
H eparin-induced thrombocyto-
penia, an adverse drug reaction
which appears occasionally and

is associated with high morbidity and
mortality, is without parallel in clinical
medicine. Heparin, a drug with primarily
anticoagulant properties, through immu-
nologically mediated reactions occasion-
ally turns procoagulant, thereby paradoxi-
cally transforming an antithrombotic
intervention into one that promotes throm-
bosis.

There are two types of heparin-indu-
ced thrombocytopenia (HIT).1 The first,
HIT type I, is characterized by a transi-
tory and slight reduction in the platelet
count, rarely below 100x109/L, that ap-
pears during the first 1-2 days after the
onset of therapy. The patients are usually
asymptomatic, while thrombocytopenia
resolves spontaneously and does not
require discontinuation of the drug. The
origin of HIT I is not completely known,
but is thought to be related to a pheno-
menon of heparin-induced platelet clam-
ping, as well as to a decrease in the plate-
let count.2,3 Thromboembolic complica-
tions do not occur in this type of throm-
bocytopenia.1

The second type, HIT type II, is rare
but far more serious, usually develops 5
to 15 days after the initiation of heparin
therapy (occasionally after months) and is
characterized by a significant reduction in
platelets (to below 100x109/L or >30%
decrease).1,4 It is immunologically media-
ted, through the formation of antibodies

against heparin/platelet factor 4 (PF4)
complex, which is believed to be the prin-
cipal cause of the prothrombotic compli-
cations associated with type II HIT.5 Se-
veral terms have been used to describe
HIT and its complications, such as hepa-
rin-induced thrombocytopenia and
thrombosis (HITT), “white clot syndro-
me” when arterial thrombosis occurs,
subacute HIT, indicating that thrombo-
cytopenia has resolved but HIT anti-
bodies remain detectable.1,5

Epidemiology

The true incidence of HIT II is not well
defined. Most reported studies are ret-
rospective and differ regarding the factors
that determine the incidence of HIT II,
such as the characteristics of patients con-
sidered, the type of heparin administered,
dosage, route of administration, duration
of therapy, definition of thrombocyto-
penia, and laboratory tests employed for
diagnostic confirmation (Table 1).

Some of the above factors were stu-
died in a double blind, placebo-controlled
study of unfractionated heparin (UFH)
or low-molecular-weight-heparin (LM
WH) administered following orthopedic
surgery.6 In this study, the frequency of
serologically confirmed HIT caused by
UFH given to 332 patients was 1% at 7
days and 3% at 14 days, when thrombo-
cytopenia was defined as a platelet count
fall to <150x109/L that began after 5 days
of heparin. In contrast, none of the 333
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patients who received LMWH (enoxaparin) developed
HIT using this definition. However, when thrombo-
cytopenia was defined as a >50% fall in platelet count
that began after 5 days of heparin therapy, the fre-
quency of HIT for UFH and LMWH was appro-
ximately 5.7% and 1%, respectively.

The relationship between the incidence of HIT
II (defined only by clinical criteria), dosage and type
of UFH used appeared in the study of Warkentin et
al, in which the incidence was about 5% for thera-
peutic doses of bovine UFH, and 1% for porcine
UFH, while it was <1% with prophylactic doses of
porcine heparin.7 In other prospective studies the
incidence of HIT II varied from 1-30% in patients
treated with high doses of intravenous UFH, while it
was <2% in patients administered low doses of sub-
cutaneous heparin.1,8

Several studies support the view that the possi-
bility of development of HIT II differs among dif-
ferent study population. Surgical patients appear to
be more likely to develop HIT than medical pa-
tients.9 About 15% of orthopedic surgery patients
who receive UFH for two weeks develop HIT anti-
bodies, while one third of these patients (5% overall)
develop clinical HIT (defined as a 50% or greater
drop in platelet count).10 In contrast, although 50%
of cardiac surgery patients form HIT antibodies
following heart surgery, only about 5% of these (2-
3% overall) develop clinical HIT.10,11

In a double-blind, placebo-controlled study, the
development of HIT was compared in 3,171 patients
with angina at rest or non-Q-wave myocardial infarc-
tion, who were randomly assigned to receive either
LMWH (enoxaparin) or continuous UFH for 2 to 8
days. No patients in either treatment group deve-
loped HIT, possibly due to the brief duration of the-
rapy.12

In conclusion, the frequency of clinical and labo-
ratory confirmed (antibody formation) HIT II seems
to be about 2% when UFH is used, while it is much
lower in patients who receive LMWH.6,9,10

Pathophysiology

The immunologic basis of HIT II has been fully
elucidated. Heparin, a highly sulfated glycosami-
noglycan, can form multimolecular complexes with
platelet factor 4 (PF4), a protein located within pla-
telet a-granules that exhibits a high affinity for he-
parin.13 For unknown reasons, some patients gene-
rate antibodies (heparin-induced antibodies, HIA)
that recognize PF4 when it is complexed to heparin.14

These antibodies are usually IgG class, less fre-
quently IgM or IgA. The immune complexes com-
posed of HIA-IgG/PF4/heparin are connected with
platelet FcÁIIa receptors, resulting in strong platelet
activation.15 This activation causes additional PF4
release, which leads to the formation of new immune
complexes, resulting in further activation and throm-
bocytopenia. Additionally, platelet activation causes
platelet membrane changes, including the formation
of procoagulant microparticles that lead to thrombin
generation.16 Furthermore, the multimolecular
complexes of glycosaminoglycan and PF4 can cause
endothelial injury, which in turn expresses tissue
factor. As a result, activation of coagulation cascade
occurs, leading to thrombin generation. This hyper-
coagulable state can persist for many days or weeks,
which can explain the presence of arterial and venous
thrombosis regardless of the cessation of heparin.1,15,16

Clinical Picture

The clinical picture of the syndrome is summarized
in table 2. Three characteristic features of HIT II can
be helpful in distinguishing it from other causes of
thrombocytopenia: 1) the timing of the onset of
thrombocytopenia, 2) the severity of the thrombo-
cytopenia and 3) the presence of thrombosis or other
characteristic sequelae.4,17 Apart from the above
features, this syndrome is also characterized by
several clinical and treatment paradoxes (Table 3).18

The typical presentation of a HIT II is a platelet
count decrease that begins 5 to 10 days after starting
heparin therapy.1,4,17 In some cases, there is a rapid
fall in the platelet count (rapid-onset HIT), starting
within minutes or hours of heparin administration.
Recent heparin use (within the past 3 months) and
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Table 1. Epidemiology of heparin-induced thrombocytopenia.

General: <5% due to treatment with  bovine heparin
1% due to treatment with porcine heparin 
<1% due to prophylaxis
20-30% with thrombotic complications 

Incidence depends on: patient characteristics
type of heparin
route of administration
dose
duration of therapy
definition of thrombocytopenia
confirmation by laboratory test



circulating HIT antibodies explain this profile. Rarely,
thrombocytopenia and thrombosis attributable to
HIT II can begin several days after discontinuation
of heparin (delayed-onset HIT).4,13,17

The severity of thrombocytopenia, which varies
between 50 and 70x109/L (seldom <19x109/L), is
often disproportionate to clinical symptoms. Petechiae
or hemorrhagic events are not frequent.13 In contrast,
thrombosis, which appears in 30-75% of patients, is
the major complication of HIT II. It may appear
even in the absence of thrombocytopenia and is
associated with a fall in the initial platelet count.19

Both arterial and venous thrombosis can complicate
the course of HIT II. Arterial thrombosis seems to
be more frequent in patients with cardiovascular
diseases, whereas venous thrombosis is found more

often in patients undergoing post-surgical prophy-
laxis.20 The most common arterial complications are
thromboses of the large vessels, with gangrene and
limb amputation, stroke, myocardial infarction, and
cardiac thrombosis.5,13,21,22 Deep venous thrombosis
(DVT) and pulmonary embolism are the commonest
among venous complications, while hemorrhagic
adrenal necrosis, closure of arterial-venous fistula in
a dialyzed patient and disseminated intravascular
coagulation have been reported.4,5,8 A severe compli-
cation is limb gangrene and DVT that appears du-
ring treatment with oral anticoagulants (coumarins).
Other complications include allergic reactions within
5-30 minutes after i.v. heparin infusion, and skin ne-
crosis at the site of subcutaneous heparin injection
(10-20% of HIT II patients).17

Diagnosis

HIT II is a clinicopathologic syndrome that is often
under-diagnosed.22 A high index of suspicion,
association of symptomatology with heparin therapy
and serological confirmation are required for the
diagnosis. The clinical diagnosis of HIT II is based
on the following criteria: 1) the occurrence of throm-
bocytopenia during heparin therapy, 2) resolution of
thrombocytopenia after cessation of heparin, and 3)
exclusion of other causes.1,23 The clinical diagnosis
should be confirmed by a laboratory test for HIT
antibodies. For that purpose two types of laboratory
tests are available: the immunoassays and the functi-
onal assays. The first, ELISA assays, have a sensiti-
vity of approximately 80% to 90% and can detect
antibodies against heparin/PF4 complexes. The
functional assays include various methods of platelet
aggregation tests, the C-serotonin-release assay and
flow cytometric platelet activation assay.14,20,21 The
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Table 2. Heparin-induced thrombocytopenia: clinical picture.

Thrombocytopenia with or without one of the following:

A. Venous thrombosis
Deep venous thrombosis
Coumarin-induced venous limb gangrene
Pulmonary embolism
Cerebral venous thrombosis
Adrenal venous thrombosis

B. Arterial thrombosis
Lower limb artery thrombosis
Cerebrovascular accident
Myocardial infarction
Other

C. Skin lesions (at heparin injection sites)
Erythematous plaques
Skin necrosis

D. Acute systemic (allergic) reactions:
Post-intravenous heparin bolus

E. Disseminated intravascular coagulation with hypofibrino-
genemia

Table 3. Heparin-induced thrombocytopenia: medical paradoxes.

Paradox Comment

Coumarins increase risk of microvascular Coumarins are contraindicated in acute HIT.
thrombosis in acute HIT (venous limb gangrene, skin necrosis) Treatment should be initiated after restoration of platelet count 

to near normal or at least 100x109/L 

LMWH is contraindicated for treatment of acute In vivo crossreactivity (of 50%) when used to treat UFH-induced HIT
HIT, despite its lower frequency of causing HIT

Platelet transfusions are contraindicated in acute HIT Spontaneous bleeding is uncommon despite thrombocytopenia
Platelet transfusion may contribute to thrombotic risk

High risk of thrombosis persists even after heparin is stopped Treatment with alternative anticoagulation is recommended



role of the above tests is to detect antibodies that
activate the platelets. Immunoassays can detect IgG,
IgA, or IgM, even in low titers that have no clinical
importance. In contrast, functional tests are capable
of detecting the same antibodies but in higher ti-
ters.1,15,16 At this time, both methods complement one
another and neither is 100% sensitive.15

Due to the difficulties reported in interpreting
the above serologic methods, various score systems
have been proposed for the estimation of the clinical
probability of HIT II (including clinical symptoms
and laboratory values). These systems are based on
the severity of thrombocytopenia, the recovery follow-
ing drug withdrawal, onset of thrombotic complica-
tions, and the exclusion of other causes of thrombo-
cytopenia. A diagnosis of HIT II is highly probable
when the score is >3, intermediate from 1-3 and low
when the score is < 1 (Table 4).16

As mentioned above, the diagnosis of HIT II is
primarily clinical and is confirmed by laboratory
results. In cases of thrombocytopenia or thrombosis
associated with heparin administration a positive test,
immunoassay or functional, is sufficient to confirm
the diagnosis of HIT II. If the test chosen initially is
negative and the clinical likelihood of the syndrome
is high, an alternative assay is tested. If the second
assay is positive the diagnosis is confirmed. In the
case that the second assay is also negative, the diag-
nosis is questionable even if the clinical picture is
suggestive of HIT type II.16,17 There are disorders
that strongly mimic HIT (“pseudo-HIT”), such as
thrombocytopenia associated with pulmonary em-
bolism and disseminated intravascular coagulation

(DIC), cancer-associated DIC and thrombosis, pur-
pura fulminans with DIC, in which serologic tests are
negative. In contrast, acute dyspnea that mimics
pulmonary embolism (“pseudo-pulmonary embo-
lism”) or adult respiratory distress syndrome (ARDS)
may be the presenting manifestation of HIT type II
syndrome.24-26

Treatment

Despite the variety of treatment options for HIT
type II, the best therapeutic strategy has not yet been
clearly established. The treatment paradoxes in the
acute phase of HIT type II are depicted in table 3.18

The clinical significance of the above is to know what
to avoid in the acute phase of the syndrome: 1)
anticoagulant therapy (warfarin) with vitamin K
antagonists is contraindicated due to the risk of
venous-limb gangrene and skin reactions; 2) LMWH
is contraindicated as an alternative to UFH (high
risk of in-vivo cross reactivity) despite its lower fre-
quency of causing the syndrome; 3) platelet trans-
fusion is relatively contraindicated due to increased
risk of new thrombotic complications; 4) discontinua-
tion of heparin alone does not protect against throm-
bosis. It is estimated that 40-50% of cases of HIT
type II show thrombotic complications despite
cessation of heparin.27

In the case of high clinical suspicion of HIT type
II (with or without thrombosis) all heparin treatment
should be discontinued immediately without waiting
for HIT antibody test results. Several cases of throm-
boembolic complications associated with heparin
“flushes” (for maintaining the patency of central ve-
nous or peripheral arterial catheters) and the use of
heparin-coated pulmonary arterial catheters have
been reported.28 Since HIT II patients are at high risk
of thrombotic complications even after disconti-
nuation of heparin, treatment with a rapidly acting
alternative anticoagulant to heparin is mandatory.

Alternatives to heparin anticoagulants 

The alternative anticoagulant drugs to heparin in-
clude the direct thrombin inhibitors lepirudin (Re-
fludan®) and argatroban (Novastan®), as well as the
low-molecular-weight heparinoid danaparoid sodium
(Orgaran®) (Table 5).

Lepirudin

Lepirudin (recombinant hirudin, r-hirudin, Refludan®)
is a recombinant direct thrombin inhibitor that binds
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Table 4. Clinical Scoring System.

Clinical features Score

Decrease in platelet count <50% and >30% +1 
Decrease in platelet count >50% +2
Timing of thrombocytopenia after heparin exposure:
>5 days for patient’s exposure for first time +2
<5 days for patient re-exposure +2
Thrombotic complications during heparin treatment +2
Skin necrosis at heparin injection sites +1
Improvement in platelet count after heparin withdrawal +2
Infectious causes of thrombocytopenia-sepsis -1
Recent chemotherapy -1
Thrombotic complication before the onset of heparin -1
treatment

HIT II unlikely/low probability <1
HIT II intermediate probability 1-3
HIT II high probability >3



thrombin, forming an irreversible 1:1 complex. Hi-
rudin’s half-life is approximately 80 min, but is in-
creased dramatically in renal insufficiency. The anti-
coagulant activity of the drug is monitored by measur-
ing the activated partial thromboplastin time (aPTT).
The usual dose is 0.4 mg/kg bolus followed by 0.15
mg/kg/h by continuous infusion, adjusted for a target
aPTT (prolongation of aPTT 1.5-2.5 to the control).
For prophylactic use it may be preferable to omit the
initial bolus and to use a lower target aPTT range
(1.5-2.0). The drug has been approved for prophy-
lactic and treatment use in HIT II patients (Table 5).
As a foreign protein for the body, the drug can cause
the development of anti-hirudin antibodies when
administered for >8 days in about 50-80% of cases.
The formation of these antibodies prolongs the aPTT
but does not increase the hemorrhagic complications.
Thus, daily monitoring of aPTT should be performed
throughout the course of lepirudin treatment.30.31

Argatroban

Argatroban is a synthetic drug derived from L-argini-
ne. It is a small molecule that acts as a reversible, di-

rect and selective thrombin inhibitor. Argatroban has
similar in vitro potency for inhibiting both fibrin clot-
bound and soluble thrombin. The half-life is 40-50
min. Argatroban is cleared by the liver, and when ad-
ministered in patients with liver disease, the elimi-
nation half-life is doubled (in such patients the initial
dose of the drug should be decreased to 25%). Arga-
troban is not excreted renally, therefore a dose redu-
ction is not required in cases of renal failure. The
pharmacologic properties of the drug give it a poten-
tial safety advantage over lepirudin. The antico-
agulant activity of the drug is monitored by the aPTT
with target therapeutic range 1.5-3 times baseline.1,16

In a recent study, patients with HIT Type II (with
or without thrombosis) who received 2 Ìg/kg/min
argatroban, had a significant reduction of new throm-
bosis and limb amputations with a decline of the sub-
sequent mortality rates when compared to controls.
Additionally, although bleeding events were similar in
both study groups, the argatroban treated patients had
a much more rapid increase in the platelet count.32

Argatroban is approved in the USA for treatment of
percutaneous coronary intervention in patients with a
history of acute HIT type II.33
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Table 5. Heparin-induced thrombocytopenia: alternative anticoagulant.

Anticoagulant Dosing Pharmacokinetics Comments

Agents approved for HIT type II

Danaparoid sodium Bolus:2250U Renal metabolism Approved for treatment and
(Orgaran) Infusion: 400U/hx4h Dose reduction in RF prevention of HIT thrombosis 

300U/hx4h (Europe, Canada, Australia).
200U/h Rarely in vivo crossreactivity 

with monitoring by with heparin/PF4 complex
antifactor Xa (0.5-0.8U/ml)

Lepirudin (Refludan) Bolus: 0.4 mg/kg Renal metabolism Approved for HIT-associated
Dose reduction in RF Thrombosis (Europe, USA)

Allergic reactions, antibodies

Argatroban (Novastan) 2 Ìg/kg/min without initial Hepato-biliary excretion Approved for prevention and
bolus, target aPTT range treatment of HIT-associated
1.5-2.5 x baseline thrombosis (USA, Canada)

Agents under investigation for HIT II

Bivalirudin (Angiomax) 0.15-0.20 mg/kg/h without Enzymic excretion Approved in USA for percutaneous
bolus coronary intervention (non-HIT)
aPTT 1.5-2.5 x baseline limited experience

Fondaparinux (Arixtra) Uncertain Renal excretion Approved for DVT prophylaxis in 
orthopedic surgery, lack of in-vivo
cross-reactivity with heparin/PF4
complex

RF: Renal failure



Danaparoid

The heparinoid danaparoid sodium (Orgaran), deri-
ved from porcine intestinal mucosa, consists of hepa-
rin sulfate, dermatan sulfate and chondroitin sulfate.
In contrast to LMWH, it contains no heparin frag-
ments. It has antifactor Xa activity. A dose regimen
for treatment of thromboembolism should be ade-
quate to maintain antifactor Xa activity at 0.5-0.8
U/ml. The elimination half life of the antifactor Xa
activity is 24 hours. This prolonged half-life, although
advantageous for HIT type II patients with deep
venous thrombosis or pulmonary embolism where
gradual transition to oral anticoagulants is required,
is a disadvantage in cases of acute bleeding, opera-
tions or other invasive procedures due to the defi-
ciency of an antidote (cannot be neutralized by pro-
tamine sulfate). It has renal clearance and requires
dose reduction in renal insufficiency. Rarely, the
drug exhibits cross-reactivity with the heparin/PF4
complex. Because of the prolonged elimination half-
life, bleeding complications, lack of antidote for
anticoagulant effects and routine monitoring test,
the drug has limited use. Recently, the drug has been
disapproved for prophylaxis and treatment of HIT
type II patients in the USA.16,34,35

Other anticoagulants

The hirudin analogue bivalirudin (Angiomax®) is
approved for percutaneous coronary angioplasty, as
an alternative to heparin, while its use in HIT II
patients is limited.36 The pentasaccharide Fonda-
parinux (Arixtra®) is approved for antithrombotic
prophylaxis after orthopedic surgery.37 This agent
does not cross react with antibodies against hepa-
rin/PF4 complex, and theoretically should be effec-
tive for HIT given that it has potent antithrombotic
activity (inhibits antiXa on clot external).

Adjunctive therapy

Antiplatelet agents, aspirin and dipyridamole, which
have been used for many years in HIT patients in
order to inhibit platelet activation, are ineffective,
since aspirin has low antiplatelet activity. For this
reason, aspirin is not considered as a principal agent
for therapy of HIT type II patients but can be added
to therapeutic anticoagulation in patients as an ad-
junct in HIT patients with arterial thrombosis.

Iloprost, a prostacyclin analog with potent anti-
platelet activity, has been successfully used in cardiac

surgery in HIT II patients. The drug reversibly inhi-
bits platelet aggregation and has an elimination half-
life of 15-30 min. Due to increased risk of hypoten-
sive episodes its use is limited.38

Antagonists of platelet glycoprotein IIb/IIIa re-
ceptors (GPIIb/IIIa) have been used in combination
with direct thrombin inhibitors in HIT II patients du-
ring percutaneous coronary angioplasty or coronary
by-pass surgery.39 A study using this regimen showed
that platelet activation from heparin/PF4 complex is
inhibited when an antagonist of GPIIb/ IIIa is added
to the direct thrombin inhibitors. Although the
number of series is limited, the clinical use of this
combined treatment has shown beneficial results.13,39

Immunoglobulin at 1g/kg for two consecutive
days has been used as adjunctive therapy for the
treatment of HIT II, inhibiting HIT antibody-indu-
ced platelet activation via blocking platelet Fc recep-
tors. Intravenous IgG may be used as adjunctive
treatment for patients in whom rapid blockade of the
Fc receptor is required (HIT in pregnancy, DIC, limb
gangrene).1,16 Thrombolysis with streptokinase, uro-
kinase or rTPA, plasmapheresis and surgical throm-
boembolectomy have all been used as an adjunctive
treatment in HIT type II patients.4,16

An approach to HIT in various clinical settings

HIT in coronary artery bypass surgery

For patients who require coronary artery bypass sur-
gery and have either an active or a remote history of
HIT, the physician should first decide if heparin or
an alternative anticoagulant drug could be used. In
cases with a history of HIT but no detectable anti-
bodies heparin can be used at a regular dose during
surgery, followed by an alternative anticoagulant
beginning in the postoperative period. In those with
detectable antibodies or those with low platelet
count, where immediate operation is not required,
bypass can be delayed for 3-4 weeks and if the plate-
let count has returned to normal, then heparin is
used as in the first case. In a patient who has either
acute HIT or who has had HIT within the past 4
weeks and the bypass procedure is essential, two
treatment approaches have been described.40

First, alternative anticoagulation with danapa-
roid sodium or lepirudin or bivalirudin can be
provided. Disadvantages of the first drug include a
long half-life, the lack of an antidote, the need for
antifactor Xa monitoring and in some cases severe
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bleeding complications. Drawbacks of lepirudin
include the lack of an antidote, the risk for drug
accumulation during renal failure and the need to
monitor using ecarin clotting time (ECT).30,40 Bi-
valirudin has a theoretical advantage over lepirudin
due to its shorter half-life and enzymic rather than
renal clearance.36

A second approach is to administer heparin
together with antiplatelet agents such as iloprost,
epoprostenol or GPIIa/IIIb antagonist (tirofiban).
Both approaches have been used successfully, but
experience is limited.38,40

HIT in cardiology

In patients who have acute cardiac episodes or re-
quire cardiologic interventions (percutaneous an-
gioplasty, percutaneous valve repair) heparin is com-
monly used to avoid thrombotic complications. Pa-
tients with HIT type II who require coronary inter-
vention have increased thrombosis risk, since besides
the hypercoagulant feature of the syndrome they
have increased risk of thrombus breakdown during
the procedure. In such cases, anticoagulation with an
alternative drug to heparin is required, though LMWH
and danaparoid sodium are contraindicated due to
the potential of cross-reactivity with antibodies against
heparin/PF4 complex.6,11,14,40

Lepirudin, bivalirudin and argatroban have been
approved by the FDA for use in patients with active
HIT or a history of HIT who are undergoing percu-
taneous coronary intervention, while several studies
concerning the combination of these drugs with
inhibitors of GPIIb/IIIa platelet receptors are in
progress.33,41,42 Lepirudin, either alone or in combina-
tion with the above inhibitors has been used suc-
cessfully in these patients in doses sufficient to
maintain the aPTT between 200 to 400 seconds.

HIT type II patients re-exposed to heparin

Patients with HIT type II with detectable antibodies
should not receive heparin under any circumstances.
Recent studies showed that the titers of antibodies
against heparin/PF4 complex fell to undetectable
levels at a median of 50 to 85 days after heparin
withdrawal.43 Accordingly, heparin should not be
given to patients with HIT type II within the previous
120 days, without previous estimation of these
titers.43 In those patients who have had HIT type II
and have no detectable antibodies, heparin can be

provided during cardiac or other surgery, although
alternative anticoagulation is required periope-
ratively.40

Long term treatment of HIT type II

The duration of treatment for patients with HIT II is
not well defined. Prospective studies suggest that the
risk of thrombotic complications can persist for up to
at least 6 weeks. Therefore, anticoagulation is recom-
mended for at least 2 to 3 months. The anticoagulant of
choice is the vitamin K antagonist coumarin.16,40,43

Treatment should be initiated while the patient is
under adequate alternative anticoagulant treatment
(direct thrombin inhibitors or danaparoid sodium),
even if thrombosis is not apparent, because sub-
clinical thrombosis can be present. For that reason,
HIT II patients should undergo duplex ultraso-
nography for deep venous thrombosis.44 The proper
time for coumarin initiation is individualized, but is
probably best started when the platelet count is near
the normal range.16,40,45 When coumarin treatment is
provided immediately after heparin cessation with-
out normalization of the platelet count, the risk of
limb necrosis (gangrene) from deep venous throm-
bosis is increased.16,18,46 Affected patients have a
typical clinical profile. First, progression to necrosis
occurs in a limb with active deep venous thrombosis;
second, gangrene occurs only after HIT has been
diagnosed, heparin discontinued, and coumarin
commenced; and third, patients usually have an INR
above therapeutic range. The pathogenesis of this
phenomenon is obscure. The paradoxically ongoing
thrombin generation, despite coumarin treatment
and increased INR, as well as the severe depletion in
protein C levels, which is a natural thrombin inhi-
bitor, have all been implicated for venous limb gan-
grene.18,46 Recently, a similar complication has been
described in two patients with HIT type II and deep
venous thrombosis during coumarin transition from
direct thrombin inhibitors (lepirudin, argatroban),
due to persistent thrombocytopenia.47

Unanswered questions

Despite progress towards a better understanding of
the pathophysiology and the innovative treatment
options, several questions regarding diagnosis and
treatment remain unanswered. For example, are all
patients who receive heparin equally at risk for deve-
loping HIT? Some studies have suggested that poly-
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morphism for the FCÁRII receptor alters the sus-
ceptibility to thrombocytopenia. What is the best po-
licy for those who receive heparin during a coronary
artery bypass procedure or other surgery and then
develop thrombosis in the postoperative period?
Several studies are under way and are expected to
help in resolving the unanswered questions in HIT
type II syndrome.

References

1. Fabris F, Luzzatto G, Stefani PM, Girolami B, Cella G, Gi-
rolami A: Heparin-induced thrombocytopenia. Haema-
tologica 2000; 85: 72-81.

2. Davey MG, Lancler H: Effect of injected heparin on platelet
levels in man. J Clin Pathol 1968; 21: 55-59.

3. Fabris F, Fussi F, Casonato A, Visentin L, Randi M, Smith
MR, et al: Normal and low molecular weight heparins: inter-
action with human platelets. Eur J Clin Invest 1983; 13: 135-139.

4. Warkentin TE, Chong BH, Greinacher A: Heparin-induced
thrombocytopenia: towards consensus. Thromb Haemost
1998; 78: 1-7.

5. Chong BH: Heparin-induced thrombopenia. Br J Haematol
1995; 89: 431-439.

6. Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts
RS, Gent M, et al: Heparin-induced thrombocytopenia trea-
ted with low-molecular-weight heparin or unfractionated
heparin. N Engl J Med 1995; 332: 1330-1335.

7. Warkentin TE, Kelton JG: Heparin and platelets. Hematol
Oncol Clin North Am 1990; 4: 243-264.

8. Chong BH: Heparin-induced thrombopenia. Aust NZ J Med
1992; 22: 145-152.

9. Lee DP, Warkentin TE: Frequency of heparin-induced throm-
bocytopenia. In: Warkentin TE, Greinacher A, eds. Hepa-
rin-induced thrombocytopenia. 2nd ed. New York: Marcel
Dekker Inc; 2001: 87-121.

10. Warkentin TE, Sheppard JL, Horsewood P, Simpsom PJ,
Moore JC, Kelton JG: Impact on the patient population on
the risk of heparin-induced thrombocytopenia. Blood 2000;
96: 1703-1708.

11. Pouplard C, May MA, Iochmann S, Amiral J, Vissac AM,
Marchand M, et al: Antibodies to platelet factor-4 after
cardiopulmonary bypass in patients anticoagulated with
unfractionated heparin or a low-molecular-weight heparin:
clinical implications for heparin-induced thrombocytopenia.
Circulation 1999; 99: 2530-2536.

12. Cohen M, Demers C, Gurfinkel EP, Turpie AG, Fromell
GJ, Goodman S, et al: A comparison of low-molecular-
weight heparin with unfractionated heparin for unstable
coronary artery disease. Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-Wave Coronary Events Study Group.
N Engl J Med 1997; 337: 447-452.

13. Fabris F, Ahmad S, Cella G, Jeske WP, Walenga JM, Fareed
J: Pathophysiology of heparin-induced thrombocytopenia.
Clinical and diagnostic implications-a review. Arch Pathol
Lab Med 2000; 124: 1657-1666.

14. Warkentin TE: Platelet count monitoring and laboratory
testing for heparin-induced thrombocytopenia. Recommen-
dations of the college of American Pathologists. Arch Pathol
Lab Med 2002; 126: 1414-1423.

15. Chong BH, Eisbacher M: Pathophysiology and laboratory
testing of heparin-induced thrombocytopenia. Semin Hema-
tol 1998; 35: 3-8.

16. Warkentin ∆∂: Heparin-induced thrombocytopenia: patho-
genesis and management. Br J Haematol 2003; 121: 535-555.

17. Warkentin TE: Clinical presentation of heparin-induced
thrombocytopenia. Semin Hematol 1998; 35: 9-18.

18. Warkentin TE: Heparin-induced thrombocytopenia: yet
another treatment paradox? Thromb Haemost 2001; 85:
947-949.

19. Hach-Wunderle V, Kainer K, Krug B, Mueller-Berghaus G,
Potzch B: Heparin-associated thrombosis despite normal
platelet counts. Lancet 1994; 344: 469-470.

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

21. Boshkov L, Warkentin TE, Hayward CPM, Andrew M,
Kelton JG: Heparin-induced thrombocytopenia and throm-
bosis: clinical and laboratory studies. Br J Haematol 1993;
84: 322-328.

22. Warkentin TE. Heparin-induced thrombocytopenia: a cli-
nicopathologic syndrome. Thromb Haemost 1999; 82: 439-
447.

23. Hirsh J, Warkentin TE, Raschke R, Granger C, Ohman EM,
Dalen JE: Heparin and low-molecular-weight heparin.
Mechanisms of action, pharmacokinetics, dosing, consi-
derations, monitoring, efficacy, and safety. Chest 1998; 114:
489S-510S.

24. Warkentin TE. Venous thromboembolism in heparin-
induced thrombocytopenia. Curr Opin Pulm Med 2000; 6:
343-351.

25. Popov D, Zarrabi MH, Foda H, Graber M. Pseudopul-
monary embolism: acute respiratory distress in the syndrome
of heparin-induced thrombocytopenia. ∞m J Kidney Dis
1997; 29: 449-452.

26. Asimacopoulos PJ, Athanasiadis I, McCarthy JJ, Shade RJ,
Teague RB: Can heparin cause adult respiratory distress syn-
drome by a similar mechanism as heparin-associated
thrombocytopenia? Chest 1994; 105: 1266-1268.

27. Wallis DE, Workman DL, Lewis BE, Steen L, Pifarre R,
Moran JF: Failure of early heparin cessation as treatment
for heparin-induced thrombopenia. Am J Med 1999; 106:
629-635.

28. Kadidal W, Mayo DJ, Horne MK: Heparin-induced throm-
bopenia (HIT) due to heparin flushes: a report of three
cases. J Intern Med 1999; 245: 325-329.

29. Laster JL, Nichols WK, Silver D: Thrombocytopenia asso-
ciated with heparin-coated catheters in patients with hepa-
rin-associated antiplatelet antibodies. Circ J 2003; 67: 96-98.

30. Lubenow N, Greinacher A: Hirudin in heparin-induced
thrombocytopenia. Semin Thromb Hemost 2002; 28: 431-
438.

31. Eichler P, Friesen HJ, Lubenow N, Jaeger B, Greinacher A:
Antihirudin antibodies in patients with heparin-induced
thrombocytopenia treated with lepirudin: incidence, effects
on aPTT, and clinical relevance. Blood 2000; 96: 2373-2378.

32. Lewis BE, Wallis DE, Berkowitz SD, Matthai WH, Fareed J,
Walenga JM, et al: Argatroban anticoagulant therapy in
patients with heparin-induced thrombocytopenia Circulation
2001; 103: 1838-1843.

33. Lewis BE, Matthai WH Jr, Cohen M, Moses JW, Hursting
MJ, Leya F: Argatroban anticoagulation during percuta-
neous coronary intervention in patients with heparin-

Heparin-Induced Thrombocytopenia

(Hellenic Journal of Cardiology) HJC ñ 185



induced thrombocytopenia. Catheter Cardiovasc Interv
2002; 57: 177-184.

34. Ibbotson T, Perry CM: Danaparoid: a review of its use in
thromboembolic and coagulation disorders. Drugs 2002; 62:
2283-2314.

35. Dager WE, White RH: Treatment of heparin-induced throm-
bocytopenia. Ann Pharmacother 2002; 36: 489-503.

36. Sciulli TM, Mauro VF: Pharmacology and clinical use of
bivalirudin. Ann Pharmacother 2002; 36: 1028-1041.

37. Gallus AS, Coglan DW: Heparin pentasaccharide. Curr
Opin Hematol 2002; 9: 422-429.

38. Antoniou T, Kapetanakis EI, Theodoraki K, Rellia P,
Thanopoulos A, Kotiou M, et al: Cardiac surgery in patients
with heparin-induced thrombocytopenia using preoperati-
vely determined dosages of iloprost. Heart Surg Forum
2002; 5: 354-357.

39. Pinto DS, Sperling RT, Tu TM, Cohen DJ, Carrozza JP Jr:
Combination platelet glycoprotein IIb/IIIa receptor and le-
pirudin administration during percutaneous coronary inter-
vention in patients with heparin-induced thrombocytopenia
Catheter Cardiovasc Interv 2003; 58: 65-68.

40. Warkentin TE: Current agents for the treatment of patients
with heparin-induced thrombocytopenia. Curr Opin Pulm
Med 2002; 8: 405-412.

41. Manfredi JA, Wall RP, Sane DC, Braden GA: Lepirudin as
a safe alternative for effective anticoagulation in patients

with known heparin-induced thrombocytopenia undergoing
percutaneous coronary intervention: case reports. Catheter
Cardiovasc Interv 2001; 52: 468-472.

42. Campbell KR, Mahaffey KW, Lewis BE, Weitz JI,
Berkowitz SD, Ohman EM, et al: Bivalirudin in patients
with heparin-induced thrombocytopenia undergoing per-
cutaneous coronary intervention. J Invasive Cardiol 2000; 12
Suppl F: 14-19.

43. Warkentin TE, Kelton JG: Temporal aspects of heparin-
induced thrombopenia. N Engl J Med 2001; 344: 1286-
1292.

44. Tardy B, Tardy-Poncet B, Fournel P, Venet C, Jospe R, Da-
costa A: Lower limb veins should be systematically explored
in patients with isolated heparin-induced thrombocytopenia.
Thromb Haemost 1999; 82: 1199-1200.

45. Alving BM: How I treat heparin-induced thrombopenia and
thrombosis. Blood 2003; 101: 31-37.

46. Warkentin TE, Elavanthil LJ, Hayward CPM, Johnston MA,
Russett JI, Kelton JG: The pathogenesis of venous limb
gangrene associated with heparin-induced thrombocyto-
penia. Ann Intern Med 1997; 127: 804-812.

47. Smythe MA, Warkentin TE, Stephens JL, Zakalik D,
Mattson JC: Venous limb gangrene during overlapping the-
rapy with warfarin and a direct thrombin inhibitor for immu-
ne heparin-induced thrombopenia. Am J Hematol 2002; 71:
50-52.

A.P. Betrosian, P.P. Zamparas

186 ñ HJC (Hellenic Journal of Cardiology)


