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Abstract Heparin-induced thrombocytopenia (HIT) is a
clinicopathologic syndrome initiated by heparin exposure
and characterized by thrombocytopenia and paradoxical
thrombophilia. HIT is mediated by the formation of anti-
bodies against the platelet factor 4/heparin complex, which
leads to platelet activation, thrombin generation, and
potentially fatal thrombotic sequelae. The clinical presen-
tation of HIT is variable and can be easily overlooked.
Although a number of functional and antigen-based immu-
noassays have been developed to detect the presence of HIT
antibodies, initial diagnosis is often based on recognition of
thrombocytopenia in the appropriate clinical context and
later confirmed with immunologic testing. Given the serious
clinical consequences of HIT, immediate cessation of hep-
arin products and administration of non-heparin anticoagu-
lants are crucial components of treatment. We provide a
review of the clinical syndrome and practical summary of
treatment recommendations from the most recent 2012
American College of Chest Physicians evidence-based
guidelines for the treatment and prevention of HIT.
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Heparin-induced thrombocytopenia (HIT) is an adverse
drug reaction with potentially fatal thromboembolic
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complications. The term HIT was first used in the medical
literature in 1969 to describe a patient with pulmonary
embolism who developed severe thrombocytopenia after
receiving heparin [1]. It is now known that this syndrome
can be classified into two categories: type I and type II.
Type I HIT typically manifests as a decrease in platelet
count within the first 2 days after heparin initiation with
normalization despite continued heparin use. This form of
HIT, which can occur in up to 10-30 % of patients treated
with heparin [2], is clinically insignificant and appears to
be due to a direct effect of heparin on platelet activation
leading to platelet aggregation and, consequently, throm-
bocytopenia [3]. In contrast, the more serious form, type II
HIT is an immune-mediated disorder in which antibodies
form against the platelet factor 4 (PF4)/heparin complex.
Binding of these antibodies to PF4/heparin complexes on
the platelet surface leads to additional platelet activation,
further release of PF4, and amplification of the coagulation
process, culminating in sustained thrombin generation and
risk of thrombosis. Type II HIT is also known as heparin-
induced thrombocytopenia and thrombosis (HITT) and
white clot syndrome due to platelet-rich arterial thrombosis
that may occur with this disorder [4, 5]. Although anti-PF4/
heparin antibodies are present in nearly all patients clini-
cally diagnosed with type II HIT, not all antibodies may be
pathogenic and/or not all patients may be susceptible to
developing HIT, as anti-PF4/heparin antibodies have also
been found in patients with heparin exposure without
clinical manifestations of HIT [6-8]. Conversely, throm-
bocytopenia, which commonly occurs outside of the con-
text of HIT, may not be a benign finding, as decreased
platelets have been associated with greater in-hospital
mortality in a variety of inpatient clinical settings [9].

In February 2012, the American College of Chest Phy-
sicians (ACCP) published the 9th edition of evidence-based
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clinical practice guidelines for the treatment and prevention
of HIT [10]. In this article, we provide a brief review of this
syndrome and summarize the most recent practice guide-
lines regarding HIT treatment and management. Per the
recommendation grading system used in the ACCP
guidelines, Grade 1 indicates that the benefits of a treat-
ment strategy clearly do or do not outweigh the risks,
burdens, and costs. Grade 2 is weaker and reserved for
strategies in which the relative magnitude of benefits, risks,
and costs are more uncertain. Level A recommendations
are based on high-quality studies [e.g., multi-center, ran-
domized clinical trials (RCTs) with consistent results];
level B indicates intermediate-quality data (e.g., RCTs with
discordant results or with methodologic weaknesses); and
level C recommendations are made from data considered to
be the lowest quality (e.g., from observational studies or
from generalization of results of an RCT conducted in 1
patient population to another similar group that did not
participate in the original trial).

Incidence and risk factors

The incidence of immune-mediated HIT depends on the
population studied (Table 1), and development of the
clinical syndrome has been associated with several risk
factors (Table 2). Patients exposed to heparin for more than
4 days have a greater frequency of HIT, with estimates
ranging from 0.2 to 5.0 % [11-15] and a reported overall
rate of 2.6 % in 1 meta-analysis [11]. In comparison, the
incidence of type II HIT in patients receiving unfraction-
ated heparin (UFH) for less than 4 days from 1 large study

Table 1 Incidence of HIT according to patient population and hep-
arin exposure

Patient population (at least 4 days exposure) Incidence (%)

Surgical postoperative patients

Heparin, prophylactic dose 1-5
Heparin, therapeutic dose 1-5
Heparin, flushes 0.1-1
LMWH, prophylactic or therapeutic dose 0.1-1
Cardiac surgery patients 1-3
Medical patients

Cancer patients 1
Heparin, prophylactic or therapeutic dose 0.1-1
Heparin, flushes <0.1
LWMH, prophylactic or therapeutic dose 0.6
Intensive care patients 0.4
Obstetrics patients <0.1

LMWH low-molecular-weight heparin
Adapted from Linkins et al. [10]
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Table 2 Risk factors for HIT

Risk factors

Heparin exposure >4 days

Exposure to unfractionated heparin (versus low-molecular-weight
heparin)

Postoperative patients (orthopedic > cardiac and vascular surgery)

Bovine source of heparin (versus porcine)

Intravenous heparin administration (versus subcutaneous)

Female sex

was 0.2 % [15]. A meta-analysis of randomized and pro-
spective data has shown the incidence of type II HIT to be
significantly higher after exposure to UFH versus low-
molecular-weight heparin (LMWH) (2.6 vs. 0.2 %) [11],
while prospective studies have demonstrated a relative risk
(RR) of 5.3 (95 % confidence interval [CI] 2.8-9.9) for
developing HIT after treatment with UFH compared with
LMWH [16]. Surgical patients are also more likely to
develop HIT than medical patients (RR 3.2; 95 % CI
2.0-5.4) [16]. Although antibodies against PF4/heparin
may develop in as many as 20-50 % of patients undergo-
ing cardiac surgery versus 3.2-7.5 % of patients undergo-
ing orthopedic surgery, among those with antibodies, the
probability of developing HIT is higher among orthopedic
than cardiac surgery patients (odds ratio [OR] 21; 95 % CI
2.2-962.8; p = 0.001) [17]. Other factors associated with
increased risk of HIT include bovine versus porcine source
of heparin [18], intravenous versus subcutaneous route of
administration [19], and female versus male sex [16].

Clinical manifestations

Thrombocytopenia is the primary manifestation of HIT, but
both the degree and onset of decrease in platelet count can
be variable. Type I, or non-immune-mediated HIT, is often
characterized by a drop in platelet count within 1-4 days
of heparin exposure, with a nadir level of 100,000/uL,
spontaneous normalization despite continued heparin
administration, and no other clinical sequelae (Table 2). In
contrast, type II HIT occurs 5-10 days after initiation of
heparin therapy; this timing is consistent with the devel-
opment of pathologic antibodies which typically form 5 to
8 days after exposure [20]. Platelet counts drop more sig-
nificantly with immune-mediated HIT, with a median nadir
of ~60,000/uL [21]. However, platelet counts with type II
HIT are typically >20,000/pL, making spontaneous
bleeding rare. Early onset of immune-mediated HIT prior
to 5 days after heparin exposure may occur in patients
treated with heparin in the prior 1-3 months due to per-
sistent anti-PF4/heparin antibodies. Conversely, cases of
delayed-onset HIT occurring a median of 14 days after
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heparin exposure have been reported and may be due to
heparin-independent anti-PF4 antibody platelet activation
[22, 23]. Use of the term “HIT” will be used henceforth to
refer to type II, immune-mediated HIT.

Thrombosis is the main contributor to morbidity and
mortality associated with HIT, and HIT is fatal in an
estimated 5—10 % of patients, typically due to thrombotic
events [10]. Thrombosis can accompany thrombocytopenia
in 30-60 % of patients [24] and may even precede
thrombocytopenia in up to 25 % of patients with HIT [25].
Although thrombosis can occur in any vascular bed, venous
thrombosis is more common than arterial thrombosis and
often presents as deep venous thrombosis or pulmonary
embolism [26, 27]. Thrombosis also often occurs at sites of
catheter insertion [28]. Two populations in which arterial
thromboses may be more common include cardiac and
vascular surgery patients [29, 30]. HIT-related thrombosis
may present atypically, for example, as bilateral adrenal
hemorrhage secondary to adrenal vein thrombosis, skin
necrosis at sites of heparin injection, or venous limb gan-
grene [2, 31]. Importantly, subclinical thrombosis can also
occur; the incidence from a single-center study among
patients thought to have isolated HIT (without thrombosis)
was reported to be ~50 % [32].

Screening

There is no consensus for platelet count monitoring as part
of screening for early detection of HIT, but results of such
testing may be helpful in calculating pretest probability of
HIT. Recommendations for frequency of platelet count
monitoring vary according to the estimated risk of HIT and
depend on both the population in question and type of
heparin therapy considered. In 2002, the College of
American Pathologists put forth the following ungraded
recommendations: platelet counts should be monitored at
least every 2 days from postoperative days 4 through 10 in
high-risk patients (2-5 %), i.e., postoperative orthopedic,
cardiac, and vascular surgical patients receiving therapeu-
tic doses of UFH for at least 5 days [33]. Patients at lower
risk of HIT (0.5 %), such as orthopedic patients receiving
LMWH postoperatively, should have 1 or 2 platelet counts
checked between postoperative days 5 and 10. Finally,
platelet counts should not be monitored in medical or
obstetrical patients receiving LMWH, as these populations
are at low risk of HIT (<0.2 %). Despite the availability of
these guidelines, subsequent studies showed low compli-
ance rates with these recommendations [34, 35].

Recent 2012 practice guidelines from the ACCP for the
treatment of HIT include recommendations for platelet
count monitoring for patients with a minimum heparin
exposure of at least 4 days [10]. These guidelines advocate

as a Grade 2C recommendation platelet count monitoring
every 2-3 days from days 4 through 14 or until cessation of
heparin, whichever occurs first, in patients with >1 % risk
of HIT (i.e., all cardiac surgery patients and any postop-
erative patient without recent heparin exposure treated with
therapeutic- or prophylactic-dose UFH; Table 1). In con-
trast, patients in whom the risk of HIT is considered <1 %
(i.e., medical and obstetrical patients, and non-cardiac
surgery postoperative patients receiving LMWH or heparin
flushes) should not have platelet counts routinely moni-
tored (Grade 2C). Although not a formal recommendation,
patients who have had previous exposure to heparin within
the past 100 days, however, are suggested to have a
baseline platelet count drawn prior to starting heparin or
LMWH, and a follow up level drawn 24 h after the initi-
ation of treatment, if possible. Platelet counts should also
be drawn after an acute systemic reaction within 30 min of
a bolus of intravenous heparin, though this again is not a
formal ACCP recommendation. It should be noted that
although the ACCP guidelines do include specific recom-
mendations for platelet count monitoring, the risk—benefit
ratio of these practices is uncertain, and hence, these rec-
ommendations were not based upon consensus agreement
(e.g., >20 % of participants voted against inclusion of each
of these recommendations) [10].

Diagnosis

The diagnosis of HIT, a clinicopathologic syndrome, relies
on clinical assessment as well as laboratory evaluation.
HIT should be suspected in the setting of absolute throm-
bocytopenia (platelet count <150,000/pL) as well as rela-
tive thrombocytopenia (drop in platelet count of at least
50 % from baseline value). However, the diagnosis of HIT
should also be considered in the setting of skin necrosis at
heparin injection sites, new or progressive thrombosis
while receiving a heparin product, and acute systemic
anaphylactoid reactions after heparin bolus administration.
Given the variable pattern of presentation of thrombocy-
topenia and multiple other causes of thrombocytopenia,
especially in populations at risk for development of HIT,
this syndrome can easily remain undetected. The signifi-
cant associated morbidity and mortality, however, warrant
vigilance in monitoring for and early suspicion of HIT.
To aid in the diagnosis of HIT, a pretest clinical score
called the “4Ts” was developed and validated (Table 3)
[36-39]. A score is calculated based on the following four
categories: degree of thrombocytopenia, timing of decrease
in platelet count, clinical sequelae such as thrombosis, and
presence of other etiologies of thrombocytopenia. Com-
pared with the presence of HIT antibodies detected by
ELISA immunoassay, patients with low 4Ts scores (0-3)
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Table 3 Comparison of non-immune (Type I) versus immune-
mediated (Type II) HIT

Variable Non-immune HIT Immune-mediated HIT

Incidence 10-30 % 2-3 %

Platelet count decrease Mild Moderate/severe

Timing of onset after <5 days >5 days

heparin exposure

HIT antibodies Absent Present

Thrombosis risk Low High

Treatment Observation Discontinue heparin;
administer
alternative
anticoagulant

Adapted from Shantsila et al. [74]

have a low probability of HIT (0-1.6 %), while interme-
diate (4-5) or high (6-8) scores are associated with sero-
logic diagnosis of HIT (7.9-28.6 and 21.4-100 %,
respectively) [39]. These data suggest that the pretest
clinical score may be useful in identifying those in whom
laboratory studies are worth pursuing.

Multiple laboratory assays are available to diagnose HIT
and are broadly classified into functional and antigen-based
assays. Two standard reference functional assays are the
14C-serotonin release assay (SRA), which has high sensi-
tivity and specificity (both >95 %) when performed at
experienced centers [33, 40], and the heparin-induced
platelet aggregation assay, which is specific (>90 %) but
not sensitive [41]. Due to limited ability of many clinical
laboratories to perform these functional tests, a commer-
cially-available ELISA immunoassay that detects anti-
bodies against the PF4/heparin complex is often used
instead. The ELISA is a sensitive antigen-based assay
(>90 %) and has a high negative predictive value (95 %)
but low specificity, and hence, can be falsely positive,
detecting non-pathogenic antibodies in patients without
clinical evidence of HIT [40]. More recently, commercial
antigen assays that can provide test results faster than the
ELISA have become available [36, 42, 43]. However, due
to wide availability but low diagnostic specificity of anti-
gen-based studies as a class, the antigen assay is best
reserved for use as a screening test that can rule out the
diagnosis of HIT if negative, whereas weakly positive
(indeterminate) tests or positive tests in patients with low
pretest probability both require confirmation with a func-
tional assay [10, 33]. Importantly, studies have found a
correlation with the strength of the ELISA reaction, mea-
sured in optical density units (OD), and likelihood of
clinical HIT [44, 45]. Based on these observations, some
have suggested that a combination of >1.0 OD on an
ELISA with at least intermediate pretest 4Ts probability of
HIT may be as accurate as the standard SRA, though this
strategy has not been validated [10].
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An important distinction must be made between true HIT
and an adverse reaction to heparin contaminants. In 2007 and
2008, hundreds of individuals experienced immediate and
heterogeneous reactions to heparin consisting of gastroin-
testinal distress, cardiac arrhythmias, pharyngeal edema,
dizziness, flushing, and hypotension, among other symptoms
and signs; such reactions also resulted in a significant number
of deaths [46]. Ultimately, these reactions were linked to the
presence of several oversulfated heparin by-products,
including oversulfated chondrotin sulfate, leading to a vol-
untary recall of multiple lots of heparin by the drug’s man-
ufacturer [47-50]. While the contaminated heparin was
found to complex with PF4 and induce platelet aggregation
as well as activate the immune complement system, the
mechanistic pathways are unlike those associated with true
HIT [51]. The pathogenic sequence of platelet aggregation in
HIT is complex and requires the precise association of UFH
and PF4 to form linear, multimolecular antigen clusters to
which anti-PF4/heparin antibodies then bind, form large
immune complexes, and cross-link platelet activation
receptors [52-54]. The immunogenicity of PF4/heparin
complexes in HIT is also influenced by complex size,
abundance, and stability. Given the requirement for anti-
PF4/heparin antibody presence in true HIT and overlapping
clinical manifestations of HIT and allergies to heparin con-
tamination, serologic tests are necessary to distinguish the
two conditions; the ELISA or SRA will be positive in the
former but not the latter. Awareness of heparin contamina-
tion, associated adverse reactions, and differentiation from
true HIT is especially important in light of current avail-
ability of generic heparin products.

Treatment

Delays in the availability of diagnostic test results often
necessitate initiation of treatment for HIT based on clinical
assessment alone. The first step in treatment of HIT is
immediate removal of heparin exposure, including heparin
flushes and heparin-coated catheters, and inclusion of hep-
arin as an allergy in the patient’s record. In addition to hep-
arin cessation, patients with either HIT with thrombosis or
isolated HIT (type II HIT without thrombosis) require further
treatment with an alternative anticoagulant; the 30-day risk
for subsequent thrombosis with isolated HIT after heparin
cessation has been estimated to be as high as 55.5 % [55]. In
light of the sustained thrombus propagation that occurs with
HIT, current treatment is focused on reduction of thrombin
generation via direct thrombin inhibition (e.g., argatroban,
lepirudin, bivalirudin) or indirect factor Xa inhibition (e.g.,
danaparoid, fondaparinux) (Table 4).

While both direct thrombin inhibitors (DTIs) and factor
Xa inhibitors have been used to treat patients with HIT,
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Table 4 The 4Ts assessment tool for patients with suspected HIT

Category 2 Points

1 Point 0 Points

Thrombocytopenia: Compare the highest
platelet count within the sequence of
declining platelet counts with the lowest
count to determine the % of platelet fall
(select only 1 option)

Timing (of platelet count fall or other
sequelae): Day 0 = first day of most
recent heparin exposure (select only 1
option)

start of heparin

past 5-30 days

Thrombosis (or other sequelae)

(select only 1 option) (venous or arterial)

Skin necrosis at injection

site

Anaphylactoid reaction to

IV heparin bolus
Adrenal hemorrhage

Other cause for thrombocytopenia®:
(select only 1 option)

Drugs implicated in drug-induced thrombocytopenia (D-ITP)

Relatively common: glycoprotein IIb/Illa inhibitors (abciximab, eptifibatide, tirofiban),

quinine, quinidine, sulfa antibiotics, carbamazepine, vancomycin

Less common: actinomycin, amitriptyline, amoxicillin/piperacillin/nafcillin, cephalosporins
(cefazolin, ceftazidime, ceftriaxone), celecoxib, ciprofloxacin, esomeprazole, fexofenadine,
fentanyl, fucidic acid, furosemide, gold salts, levofloxacin, metronidazole, naproxen, oxaliplatin,
phenytoin, propranolol, propoxyphene, ranitidine, rifampin, suramin, trimethoprim. Note this is

a partial list.

>50 % fall AND nadir of
>20 AND no surgery
within preceding 3 days

Platelet fall day 5-10 after

Platelet fall within 1 day of
start of heparin AND
heparin exposure within

Confirmed new thrombosis

No alternative explanation
for platelet fall is evident

>50 % platelet fall BUT surgery within
preceding 3 days OR

<30 % platelet fall

Any platelet fall with
Any combination of platelet fall and nadir ~ nadir <10
that does not fit criteria for 2 Points or 0

Points (e.g. 30-50 % platelet fall or

nadir 10-19)

Consistent with platelet fall days 5-10 but
not clear (e.g., missing counts)

Platelet fall within 1 day of start of

Platelet fall < day 4
without exposure to
heparin in past

heparin AND exposure to heparin in 100 days
past 31-100 days

Platelet fall after day 10

Recurrent venous thrombosis in a patient Thrombosis
receiving therapeutic anticoagulants suspected

Suspected thrombosis (awaiting
confirmation with imaging)

Erythematous skin lesions at heparin
injection sites

Possible other cause is evident: Probable other cause

Sepsis without proven microbial source present:
Thrombocytopenia associated with Within 72 h of
initiation of ventilator surgery
Other Confirmed
bacteremia/
fungemia

Chemotherapy or
radiation within
past 20 days

DIC due to non-HIT
cause

Posttransfusion
purpura (PTP)
Platelet count <20
AND given a drug
implicated in
causing D-ITP
Non-necrotizing skin
lesions at LMWH
injection site
(presume DTH)
Other

DIC disseminated intravascular coagulation, DTH delayed-type hypersensitivity, D-ITP drug-induced immune thrombocytopenia, LMWH low-

molecular-weight heparin

* Two points for necrotizing heparin-induced skin lesions even in the absence of thrombocytopenia. Adapted from Warkentin and Linkins [38]

direct comparisons of agents through randomized clinical
trials are generally lacking. Recommendations are thus
based mainly on historical controlled studies. For patients
with HITT, ACCP guidelines recommend use of lepirudin,
argatroban, and danaparoid (no longer available in the
U.S.) over continuation of heparin products or use of
vitamin K antagonist (VKA) therapy (Grade 1C) or other
non-heparin anticoagulants (Grade 2C). Patients with HIT

with thrombosis and renal insufficiency should be treated
with argatroban (Grade 2C), as lepirudin and danaparoid
are renally-cleared. In these patients, the ACCP suggests
omission of the initial argatroban bolus and initiation of
intravenous infusion at <2 pg/kg/min. The starting infu-
sion dose in patients with heart failure, multiple organ
failure, anasarca, or who are post-cardiac surgery is
between 0.5 and 1.2 pg/kg/min, with dosing adjustments
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every 2 h targeting an activated partial thromboplastin time
of 1.5-3 x the patient’s baseline level. Similarly, ACCP
recommendations for patients with isolated HIT are for
treatment with lepirudin, argatroban, or danaparoid over
continuation of heparin products or use of VKA (Grade 1C)
or other non-heparin anticoagulants (Grade 2C).

The ACCP guidelines for treatment of HIT also include
recommendations for use of platelet transfusions and VKA
therapy. Unlike other immune-mediated thrombocytopenic
conditions (i.e., immune thrombocytopenic purpura), spon-
taneous bleeding with HIT is uncommon. Further, platelet
transfusions have been reported to increase the risk of
thrombosis in HIT patients [56]. Thus, platelet transfusions
are only recommended in patients with bleeding or as a
prophylactic measure in patients undergoing an invasive
procedure with high risk of bleeding (Grade 2C). Regard-
ing VKA therapy, which is typically used for longer-term
anticoagulation, initial treatment of HIT should not include
this agent as its use may exacerbate hypercoagulability due
to faster depletion of protein C than prothrombin [57]. As
thrombocytopenia in HIT reflects an ongoing prothrom-
botic, consumptive state, ACCP guidelines advocate both
waiting to start VKA in patients with strongly suspected or
confirmed HIT until platelets have recovered (>150,000/
pL) and starting VKA at low doses (maximum of 5 mg
warfarin or 6 mg phenprocoumon) as Grade IC recom-
mendations. Moreover, patients in whom VKA has already
been initiated at the time of diagnosis of HIT should have
their VKA reversed with vitamin K (Grade 2C).

Evidence for duration of treatment of HIT with DTIs,
factor Xa inhibitors, or VKA is lacking. However, some
data suggest that early discontinuation of thrombin or
factor Xa inhibition may increase risk of thrombosis [58].
Consequently, in patients with confirmed HIT, the non-
heparin anticoagulant should be overlapped with VKA for
at least 5 days and until the international normalized ratio
(INR) is within therapeutic range, and a therapeutic INR
should be confirmed after resolution of effects of the non-
heparin anticoagulant (Grade 1C). Although the duration of
VKA therapy in HIT patients has not been well studied,
HIT is considered to be a reversible etiology of a hyper-
coagulable state. As such, the ACCP has put forth a
statement but not a formal recommendation suggesting a
3-month duration of VKA or alternative anticoagulant for
patients with HITT versus 4 weeks of therapy for patients
with isolated HIT.

Special populations
There are certain patient populations in whom management

of acute (thrombocytopenic, antibody-positive) or subacute
(recovered platelets, antibody-positive) HIT may not be
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straightforward. Patients undergoing cardiac surgery typi-
cally receive significant exposure to heparin, which is used
to maintain patency of the cardiopulmonary bypass
equipment. Strategies for performing cardiac surgery in
HIT patients include substitution with non-heparin antico-
agulants, such as bivalirudin, argatroban, or lepirudin, or
use of heparin in conjunction with antiplatelet agents, such
as glycoprotein IIb/Illa inhibitors, to reduce platelet acti-
vation [10]. However, of these agents, bivalirudin is the
only one for which non-randomized data exist supporting
use during cardiac surgery in HIT patients [59, 60].
Although the ACCP recommends delay of cardiac surgery,
if possible, until both resolution of HIT and absence of HIT
antibodies (Grade 2C), in urgent situations, patients with
acute or subacute HIT should undergo cardiac surgery with
bivalirudin instead of other non-heparin anticoagulants or
heparin combined with antiplatelet agents (Grade 2C). In
contrast, short-term use of heparin is recommended in
patients with a history of HIT but negative antibody status
undergoing cardiac surgery (Grade 2C). This is based on 3
observations: (1) HIT antibodies are transient, (2) patients
with a history of HIT but who are HIT antibody negative
require at least 4 days of heparin exposure for sensitization
and do not have a stronger immune response on re-expo-
sure, and (3) patients who have developed HIT within 24 h
of re-exposure (“rapid-onset HIT”) have residual HIT
antibodies [10]. Thus, in patients with a history of HIT but
no detectable HIT antibodies, short-term re-exposure to
heparin for <4 days, such as for cardiac surgery, may
be possible without triggering another episode of HIT
(Table 5).

Another procedure during which heparin is typically
used is percutaneous coronary intervention (PCI). Patients
undergoing PCI are at high risk for both bleeding and
thrombotic complications, and selection of an appropriate
procedural antithrombotic agent in the setting of HIT can
be particularly challenging. Despite extensive investiga-
tions of DTIs and factor Xa inhibitors for use during PCI,
these therapies have not been well studied in the context of
HIT and have not been directly compared with one another.
A pooled analysis of over 19,000 patients from 5 RCTs
comparing bivalirudin with heparin plus glycoprotein
[Ib/IIa inhibitor during PCI found a similar risk of ischemic
outcomes (OR 1.07; 95 % CI 0.96-1.19) but lower risk of
major bleeding (OR 0.55; 95 % CI 0.44-0.69) with use of
bivalirudin [61], and bivalirudin was similarly associated
with high procedural success (98 %) and low bleeding risk
(2 %) in a small prospective cohort study of HIT patients
undergoing PCI [62]. Data for use of argatroban during PCI
in HIT patients is from a secondary analysis of prospective,
historical controlled trials and similarly showed high clinical
success (98 %) and low incidence of major bleeding (1 %),
although the proportion of patients with laboratory-
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Table 5 Non-heparin anticoagulant options for management of HIT

Thrombin inhibitor

Factor Xa inhibitor

Argatroban Bivalirudin Lepirudin Danaparoid Fondaparinux
Approved Treatment/PCI PCl/cardiac surgery Treatment Treatment (not available in  No
indication for us)
HIT patients®
Route of v v IV, SC IV, SC SC
administration
Dosing in HIT  Initial infusion rate  Initial infusion rate Bolus 0.2-0.4 mg/kg IV Bolus 2,250 units IV; Dosing for
2 pg/kg/min IV 0.15-0.20 mg/kg/h IV (only in case of life- or infusion 400 units/ HIT
(no initial bolus); (no initial bolus; target limb-threatening h x 4 h; then 300 units/ treatment
reduced initial 1.5-2.5 x patient’s thrombosis); maximum h x 4 h; then 200 units/h not
infusion rate baseline or mean of initial infusion rate IV; subsequently adjusted established
(0.5-1.2 pg/kg/ laboratory normal 0.10 mg/kg/h 1V (target by anti-Xa levels (target
min) range) 1.5-2.0 x patient’s 0.5-0.8 anti-Xa units/mL)
baseline or mean of
laboratory normal range)
Monitoring aPTT aPTT aPTT Anti-Xa level Anti-Xa level
Duration ACCP recommends treatment with non-heparin anticoagulant for 3 months for HIT with thrombosis or 4 weeks for isolated

HIT. These agents may be used until transition to VKA is completed (see text for full details)

+ 0 0

Renal (80 min) Renal (18-24 h) Renal
(17-20 h)

High-flux dialyzers Yes 20 %

Unclear No Yes

Effect on INR +++ ++
Elimination Hepatic 80 % Enzymatic
(half—life) (40—50 min) 20 % Renal (25 mm)
Dialyzable 20 % 25 %
Crosses Unclear Unclear
placenta

PCI percutaneous coronary intervention, /V intravenous, SC subcutaneous, aPTT activated partial thromboplastin time

* Approved indications in some countries (check with local health regulatory authorities). Adapted from Shantsila et al. [10] and Linkins et al. [74]

confirmed HIT in this study is uncertain [63]. Data for use of
lepirudin in PCI patients with HIT is limited to a single small
prospective cohort study that showed an acceptable clinical
success rate (92 %) but high incidence of major bleeding
(8 %) [64]. After considering the available data, ACCP
recommendations for patients with acute or subacute HIT
requiring PCI are for treatment with intraprocedural biva-
lirudin (Grade 2B) or argatroban (Grade 2C).

Although not part of the ACCP practice guidelines,
others have suggested that in certain circumstances, con-
sideration of patient risk for acute coronary syndrome
(ACS) be taken into account when planning an anticoag-
ulant strategy for PCI in patients with non-acute HIT [65].
Accordingly, clinicians may want to delay PCI in patients
with recent HIT (onset >30 days, resolved thrombocyto-
penia; positive HIT antibody without prior thrombocyto-
penia; or prior HIT but antibody titer unknown) who are
undergoing elective PCI and at low risk of ACS. In this
algorithm, once patients have had at least 125 days since
most recent heparin exposure or have undetectable HIT
antibodies by immunoassay, PCI can be performed safely
with heparin. The ACCP recognizes that this approach
theoretically parallels their recommendations for patients

undergoing non-urgent cardiac surgery and could be
applied to patients with a history of HIT requiring PCI.
However, ACCP recommendations for non-heparin anti-
coagulation for PCI in patients with prior HIT, regardless
of antibody status, are still for bivalirudin (Grade 2B) or
argatroban (Grade 2C). Continued avoidance of re-expo-
sure to heparin is suggested because there is a risk for
recurrent sensitization to heparin if the same patient then
undergoes cardiac surgery with heparin and because, unlike
the case for bivalirudin use during cardiac surgery, expe-
rience with bivalirudin in PCI has been favorable [10].
Anticoagulant treatment of several other special popu-
lations should also be specifically addressed. Unlike
patients undergoing cardiac surgery or PCI, patients with a
history of HIT and a new thrombosis (unrelated to HIT)
will require long-term anticoagulation. Longer re-exposure
to heparin has been associated with higher likelihood of re-
formation of HIT antibodies and possible development of
clinical HIT [66]. Avoidance of heparin exposure in these
patients is thus paramount. If renal function is normal,
patients with history of HIT and acute thrombosis unre-
lated to HIT should be treated with full therapeutic-dose
fondaparinux until transition to VKA has been
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accomplished (Grade 2C). In pregnant patients with HIT,
however, fondaparinux is not the first-line agent, as it
crosses the placenta. Pregnant patients with acute or sub-
acute HIT should be treated with danaparoid (Grade 2C). In
spite of the fact that the highest level of evidence for
danaparoid use in this patient population comes from a
retrospective case series, this drug does not cross the pla-
centa. If danaparoid is not available, lepirudin or fonda-
parinux can be used instead (Grade 2C), although this
recommendation is based on limited data from case reports
[67-70]. Finally, based on limited prospective and phar-
macokinetic data [71-73], the ACCP recommends that
patients with acute or subacute HIT requiring renal
replacement therapy (RRT) be treated with argatroban or
danaparoid (Grade 2C). When RRT will be ongoing or if
catheter locking is necessary, regional citrate should be
used instead of heparin or LMWH (Grade 2C).

Conclusions and future directions

HIT is a serious adverse drug reaction with potentially fatal
consequences. Due to wide variability in the clinical pre-
sentation and availability of laboratory testing, diagnosis of
this syndrome can be difficult. Treatment of thrombosis
associated with HIT can also pose a challenge. Despite the
availability of a number of non-heparin anticoagulant
therapeutic options, very little high-quality data supporting
use of these agents in patients with HIT exist. Furthermore,
newer oral DTI and factor Xa inhibitor therapies are cur-
rently being used to treat other conditions and have
potential applications for management of HIT. Studies
evaluating the safety and efficacy of newer antithrombotic
treatments, as well as those in current use, are needed to
inform contemporary treatment of this important condition.
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