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Abstract 

Heparin has been available as a clinical treatment 

and prevention for thromboembolic disease for half 

a century. Known complications of heparin therapy 

include bleeding, allergic reactions, osteoporosis, and 

thrombocytopenia. Heparin-induced thrombocytopenia 

(HIT) is a common and potentially grave adverse 

effect of heparin treatment. HIT is unusual among 

drug-induced thrombocytopenias in that it is more 

apt to cause thrombosis than bleeding. HIT-associated 

thrombosis can result in arterial and venous thrombosis 

leading to stroke, myocardial infarction, limb gangrene, 

amputation and even death. HIT pathogenesis is thought 

to involve antibody binding to an epitope on the platelet 

factor 4 (PF4)-heparin complex. The antibody bound 
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complex then binds FcγRII receptors on the platelet 

surface, which activates blood-coagulation pathways 

and concomitantly produces extensive platelet activation 

and aggregation. HIT diagnosis is based on the presence 

of thrombosis and diagnostic laboratory tests including 

immunoassays for HIT antibodies and functional 

tests, such as the 14C-serotonin release assay. Heparin 

treatment should be withdrawn immediately upon 

diagnosis of HIT, and the patient should be subjected 

to an alternative treatment for at least 5 days unless the 

HIT diagnosis is disproven. Once the patient has been 

stabilized, warfarin treatment should commence while 

the patient is still receiving the alternative anticoagulant 

therapy.
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Introduction

There are two types of heparin-induced thrombocytopenia 

(HIT) (Table 1) with distinct etiologies. HIT type I is an 

early-onset thrombocytopenia that is rarely associated 

with clinical complications and generally resolves 

without any change in treatment and the mechanism 

of the thrombocytopenia is nonimmune in nature. (1) 

HIT type II is a clinical-pathological syndrome which is 

strongly associated with thrombotic events and requires 

immediate heparin withdrawal often with administration 

of an alternative anticoagulant therapy. (2) HIT type II 

is also known as heparin-associated thrombocytopenia, 

heparin-associated thrombocytopenia and thrombosis, and 

white clot syndrome. (3) White clot syndrome refers to 

the platelet-rich arterial thrombosis (rather than a fi brin-

rich venous thrombosis) that is often observed in patients 

with HIT type II. (4) For the remainder of this review, the 

term HIT will refer selectively to HIT type II. HIT can 

be defi ned as an unexplained thrombocytopenia at 50% 

or lower of previously determined platelet counts during 

exposure to unfractionated heparin (UFH) or low molecular 

weight heparin (LMWH), (5) accompanied by the presence 

of antibodies against the heparin-platelet factor 4 (PF4) 

complex. (6)
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Epidemiology

The clinically reported incidences of HIT vary widely. 

In a review of prospective trials, the reported estimated 

frequencies of HIT ranged from 1 to 30% among patients 

receiving UFH and were about 2% in patients receiving 

LMWH. (7) In a more rigorous review, the estimated 

incidence was less than 3% with UFH, and 0% with LMWH. 

(8) The high variability in the incidence of HIT could be due 

to differences in the heparin preparations, differences in the 

diagnostic serologic assay used and differences in the patient 

populations. Table 2 summarizes the incidence of HIT 

relative to cohort demographics and heparin treatment type 

based on prospective studies that used established defi nition 

of HIT (≥50% platelet count decrease or thrombotic event, 

with a positive antibody assay or satisfactory clinical criteria 

for HIT).

Most patients that develop HIT were administered intravenous 

or subcutaneous heparin therapy prophylactically or as 

treatment for a thrombotic event. (8) HIT can result from 

delivery of a relatively small quantity of heparin. Indeed 

patients have been known to develop HIT after receiving 

as little as 250 U from a heparin fl ush or even after being fi t 

with heparin-coated catheters. (9,10)

HIT occurrence is affected by several factors including the 

type of heparin administered (bovine UFH > porcine UFH 

> LMWH), the duration of heparin administration (higher 

risk from days 5 to 14), gender (female > male), (4) the HIT 

defi nition adopted, and the type of test used for detecting 

heparin-dependent antibodies. (11) As shown in Table 2 

as much as 6.5% of orthopedic surgery patients receiving 

UFH develop HIT, (5,12) while ≤ 1% of patients develop 

HIT under other circumstances. (11-18) A recent meta-

analysis determined that the overall risk of developing HIT 

after the prophylactic use of UFH or LMWH was 2.6% and 

0.2%, respectively, in medical and surgical patients. (19) 

In a prospective cohort study involving 1754 consecutive 

medical patients treated with LMWH, the incidence of HIT 

was 0.8 percent. (20) HIT developed more often in patients 

with prior heparin exposure (1.7% vs 0.3% with no prior 

exposure; OR 4.9; 95% CI 1.5-16). An analysis of data 

from seven prospective studies determined that HIT risk 

was higher with UFH than with LMWH (RR 5.3; 95% CI 

2.8-9.9), higher in surgical than in medical patients (RR 

3.2; 95% CI 2.0-5.4), and higher in females than in males 

(RR 2.4; 95% CI 1.4-4.1). (20) The patient group with the 

highest risk for HIT was female surgical patients receiving 

UFH (RR 17; 95% CI 4.2-72).

Pathogenesis

HIT pathogenesis can be described as a three-step process: 

fi rst, antibodies are generated (immune response); second, 

platelets are activated and thrombin generation is increased 

(the hypercoagulable state); third, in some patients, 

thrombosis occurs, elevating the condition to heparin-

induced thrombocytopenia with thrombosis (HITT).

HIT pathogenesis involves the formation of multi-molecular 

complexes of the platelet alpha-granule PF4, heparin and 

anti-heparin antibodies. (21) PF4 is released by platelets 

when they are activated by agonists including thrombin, 

collagen, and heparin. HIT usually involves production of 

IgG anti-heparin antibodies, termed HIT IgGs, but IgM 

and IgA anti-heparin antibodies have also been implicated. 

(22,23) PF4:heparin:IgG-anti-heparin immune complexes 

interact with platelet FcγII receptors and thereby induce 

potent platelet activation, platelet aggregation, and a marked 

increase in thrombin levels. (22,24) The process can escalate 

as antibodies bind complexes on neighboring platelets, and 

consequently induce further PF4 release, platelet activation 

and antibody production. (25) In the presence of heparin, 

HIT sera have also been shown to generate pro-coagulant 

platelet microparticles of undetermined function that appear 

to emanate from activated platelet pseudopodia. (26,27)

HIT-IgG has been shown to activate endothelium in 

vitro, by interacting with heparan: PF4 complexes on the 

endothelial cell surface. (22) Heparan is an endogenous 

glycosaminoglycan thought to serve as an anticoagulant on 

vascular endothelium. This endothelial cell activation could 

augment tissue factor synthesis, and thereby further escalate 

excess thrombin generation, thrombus formation, and 

platelet activation. Furthermore endothelial cell hyperplasia 

caused by immune-mediated injury may also contribute 

to HIT-associated small vessel thrombosis and occlusive 

disease. (28)
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Clinical Manifestations

The thrombocytopenia of HIT has a characteristic timing 

and severity as described below.

Timing

Figure 1 provides a summary of the temporal patterns 

of thrombocytopenia in HIT patients. The hallmark sign 

of HIT is a plunge in platelet count that becomes evident 

within 5-10 days of commencing heparin treatment. (2) In 

one study it was observed that none of 189 patients who 

had early thrombocytopenia (within 4 days of starting 

heparin) had HIT, while 9 of 11 patients who developed late 

thrombocytopenia (after 5 or more days) were serologically 

diagnosed with HIT. Thus late thrombocytopenia onset 

is a critical clinical harbinger of HIT. Rapid-onset 

thrombocytopenia can develop into HIT in rare cases. 

However, this generally occurs only in patients who received 

heparin within the previous few months, and who therefore 

had circulating HIT antibodies already present when heparin 

was reintroduced. (29,30) Recent studies indicate that an 

anamnestic HIT antibody response is unlikely. (31)

Delayed-onset HIT following heparin withdrawal has been 

described. (32,33) Delayed-onset HIT was reported in 12 

patients after an average of 9 days (range: 5 to 19 days) 

post-heparin withdrawal. (34) These patients had high titer 

platelet-activating antibodies and exhibited elevated heparin-

dependent and heparin-independent platelet activation. In a 

large retrospective study involving 260 patients from three 

hospitals, there were 14 cases of delayed-onset HIT (median 

onset 14 days, range: 9 to 40 days). (33)

Severity

Thrombocytopenia (a platelet count fall of ≥50%), the most 

common clinical manifestation of HIT, occurs in ≥95% of 

HIT patients. (3,5,34) However, thrombocytopenia is rarely 

severe (median nadir platelet count = 50-60x109/L) and is 

rarely associated with bleeding. (35) Many patients with 

confi rmed HIT go on to develop concomitant thrombosis 

(HITT), even in cases in which the heparin treatment was 

used only for antithrombotic prophylaxis. (36,37)

In a large clinical trial (38), 8 of 9 post-operative orthopedic 

patients with HIT developed thrombosis, compared with 

only 117 of 656 patients without HIT (odds ratio, 37; 95% 

CI, 4.8-1638; p <0.001). A retrospective review found that 

venous and arterial thrombosis occurred in 61% (78/127) 

and 14% (18/127) of serologically confi rmed HIT patients. 

(37) Approximately half of these patients presented with a 

complicating thrombotic event before being diagnosed with 

HIT. And 53% of patients diagnosed with HIT in the absence 

of thrombosis went on to develop thrombosis within 30 days. 

Many prospective and case-controlled studies (5,29,39-41) 

have suggested that HIT patients have a 35-75% chance of 

developing thrombosis.

Venous thromboembolism, such as deep vein thrombosis 

(DVT) and pulmonary embolism are the most common 

thrombotic events observed, especially in post-operative 

patients. Rare clinical events such as gradually progressive 

neurologic dysfunction can sometimes be attributed to 

venous thrombosis (i.e. cerebral venous thrombosis). (36) 

Arterial thrombotic events associated with HIT most often 

manifest as acute ischemia of the leg due to occlusion of 

the distal aorta or a large limb artery. (36) Microvascular 

thrombosis in the presence of DVT has also been reported to 

produce limb ischemia in HIT patients undergoing warfarin 

anticoagulation therapy who develop severe protein C 

depletion. (42) Arterial thrombotic complications of HIT 

can also result in stroke and myocardial infarction.

In patients with HIT, DVT occurs more commonly in the 

legs than in the arms. (43) In a retrospective study of 260 

antibody-positive HIT patients, only 14 episodes of upper 

extremity DVT were observed (5.4% of the cases). In all 

14 cases, the DVT occurred at the site of a central venous 

catheter. About 10 to 20% of patients who develop HIT 

while receiving subcutaneous injections of heparin develop 

injection-site skin lesions, ranging from painful erythematous 

plaques to skin necrosis. (36,44) Some patients develop an 

acute systemic reaction within 5 to 30 min of receiving an 

intra-venous heparin bolus. (36,45,46) A minority of HIT 

patients suffer from additional complications including 

disseminated intravascular coagulation, (3,36) adrenal 

hemorrhage and transient global amnesia. (47,30)
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Diagnosis

Clinical diagnosis

The HIT diagnostic assays with the greatest sensitivity 

and specifi city are costly and time consuming, and are 

not available at many institutions. (47,48) Thus a prudent 

awareness of the clinical signs of HIT is crucial so that 

its diagnosis can be promptly considered in cases of 

unexplained thrombocytopenia and/or thrombosis during 

or following heparin exposure. Clinical scoring rubrics 

have been developed to discriminate between patients that 

are unlikely, likely, or highly likely to have HIT. (3) The 

scoring is based on multiple parameters including absolute 

platelet count, rate of platelet decrease, platelet recovery 

after heparin withdrawal, presence of cutaneous reactions, 

and occurrence of thrombosis.

Laboratory assay diagnosis

HIT diagnosis can be confi rmed by serotonin release assay 

(SRA), heparin-induced platelet aggregation assay (HIPA), 

or solid phase immunoassay. (49,50) The platelet SRA, 

which is the detection of radiolabeled serotonin release 

from washed platelets, (51) is considered the gold standard 

assay, both in term of sensitivity and specifi city, which are 

in the range of 65% to 90%. Consequently, the SRA is often 

used as the reference standard in the testing of new assays. 

(29,52-54) SRA has the practical drawback of being quite 

technically demanding. (55) In contrast to the SRA, the 

solid phase ELISA immunoassay is not a functional assay. 

For the solid phase immunoassay, patient serum samples 

are simply added to microtiter plates that have been pre-

coated with heparin-PF4 complexes. If heparin antibodies 

are present in the serum, antibody-bound complexes are 

detected by incubation with a specifi c secondary antibody. 

(56) Although this is a very sensitive assay, detecting 91 

to >97% of HIT cases, many patients that will not develop 

HIT also have a positive result (low specifi city: 74 to 86%). 

(57,58) Thus the solid phase immunoassay has a favorable 

negative predictive value, >95%, but only a moderate 

positive predictive value of 50 to 93%, depending on the 

study population and timing of thrombocytopenia onset. 

(2,58-60) As 10-20% of immunoassay results may be 

inconsistent with fi ndings of other assays, it should be used 

in combination with another assay. (2) The sensitivity and 

specifi city of some immunological assays are summarized 

in Table 3.

Treatment

HIT differs from most other acquired hypercoagulability 

syndromes (61) in that it is transient: platelet count defi cits 

generally resolve within days or weeks, and the pathogenic 

HIT antibodies are no longer detectable within weeks to a 

few months. (62) Upon diagnosis of HIT, patients should be 

immediately withdrawn from exposure to heparin, including 

heparin-bound catheters and heparin fl ushes. (2,63) LMWH 

should not be considered safe in patients that developed HIT 

as a result of UFH exposure since LMWH may cross-react 

with UFH-induced antibodies (2,29) and induce further 

heparin-dependent IgG antibody formation. Given that 

HIT patients develop thrombotic complications within 30 

days in as many as 53% of cases, (37) further interventions 

beyond heparin withdrawal, such as administration of 

agents that reduce thrombin generation (e.g. danaproid) or 

inhibit thrombin activity (e.g. lepirudin), (64-66) should be 

initiated to prevent severe complications.

Lepirudin

The FDA has approved lepirudin, a recombinant hirudin, for 

treatment of HIT associated thrombosis. This agent can also 

prevent the de novo development of thromboses in patients 

with isolated HIT. (67) Two prospective, multi-center, 

historically controlled trials (HAT-1 and HAT-2) evaluated 

the safety and effi cacy of lepirudin in HIT patients. (68,69) A 

third prospective multi-center study (HAT-3) evaluated the 

safety and effi cacy of lepirudin in patients confi rmed to have 

HIT by the very sensitive functional heparin-induced platelet 

activation (HIPA) test. (70) The HAT studies demonstrated 

that lepirudin treatment signifi cantly reduced the combined 

incidence of amputations, thromboses and death. When 

incidences of these clinical complications were considered 

separately, only the incidence of new thrombotic events was 

signifi cantly reduced in the lepirudin treated groups. It is 

worth noting that about one-third of the clinical events in 
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these trials occurred during the pre-treatment delay. (70,71) 

This underscores the importance of prompt commencement 

of HIT treatment. Indeed, patients presenting with clinical 

signs of HIT should be withdrawn immediately from heparin 

administration and then given an alternative anticoagulant 

without waiting for laboratory results.

Argatroban

Argatroban is a non-immunogenic small-molecule direct 

thrombin inhibitor approved to treat both isolated HIT and 

HIT-associated thrombosis. The usual argatroban dose is 

2 µg/kg/min adjusted by aPTT (usual target 1.5 to 3 times 

baseline). Argatroban has been shown to reduce the risk of 

thrombosis. (2,72) Because argatroban metabolism involves 

hepatobiliary excretion, patients with liver dysfunction 

should be administered argatroban at no more than 25% of 

the normal dose. Because argatroban is associated with a 

relatively prolonged elevated clotting tendency, as refl ected by 

the international normalized ratio (INR) index, (73) warfarin 

treatment should be postponed in patients receiving argatroban 

in order to prevent microvascular thrombosis. (74)

Danaproid

Danaproid is a heparinoid which consists predominantly 

of dermatan sulfate and low-sulfated heparan sulfate. 

Experimental danaproid treatment was associated with 

a favorable outcome in 93% (215/230) of HIT patients. 

(75) Complications among patients who did not have a 

favorable outcome included bleeding (n =2), recurrent 

thrombocytopenia (n =4), persistent thrombocytopenia 

(n =5), and thromboembolic events (n =4). Overall, fi ve 

patients demonstrated danaproid cross-reactivity with HIT-

IgGs (one of these patients developed a new thrombosis). 

Mortality possibly or probably due to danaproid treatment 

was reported in 3% of the patients (n =7); complications in 

these cases included bleeding, thrombosis, and septic shock. 

(75)

Fondaparinux

Fondaparinux is a synthetic highly sulfated pentasaccharide 

whose sequence is derived from the minimal antithrombin 

binding region of heparin. (2,76) Similarly to danaproid, 

fondaparinux has anti-factor Xa activity with a long half-

life and no or negligible in vitro cross-reactivity with HIT 

antibodies. Thus fondaparinux is a potential agent for HIT 

treatment, but there is not yet suffi cient evidence upon which 

to judge its safety and effi cacy.

Warfarin

Warfarin is a naturally derived anticoagulant that is 

generally used prophylactically to prevent the occurrence 

or reoccurrence of thrombosis and embolism. Because of 

warfarin’s inhibitory action on regulatory factors, (42) its 

initial effect can paradoxically be clot promoting. It should 

therefore only be administered after a patient has been stably 

anticoagulated with a thrombin-specifi c inhibitor and the 

patient’s platelet count has recovered to at least 100x109/L. 

(2) There should be at least 5 days of overlapping therapy 

before the thrombin-specifi c inhibitor is discontinued; and 

the initial doses of warfarin should be modest (<10 mg/d). 

The target range for anticoagulation with warfarin should 

be an INR in the range of 2.0 to 3.0. Given the high risk of 

thrombosis within the fi rst month after HIT diagnosis, (41) 

warfarin anticoagulation treatment should be continued for 

at least several months. (77)

Prevention

In light of the complexity of HIT diagnosis and treatment, 

preventive measures should be taken. Platelet count should 

be monitored relative to a baseline value at least every third 

day between days 5-14 of heparin exposure. Prophylactic 

oral warfarin in patients prescribed heparin therapy for acute 

thrombosis or atrial fi brillation should be used to minimize 

the duration of heparin exposure, which preferably should 

be no more than 5 days. It is vital that occurrences of HIT be 

properly documented to prevent risky heparin re-exposures. 

Patients with a history of HIT should not be re-exposed to 

heparin for at least 3 months, and subsequent exposures 

should be of minimal duration or preferably avoided 

altogether.



10 Crit Care & Shock 2009. Vol 12, No. 1

LMWH is less likely than UFH to produce HIT. (78) In a 

prospective study of postoperative orthopedic patients, 

heparin-dependent IgG antibodies were found less often 

in patients given LMWH (2.2%) than in patients given 

UFH (7.8%). Moreover, while 2.7% of patients given UFH 

developed HIT, no cases were reported in the LMHW group. 

(33) Furthermore, among 499 patients given LMHW who 

underwent hip replacement surgeries at multiple institutions, 

only one developed HIT. (79)

In summary, HIT may be prevented or reduced by 

minimizing heparin re-exposure and utilization of LMWH 

rather than UFH. If clinical signs of HIT are present, heparin 

exposure should be halted immediately and an alternative 

anticoagulant treatment course should be initiated. The 

currently available data suggest that the direct thrombin 

inhibitors lepirudin and argatroban, when used with caution, 

are the best available treatment options for HIT (41).

Table 1. Main Features of the Two Different Forms of Heparin-Induced Thrombocytopenia
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Table 2. Summary of Studies Examining the Incidence of Immune HIT Type Il in Different Patient Populations, Receiving 

UFH or LMWH
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Table 3. Sensitivity and Specifi city of Some Immunological Assays Used for the Diagnosis of HIT Syndrome

Figure 1. Temporal Patterns of Thrombocytopenia in HIT
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