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Platelet adenosine diphosphate (ADP) receptors may play a role in potentiating platelet

activation induced by IgG from patients with immune heparin-induced thrombocytopenia

(HIT), as shown by previous studies using the ADP receptor antagonists AR-C66096 and

ticlopidine. Consistent with these observations, we found that platelet activation by HIT

sera is also significantly reduced in patients receiving clopidogrel, an ADP receptor

antagonist prodrug now in wide clinical use. Despite these in vitro and ex vivo findings,

we observed two patients develop acute HIT while receiving both clopidogrel and aspirin:

both patients’ sera tested strongly positive in a heparin-dependent washed platelet

activation assay (100% serotonin release) and PF4/heparin-enzyme-immunoassay (2.594

and 2.190 absorbance units). Both patients also developed HIT-associated clinical seque-

lae (acute systemic reaction postintravenous heparin bolus; thrombotic stroke) in asso-

ciation with their episode of HIT. We conclude that combined therapy with aspirin and

clopidogrel does not necessarily protect against clinical HIT, at least in patients with HIT

antibodies that have strong platelet-activating characteristics. Am. J. Hematol. 78:

188–192, 2005. ª 2005 Wiley-Liss, Inc.
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INTRODUCTION

Immune heparin-induced thrombocytopenia (HIT)
is an adverse effect of heparin caused by IgG–PF4–
heparin immune complexes that cross-link platelet
FcgIIa receptors, producing platelet activation, proco-
agulant platelet-derived microparticles, and increased
in vivo thrombin generation [1–3]. Paradoxically,
patients who develop HIT are at markedly enhanced
risk of developing venous and/or arterial thrombosis
(odds ratio, 20–40) [4–6].
Adenosine diphosphate (ADP) is an important

autocrine stimulator of platelet activation. HIT anti-
bodies cause platelets to release ADP [7], and ADP
enhances FcgIIa receptor-dependent platelet activa-
tion by IgG antibodies such as certain platelet-acti-
vating monoclonal antibodies [8]. Polgár et al. [9]
found that pretreatment of platelets with the ADP
receptor antagonist AR-C66096 blocked FcgIIa
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receptor-dependent platelet activation by HIT anti-
bodies. Ticlopidine also has been shown to inhibit
platelet activation by HIT sera [10]. In this report,
based on clinical observations in two patients and ex
vivo laboratory studies, we show that the widely used
ADP receptor antagonist clopidogrel does not neces-
sarily prevent either platelet activation by HIT anti-
bodies or clinical manifestations of HIT.

SUBJECTS AND METHODS

Patient A Case Summary (Fig. 1A)

A 72-year-old man received unfractionated heparin
(UFH) during coronary artery bypass grafting. Acet-
ylsalicylic acid (ASA) was given daily beginning on

the day of surgery. Cerebral infarction occurred on
postoperative day 1, and so on postoperative day 3
clopidogrel and UFH were begun. The patient also
received atorvastatin. On postoperative day 9, carotid
ultrasonography revealed a high-grade (80–99%) left
internal carotid artery stenosis. In order to provide
antithrombotic prophylaxis while awaiting carotid
endarterectomy, the patient received a 5,000 U i.v.
bolus of UFH, which was followed 5 min later by
severe chest pain. The close temporal relation to i.v.
heparin bolus administration and the onset of chest
pain suggested the possibility of an ‘‘acute systemic
reaction’’ [11] to heparin, prompting repeat platelet
count measurement and investigation for the presence
of HIT antibodies. There was an abrupt 40% fall in
the platelet count immediately following the i.v.
heparin bolus (Fig. 1A). Strong positive testing for
HIT antibodies (platelet serotonin release assay:
100% serotonin release at 0.1–0.3 U/mL unfraction-
ated heparin (normal, <20% release); background
release at 100 U/mL heparin and in the presence of
Fc receptor blocking monoclonal antibody, IV.3;
anti-PF4/heparin-EIA that detects only IgG class
antibodies: optical density ¼ 2.594 absorbance units
(normal, <0.45 units)) supported the diagnosis of
rapid-onset HIT with concomitant acute systemic
reaction [11].

Patient B Case Summary (Fig. 1B)

A 43-year-old woman with acute myocardial
infarction was treated with percutaneous translum-
inal coronary angioplasty, with insertion of two stents
while receiving UFH and abciximab; she also received
ASA and clopidogrel, as well as simvastatin. Seven
days later she developed thrombotic stroke. Echocar-
diography revealed left ventricular thrombus. She
received a 5,000 U bolus of UFH plus i.v. therapeutic-
dose heparin for 42 hr. On day 9, the platelet count
was 44 � 109/L (representing an 88% fall in the
platelet count), and UFH was stopped. The diag-
nosis of HIT was supported by strong positive testing
for HIT antibodies (platelet serotonin release assay:
100% serotonin release at 0.1–0.3 U/mL unfraction-
ated heparin; background release at 100 U/mL
heparin and in the presence of Fc receptor blocking
monoclonal antibody, IV.3; anti-PF4/heparin-EIA
that detects only IgG class antibodies: optical density ¼
2.190 absorbance units).

HIT Sera

In vitro studies were performed using sera obtained
from five patients with HIT: two patients (Patients A
and B) developed HIT while receiving clopidogrel and
aspirin and three patients developed HIT without

Fig. 1. Two patients with HIT while receiving the ADP recep-
tor antagonist prodrug, clopidogrel. (A) Clinical course of a
72-year-old male who developed rapid-onset HIT. A 5,000 U
bolus of heparin on postoperative day 9 resulted in acute
chest tightness and an abrupt decrease in the platelet count.
The patient was receiving both clopidogrel and aspirin, as
well as atorvastatin (not shown). (B) Clinical course of a
43-year-old woman who developed cerebrovascular accident
(CVA) associated with HIT while receiving both clopidogrel
and aspirin, as well as simvastatin (not shown). CVA, cere-
brovascular accident; EC-ASA, enteric-coated acetylsalicylic
acid; iv, intravenous; MI, myocardial infarction; od, once a
daily; U, units; UFH, unfractionated heparin.
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receiving ADP antagonist therapy. All sera were
stored at –20�C, thawed, heat-inactivated (45 min,
56�C), and centrifuged (10,000g, 3 min). Dilution of
sera was performed using normal serum. We tested
both diluted and undiluted patient serum since a very
strong platelet agonist stimulus (as might be found in
undiluted HIT serum) might overwhelm the platelet
inhibitory effect of ADP receptor blockade.

Platelets

Citrated whole blood (1.8 mL adenine-citrate-dex-
trose; 8.2 mL blood) was obtained from three volun-
teers with coronary and/or peripheral vascular disease
who had received clopidogrel for at least 11 days and
from healthy volunteers who had not received any
medications for at least 10 days. Platelet ‘‘washing’’
was performed as described previously [12]. We used
washed platelets to study the ex vivo effects of ADP
receptor blockade because these assay conditions are
well established for the study of HIT antibody-
induced platelet activation. Further, the irreversible
nature of P2Y12 ADP receptor inhibition by the
active metabolite of clopidogrel is maintained even
after platelet washing [13].

Platelet Activation Assays

Three HIT sera (designated HIT sera 1–3) were
individually assessed against platelets obtained from
clopidogrel-treated patients (n ¼ 3) and control plate-
lets obtained from healthy volunteers (n ¼ 4), all in
duplicate. Due to sample volume limitations, patient
sera A and B were tested using platelets obtained
from a single clopidogrel-treated patient and a single
normal volunteer, each in duplicate. All sera were
tested using two endpoints of platelet function assays
(platelet 14C-serotonin release and lag time to platelet
aggregation), as described previously [1,2,12].

PF4/Heparin Enzyme-Immunoassay

We used an in-house PF4/heparin enzyme-immuno-
assay (EIA) to detect HIT antibodies of IgG class, as
described previously [14].

Statistical Analysis

For the experiments with HIT sera 1–3, which were
tested individually against platelets obtained from clo-
pidogrel-treated patients (n¼ 3) and healthy volunteers
(n ¼ 4), percent 14C-serotonin release and lag time to
platelet aggregation (in minutes) were compared using
multivariate variance analysis (MANOVA) with
Greenhouse-Geisser corrected P values (level of signifi-
cance defined as<0.05). Calculations were performed
using SPSS, v. 11.5.0 (SPSS, Munich, Germany). The

results of the experiments using HIT sera A and B are
given separately.

RESULTS

Both Patients A and B tested strongly positive for
HIT antibodies by both platelet serotonin release
assay and an EIA that detects IgG class antibodies
against PF4/heparin (see Patient A and Patient B case
summaries).
All five undiluted HIT sera (including sera from

Patients A and B) strongly activated washed platelets
obtained from normal volunteers not receiving antipla-
telet agents, as shown by lag time to platelet aggregation
(Fig. 2A) and serotonin release (Fig. 2B). Increasing
dilution of the HIT sera led to progressively less rapid
(by lag time) and less complete (by percent serotonin
release) platelet activation (P < 0.05). The HIT sera
produced significantly less activation of clopidogrel-
treated platelets whether lag time to platelet aggregation
(P<0.01) or percent serotonin release (P<0.01) was
used to quantitate platelet activation (Fig. 2A,B). The
platelet-activating effects of the HIT sera, as well as the
inhibitory effects of clopidogrel, were concentration-
dependent, as shown by the dilution experiments.

DISCUSSION

Previously, we and others have shown that ADP
receptor blockade by AR-C66096 or ticlopidine inhi-
bits platelet activation by HIT antibodies in a dose-
dependent manner [9,10]. In this report, we provide
ex vivo evidence that clopidogrel also inhibits platelet
activation by HIT antibodies. However, the clinical
relevance of this inhibitory effect is unclear, at least
in some individuals, as we observed two patients
develop HIT while receiving both clopidogrel and
aspirin. There is an interesting historical parallel
with previous hypotheses that aspirin might prevent
HIT, based on in vitro and ex vivo studies of inhibi-
tion of HIT antibody-induced platelet activation of
aspirin-treated platelets [15,16], whereas subsequent
clinical experience has shown that aspirin does not
necessarily prevent HIT [17]. Indeed, the two patients
we describe here evinced clinical HIT despite receiv-
ing both aspirin and clopidogrel.
We offer some potential explanations why clopido-

grel failed to prevent HIT in these patients. First, stud-
ies by other investigators have shown that clopidogrel
in therapeutic doses does not completely inhibit ADP-
induced platelet aggregation, but rather decreases acti-
vation (assessed using platelet aggregation) to about
30–40% of maximum [18]. Thus, a ‘‘strong’’ HIT anti-
body agonist stimulus might overcome such partial
ADP blockade in vivo, with the potential to effect
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clinically apparent HIT. Indeed, serum from our two
patients caused complete (100%) serotonin release in
vitro, consistent with a strong in vivo platelet activation
effect [19]. When undiluted HIT sera were tested
against platelets obtained from patients receiving clo-
pidogrel, the mean serotonin release was much lower
than observed in control platelets, although platelet
activation was not completely suppressed (Figs.
2A,B). As there is considerable interindividual variabil-
ity in the inhibitory effects of clopidogrel [20,21], we

cannot exclude the presence of ‘‘clopidogrel resistance’’
in our two patients.
Another consideration is the possible confounding

role of concomitant treatment with HMG-CoA reduc-
tase inhibitors (‘‘statins’’) in both of our patients.
Recently, Lau et al. [18] reported that concomitant
treatment with atorvastatin reduces the ability of clopi-
dogrel to inhibit ADP-induced platelet activation.
These authors accounted for this effect through compe-
titive inhibition of cytochrome P450 (CYP3A4) by
atorvastatin, as this enzyme also metabolizes the pro-
drug clopidogrel to its active metabolite. Other statins
(simvastatin, lovastatin, cerivastatin, and fluvastatin)
also inhibit cytochrome P450. As both our patients
were receiving a statin, it is possible that the occurrence
of HIT reflects a clinically significant drug–drug inter-
action, as hypothesized by Lau et al.
Our observations indicate that the combination of

clopidogrel and aspirin does not necessarily prevent
clinical HIT. Nevertheless, as suggested by our ex vivo
experiments, it is likely that antiplatelet drugs elevate
the threshold for platelet activation by HIT antibodies.
This could be one potential explanation for differences
in the frequency of clinical HIT among different patient
populations. For example, there is a lower risk of HIT
among postoperative cardiac surgery patients (who
usually are receiving antiplatelet drugs) than postopera-
tive orthopedic surgery patients, even though post-
operative cardiac surgery patients have higher HIT
antibody seroconversion rates [19].
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