. Chest.
2002;122:37-42.

20. Warkentin T, Kelton J. Delayed-onset heparin-induced
thrombocytopenia and thrombosis. Ann Intern Med.
2001;135:502-506.

21. Rice L, Attisha W, Drexler A, Francis J. Delayed-onset

heparin-induced thrombocytopenia. Ann Intern Med.
2002;136:210-215.

22. Jackson MR, Neilson WJ, Lary M, Baay P, Web K,
Clagett GP. Delayed-onset heparin-induced thromb-
ocytopenia and thrombosis after intraoperative heparin
anticoagulation: four case reports. Vasc Endovasc
Surgery. 2006;40:67-70.

23. Warkentin T, Kelton J. A 14-year study of heparin-
induced thrombocytopenia. Am J Med. 1996;101:502-
507.

24. Whitlatch N, Perry S, Ortel T. Anti-heparin/platelet
factor 4 antibody optical density values and the
confirmatory procedure in the diagnosis of heparin-
induced thrombocytopenia. Thromb Haemost.
2008;100:678-684.

25. Greinacher A, Farner B, Kroll H, Kohlmann T,
Warkentin T, Eichler P. Clinical features of heparin-
induced thrombocytopenia including risk factors for
thrombosis. A retrospective analysis of 408 patients.
Thromb Haemost. 2005;94:132-135.

26. Bryant A, Low J, Austin S, Joseph J. Timely diagnosis
and management of heparin-induced thrombocytope-
nia in a frequent request, low incidence single centre
using clinical 4T’s score and particle gel immunoassay.
Br J Haematol. 2008;143:721-726.

27. Lo GK, Juhl D, Warkentin TE, Sigouin CS, Eichler P,
Greinacher A. Evaluation of pretest clinical score (4
T’s) for the diagnosis of heparin-induced thrombocy-
topenia in two clinical settings. J Thromb Haemost.
2006;4:759-765.

28. Pouplard C, Gueret P, Fouassier M, et al. Prospective
evaluation of the ‘4Ts’ score and particle gel immu-
noassay specific to heparin/PF4 for the diagnosis of
heparin-induced thrombocytopenia. J Thromb
Haemost. 2007;5:1373-1379.

29. Price E, Hayward C, Moffat K, Moore J, Warkentin T,
Zehnder J. Laboratory testing for heparin-induced
thrombocytopenia is inconsistent in North America: a
survey of North American specialized coagulation
laboratories. Thromb Haemost. 2007;98:1357-1361.

30. Warkentin TE, Sheppard J-AI, Horsewood P, Simpson
PJ, Moore JC, Kelton JG. Impact of the patient popula-
tion on the risk for heparin-induced thrombocytopenia.
Blood. 2000;96:1703-1708.

31. Warkentin TE, Sheppard J, Moore J, Sigouin CS,
Kelton J. Quantitative interpretation of optical density
measurements using PF4-dependent enzyme-immu-
noassays. J Thromb Haemost. 2008;6:1304-1312.

32. Zwicker J, Uhl L, Huang W-Y, Shaz B, Bauer K.
Thrombosis and ELISA optical density values in
hospitalized patients with heparin-induced thrombocy-
topenia. J Thromb Haemost. 2004;2:2133-2137.

33. Janatpour K, Gosselin R, Dager W, et al. Usefulness of

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2009/1/225/645436/225_232ash.pdf by guest on 22 M
ay 2024



232 American Society of Hematology

optical density values from heparin-platelet factor 4
antibody testing and probability scoring models to
diagnose heparin-induced thrombocytopenia. Am J
Clin Pathol. 2007;127:429-433.

34. Warkentin T, Sheppard J, Moore J, Moore K, Sigouin C,
Kelton J. Laboratory testing for the antibodies that
cause heparin-induced thrombocytopenia: how much
class do we need? J Lab Clin Med. 2005;146:341.

35. Chong B, Burgess J, Ismail F. The clinical usefulness of
the platelet aggregation test for the diagnosis of
heparin-induced thrombocytopenia. Thromb Haemost.
1993;69:344-350.

36. Martel N, Lee J, Wells PS. Risk for heparin-induced
thrombocytopenia with unfractionated and low-
molecular-weight heparin thromboprophylaxis: a meta-
analysis. Blood. 2005;106:2710-2715.

37. Lobo B, Finch C, Howard A, Minhas S. Fondaparinux
for the treatment of patients with acute heparin-
induced thrombocytopenia. Thromb Haemost.
2008;99:208-214.

38. Warkentin TE, Maurer BT, Aster RH, Soffer J, Patel J,
Saltzman R. Heparin-induced thrombocytopenia
associated with fondaparinux. N Engl J Med.
2007;356:2653-2655.

39. Rota E, Bazzan M, Fantino G. Fondaparinux-related
thrombocytopenia in a previous low-molecular-weight
heparin (LMWH)-induced heparin-induced thrombocy-

topenia (HIT). Thromb Haemost. 2008;99:779-781.
40. Lubenow N, Eichler P, Lietz T, Greinacher A. Lepirudin

in patients with heparin-induced thrombocytopenia:
results of the third prospective study (HAT-3) and a
combined analysis of HAT-1, HAT-2, and HAT-3. J
Thromb Haemost. 2005;3:2428.

41. Lewis BE, Wallis DE, Leya F, Hursting MJ, Kelton JG.
Argatroban anticoagulation in patients with heparin-
induced thrombocytopenia. Arch Intern Med.
2003;163:1849-1856.

42. Lewis BE, Wallis DE, Berkowitz SD, et al. Argatroban
anticoagulant therapy in patients with heparin-induced
thrombocytopenia. Circulation. 2001;103:1838-1843.

43. Koster A, Dyke C, Aldea G, et al. Bivalirudin during
cardiopulmonary bypass in patients with previous or
acute heparin-induced thrombocytopenia and heparin
antibodies: results of the CHOOSE-ON Trial. Ann
Thorac Surg. 2007;83:572.

44. Greinacher A, Warkentin TE. The direct thrombin
inhibitor hirudin. Thromb Haemost. 2008;99:819-829.

45. Warkentin TE, Elavathil LJ. The pathogenesis of
venous limb gangrene associated with heparin-induced
thrombocytopenia. Ann Intern Med. 1997;127:804.

46. Warkentin T, Sikov W, Lillicrap D. Multicentric
warfarin-induced skin necrosis complicating heparin-
induced thrombocytopenia. Am J Hematol.
1999;62:44-48.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2009/1/225/645436/225_232ash.pdf by guest on 22 M
ay 2024


