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Heparin-induced thrombocytopenia (HIT) remains under-recognized despite its poten-
tially devastating outcomes. It begins when heparin exposure stimulates the formation
of heparin-platelet factor 4 antibodies, which in turn triggers the release of procoagu-
lant platelet particles. Thrombosis and thrombocytopenia that follow comprise the 
2 hallmark traits of HIT, with the former largely responsible for significant vascular
complications. The prevalence of HIT varies among several subgroups, with greater 
incidence in surgical as compared with medical populations. HIT must be acknowledged
for its intense predilection for thrombosis and suspected whenever thrombosis occurs
after heparin exposure. Early recognition that incorporates the clinical and serologic
clues is paramount to timely institution of treatment, as its delay may result in cata-
strophic outcomes. The treatment of HIT mandates an immediate cessation of all 
heparin exposure and the institution of an antithrombotic therapy, most commonly
using a direct thrombin inhibitor. Current “diagnostic” tests, which primarily include
functional and antigenic assays, have more of a confirmatory than diagnostic role in
the management of HIT. Special attention must be paid to cardiac patients who are
often exposed to heparin multiple times during their course of treatment. Direct throm-
bin inhibitors are appropriate, evidence-based alternatives to heparin in patients with
a history of HIT, who need to undergo percutaneous coronary intervention. As heparin
remains one of the most frequently used medications today with potential for HIT with
every heparin exposure, a close vigilance of platelet counts must be practiced whenever
heparin is initiated.
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Whenever a medication has the potential to result in the very adverse
outcome that it is intended to treat, serious ramifications will in-
evitably occur. Such is the predicament continually facing the use of

heparin. Its use is undoubtedly far more pervasive today than it was 13 years
ago when over 1 trillion units were estimated to treat nearly 12 million
patients.1 With its long-heralded ability to effectively prevent and treat throm-
boembolic events, as well as its relative inexpensive cost compared with its
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newer and more expensive counter-
parts, heparin is often preferentially
used to manage thromboembolic
vascular complications, especially
during current economic times when
cost-effective medical care is em-
phatically encouraged.

The use of heparin is especially
intertwined with the various man-
agement strategies in the field of
cardiology, where its use is bolstered
by a robust body of evidence. From
the management of acute coronary
syndromes (ACS) to adjunctive ther-
apy in interventional and ablative
procedures, one simply cannot dis-
count heparin’s proven efficacy in
antithrombotic management in im-
proving outcomes.2-5 The extent of
its use has only been tempered by
its inherent risk of bleeding, which
has always been heparin’s Achilles
heel. Indeed, as newer antiplatelet
agents are beginning to shape the
foundation of ACS management,
finding ways to limit the risk of
significant hemorrhagic complica-
tions has certainly garnered greater
attention.

Perhaps because it makes less
intuitive sense, heparin-induced
thrombocytopenia (HIT), or heparin’s
paradoxical ability to promote
thrombosis, continues to remain
under the radar. Such is the finding
of the recent Complications After
Thrombocytopenia Caused by Heparin
(CATCH) registry trial, which illus-
trates a persistent and nagging gap in
our medical community to recognize
what is often a devastating complica-
tion.6 In this prospective analysis in-
volving over 2400 patients, the de-
velopment of thrombocytopenia on
heparin, arguably the most obvious
feature of HIT, not only infrequently
prompted a timely diagnostic evalua-
tion, but even when the diagnosis of
HIT was considered, management
strategies were delayed and rarely fol-
lowed published guidelines. Indeed,

it is quite puzzling how the phenom-
enon of HIT continues to escape our
diagnostic acumen despite repeated
attempts over the past decade to
raise our awareness.

This review refreshes our minds
with regard to what is now substan-
tially established in literature: HIT
and its catastrophic outcomes. With

the US Surgeon General’s recent “call
to action” to reduce the incidence of
deep vein thrombosis (DVT) and
pulmonary embolism (PE), there will
inevitably be a rise in patient expo-
sure to the heparin products and con-
comitantly, the incidence of heparin-
induced thrombocytopenia.7 With
this in mind, the salient features of
HIT, from pathogenesis to diagnosis
to updated treatment options, are
discussed.

Pathogenesis of HIT
The term heparin-induced thrombocy-
topenia (traditionally known as HIT
type II), is now primarily reserved to
denote the immune system–mediated
complication of heparin with the
potential for devastating thrombotic
outcomes. Historically, it was differ-
entiated from the nonimmune type,
or HIT type I, now an outdated term
used to describe an asymptomatic,
benign transient drop in platelet
count in some patients receiving
heparin therapy. It was specifically
characterized by the absence of
heparin-dependent antibodies.8 In
contrast, the immune response plays a
paramount role in the pathogenesis
of HIT.9,10

HIT begins when the exposure to
heparin stimulates the release of
platelet factor 4 (PF4) from the �

granules of platelets (Figure 1). PF4, a

positively charged glycoprotein (GP),
is then exteriorized on the surface of
platelets creating a binding site for
heparin, a negatively charged
polyanion. This highly immunogenic
PF4/heparin complex soon triggers
the binding of IgG antibody (PF4/
heparin or HIT antibody), resulting
in the activation of the Fc receptor on

the platelet and subsequent release of
platelet-derived microparticles into
the blood.9 It is hypothesized that
these microparticles accelerate the
generation of thrombin and the
formation of new thromboses.10

Ultimately, thrombin generation is
uncontrollably upregulated, creating
a vastly hypercoagulable milieu.
Thrombocytopenia itself results from
removal of these abnormal platelets
from circulation by the spleen. It is
this combination of thrombocytope-
nia and thrombosis that forms the
hallmark trait of HIT.

The Differential Activation of
HIT Antibodies
There remain persistent questions as
to why HIT selectively occurs in
some but not all patients who are
exposed to heparin. One possible ex-
planation stems from the observa-
tion that heparin does not always
seem to induce the formation of
PF4/heparin complex. As HIT anti-
body is unable to recognize PF4 or
heparin molecule alone, the previ-
ously described cascade of immune
response simply cannot be sustained
without the actual formation of
PF4/heparin complex. Furthermore,
it has also been observed that even
when HIT antibodies do develop,
this does not necessarily progress
to clinical HIT.11 In fact, there are

It is quite puzzling how the phenomenon of HIT continues to escape our
diagnostic acumen despite repeated attempts over the past decade to raise
our awareness.
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reports in the literature in which
patients with a high titer of HIT an-
tibodies fail to progress to HIT. The
underlying reason for the differing
responses to heparin exposure by
various subsets of the population is
not yet clear, but may be explained
by differential platelet-activating
abilities by a given antibody type
and titer.11,12

The Iceberg Model of HIT
The iceberg model has often been
used as an analogy to illustrate the
observation that only a relatively few
of those who are exposed to heparin
actually progress to a full clinical
manifestation of thrombosis and
thrombocytopenia that characterize
HIT (Figure 2).11,12 In this paradigm,
the population that stays “above the
water” represents those who exhibit
the complete clinical features of the
syndrome. Those who stay hidden or
“under the water” comprise a signif-
icantly greater number of patients,
who have seroconverted when de-
tected by highly sensitive assays, but

remain clinically silent. The tapering
feature of the iceberg or pyramid is
analogous to the different extents
the immune response progresses in
different populations.

It needs to be emphasized,
nonetheless, that even the presence
of heparin-PF4 antibodies that fail to

induce HIT may still be clinically rel-
evant. In patients presenting with
ACS and normal platelet counts, the
sole presence of heparin-PF4 anti-
bodies has been independently asso-
ciated with significantly higher rates
of myocardial infarction (MI) at
30 days.13 These data are concerning
as there are currently no recommen-
dations on how to treat or identify the
patients who appear to develop HIT
antibodies without actually progress-
ing to the clinical syndrome. Indeed,
we may be greatly underestimating
those who are exposed to heparin

and thus develop increased risk for
adverse cardiovascular outcomes.

Frequency of HIT
In general, HIT occurs in 3% to 5% of
patients receiving intravenous (IV)
unfractionated heparin (UFH). The
incidence is lower (0.5%) with the

use of other types of heparins (eg,
subcutaneous [SQ], low molecular
weight).11 The propensity of HIT to
develop depends on various factors,
including the patient population,
the dose and the type of heparin
used, and the duration of heparin
therapy. The overall incidence of HIT
is more prevalent in the surgical
rather than the medical popula-
tion.11,14 Within the surgical popula-
tion, orthopedic patients tend to
have a greater predilection toward
development of HIT than those un-
dergoing cardiothoracic procedures

Platelet

PF4 binds to surface of
platelet following activation

Complexes of heparin (GAG)
and PF4 molecules form

lgG binds to the PF4/
heparin complex

lgG/PF4/heparin complex activates
via the Fc receptor

Fc stimulation leads to the generation
of procoagulant-rich microparticles

alpha
granule

PF4/heparin
complex

lgG

Fc receptor
microparticles

Figure 1. The pathogenesis of heparin-induced thrombocytopenia. GAG, glycosaminoglycans; PF4, platelet factor 4. Adapted with permission from
Hirsch et al.44

In general, HIT occurs in 3% to 5% of patients receiving intravenous (IV)
unfractionated heparin (UFH).
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(Figure 2). The type of heparin also
matters; bovine source is more im-
munogenic than porcine, as is UFH
over low molecular weight heparin
(LMWH).11,15,16 Duration and the ex-
tent of heparin exposure are the other
key factors, with the general rule that
the longer and the higher the dose of
heparin, the more likely HIT is to de-
velop.11 It should be acknowledged
that a patient of any age receiving
any type of heparin at any dose by
any route of administration has the
potential to develop HIT (Table 1).

Serologic Manifestation of HIT
The timely recognition of HIT is
paramount to optimal management,
yet the diagnosis of HIT is some-
times difficult to ascertain. To put it
simply, HIT should always be sus-
pected if the thrombocytopenia de-
velops after a patient is exposed to
heparin. Specifically, there should be
a platelet count drop of at least 50%
of the initial count, often to less
than 150,000/�L, which typically
starts 5 to 14 days after the initiation
of heparin.17 The actual platelet

counts in patients with HIT, how-
ever, rarely fall below 15,000/�L;
more important is the occurrence
of a sudden drop in platelet count
of at least 50% from the patient’s
baseline. In a series of 142 HIT
patients evaluated by Warkentin and
Kelton,18 10% to 15% of patients
had platelet counts that fell within
the normal range. This emphasizes
that relative reduction in overall
platelet count rather than an absolute

cutoff may be a more useful marker
in the diagnosis of HIT.

Early and Delayed Onset and the Role
of Enduring HIT Antibodies
Although the window of 5 to 14 days
after exposure to heparin has been
identified as the usual time period
for thrombocytopenia in HIT to de-
velop, the onset may be much earlier
(within 24 hours) or even delayed
(weeks to months after heparin

HIT-Associated
Thrombosis

Schematic iceberg

Cardiac
UFH

Orthopedic
UFH

Orthopedic
LMWH

Medical
UFH

Medical
LMWH

1% 3% 0.5% 0.25%

A

B

Surgical Patients Medical Patients

Thrombocytopenia

2%

20%
50%

5% 10% 15% 1% 3%
8%

0.5% 1%
3%

SRA positive
(washed platelet
activation assay)

EIA positive
(PF4-dependent
antigen assay)

Figure 2. The iceberg model of heparin-induced thrombocytopenia (HIT). Note the different “sizes” and “shapes” of the icebergs depending on the exposed population and
the type of heparin used. EIA, enzyme immunosorbent assay; LMWH, low molecular weight heparin; PF4, platelet factor 4; SRA, serotonin release assay; UFH, unfraction-
ated heparin. Adapted with permission from Warkentin TE.12

Table 1
Individuals at Risk for HIT

Risk for Developing HIT Risk Factor

High (> 1%) Postoperative or trauma patients, especially cardiac,
vascular, or orthopedic surgery receiving UFH

Intermediate (0.1%-1%) Postoperative patients receiving UFH flushes 
Postoperative patients receiving LMWH 
Medical or obstetrical patients treated with 
therapeutic or prophylactic doses of UFH

Low (< 0.1%) Medical or obstetrical patients treated with LMWH

HIT, heparin-induced thrombocytopenia; LMWH, low molecular weight heparin; UFH, unfractionated
heparin.
Adapted with permission from Napolitano LM et al.45
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discontinuation).19-21 Although the
difference in their timing may sug-
gest 2 separate phenomena, their
mechanisms share the same patho-
logic basis: the enduring presence of
HIT antibodies.

It has been recognized that circu-
lating HIT antibodies remain de-
tectable for up to 4 months. Unless
actively treated, the potential for
thrombosis persists as long as the an-
tibodies remain. Consequently, HIT
must be considered if a recently hos-
pitalized patient returns with throm-
boembolism.20 Furthermore, if hep-
arin is reintroduced in the time
period when these antibodies are still
present, the onset of thrombocy-
topenia (and thrombosis) may be
much more rapid than expected.21

This explains why heparin cessation
alone is not enough and an alterna-
tive form of anticoagulation is often
necessary to prevent future throm-
bosis. In short, it is not necessarily
the timing, but just the mere devel-
opment of thrombocytopenia on hep-
arin that should precipitate an initial
suspicion of HIT. If the timing of
thrombocytopenia falls outside the

norm, a careful evaluation of most
recent heparin exposure must be per-
formed to rule out the early or de-
layed onset subtypes.

Other Causes of 
Thrombocytopenia
One of the major reasons the diag-
nosis of HIT remains complicated
and often cumbersome is that
thrombocytopenia encompasses a
wide differential. Concurrently dur-
ing the diagnostic work-up of HIT, it
is recommended to systematically
consider and rule out other known
causes of thrombocytopenia such as
sepsis, disseminated intravascular
coagulation, and drug therapy (eg,
GP IIb/IIIa inhibitors and antibi-
otics) (Table 2).22 Although it may be
regarded as a “diagnosis of exclu-
sion,” HIT should nonetheless be
considered with priority among the
causes of thrombocytopenia in a
heparin-treated patient.

Clinical Manifestations of HIT
Counterintuitively, clinical manifes-
tation of HIT is not bleeding, but

serious thromboembolic events. In
fact, HIT is intensely associated with
thrombosis, with an approximately
35-fold increase in thrombotic risk
compared with that of the general
population. Contextually, this risk is
much higher than any known hy-
percoagulable disorders, such as
protein C deficiency (14.4 � risk)
and even antithrombin deficiency
(24.1 � risk).23,24 Needless to say, the
thrombotic risk of HIT should never
be underestimated.

Thrombosis may involve either
venous or arterial circulation, oc-
curring at a nearly 4:1 ratio, with
complications ranging from DVT
(50%), PE (25%), MI and stroke
(3%-5%), to limb artery occlusion
leading to amputation (5%-10%)
(Table 3).11 It may also complicate
procedural outcomes, as the occlu-
sion rate for saphenous vein grafts
has been found to be significantly
increased in HIT patients compared
with non-HIT control subjects un-
dergoing coronary artery bypass
graft.25-27 Without appropriate ther-
apy, mortality of HIT may reach up
to 30%.

Table 2 
Potential Etiology of Thrombocytopenia

Sepsis and health care–associated infections

Perioperative and postresuscitation hemodilution

Drug-induced thrombocytopenias, including HIT, GP IIb/IIIa

Liver disease/hypersplenism

Platelet consumption or destruction

Disseminated intravascular coagulation

Massive transfusion

Primary marrow disorder

Antiphospholipid antibody syndrome/lupus anticoagulant

Immune thrombocytopenias (ITP, TTP, PTP)

Intravascular devices (IABP, LVAD, ECMO), pulmonary artery catheter

ECMO, extracorporeal membrane oxygenation; GP, glycoprotein; HIT, heparin-induced thrombocy-
topenia; IABP, intra-aortic balloon pump; ITP, idiopathic thrombocytopenic purpura; LVAD, left 
ventricular assist device; PTP, post-transfusion purpura; TTP, thrombotic thrombocytopenic purpura.

Table 3
Types of Thrombosis that Occur 

in Patients with HIT

Deep venous thrombosis (50%)

Pulmonary embolism (25%)

Skin lesions at injection site 
(10%-20%)

Acute limb ischemia (5%-10%)

Warfarin-associated venous limb 
gangrene (5%-10%)

Acute thrombotic stroke or myocardial
infarction (3%-5%)

Acute systemic reactions following IV
bolus (� 25%)

HIT, heparin-induced thrombocytopenia; IV, 
intravenous.

5. RICM0495_04-15.qxd  4/14/10  9:44 PM  Page 17



Heparin-Induced Thrombocytopenia continued

18 VOL. 11 NO. 1  2010   REVIEWS IN CARDIOVASCULAR MEDICINE

Confirmation of HIT: Assays
Although the timing of treatment is
crucial in the management of HIT,
there is currently no “point of care”
or timely efficient tests with ade-

quate sensitivity and specificity that
can aid in the initial diagnosis for
HIT.28-32 As such, serologic tests in
HIT are used mainly to aid in the
confirmation of the diagnosis. There

are currently 2 major groups of sero-
logic tests that are used in this man-
ner: antigenic assays and functional
assays (Table 4).

Antigenic Assays
As the name implies, antigenic as-
says identify the presence of HIT an-
tibodies that are bound to PF4/
heparin complexes (Figure 3). This
test has a high sensitivity, but 
predictably a poor specificity, as it
also measures the presence of HIT
antibodies that may not necessarily
elicit a HIT response (eg, false-
positive).29 Although it cannot be
used as a single test without other
clinical suspicion to “rule in” HIT,
its high sensitivity translates to a

Table 4
Laboratory Testing for HIT

Functional (Platelet Activation) Assays Antigenic Assays

Serotonin-release assay PF4/heparin immunoassay 
(uses “washed” platelets) (ELISA immunoassay)

Heparin-induced platelet activation assay Particle gel immunoassay
(uses “washed” platelets)

Platelet aggregation test (uses citrate-
anticoagulated platelet-rich plasma)

ELISA, enzyme-linked immunosorbent assay; HIT, heparin-induced thrombocytopenia.

Serotonin Release Assay (SRA)

PF4/Heparin Enzyme-Immunoassay (EIA)

Patient serum or plasma is
added to microtiter plates

coated with PF4 and heparin

Add alkaline phosphatase-
conjugated goat
antihuman lgG

PF4/heparin complex

HIT-lgG

Radiolabeled serotonin released
from platelets

COLORAdd
substrate

wash wash

HIT-lgG
(from serum or plasma)

Alkaline phosphatase-
conjugated goat
antihuman lgG

PF4/heparin
complex

heparin

PF4

Figure 3. Laboratory assay for heparin-induced thrombocytopenia (HIT) antibodies. Top, the SRA. Washed platelets loaded with radiolabeled 
14C-serotonin are incubated with patient serum and pharmacologic concentrations of heparin. The presence of HIT-IgG antibodies can be detected
by the measurement of serotonin release. Bottom, PF4/heparin EIA. The assay shown utilizes PF4 and heparin bound in optimal stoichiometric
concentrations to detect HIT antibodies. EIA, enzyme-linked immunosorbent assay; PF4, platelet factor 4; SRA, serotonin release assay. Adapted with
permission from Warkentin TE.12
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high negative predictive value in
ruling out HIT (ie, HIT is unlikely to
be the diagnosis if the assay is nega-
tive). For this reason, the College of
American Pathologists currently
recommends heparin-PF4 antibody
testing for patients in whom there is
a suspicion of HIT based on the
temporal features of the thrombocy-
topenia or on the occurrence of
new thrombosis during or soon after
heparin treatment.30

Functional Assays
The functional tests, on the other
hand, directly assess the level of
platelet activity in the presence of pa-
tient sera and heparin.31,32 As it is ac-
tually measuring the activity of
platelets in producing thrombosis, it
has a much higher specificity than
antigenic assays. Serotonin release
assay, perhaps the most accurate func-

tional test currently available, has the
highest sensitivity and specificity, with
both parameters reaching above 95%.
However, it is significantly hindered
by its technical limitations essentially
negating its use as a cost-effective
initial diagnostic test (Table 5).32

As current tests are often labor
and time intensive with a typical
turnaround time of days to weeks,
serologic tests in HIT are largely inef-
fective as diagnostic tests and are
hence used primarily as confirma-
tory tests. At this time, there is no
single effective test. In fact, it would
be more accurate if antigenic and
functional tests are done in combi-
nation and multiple samples are
taken. Needless to say, this would be
an impractical and unnecessarily
time consuming manner to achieve a
diagnosis. Consequently, it is cur-
rently recommended not to delay

treatment if clinical suspicion of HIT
is moderate to high, while awaiting
the result of the confirmatory test
(Figure 4). However, a highly sensi-
tive test may be helpful in confirm-
ing HIT, which by and large remains
a clinical diagnosis.

Diagnosis of HIT
Reaching a clinical diagnosis often
hinges on a careful assessment of the
pretest likelihood of disease. To help
achieve this process, a user friendly
scoring system has been proposed
to predict the pretest likelihood of
HIT in heparin-exposed patients
(Table 6). This point-based system
takes into account the salient
features of HIT: (1) the degree
of Thrombocytopenia, (2) Timing of
thrombocytopenia, (3) evidence of
Thrombotic events, and (4) oTher
causes for thrombocytopenia (aptly

Table 5
Comparison of Common Laboratory Testing for HIT

Test Advantages Disadvantages

Serotonin-release assay High sensitivity and specificity Technically demanding, not readily available, 
(false positives rare) long turnaround time

Platelet aggregation assay High specificity Low sensitivity, technique-dependent

PF4/heparin immunoassay (ELISA) High sensitivity (high negative predictive Low specificity (higher rates of false positives)
value), relatively rapid turnaround time

ELISA, enzyme-linked immunosorbent assay; HIT, heparin-induced thrombocytopenia.

Actions

Moderate

Continue heparin*

Continue heparin

*Send heparin-platelet antibody test

Stop heparin*

Very Low Very High

Start direct thrombin inhibitor*

Degree of Suspicion

Figure 4. Decision making when confronting possible heparin-induced thrombocytopenia. Adapted with permission from Rice L et al.20
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named the 4Ts) to formulate the
pretest likelihood of having HIT.
Those with high pretest likelihood of
having HIT based on this scoring for-
mula should be treated while await-
ing the results of confirmatory study.

Monitoring Platelet Counts
Because the drop in platelet count is
the very first step in recognizing HIT,
routine monitoring of platelet count
is strongly recommended for most
patients receiving heparin therapy
whose risk of HIT is at least 0.1%.30,33

A baseline platelet count before initi-
ating heparin treatment is crucial to
allow estimation of relative changes.
In higher-risk patients, such as indi-
viduals receiving UFH at therapeutic
doses, the platelet count should be
checked at least every other day until
day 14 of therapy (or until heparin
is stopped, whichever is sooner). 
In lower-risk patients, monitoring
should be at least every 2 to 3 days
between days 4 and 14 while on hep-
arin therapy (Table 7).

Treatment of HIT
Direct Thrombin Inhibitors
The treatment strategy in HIT
encompasses the following goals:
(1) interrupting the immune response,
(2) inhibiting uncontrolled throm-
bin generation, and (3) minimizing

the complications of HIT.34 The
clearest way to halt the self-
perpetuating immune cycle of HIT is
obviously to disrupt its driving force.
As such, it should be emphasized
that all types of heparin should be
discontinued, however minimal the
exposure, when HIT is suspected, in-
cluding IV flushes, SQ injection, and
heparin-coated lines. Appropriate
nursing measures should be imple-
mented to prevent inadvertent hep-
arin exposure in this regard. Next,
proper steps should be acutely un-
dertaken to identify and treat active

and potential thrombosis. This
evokes the judicious use of direct
thrombin inhibitors (DTIs) (Table 8).

DTIs have multiple characteristics
that confer on them a distinct edge
over other agents in the management
of HIT.35 First, they have no potential

for cross-reactivity with HIT antibod-
ies, and thus cannot trigger a similar
antibody response. More impor-
tantly, they are physiologically a
powerful thrombin inhibitor as they
can inhibit both clot-bound and cir-
culating thrombin while blocking
both prothrombotic and procoagu-
lant effects.

Conversely, there are also signifi-
cant disadvantages. Perhaps most
notably, the actions of DTIs cannot
be reversed. Needless to say, this
would become seriously problematic
if significant bleeding complications

DTIs have multiple characteristics that confer them a distinct edge over other
agents in the management of HIT.

Table 6
The 4Ts Assessment Point System for Patients with Suspected HIT

Categorya 2 Points 1 Point 0 points

Thrombocytopenia � 50% fall, 30% to 50% fall, � 30% fall
or or or
Nadir of 20-100 � 109/L Nadir of 10-19 � 109/L Nadir of < 10 � 109/L

Timing of platelet count fall Days 5 to 10, > Day 10 or unclear � 1 Day
or (but fits with HIT), (No recent heparin)
� 1 day if heparin exposure or
within past 30 days � 1 day if heparin exposure 

within past 30-100 days

Thrombosis or other sequlae Proven thrombosis, skin necrosis, Progressive, recurrent, or silent None
or other heparin bolus, acute thrombosis; erythematous
systemic reaction skin lesions

Other causes for None evident Possible Definite
thrombocytopenia

HIT, heparin-induced thrombocytopenia.
aPoints assigned in each of 4 categories are totaled, and the pretest probability of HIT by total points is as follows: 6-8 � high; 4-5 � intermediate; 0-3 � low.
Adapted with permission from Warkentin TE et al.24
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were to arise. This poses a special
bleeding risk in patients with HIT
who are undergoing cardiovascular
surgery, where heparin is pervasively
used. Additionally, the use of DTI is
somewhat cumbersome, requiring a
careful patient selection, dosing, and
monitoring that are quite different
from what general clinicians have

been used to. DTIs prolong the
International Normalized Ratio and
hence the currently established para-
meters for risk of bleeding and the
level of anticoagulation do not
apply.36 Monitoring algorithms spe-
cific to each DTI have been estab-
lished and need to be followed when
transitioning to oral anticoagulation.

Indeed, this may be a daunting task
and help may be needed from a
vascular medicine specialist.

Lepirudin (Refludan®; Bayer Health-
Care Pharmaceuticals, Montville, NJ)
and argatroban (GlaxoSmithKline,
Philadelphia, PA) are the 2 current US
Food and Drug Administration (FDA)–
approved DTIs for the management

Table 7 
Consensus Guidelines for Platelet Count Monitoring for HIT

Population Examples Monitoring Guidelinea

Recent heparin exposure Patients starting UFH or LMWH and who Obtain baseline platelet count and repeat
received UFH within the previous 100 days; platelet count within 24 hours of starting 
patients whose heparin exposure history is unknown heparin

Acute, systemic reactions Patients with acute inflammatory, cardiorespiratory, Obtain platelet count immediately to 
after intravenous UFH bolus neurological, or other unusual symptoms and signs compare with recent prior platelet counts

within 30 minutes after an intravenous UFH bolus

Risk of HIT � 1% Patients receiving UFH at therapeutic doses Monitor at least every 2 days until day
14 of therapy or until UFH is stopped,
whichever comes first

Postoperative patients receiving UFH Monitor at least every 2 days between 
antithrombotic prophylaxis postoperative days 4 and 14b or until UFH

is stopped, whichever comes first

Risk of HIT 0.1% to 1% Medical/obstetric patients receiving prophylactic-dose Monitor every 2 or 3 days from days 4 to
UFH, or LMWH after first receiving UFH; postoperative 14b or until UFH is stopped, whichever
patients receiving prophylactic-dose LMWH, or comes first, when practical
intravascular catheter UFH flushes

Risk of HIT �0.1% Medical/obstetric patients receiving only LMWH; As clinically indicated (no routine 
medical patients receiving catheter UFH flushes monitoring)

HIT, heparin-induced thrombocytopenia; LMWH, low molecular weight heparin; UFH, unfractionated heparin.
aAs recommended by the College of American Pathologists (data from Warkentin TE30 and Warkentin TE et al.33).
bDays 4-10, with additional monitoring if platelet count falls in that time window, according to the College of American Pathologists Guidelines.

Table 8
Summary of DTIs

Argatroban Lepirudin Bivalirudin

Structure Synthetic L-arginine derivative Recombinant hirudin Semisynthetic hirulog

Half-life in healthy subjects 39-51 min 80 min 25 min

Elimination Hepatic Renal 80% enzymatic 20% renal

Monitoring needed aPTT, ACT aPTT aPTT, ACT

Thrombin binding Reversible Irreversible Partially reversible

Antidote None None None

ACT, activated clotting time; aPTT, activated partial thromboplastin time; DIT, direct thrombin inhibitors.
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of HIT.33-35 Lepirudin is a recombi-
nant hirudin analog, with irre-
versible thrombin binding, and a
half-life of 90 minutes. Argatroban
is a synthetic L-arginine derivative
that binds reversibly to thrombin
and has a half-life of approximately
50 minutes. The use of argatroban is
preferred in patients with renal
insufficiency because it is eliminated
by the hepatobiliary system of which
the opposite is true for lepirudin.
Lepirudin is the oldest of the com-
mercially used DTIs and has been
associated with anaphylaxis.35

Bivalirudin (Angiomax®; The
Medicines Company, Parsippany, NJ),
the newest DTI, may be the safest
of its kind to treat HIT given
its short half-life of only 20 to
25 minutes. As there is no proven
reversal agent in DTI, the duration
of half-life becomes especially
crucial in limiting the extent of
bleeding complications that may
arise. Bivalirudin has the shortest
half-life of all DTIs and is arguably
the safest.35

The safety and efficacy of bi-
valirudin has been studied in a
prospective, multicenter trial involv-
ing 52 patients with serologically
proven HIT.37 Although a rather small
study, bivalirudin was found to be
both safe and effective, with minimal
bleeding and cardiac complications.
Bivalirudin may be the most preferred
anticoagulant agent of choice in pa-
tients at risk of HIT undergoing percu-
taneous coronary intervention (PCI).

Of note, the use of bivalirudin
has also extensively been studied in
patients without HIT presenting
with the entire spectrum of ACS
(stable angina, non-ST-elevation MI
[NSTEMI], ST-elevation MI) undergo-
ing PCI, in 3 separate, randomized,
noninferiority trials.38-40 In all 3 stud-
ies, bivalirudin was found to be non-
inferior to heparin and GP IIb/IIIa
inhibitors in limiting ischemic out-

comes, while significantly decreasing
the incidence of hemorrhagic com-
plications. In this regard, bivalirudin
may be the most preferred anticoag-
ulant agent of choice in patients at
risk of HIT undergoing PCI.

The Timing of Treatment
It needs to be stressed again that the
treatment of HIT with an alternative
antithrombotic regimen (eg, DTIs)
must begin immediately if the suspi-
cion is high, regardless of whether
active thrombosis is present (Figure 4).
In the treatment of HIT, the cessation
of heparin simply is not enough.33,34,41

As noted previously, HIT is a strong

independent risk factor for venous
and arterial thrombosis as a substan-
tial number of HIT patients will de-
velop a thrombotic event some time
after the cessation of heparin therapy.
Furthermore, the accumulating evi-
dence of delayed-onset HIT present-
ing days to weeks after heparin
cessation makes a compelling case to
treat HIT with an alternative anticoag-
ulation for a full recommended
duration regardless of the presence of
active thrombosis. Oral anticoagula-
tion will eventually need to be
maintained for a minimum of 3 to
6 months regardless of whether HIT-
associated thrombosis is present.33

Oral Anticoagulation
There is a common misconception
that a bridging therapy prior to start-
ing vitamin K antagonist is unneces-
sary. Directly starting warfarin is not
only ineffective, but may even precip-
itate venous gangrene due to a pre-
cipitous fall in the levels of protein
C.42,43 Vitamin K antagonists should
not be started until the platelet count

has recovered to at least 150 � 109/L
and should always be bridged by a
DTI.33,34 Warfarin should always be
started at the expected maintenance
(not loading) dose and be overlapped
with an alternative anticoagulant for
at least 5 days.33,34

Common Misconceptions
About Treatment Options
Although it can be used as a preven-
tive measure to reduce the risk of
HIT in the general population,
LMWH should never be substituted
as a treatment once HIT has devel-
oped due to the high risk of in
vivo cross-reactivity.33,34 Platelet

transfusions are generally not
recommended unless absolutely re-
quired to manage life-threatening
bleeding.33,34 It has the potential to
exacerbate the hypercoagulable state
leading to additional thrombosis.

Prevention of HIT
As with any disease process, the best
way to combat its incidence is to
focus on its prevention. In HIT, pre-
vention begins with the patient’s his-
tory. This may range from directly
asking the patient about any previ-
ous adverse effect from heparin use
to identifying any recent hospitaliza-
tion where heparin may have been
used. If chances are high that the
patient is being reexposed to heparin
in a short amount of time, an earlier
monitoring of platelet count would
be necessary to identify the early
onset subtype.

Prior to the initiation of heparin,
one should always note the patient’s
baseline platelet count as it is the
relative drop of 50% that appears to
be more reliable than following an

Although it can be used as a preventive measure to reduce the risk of HIT
in the general population, LMWH should never be substituted as a treatment
once HIT has developed.
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absolute cutoff. In addition, moni-
toring of platelet count during hep-
arin use is crucial. Different strategies
of monitoring platelet count have
been advised by the American Col-
lege of Chest Physicians depending
on the risk of HIT for a given pa-
tient.33 Whenever possible, one
should try to limit heparin duration
to fewer than 5 days. This strategy is
reflected in the most recent Ameri-
can College of Cardiology/American
Heart Association guidelines for
ACS/NSTEMI management, which
recommends IV heparin duration of
no more than 48 hours for patients
undergoing medical management
for ACS/NSTEMI.4 In patients who
are undergoing a heparin treatment
of a thrombotic event, warfarin
should be started early to minimize
the length of heparin administration
in patients requiring longer-term
anticoagulation, except when HIT is
diagnosed. In this light, routine
initiation of oral anticoagulation is
encouraged at the start of heparin
therapy in patients who need longer-
term oral anticoagulation to mini-
mize the duration of concomitant
heparin-bridging therapy. Finally,
the use of LMWH, which has much
lower immunogenic potential for

HIT than heparin, may be more ben-
eficial in prevention.

Special Population: 
Cardiac Patients
Because heparin plays such an inte-
gral role in management strategies in
the field of cardiovascular medicine,
cardiac patients are often reexposed
to heparin at multiple times during
the course of their treatment. Conse-
quently, cardiac patients with a his-
tory of HIT invariably pose a special
management dilemma, particularly
those undergoing coronary bypass
surgery.26

In patients with a history of HIT,
all elective cardiovascular surgeries
should be delayed until HIT is fully
resolved and antibodies become un-

detectable by a sensitive assay. Tak-
ing these measures allows the even-
tual use of heparin during surgery
while minimizing the further risk of
propagating the immune response of
heparin antibodies. Although logic
would opt for the use of alternative

forms of anticoagulation, especially
in those with active HIT whose
surgery cannot be delayed, the
paucity of data regarding the efficacy
and safety of alternative anticoagu-
lants in this setting makes them less
than an optimal choice. First, the
effective and safe doses of these anti-
coagulants have not yet been estab-
lished in clinical trials. Second, as
there is no known antidote to reverse
its action, uncontrolled bleeding be-
comes a much bigger, potentially
catastrophic issue. Finally, it is diffi-
cult to readily monitor the
action/level of these anticoagulants
with the available assays (vs acti-
vated clotting time/activated partial
thromboplastin time for heparin).
Hence, the current recommended

strategy in managing patients with
HIT who are undergoing cardiovas-
cular surgery is not to avoid the use
of heparin altogether but to mini-
mize its exposure. This would
prompt the use of alternative antico-
agulation only before and after

In patients with a history of HIT, all elective cardiovascular surgeries should
be delayed until HIT is fully resolved and antibodies become undetectable by
a sensitive assay.

Main Points
• Heparin-induced thrombocytopenia (HIT) is an immune-mediated complication of heparin, specifically characterized

by the presence of heparin-platelet factor 4 antibodies.

• HIT is a clinicopathologic syndrome requiring both compatible clinical and laboratory features to establish its 
diagnosis.

• HIT should always be suspected when thrombosis occurs during heparin treatment.

• The treatment of HIT requires an immediate cessation of all heparin exposure and a prompt initiation of nonhepari-
noid anticoagulant (preferably a direct thrombin inhibitor [DTI]) regardless of whether active thrombosis is present at
the time of diagnosis.

• Vitamin K antagonists should not be started until the platelet count has recovered to at least 150 � 109/L and should
always be bridged by a nonheparinoid anticoagulant.

• DTIs are appropriate, evidence-based alternatives to heparin in patients with a history of HIT, who need to undergo
percutaneous coronary intervention.
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surgery, while reducing the amount
of heparin exposure as much as fea-
sible during surgery.

Conclusions
HIT is a not uncommon, still under-
recognized, but potentially devastat-
ing complication of heparin therapy.
It is a clinicopathologic syndrome:
its diagnosis is based on compatible
clinical features in the presence of
HIT antibodies. Although antibodies
against PF4/heparin form commonly
during heparin treatment, HIT only
occurs in the subset of patients
with strong platelet-activating IgG
antibodies.

The diagnosis of HIT centers upon
clinical suspicion that incorporates
the timing and the extent of throm-
bocytopenia while ruling out other
potential causes for thrombocytope-
nia. Its treatment should not rely on
laboratory confirmation, as high
clinical suspicion itself mandates the
initiation of non–heparin-based an-
ticoagulation while awaiting the re-
sults of the confirmatory test, which
often takes a few days to return.

The management of HIT requires
the discontinuation of all heparin ex-
posure, a careful assessment of the
thrombotic risk, and the initiation of
an alternative anticoagulant therapy,
usually a DTI. The prevention of HIT
begins with the patient’s previous his-
tory and limiting the duration of hep-
arin as much as possible.

In short, heparin use necessitates a
close vigilance to avoid delays in
timely diagnosis and treatment of HIT.
Perhaps, as the newer, non-heparin-
based forms of anticoagulation are
introduced and used, the incidence
of HIT may decrease in the future. At
this time, heparin use remains perva-
sive and only the increase in its
awareness may be the best means to

prevent the disastrous outcomes of
HIT.
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