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Heparin-Induced Thrombocytopenia Clinical
Studies and the Efficacy of Argatroban
in Japan

Shigeki Miyata, M.D., Ph.D.," Haruko Yamamoto, M.D., Ph.D.,?
Masataka Kamei, M.D., Ph.D,? Takeshl Nakatani, M.D., Ph.D.,*®
Junjiro Kobayashi, M.D., Ph. D.. Tetsu Tsuji, M.T.,®

Kazuo Minematsu, M.D., Ph.D.,” and Hitonobu Tomoike, M.D., Ph.D.2

ABSTRACT

Immune-mediated heparin-induced thrombocytopenia (HIT) is a life-threat-
ening side effect of heparin therapy. HIT has been better recognized in Japan since April
2006 when prescribing information on heparin was revised to include HIT. Diagnosis
and treatment of HIT in Japan, however, are still problematic because Japanese regulators
have not yet approved any laboratory tests or pharmacological intervention for HIT,
especially in patients with acute HIT who require surgery with cardiopulmonary bypass
(CPB). We report on three specific cases anticoagulated with argatroban for CPB
showing the difficulty of anticoagulation management. We review several retrospective
studies and a multicenter, prospective cohort study that suggest a lower incidence of HIT
in Japan than what is diagnosed in Western countries. This may be due to ethnic
factors and/or different clinical practices. We conducted a multicenter, nonrandomized,
open-label trial showing the efficacy and safety of argatroban when carefully dosed. From
this study we describe a Japanese strategy to diagnose and treat HIT that may be of value
elsewhere.

KEYWORDS: Heparin-induced thrombocytopenia, Japanese population, direct
thrombin inhibitor, argatroban
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incidence, and treatment''®'? of

A.n anticoagulant turns procoagulant. Throm-
bocytopenia is associated with thrombosis but not
hemorrhage. These are the fundamental paradoxes
of heparin-induced thrombocytopenia (HIT), an im-
munc-mcd;atcd life-threatening side effect of hcparm
therapy.'™ Many articles address the pathology,*”

diagnosis, ¥
HIT in various clinical situations, mainly in Western
countries. Here we describe how we currently diag-
nose and treat HIT in Japan, with the goal of
continuously improving patients’ outcomes in Japan
and abroad.
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CLINICAL SITUATIONS FOR HEPARIN-
INDUCED THROMBOCYTOPENIA

IN JAPAN

Unfractionated heparin (UFH) is still the most fre-
quently used parenteral anticoagulant in Japan for the
following reasons. Low molecular weight heparin is
approved by Japanese regulators only for hemodialysis
and disseminated intravascular coagulation (DIC).
Argatroban is the only direct thrombin inhibitor ap-
proved by Japanese regulators for stroke, arteriosclerosis
obliterans, thromboangiitis obliterans, and hemodialysis
of patients with antithrombin deficiency. But argatroban
is not approved for heparin-induced thrombocytopenia
(HIT). Other direct thrombin inhibitors (e.g., lepirudin
and bivalirudin) are not available in Japan because they
are not approved for any indication. Danaparoid sodium
and fondaparinux are factor Xa inhibitors approved in
Japan for DIC (danaparoid) and the prevention of
venous thromboembolism (VTE) in patients undergoing
major hip and knee surgery (fondaparinux). Fondapar-
inux was only approved in April 2007. Thus UFH has
been widely administered for anticoagulation in cardio-
vascular surgery with cardiopulmonary bypass (CPB)
and percutaneous coronary intervention (PCI), throm-
boprophylaxis for the high-risk patients of VTE, and
other indications (e.g., hemodialysis, DIC).

Annually in Japan, ~200,000 patients suffer from
acute coronary syndrome, and 130,000 patients undergo
PCI. In addition, ~40,000 patients undergo cardiovas-
cular surgery, and 30,000 patients begin hemodialysis.
Thus at least 200,000 Japanese patients are anticoagu-
lated with UFH every year.

Recognition of HIT as an immune-mediated,
life-threatening side effect of heparin therapy has prob-
ably improved in Japan since manufacturers’ prescribing
information (package insert) on heparin was revised to
include HIT in April 2006. Yet many physicians in
Japan report no experience diagnosing or treating HIT,
raising the possibility that physicians often overlook
HIT. Diagnosis and treatment may also be impaired
by the fact that Japanese regulators have not yet ap-
proved either a diagnostic test for HIT or a pharmaco-
logical intervention. It may also be that the prevalence of
HIT is lower in Japan than in Western countries.

Irrespective of incidence or prevalence, HIT is
life threatening, especially when unrecognized or un-
treated.)#2% Therefore we have conducted several ret-
rospective studies at a single institution and a
multicenter, prospective cohort study to clarify the
incidence and profile of HIT in Japan.?! In addition,
we have conducted a multicenter, nonrandomized,
open-label trial to evaluate the efficacy and safety of
argatroban, a direct thrombin inhibitor, in Japanese
patients with HIT.*? Based on these results, we will
seek to establish Japanese guidelines for the diagnosis
and treatment of HIT.

HEPARIN-INDUCED THROMBOCYTOPENIA
IN OUR INSTITUTION

The National Cardiovascular Center in Osaka, Japan, is
one of the leading institutes for cardiovascular diseases in
the country. We perform ~1300 cardiovascular surgeries
and 900 PCI procedures each year, making our hospital
one of the most frequent users of UFH in Japan.
However, none of our patients was diagnosed with
HIT before 2001, when a sentinel event provoked the
attention of our staff, as described later.

An 81-year-old woman with atrial fibrillation was
admitted for cardioembolic stroke of the right middle
cerebral artery, Intravenous UFH administration
(10,000 U/day) was started 4 days after admission. Seven
days after the start of UFH, her platelet count suddenly
dropped from 175 to 37 x 10*/uL (Fig. 1). Two days
later, she suffered from right lower limb arterial throm-
bosis, ultimately resulting in limb amputation, with
hypercoagulable state, low fibrinogen: 1.3 g/L (reference
interval, 1.5 to 3.4), elevated thrombin-antithrombin
complex: >60 pg/L (reference interval, <2), and
fibrin/fibrinogen  degradation products: 109 ug/mL
(reference interval, < 5). Nevertheless, the administra-
tion of UFH continued for a total of 14 days because her
physicians attributed these symptoms to DIC and did
not consider HIT in the differential diagnosis. Finally
UFH was stopped and replaced with argatroban, result-
ing in a rapid recovery of her platelet count. The
diagnosis of HIT was supported by an enzyme-linked
immunosorbent assay (ELISA) positive for antiplatelet
factor 4/heparin antibodies (anti-PF4/heparin anti-
bodies). We did not perform any functional assay for
HIT. The recently developed 4 T's scorin% system to
determine the pretest probability of HIT,”*** ifapplied
to this case, yields the top score of 8, indicating a very
high probability of HIT.

Confronted with this shocking case of an anti-
coagulant turned procoagulant, we acknowledged the
fundamental paradox of HIT and proceeded to inves-
tigate the clinical profile of HIT in Japan.

ARGATROBAN ANTICOAGULANT
MANAGEMENT FOR CARDIOPULMONARY
BYPASS IN PATIENTS WITH ACUTE
HEPARIN-INDUCED THROMBOCYTOPENIA
Alternative anticoagulant therapy is strongly recom-
mended for acute HIT cases'****# because HIT is
associated with a high frequency of thrombosis despite
discontinuation of heparin. The initial rate of thrombo-
sis is ~6% per day over the first 1 to 2 days,”* and the
incidence of new thromboembolism falls as soon as an
alternative anticoagulant is initiated.*

However, alternative anticoagulants, especially
those that have no antidote and/or have a long half-
life, can cause severe complications such as serious
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Figure 1 The first case diagnosed as heparin-induced thrombocytopenia (HIT) in our institute: An B1-year-old woman who
was treated with unfractionated heparin (UFH) for cardioamboalic stroke developed thrombocytopenia with hypercoagulable
state 7 days after starting heparin. Her physicians initially made a diagnosis of disseminated intravascular coagulation and
continued UFH administration, leading to arterial thrombosis of her right lower limb, Finally UHF was replaced with argatroban,
resuiting in a rapid recovery of her platelet count. The diagnosis of HIT was supported by the presence of antiplatelet factor 4/

heparin antibodies.

bleeding® " and adverse drug reactions,” especially in
critically ill patients, Alternative anticoagulation for
acute HIT is especially problematic in cases that require
cardiovascular surgery with CPB?’ for which heparin is
the only well-established anticoagulant. Trials using
danaparoid, approved only for DIC in Japan, were
reported for such cases. In some reports, this antico-
agulant led to life-threatening bleeding®=" duc to
danaparoid’s long plasma elimination half-life (20 hours)
and lack of point-of-care testing for danaparoid such as
the activated clotting time (ACT).

In contrast, argatroban may have an advantage
because it has a much shorter plasma half-life (40 to
50 minutes) and it can be monitored by the ACT. On
this basis, we considered argatroban as the alternative
anticoagulant for patients with acute HIT who required
surgery with CPB. Reports of anticoagulation with
argatroban are sporadic®>® and variable with regard
to dosing and management in this clinical indication.
We describe our dosing and management rechniques for
CPB with argatroban as follows.

Cardiopulmonary Bypass Patients 1 and 2

A 47-year-old man was transferred to our hospital
with dilated cardiomyopathy (DCM) requiring an
intra-aortic balloon pump (IABP). Eight days after
initiation of heparin therapy for IABP, he developed
thrombocytopenia with arterial line occlusion. His
platelet count normalized within 5 days of starting

argatroban as an alternative anticoagulant (Fig. 2, left
panel).

Shortly thereafter, another patient with DCM, a
23-year-old woman, was admitted for catheter ablation
for ventricular tachycardia. Emergency surgery using
CPB was performed for removal of the atrial thrombosis
that was discovered during the procedure of catheter
ablation. Heparin was continued thereafter. Her platelet
count dropped to 67,000/p.L. 5 days after the initiation of
postoperative heparin therapy. Her platelet count also
recovered soon after the administration of argatroban
(Fig. 2, right panel).

The diagnosis of HI'T was supported in both cases
by the detection of plasma anti-PF4/heparin antibodies
by ELISA. Both patients ultimately had end-stage heart
failure requiring the implantation of a left ventricular
assist device (LVAD) bridging to heart transplantation.
After approval from the ethics committee with their
informed consent, their LVAD implantations were
performed using argatroban as an anticoagulant for
CPB. Standard anesthetic and surgical techniques were
performed except for anticoagulant management for
CPB. Non-heparin-bonded circuits were used.

In both cases, argatroban was administrated via a
central venous line at a dose of 0.1 to 0.3 mg/kg followed
by a continuous infusion at § to 25 pg/kg/minute to
achieve a target ACT of >480 seconds before the
commencement of CPB (Figs. 3A and 4A). Addition-
ally, 0.05 mg/kg of argatroban was added to the CPB
apparatus priming solutions. During CPB, argatroban
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Figure 2 Clinical course in two patients with dilated cardiomyopathy leading to the diagnosis of heparin-induced thrombo-
cytopenia. Patient 1, a 47-year-old man, developed thrombocytopenia with arterial line occlusion 8 days after initiation of
unfractionated heparin (UFH) therapy for an intra-aortic balioon pump (left panel). Patient 2, a 23-year-old woman, underwent
emergency surgery for the removal of an atrial thrombosis. She received postoperative thromboprophylaxis with UFH and
daveloped thrombocytopenia 5 days after the initiation of thromboprophylaxis (right panel). Their platelet counts recovered soon
after the administration of argatroban. #, Positive anti-PF4/heparin antibodies detected by an enzyme-linked immunosorbent

assay; SVC, superior vena cava,

was also delivered through the sampling line into a
venous reservoir and via a stopcock prior to the oxygen-
ator to ensure a target ACT value > 480 seconds. The
ACT was monitored periodically and an additional 0.05
to 0.3 mg/kg of argatroban was administered or the
continuous infusion rate of argatroban was adjusted as
needed. To prevent blood clot formation, the retention
time of blood in the surgical field was minimized.
Argatroban was stopped at the termination of CPB.

The ACT during CPB ranged from 544 to > 999
seconds (Figs. 3B and 4B). The ACT had returned to
the control level in 12 or 7 hours after CPB, respectively
(Figs. 3C and 4C). Continuous argatroban therapy was
restarted for LVAD anticoagulation on the first post-
aperative day (POD). Total postoperative bleeding was
975 and 1197 mL, respectively. The postoperative course
was uneventful in both patients.

The concentration of argatroban was measured by
a liquid chromatography-electrospray tandem mass spec-
trometry. Good linear relationships between argatroban
concentrations and ACT were observed before (r=0.94)
and after (r=0.90) CPB (Fig. 5). However, no relation-
ship was found during CPB (r=0.81; p=0.192) duc to
ACT values exceeding the detection limit (999 seconds)
at argatroban concentrations > 6.5 pg/mL and because
few measurements (n=4) werc made. The minimal
argatroban concentration during CPB was 3.9 pg/mL,
suggesting that the safe level of argatroban during CPB
appears to be > 3.9 pg/mL.

The regression line slope during and after CPB was
unexpectedly steeper than that before CPB, indicating
that argatroban had a much stronger anticoagulant effect

on the ACT during and after CPB as compared with that
before CPB, probably due to CPB-associated hemodilu-
tion, hypothermia, and consumptive coagulopathy. This
may relate to the difficulty of ACT control during and
after CPB, a cause of prolonged bleeding, which was also
shown in another report.>® No blood clot was observed
cither in the oxygenator or the arterial line filter in both
cases, as examined by electron microscopy. This result,
together with the fact that ACT values exceeded the
detection limit at the end of CPB in both patients
(Figs. 3B and 4B), suggests that the lower amount of
argatroban at the end of CPB may be sufficient for the
appropriate management of LVAD implantation during
CPB than what was used in our two cases.

Both patients had successful heart transplants
using UFH as an anticoagulant for CPB after their
anti-PF4/heparin antibodies became negative.

Cardiopulmonary Bypass Patient 3

We encountered one fatality, suspected of having acute
HIT, after open-heart surgery with CPB anticoagu-
lated by argatroban. A 72-year-old man underwent
aortic valve replacement with coronary artery bypass
grafting with CPB anticoagulated by UFH. Immedi-
ately after surgery, he suffered from heart failure and
renal dysfunction, requiring open chest interventions,
catecholamine support including epinephrine infusion,
and continuous hemodiafiltranon (CHDF). Platelet
counts from 30,000 to 60,000/uL persisted during
CHDF, for which UFH was administered until POD
11, despite multiple plateler concentrate transfusions.
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Figure 3 Serial changes in the dose of argatroban, activated clotting time (ACT), and plasma argatroban concentration
(A) before, (B) during, and (C) after cardiopulmonary bypass (CPB) for the implantation of a left ventricular assisted device in
Patient 1 with acute heparin-induced thrombocytopenia (see details in Fig. 2). (A} Argatroban was administrated at a dose of
0.1/kg followed by a continuous infusion at 5 to 25 pg/kg/minute to achieve a target ACT of > 480 seconds before the
commencement of CPB. (B) The ACT was monitored periodically and an additional 0.1 mgfkg of argatroban was administered
for pump priming. The continuous infusion rate of argatroban was gradually reduced, monitoring ACT to maintain > 480 seconds,
and argatroban was stopped at the termination of CPB. (C) The ACT returmed to the control leve! 12 hours after CPB.

Within 2 days after discontinuing CHDF and UFH,
his platelet count increased to ~%0,000/pL. The result
of ELISA showed positive anti-PF4/heparin antibod-
ies on POD 11.

Soon after this event, the patient required an
urgent reoperation for re-aortic valve replacement with
CPB due to severe perivalvular aortic regurgitation. The
evolution of his platelet count following the first surgery
was atypical. The common biphasic pattern,'” in which
CPB-induced thrombocytopenia recovers before HIT

evolves, was not observed in this patient, and because
CHDF itself can provoke a continuously low platelet
count, a diagnosis of HIT was not obvious. However, the
relatively high level of anti-PF4/heparin antibodies
(> 1.0 optical ¢:lcnsiqv)3“E persuaded us to use argatroban
as an anticoagulant for CPB.

Following argatroban as an anticoagulant during
CPB, plasma exchange after CPB was used in an artempr
to remove argatroban from the blood, but this proce-
dure was abandoned because of circulatory instability.
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Figure 4 Serial changes in the dose of argatroban, activated clotting time (ACT), and plasma argatroban concentration
(A) before, (B) during, and (C) after cardiopulmonary bypass (CPB) for the implantation of a left ventricular essisted device in
Patient 2 with acute heparin-induced thrombocytopenia (see details in Fig. 2). (A) The same strategy was used as described in
Figure 3 with minor modifications: increased dose of bolus injections (0.2 to 0.3 mg/kg) and reduced continuous dose (5 to
15 pg/kg/minute) before the commencement of CPB attempting to avoid overshooting of ACT. (B) But the ACT reached > 999
at the end of surgery. (C) The ACT returned to the control level 7 hours after CPB.

Unfortunately, the patient died of myocardial dysfunc-
tion, sustained ventricular tachycardia/ventricular fibril-
lation, and bleeding including focal subarachnoid
hemorrhage 1 day after the reoperation. In this case,
the control of ACT was much more difficult as com-
pared with the two cases described earlier because the
patient required repeated CPB management and percu-
taneous cardiopulmonary support after CPB.

Through these events, we recognize that the use
of argatroban during CPB is promising, but further
modifications of technique, especially anticoagulation

monitoring, should evolve. Bivalirudin has shown prom-
ise as an anticoagulant for CPB in patients with acute
HIT, and the strategy of bivalirudin anticoagulation for
CPB has been reported.”” ™! However, bivalirudin is not
available in Japan. We now recommend that cardiovas-
cular surgery requiring systemic anticoagulation with or
without CPB for acute HIT patients should be post-
poned as long as possible until the patient’s anti-PF4/
heparin antibody level becomes negative.'™**** In addi-
tion, a careful diagnostic workup for HIT, as described
later, should be followed.
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Figure & Relationship between activated clotting time (ACT) and plasma argatroban concentration. Plasma argatroban
concentrations were assessed by a liquid chromatography-electrospray tandem mass spectrometry periodically throughout the
surgeries of Patient 1 (open marks) and Patient 2 (closed marks) (see details in Figs. 3 and 4). Good linear relationships between
plasma argatroban concentrations and ACT were observed before (r =0.94, p< 0.001; o and @) and after {[r=0.90, p<0.001;
0 and m) cardiopulmonary bypass {CPB). No relationship was found during CPB (r=0.81, p=0.192; Aand A) due to ACT values
exceeding the detection limit (999 seconds) at argatroban concentrations > 6.5 pg/mL and few measurements (n =4). Note
that the slope of the regression line during and after CPB was steeper than that before CP8,

INCIDENCE OF HEPARIN-INDUCED
THROMBOCYTOPENIA IN THE JAPANESE
POPULATION

HIT is a clinicopathological syndrome. Thus the defi-
nitions of bath clinical diagnosis and serological tests are
very important and may Erufoundly influence the re-
ported incidence of HIT.'#*3¢4 ELISA for detecting
anti-PF4/heparin antibodies is now popular in Japan,
but no functional assay using washed platelets has been
established with high quality control. Thus we must
diagnose HIT through a combination of clinical pretest
probability (e.g., the 4 T's scoring system) and ELISA
results, Overdiagnosis arising from the low specificity of
this approach is a distinct possibly.'**!

Previous reports in Western countries have in-
dicated that the incidence of HIT is ~1 to 3% in cardiac
surgery patients where UFH is used for routine post-
operative prophylaxis."*!7%5% Byt routine heparin pro-
phylaxis is not common in Japan in this patient
population. However, acute ischemic stroke patients
frequently receive UFH therapy, despite the lack of
supporting evidence. We have conducted retrospective
studies at our institute and a multicenter, prospective
cohort study to determine the incidence of HIT in these
clinical settings.

Among cardiovascular surgery or acute ischemic
stroke patients who were treated with UFH, we have
retrospectively investigated those who were clinically
suspected of having HIT during the last several years.

A commercially available ELISA (Asserachrom HPIA;
Diagnostica Stago; Asniéres, France) assay was used to
screen HIT patients. Clinically suspected HIT patients
were evaluated by "*C-serotonin release assay (SRA),
kindly performed by Prof. Walenga and her colleagues at
Loyola University Medical Center (Maywood, IL), to
confirm the HIT diagnosis.

We have also conducted a multicenter, prospec-
tive cohort study to determine the incidence and profile
of HIT in patients undergoing cardiovascular surgery or
PCL*' Patients scheduled to undergo cardiovascular
surgery (n=1,444) or PCI (n=110) were enrolled
between November 2004 and December 2005 ar 11
institutions. We followed the patients for 30 days after
surgery or PCl and examined the patients’ history,
demographic data, changes in platelet count, and tim-
ing and period of heparin administration including
heparin flush, complications, thromboembolism, and
death. We rook blood samples before, 7 days after, and
14 days after the surgery or PCI to test for HIT

antibodies. The diagnosis of HIT was confirmed by- -

SRA, kindly performed by Prof. Warkentin and his
colleagues at the Coagulation Laboratory, McMaster
University (Hamilton, ON, Canada).

Because the reports of these studies are not yet
published, we cannot cite them in detail. However, our
preliminary data suggest that the incidence of HIT in
the Japanese population appears to be lower (e.g., by
about one order of magnitude in patients undergoing

.
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cardiovascular surgery) than those reported in Western
countries. Ethnic factors and/or different clinical prac-
tices (e.g., routine heparin prophylaxis after the surgery
is not common in Japan) may contribute to the low
apparent incidence of HIT in the Japanese population.

CLINICAL TRIAL ON THE EFFICACY AND
SAFETY OF ARGATROBAN IN JAPANESE
PATIENTS WITH HEPARIN-INDUCED
THROMBOCYTOPENIA

To overcome our problem that no drug for HIT treat-
ment has been approved by Japanese regulators, we have
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conducted 4 multicenter, nonrandomized, open-label
trial at 20 institutions to evaluate the efficacy and safety
of argatroban in patients with HIT.** The same protocol
as used in ARG-911" with minor modifications was
followed; in particular, a reduced initial dosage of arga-
troban was used.

In our institution, we had used the same initial
dose (2 pg/kg/minute in patients with normal liver
function and 0.5 pg/kg/minute in those with hepatic
impairment) as recommended in the United States by
manufacturers’ prescribing information. With this dos-
ing regimen, we encountered serious bleeding with rapid
increase of activated partial thromboplastin time (aPTT)
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Figure 6 Relationships of argatroban dose or activated partial thromboplastin time (aPTT) versus plasma argatroban
concentration. Plasma argatroban concentrations were examined in four patients as a substudy in the multicenter, non-
randomized, open-label trial to evaluate the efficacy and safety of argatroban in patients with heparin-induced thrombocyto-
penia. The initial dosages of argatroban were 0.7 pg/kg/minute in three patients (m, . =) with normal fiver function and 0.2 pg/
kg/minute in one patient (A) with a risk factor for bleeding, respectively. These doses are about a third the initial dose
recommended by the manufacturer in the United States and Europe. (A) However, aimost all infusion doses (even <1 pafkg/
minute) increased the plasma argatroban concentration to 3> 200 ng/mL, sufficient to keep the aPTT within the target range (B,
except in one patient ( A) whose argatroban therapy was tarminated due to intracranial hemorrhage before his aPTT prolonged
to the target range. (B) Plasma argatroban concentrations showed a good correlation with the values of aPTT (r=0.62).
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beyond the target range in several postcardiovascular
surgery patients.”” Moreover, several reports from the
United States®® and Germany*™*? have suggested that a
lower starting dose of argatroban may be sufficient and
safe for effective anticoagulation, especially in critically
ill patients.

Thus, in our protocol, initial dosing of argatroban
was reduced to 0.7 pg/kg/minute in patients with
normal liver function and 0.2 pg/kg/minute in those
with hepatic impairment or a risk factor for bleeding.
This was about a third the initial dose recommended by
the manufacturer in the United States and Europe.
However, the aPTT was targeted in the same range
(1.5 to 3 times baseline aPTT). For patients with a risk
factor for bleeding, 1.5 to 2 times baseline aPTT was
recommended.

Thereafter, 8 patients were enrolled berween July
2005 and September 2006. Among them, two patients
who had a documented history of positive anti-PF4/
heparin antibodies and required anticoagulation therapy
were enrolled even in the absence of thrombocytopenia
(defined as a platelet count < 100,000/uL. or >50%
reduction in count after heparin therapy with no ex-
planation other than HIT) at enrollment.

The total number of enrolled patients was much
smaller than expected, consistent with the results of
other clinical research showing a low incidence of HIT
in Japan as described earlier. Argatroban was initiated at
a dose of 0.7 pg/kg/minute in 5 patients and 0.2 pg/kg/
minute in 3 patients. Even using these lower initial
doses, the aPTT was prolonged to the target range
(1.5 to 3 times baseline aPTT value) within ~2 hours
of initiation of infusion in 6 patients (75%). The primary
endpoint (composite of death, ampurtation of extrem-
ities, and new thrombosis) occurred in one patient
(posterior tibial artery thrombosis). Thrombocytopenia
was resolved in 33% of patients within 3 days after
starting argatroban treatment and in 83% of patients
during treatment. Two patients who had a documented
history of positive HIT antibodies in the absence of
thrombocytopenia at enrollment were excluded from the
analysis of thrombocytopenia resolution.

One major hemorrhagic event (intracranial hem-
orrhage) with symptomatic epilepsy without neurolog-
ical deficit occurred in the patient with a platelet count of
3,000/pL 2 days after starting therapy. The administra-
tion of argatroban was promptly terminated in this
patient. Minor hemorrhagic events occurred in two
patients.

Concomitant with this clinical trial, plasma arga-
troban concentrations were examined in four patients as
a substudy. Almost all infusion doses (even <1 pg/kg/
minute) increased the plasma argatroban concentration
properly (Fig. 6A), sufficient to maintain the aPTT
within the target range (Fig. 6B). The exception was
one patient who had an intracranial hemorrhage as

described earlier and whose argatroban therapy was
terminated before his aPTT prolonged to the target
range. Plasma argatroban concentrations showed a
good correlation with the values of the aPTT
(r=0.62), as shown in Fig. 6B.

The results of our clinical trial appear to be
compatible with those of the ARG-911 trial,*
although the total number of enrolled patients in our
trial is too small for statistical analysis. Argatroban
seems to be effective and safe for the treatment of
HIT but requires careful consideration of the initial
dosage. Based on the results of our trial, two pharma-
ceutical companies are now submitting an application
to the Japanese regulators for approval of argatroban to
treat patients with HIT.

CONCLUSIONS

Immune-mediated heparin-induced thrombocytopenia
is a life-threatening side effect of heparin therapy.
Although it appears that the incidence of HIT is lower
in Japan than in Western counties, the serious morbidity
and mortality profile of HIT warrants our continued
attention. In acute HIT, cardiovascular surgery using
CPB should be postponed as long as possible until the
patient’s anti-PF4/heparin antibody test becomes neg-
ative and UHF can be used as the CPB anticoagulant.
For acute HIT patients who require immediate surgery
with CPB, the risk/benefit profile of argatroban anti-
coagulation should be carefully considered. Argatroban
appears to be effective and safe for treatment of Japanese
HIT patients when properly dosed. Our dosing schedule
is safe and effective at lower doses than those recom-
mended elsewhere. These results should be considered in
other demographic settings.
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