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Abstract: Heparin-induced thrombocytopenia (HIT) is a rare but potentially severe 

 complication of heparin therapy that is strongly associated with venous and arterial throm-

bosis (HIT and thrombosis syndrome, HITTS), which requires urgent detection and treat-

ment with a nonheparin anticoagulant. Argatroban, a synthetic direct thrombin inhibitor, is 

indicated for the treatment and prophylaxis of thrombosis in patients with HIT, including 

those undergoing percutaneous coronary intervention. Argatroban has a relatively short 

elimination half-life of approximately 45 minutes, which is predominantly performed via 

hepatic metabolism. It is derived from L-arginine that selectively and reversibly inhibits 

thrombin, both clot-bound and free, at the catalytic site. Argatroban anticoagulation has been 

systematically studied in patients with HIT and HITTS and proved to be a safe and effective 

agent for this indication. The current review presents the pharmacology of argatroban, data 

regarding monitoring of the agent, and an overview of the results of the major clinical trials 

assessing argatroban anticoagulation in HIT patients. Additionally, data from recent clini-

cal trials with argatroban use in more special indications such as in percutaneous coronary 

intervention, liver dysfunction, renal replacement therapy, and intensive care medicine, are 

reviewed. The approved initial dosage of argatroban for adults with HIT or HITTS is 2 µg/

kg/minute for patients with normal hepatic function and 0.5 µg/kg/minute for patients with 

hepatic dysfunction. There is evidence that a reduced initial dose may also be advisable for 

patients with heart failure, multiple organ dysfunction, severe anasarca, or after cardiac 

surgery. Given this information, argatroban can be effectively used in treating HIT with 

monitoring of activated partial thromboplastin time. 
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Introduction to the clinical problem of HIT type ΙΙ
Heparin-induced thrombocytopenia (HIT) is a side effect of unfractionated heparin 

(UFH) and of low molecular weight heparin (LMWH) as well, and it is distinguished 

into two clinical forms, HIT type I and HIT type II. HIT type I is a benign nonimmune 

form with a reversible mild thrombocytopenia, which usually resolves despite persistent 

heparin treatment.1–3 On the other hand, HIT Type II is the most severe complication 

of heparin therapy; it is an immune-mediated drug adverse reaction that is associated 

with a high risk of venous and arterial thrombosis (HIT and thrombosis syndrome, 

HITTS), despite a low platelet count. It is this type that may lead to severe thrombosis, 

amputation, and in some cases death. For the purpose of this review, the term HIT 

refers to the immune-mediated type II that can cause paradoxical thrombosis, as it is 

usually refered in the recent literature.
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It is well known that HIT is a prothrombotic condition 

mediated most frequently by immunoglobulin G platelet-

activating antibodies (often called “HIT antibodies”) against 

multimolecular complexes of the platelet factor 4 (PF4) and 

heparin, which form on the surface of platelets.1–8 The resul-

tant multimolecular immune complexes bind to the FcγIIa 

(immunoglobulin G) receptors of platelets,6 inducing platelet 

activation, release of procoagulant platelet-derived micropar-

ticles, platelet consumption, and thrombocytopenia.3 The 

final result of the process is marked generation of thrombin, 

which can cause venous and arterial thromboses that are the 

clinical hallmark of HIT. The antibody–antigen complexes 

also activate monocytes, leading to tissue factor produc-

tion and endothelial injury, which contributes further to 

thrombosis.2,6,9,10

Thrombocytopenia usually occurs 5–14 days after 

first introduction of heparin therapy. However, there are 

exceptions, with HIT at times developing either early, 

namely after a recent previous exposure to heparin, or late 

after heparin exposure. For patients receiving heparin or 

having received heparin within the previous 2 weeks and for 

whom their clinicians consider the risk of HIT to be 1%, 

the American College of Chest Physicians Evidence-Based 

Clinical Practice Guidelines (9th Edition) suggest that platelet 

count monitoring must be performed every 2–3 days from 

day 4 to day 14 (or until heparin is stopped, whichever occurs 

first).8 Patients at 1% risk of HIT are postoperative patients 

receiving prophylactic or therapeutic doses of UFH and 

cardiac surgery patients. Guidelines from the Haemostasis 

and Thrombosis Task Force of the British Committee for 

Standards in Haematology suggest almost the same course 

of action, with the addition that patients who are to receive 

any heparin should have a baseline platelet count.7

The risk of HIT is related to the type of heparin used, the 

clinical characteristics of the patient, and his/her medical 

history.3,5,10 It can occur after any exposure to heparin, includ-

ing heparin flushes and heparin-coated catheters. Surgical 

patients have a higher risk than medical patients, possibly 

because of the release of cytokines during tissue injury.2,5,8,10 

Older patients, women, and patients undergoing orthopedic 

surgery are at increased risk. On the other hand, the recent 

observation that HIT antibodies can develop in healthy 

persons after exposure to heparin suggests that some people 

may be predisposed to antibody formation.11 Moreover, 

B-cell  tolerance to epitopes recognized by HIT antibodies 

is  probably established early in life, possibly explaining 

why only 3% of patients given heparin experience HIT. 

Just recently, data from an experimental study suggest that 

PF4/heparin-specific B-cell tolerance can be broken down by 

an inflammatory stimulus.12 Thus, the inflammatory milieu 

associated with tissue trauma may account for the increased 

incidence of HIT antibodies and clinical HIT in patients 

given heparin during cardiac surgery or orthopedic surgery. 

This fact is consistent with the previously observed atypical 

immune-response features of HIT patients, such as rapid 

generation and loss of anti-PF4/heparin antibodies produced 

by most patients exposed to heparin for the first time.12,13

The risk of HIT is also related to the duration of hepa-

rin exposure and the length of the heparin molecule.1,2,5,10 

The UFH (molecular weight 3.000–30.000 Da) carries a 

higher risk (1.0%–5.0%) than LMWH (molecular weight 

2.000–9.000 Da), which is associated with a risk of 

0.1%–1.0%.  Fondaparinux (molecular weight 1.700 Da) 

is associated with a negligible risk of heparin-induced 

thrombocytopenia. In a recent multicenter randomized trial 

comparing UFH with LMWH (dalteparin) for thrombo-

prophylaxis in 3,746 critically ill patients, only 17 patients 

(0.5%) developed HIT based on serotonin-release assay-

positive result.14 HIT-associated thrombosis occurred in ten of 

17 patients (58.8%) (8:1:1 venous:arterial:both). Moreover, 

HIT antibodies examined by enzyme-linked immunosorbent 

assay were less frequent among patients receiving dalteparin 

versus UFH (13.5% versus 27.3%, P0.001).

Thrombocytopenia is common in hospitalized patients 

receiving UFH, but only a minority develop HIT. However, 

rapid and accurate diagnosis is paramount to avoid the perils of 

misdiagnosis.10,15 Clinical evaluation may be guided by scoring 

systems such as the 4Ts pretest clinical score and HIT Expert 

Probability score.16,17 Laboratory tests include immunoassays, 

such as the PF4/heparin enzyme-linked immunosorbent assay, 

and functional tests such as the 14C-serotonin release assay 

and heparin-induced platelet activation assay.7,8,15 The com-

mercially available immunoassays are most widely accessible 

to the clinicians because they can be done in most hospital 

laboratories; they have high sensitivity but modest specificity, 

especially if the test is only marginally positive. Moreover, the 

functional assays are more specific, but they are technically 

demanding. Recently, Cuker15  proposed an evidence-based 

Bayesian approach to the diagnosis of HIT that integrates the 

4Ts score and immunoassay testing – the two most widely 

used diagnostic tools in current practice – to facilitate estima-

tion of the posttest probability of HIT and possibly to guide 

clinical decision making.

HIT may have life-threatening complications, such as 

deep-vein thrombosis, pulmonary embolus, myocardial 

infarction, cerebral sinus thrombus, stroke, adrenal vein 
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thrombosis, limb gangrene, and acute limb ischemia. Venous 

thrombotic events predominate over arterial events in a 

ratio of 4:1.3,10 Less-common manifestations include acute 

 systemic reaction and necrotizing lesions at the heparin-

injection sites. The mortality associated with heparin-induced 

thrombocytopenia is approximately 5%–10%, usually sec-

ondary to thrombotic complication.5,10 Without alternate 

anticoagulation, the risk of thromboembolic complication 

can be seen in 30%–75%.18,19

Management of HIT is thus essential for a patient’s life 

and entails cessation of all forms of heparin and LMWH 

(including heparin flushes and heparin-coated catheters).2,7,8 

It is a general principle that for patients with suspected (non-

low pretest probability) or confirmed HIT, heparin should 

be stopped and full-dose anticoagulation with an alternative 

nonheparin anticoagulant should be commenced. The direct 

thrombin inhibitors (DTIs), such as argatroban, bivalirudin, 

and lepirudin, are a class of potent anticoagulants that are 

emerging in current anticoagulation therapy and are effec-

tive in the treatment of HIT-induced thromboembolism and 

as alternative anticoagulants for thrombosis prophylaxis in 

patients diagnosed with HIT. Moreover, other agents such 

as fondaparinux are increasingly being used on the basis 

of successful clinical experience.20 However, the choice of 

alternative anticoagulant is primarily driven by comorbidities 

and half-life considerations, and by the availability of agents 

in each country. The use of parenteral DTI is preferred in the 

case of a critically ill patient, often due to the need for proce-

dural interventions and/or underlying bleeding risk; a shorter 

half-life is desirable for these patients, given potential hem-

orrhage and lack of an antidote. The half-lives of lepirudin, 

danaparoid, and fondaparinux are approximately 80 minutes, 

24 hours, and 17–20 hours, respectively.8,10

Argatroban is approved by the US Food and Drug 

Administration and is licensed in Canada, Japan, and sev-

eral European countries for prophylaxis and treatment of 

thrombosis in adult patients with HIT. It is also used as an 

adjunct therapy for percutaneous coronary intervention (PCI) 

in patients who have or are at risk of thrombosis due to HIT. 

However, argatroban is the only nonheparin anticoagulant 

currently approved in the United States for the treatment 

of HIT; although lepirudin is approved for use in HIT, 

production was halted for commercial reasons in Europe in 

2011 and in North America in 2012.10,21,22 Danaparoid was 

withdrawn from the US market by the manufacturer in 2002 

because of a short supply, but it is available in Canada, Japan, 

Europe, and Australia.10 All this makes the knowledge of 

pharmacological properties of the nonheparin anticoagulant 

significantly important, as their selection for clinical use is 

dependent on both their properties and their current avail-

ability in each country. The current review examines the 

pharmacological characteristics and the clinical efficacy and 

the safety of Argatroban in adults with HIT, including those 

undergoing PCI.

Argatroban: pharmacology  
and pharmacokinetics
Argatroban is a synthetic DTI derived from L-arginine 

that selectively and reversibly binds to the thrombin active 

site, inhibiting its catalytic activity.10,18,22–26 It is a small 

molecule (molecular weight approximately 500 Da) that 

inhibits thrombin, both free and clot-associated, because 

it acts independently of antithrombin, like the other DTIs. 

Argatroban exerts its anticoagulant effects by suspending 

 thrombin-catalyzed or thrombin-induced reactions, such as 

activation of coagulation factors V, VIII, and XIII; fibrin 

formation; activation of protein C; and platelet aggregation. 

Argatroban is highly selective for thrombin and has little 

or no effect on related serine proteases (trypsin, factor Xa, 

plasmin, and kallikrein).25 These pharmacological properties 

are distinctly different from those of heparin, which has a 

reduced capacity for inhibition of clot-bound thrombin.26

Argatroban is hepatically metabolized by hydroxylation 

and aromatization, mainly by the liver microsomal  cytochrome 

P450 enzymes CYP3A4/5, to four main metabolites, which 

do not possess relevant pharmacological activity. It is then 

eliminated in the feces through biliary excretion.22,24,25 There-

fore precaution is needed in patients with hepatic impairment 

due to decreased clearance. In such cases, it is not entirely 

contraindicated but dose adjustment is recommended. Renal 

elimination of argatroban is minimal, and the pharmacody-

namic and pharmacokinetic parameters of argatroban are 

comparable between healthy subjects and individuals with 

renal insufficiency. Therefore, no initial dosage adjustment 

is required in patients with renal impairment.

When argatroban is administered by continuous intrave-

nous (IV) infusion, it exhibits linear pharmacokinetic behav-

ior, and steady state levels of both drug and anticoagulant 

effects are attained within 1–3 hours after the start of an 

infusion and remain stable until infusion discontinuation or 

dosage adjustment. In healthy volunteers and cardiac patients, 

the argatroban dose dependently increases the activated par-

tial thromboplastin time (APTT), the activated clotting time 

(ACT), the prothrombin time, the international normalized 

ratio (INR), and the thrombin time.22,23,25 However, the ecarin 

clotting time yields a more linear dose response, but this test 
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is not widely available in hospital laboratories and has not 

been standardized.24

The elimination half-life of argatroban in healthy sub-

jects is about 45 minutes (range, 30–51 minutes), with a 

corresponding decline in its anticoagulant effects, which 

reach their pretreatment level within 2–4 hrs after cessation 

of an infusion, compared with at least 6 hours (and up to 

20 hours) in patients with hepatic impairment.2,8,18,22,27 In 

a special population study of five patients with moderate 

hepatic impairment (Child-Pugh score 6), compared with 

12 healthy volunteers receiving argatroban at 2.5 µg/kg/min-

ute, hepatic impairment was associated with approximately 

fourfold decreased systemic clearance and threefold increase 

in elimination half-life of argatroban.28

Argatroban lacks major drug–drug interactions with 

CYP3A4/5 inhibitors such as erythromycin, acetaminophen, 

and digoxin.22 However, there is a very recent case report in 

which a severe decrease of cyclosporine levels was described in 

a 60-year-old patient receiving argatroban after a second heart 

transplant. Possible mechanisms of interaction are considered, 

such as an analytical interference, an idiopathic hemodilution, 

an increase of renal and hepatic clearance, and a metabolic 

drug–drug interaction.29 Furthermore, there have been several 

studies that characterize the pharmacokinetic and pharmaco-

dynamic properties of argatroban in vulnerable patient groups, 

ie, elderly patients and patients with renal and/or hepatic 

dysfunction. The only effect of age or sex was an approximately 

20% lower clearance in elderly men versus elderly women, 

which does not translate into clinically or statistically significant 

differences in pharmacodynamic response.28

Argatroban dosing and monitoring
In adult patients with HIT or HITTS without liver impairment, 

argatroban is given as a continuous IV infusion. Usual initial 

dosing is 2 µg/kg/minute adjusted to steady-state APTT 

1.5–3.0 times initial baseline value, which cannot surpass 

100 seconds, and no initial bolus is needed. It commences 

after cessation of heparin therapy and after determining 

baseline APTT, (Table 1). The APTT should be performed 

2 hours after the initiation of infusion and after every dosage 

adjustment until the steady-state APTT is 1.5–3.0 times the 

initial baseline value. Nevertheless, the maximum dosage 

should not exceed 10 µg/kg/minute.2,8,18,22,23,25

In adult patients with HIT or HITTS undergoing PCI, arga-

troban infusion should be started after determining the baseline 

ACT. As is proposed from the historical control trials,30 it is 

given at an IV bolus of 350 µg/kg  administered over 3–5 minutes 

and then at continuous IV infusion 25 µg/kg/ minute, to achieve 

a therapeutic ACT of 300–450 seconds. The ACT test should 

be performed 5–10 minutes following the bolus dose. If it is 

necessary to achieve this therapeutic range, the maintenance 

infusion dose can be titrated (15–40 µg/kg/minute) and/or an 

additional bolus dose of 150 µg/kg could be given. When a 

therapeutic ACT (between 300–450 seconds) has been reached, 

this infusion dose should be pursued during the procedure. 

In case of impending abrupt closure, thrombus formation 

during the procedure, or inability to achieve or maintain an 

ACT 300 seconds, additional bolus doses of 150 µg/kg may be 

given and the infusion dose could be raised to 40 µg/kg/minute. 

The ACT should be monitored after each additional bolus or 

change in the rate of infusion. Additional ACTs should be 

performed about every 20–30 minutes during a prolonged 

procedure and at the end of a PCI procedure. If a patient 

requires anticoagulation after the procedure, argatroban may 

be continued at lower infusion dosages as those are recom-

mended for patients with HIT or HITTS.8,23,25,30

As is recommended by the manufacturer, for adult patients 

with HIT or HITTS and hepatic impairment, the initial infu-

sion dosage should be reduced to 0.5 µg/kg/minute and APTT 

should be checked closely. Similarly, in adult patients with 

HIT or HITTS and hepatic impairment who are  undergoing 

PCI, argatroban dosages should be titrated carefully to obtain 

Table 1 Licensed or suggested dosing schedules for treatment of HiT with argatroban

IV bolus Infusion Monitoring

Standard dose for HiT treatment in  
patients without liver failure

None Start at 2 µg/kg/minute 
(maximum dose  
10 µg/kg/minute)

Adjust to APTT of 1.5–3.0 times to patient baseline 
APTT repeated within 2 hours of any dose  
adjustment and at least once daily

Patient with HiT and liver dysfunction, 
critically ill, after cardiac surgery,  
heart failure, or anasarca

None 0.5–1.2 µg/kg/minute Adjust to APTT of 1.5–3.0 times to patient baseline 
APTT repeated within 4 hours of any dose  
adjustment and at least once daily

Patients with HiT undergoing PCi 350 µg/kg bolus For ACT 300–450 seconds, initial dosage 25 µg/kg/min 
if ACT 300 seconds, dosage adjustment to 40 µg/kg/min 
if ACT 450 seconds, dosage adjustment to 15 µg/kg/min

Abbreviations: ACT, activated clotting time; APTT, activated partial thromboplastin time; HiT, heparin-induced thrombocytopenia; iv, intravenous; PCi, percutaneous 
coronary intervention.
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therapeutic ACTs.25 Furthermore, the use of high doses of 

 argatroban should be avoided in PCI patients with  clinically 

significant hepatic disease or alanine aminotransferase/

aspartate aminotransferase levels 3 times the upper limit of 

normal. It may also be advisable for a reduced initial dose to be 

given to patients with conditions associated with hepatic con-

gestion, which may potentially decrease argatroban clearance, 

as well as to patients with heart failure, multiorgan failure, 

or severe anasarca, or after cardiac surgery.19,25,27,31,32 Based 

on these reports, the American College of Chest Physicians 

Evidence-Based Clinical Practice  Guidelines (both eighth 

and ninth editions) and the British Guidelines suggest initial 

dosages of argatroban at 0.5–1.2 µg/kg/minute in the clinical 

settings listed above.2,7,8 Nevertheless, as we shall discuss 

later, lower dosages may be considered for some patients.33 

Moreover, as already mentioned, no initial dosage adjustment 

is required in patients with renal impairment where there are 

none of the aforementioned conditions.2,8

Transition from argatroban to warfarin
When switching to vitamin K antagonists (VKAs) therapy 

after argatroban treatment, the possibility of combined effects 

of argatroban and warfarin (or other VKA) on INR measure-

ments should be taken into consideration. It is well known 

that argatroban in therapeutic doses has the greatest effect 

on the INR among the other DTIs. Therefore it is suggested 

that when a VKA is introduced, argatroban and VKA therapy 

should be overlapped to avoid prothrombotic effects and to 

ensure continuous anticoagulation for the initial period of VKA 

treatment. Warfarin and argatroban should be overlapped for 

at least 5 days and an INR of 4 should be monitored for 2 

consecutive days before argatroban is discontinued. An upper 

range target for the INR in this situation is not given, but at 

very high INR levels the patient may be over-anticoagulated. 

It is recommended that, at an INR 5, the argatroban infu-

sion should be discontinued for 4 hours and the INR should 

be repeated.7,8,25 Another option is to monitor the VKA with 

a chromogenic  factor X assay. In this setting, factor X levels 

45% have been associated with INR values 2 when the 

effect of argatroban has been eliminated. Monitoring factor X 

levels may be safer than aiming for an INR 4 when VKAs 

are given in conjunction with argatroban.24

Argatroban: efficacy, tolerability,  
and side effects
The data describing the role of argatroban in HIT are obtained 

from two multicenter, prospective, nonrandomized  open-label 

studies (ARG-911 and ARG-915),34,35 where it was compared 

with historical controls for efficacy of the drug, which is most 

often treated by cessation of heparin alone or substitution of 

heparin with oral anticoagulation using VKA. This is due to 

the fact that when these studies were carried out, no approved 

alternative agent was available for use as an active comparator. 

The studies enrolled adult patients with either isolated HIT 

or HITTS. The quality of these studies has been criticized 

because of the fact that about one third of the patients included 

in the analysis were found to be HIT antibody negative upon 

retrospective testing,36 and some of the patients included had 

a remote rather than an immediate history of HIT. Afterwards, 

Lewis et al37 again retrospectively analyzed thrombotic out-

comes in 882 HIT patients (697 patients receiving mean arga-

troban doses of 1.7–2.0 µg/kg/minute for 5–7 days to achieve 

an APTT of 1.5–3.0, plus 185 historical control subjects) 

from previously reported prospective studies (Table 2). In this 

study argatroban treatment resulted in a significant reduction 

in the primary end point of a composite risk of death due to 

thrombosis, amputation secondary to HIT-associated throm-

bosis, or new thrombosis within 37 days of baseline for both 

patients with HIT without thrombosis at diagnosis (hazard 

ratio [HR] =0.33; 95% confidence interval [CI] =0.2–0.54; 

P0.001) and with thrombosis at diagnosis (HR =0.39; 95% 

CI =0.25–0.62; P0.001). More argatroban-treated patients 

remained thrombosis-free during the 37-day follow-up, again 

for patients both with and without thrombosis at the time of 

diagnosis, and fewer died from thrombosis (P0.001).7,37 

However, there were concerns due to the fact that there was 

no significant effect of argatroban on amputation secondary to 

HIT-associated thrombosis. A retrospective analysis of 21 of 

the amputation events in the prospective studies of argatroban 

in HIT found that severe ischemia or gangrene was present in 

98% of the amputated limbs before argatroban was started, 

and that amputation was already planned for most patients.38 

Hence, a reduction in amputation rate could not have been 

expected. Furthermore thrombotic risks were two times 

higher in nonwhite than in white patients, 1.7 times higher in 

female than in male patients with HIT and thrombosis, and 

were increasing as the body weight or platelet count were 

decreasing.37

Like all other anticoagulant drugs, argatroban is contrain-

dicated in patients with overt major bleeding. Particular vigi-

lance is needed during its use in conditions or circumstances 

that increase the risk of hemorrhage, such as severe hyperten-

sion, immediately following lumbar puncture, spinal anesthe-

sia, and major surgery, especially brain, spinal cord, or eye 

surgery. Special caution should be exercised in patients with 

hematological conditions associated with increased bleeding 
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Table 2 Summary of findings from the most recent studies for argatroban for treatment of HIT/HITT

Study (year) Type of study Treatment Results

Lewis et al37  
(2006)

Patients from prospective, 
multicenter, historical 
controlled studies  
ARG-91134 and ARG-91535

697 patients receiving mean  
argatroban doses of 1.7–2.0 µg/kg/ 
minute for 5–7 days to achieve an  
APTT ratio of 1.5–3.0
185 historical control patients who 
were not treated with antithrombotic 
therapy

•  Argatroban, versus control, significantly reduced the  
thrombotic composite risk (P0.001)

•  More argatroban-treated patients than control subjects 
remained thrombotic event-free during follow-up,  
regardless of whether baseline thrombosis was absent  
(91% versus 73%) or present (72% versus 50%)

•  Argatroban significantly reduced new thrombosis  
(P0.001) and death due to thrombosis (P#0.001)

•  Major bleeding was similar between groups  
(6%–7%, P=0.74)

Levine et al27  
(2006)

Cohort, historical 
controls, multicenter, 
retrospective

82 patients with hepatic impairment  
receiving mean argatroban doses of  
1.6±1.1 µg/kg/minute over a mean  
5-day course of therapy
34 historical control patients with  
hepatic impairment

•  34 argatroban-treated patients (41.5%) and 17 control  
patients (50.0%) experienced the 37-day composite end 
point of death, amputation, or new thrombosis (P=0.32)

•  Argatroban significantly reduced new thrombosis  
(8.5% versus 26.5%, P=0.012)

•  Major bleeding was similar between treatment groups 
(4.9% versus 2.9%, P=0.684)

Bartholomew  
et al52 (2007)

Cohort, multicenter, 
retrospective

118 patients – 62 aged 65 years  
were administered argatroban at a  
median initial dosage of 1.0 µg/kg/ 
minute (median, 5–7 days)

•  13 (21%) patients died (nine in the group aged  
65–74 years; one receiving argatroban) and five (8%) 
had new thrombosis (four in the group aged  
65–74 years; two receiving argatroban)

•  By univariate analysis, the risk of new thrombosis  
decreased with increasing argatroban dose  
(HR =0.020; 95% Ci =0.001–0.757; P=0.035)

•  No effect of age or the other covariates  
considered, on thrombotic risk was detected

Begelman  
et al55 (2008)

Retrospective single  
center analysis

65 adult, iCU patients were  
treated with argatroban - therapeutic 
doses were lower in patients with, 
versus without, heart failure  
(0.58±0.28 µg/kg/minute versus  
0.97±0.6 µg/kg/minute) and decreased 
as the number of failed organ systems 
increased

•  From initiation of therapy until patient discharge or 
death, 11 (16.9%) patients (three off argatroban) 
developed thromboembolic complications

•  14 (21.5%) died (eleven off argatroban, 7 from MODS); 
and 1 (1.5%) required amputation

•  Nine patients (13.8%) experienced bleeding, none 
fatal

Bates et al54  
(2009)

Retrospective single  
center analysis

30 patients – 21 (70%) had an initial 
argatroban dose of 2.0 µg/kg/minute 
and four (13%) had an initial dose of 
0.5 µg/kg/minute, with a median  
therapy duration of 6 days and a mean 
dose of 2.14 µg/kg/minute

•  No cases of new thrombosis or limb amputation  
occurred during argatroban therapy, and only one  
patient experienced progression of DvT to Pe

Saugel et al19  
(2010)

Retrospective analysis 12 iCU patients with MODS were  
treated for a mean of 5.5±3.3 days 
with a final mean argatroban dose  
of 0.24±0.16 µg/kg/minute (about  
one eighth of the usual recommended 
dose)

•  No bleeding complications or other adverse events 
occurred, and no arterial or venous thromboembolic 
complications appeared in the 12 patients treated  
with argatroban

Abbreviations: APTT, activated partial thromboplastin time; CI, confidence interval; DVT, deep-vein thrombosis; HIT, heparin-induced thrombocytopenia; HITT, heparin-
induced thrombocytopenia and thrombosis syndrome; HR, hazard ratio; MODS, multiple organ dysfunction; iCU, intensive care unit; Pe, pulmonary embolus.

diathesis, such as congenital or acquired bleeding disorders, 

and gastrointestinal lesions such as ulcerations.23,25 There 

is no known specific antidote for overdose of argatroban. 

Therefore if excessive plasma concentrations of argatroban 

are suspected or life-threatening bleeding occurs, therapy 

should be stopped immediately, APTT should be  performed, 

and symptomatic treatment should be administered to the 

patient. In the aforementioned study, major bleeding, defined 

as a fall in hemoglobin of 2 g/dL, or as having led to 

transfusion of 2 units of red blood cells, or that was into the 

central nervous system, retroperitoneum, or a prosthetic joint, 

was similar in both groups with no significant excess in the 

argatroban recipients.7 Furthermore, although recombinant 

factor VIIa can reverse the anticoagulant effect of DTIs in 
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healthy volunteers, the usefulness of this agent in patients who 

are bleeding has not been established, while hemodialysis or 

hemoperfusion can remove argatroban.24

As regards the comparison between argatroban and 

lepirudin for efficacy and safety, they have been directly 

compared only in small retrospective cohort studies.39–41 

But comparison across these studies is quite problematic 

because the primary outcome measures differed, and the 

outcomes that have been identified as important were not 

consistently reported. Furthermore, the doses of argatroban 

and lepirudin given in these retrospective studies were lower 

than the doses given in the historical controlled trials.34,35 The 

bleeding risk of these agents was reported in two of these 

studies. In particular, Kiser et al41 reported that significant 

bleeding occurred in 6% of patients taking argatroban and 

5% of patients taking lepirudin. However, in the other study 

conducted by Smythe et al39 important bleeding has been 

shown in 11.5% of patients taking lepirudin and 10.3% of 

patients taking argatroban. However, an additional factor that 

needs to be considered is that in 30% of patients, antibod-

ies develop against lepirudin after the first exposure and in 

70% of patients upon second exposure. Severe and in some 

cases fatal reactions have been reported following lepirudin 

sensitization. For this reason, lepirudin should be used only 

once during a patient’s lifetime.42–44 As a result of antibody 

formation, renal clearance of lepirudin is delayed, leading to 

accumulation, which may place the patient at increased risk of 

bleeding. Lepirudin antibodies also display cross-sensitivity 

to bivalirudin. Therefore, it is recommended that bivalirudin 

be avoided in patients who previously received lepirudin.

Argatroban was evaluated as anticoagulant therapy in HIT 

patients who underwent PCI in three prospective,  multicenter, 

historical controlled trials (ARG-216, ARG-310, and 

 ARG-311). The studies – one studying dose confirmation and 

two evaluating efficacy and safety – were similarly designed 

with respect to patient inclusion and exclusion criteria, 

argatroban dosing regimen, primary efficacy outcomes, and 

recorded outcomes. In a secondary pooled analysis of these 

studies, the investigators analyzed the outcomes of 91 HIT 

patients who underwent 112 separate coronary interventions 

on a total of 177 treated lesions (149 in the initial group 

and 28 in the repeat group) while on intravenous argatroban 

(350 µg/kg initial bolus followed by 25 µg/kg/minute adjusted 

to reach an ACT of 300–450 seconds, as is described above).30 

Eligible patients were males or nonpregnant females 18 

years of age with a history of HIT supported by a previous 

or current positive HIT antibody test or a  previous or current 

clinical diagnosis of HIT. Primary efficacy endpoints were 

assessments of the satisfactory outcome of the procedure 

and the achievement of adequate anticoagulation during 

PCI. Among patients undergoing initial PCIs with argatroban 

(n=91), 94.5% had a satisfactory outcome of the procedure 

and 97.8% achieved adequate anticoagulation. Across all 

trials, seven (7.7%) patients overall experienced myocardial 

infarction and/or revascularization at 24 hr after PCI (four 

patients and four patients respectively), while one patient 

(1.1%) had periprocedural major bleeding. For patients who 

had subsequent hospitalizations (for a mean time of 150 days) 

for reoperation using argatroban anticoagulation (n=21), 

there were no unsatisfactory outcomes.

Thereafter, in patients without HIT (n=152), argatroban 

alone, or in combination with glycoprotein IIb/IIIa  inhibitors 

during PCI, was evaluated in a prospective cohort study 

without internal controls.45 The incidence of primary efficacy 

outcomes (death, Q-wave myocardial infarction, and urgent 

revascularization) and major bleeding was acceptably low in 

both groups (0%–3%).

Argatroban is a suitable regimen for use in renal 

replacement therapy (RRT), due to the fact that it is mainly 

eliminated via the liver, and moreover dialytic clearance by 

high-flux membranes is considered clinically insignificant.46 

It can be used in both continuous and intermittent RRT 

(bolus 100 µg/kg and infusion 0.5 µg/kg/minute adjusted to 

achieve an APTT 1.5–3.0 times baseline, and bolus 250 µg/kg 

and infusion 2.0 µg/kg/minute adjusted to achieve an ACT 

170–230 seconds, respectively).7 The use of argatroban dur-

ing RRT in patients with HIT is evidence-based on a second-

ary analysis of prospective, historical, controlled treatment 

studies (47 patients with HIT and renal failure requiring RRT 

who underwent 50 treatments with argatroban)47 and from 

a second small prospective, dose-finding study in patients 

undergoing continuous RRT (n=30).48 The incidence of 

new thrombosis (0%–4%) and major bleeding (0%–6%) in 

patients who received argatroban in these studies was low. 

Furthermore, another randomized control trial evaluating 

three different doses of argatroban during intermittent RRT 

in patients without HIT (n=13) showed similar results.46

Argatroban: recent updates  
from clinical trials
Argatroban has been effectively utilized in critically ill inten-

sive care unit (ICU) patients with multiple organ dysfunc-

tion (MODS) and diagnosed with HIT.19 In a retrospective 

analysis, 12 ICU patients with MODS were treated with 

argatroban for suspected or diagnosed HIT. The patients had a 

mean platelet count of 46.000±30.310/µL, a mean APACHE 
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(Acute Physiology and Chronic Health Evaluation) II score 

of 26.7±7.8 on ICU admission, and a mean SAPS (Simpli-

fied Acute Physiology) II score of 61.5±16.3 on the first day 

of argatroban treatment. The results of this study suggest 

that patients with MODS and HIT can be effectively treated 

by using argatroban anticoagulation, although the clinician 

should be alert for diagnosing HIT in these complex patients. 

However, in critically ill patients with MODS, the dosing 

of argatroban has to be adjusted. To avoid excessive anti-

coagulation and bleeding complications, argatroban should 

be initiated at a markedly reduced dose of about one tenth 

to one eighth of the 2 µg/kg/minute recommended for ICU 

patients with MODS. Because achievement of steady-state 

anticoagulation will be delayed in this special patient popula-

tion, APTT must be monitored at close intervals after drug 

commencement or dose change to ensure that the desired 

level of anticoagulation is achieved.

A retrospective study was recently done comparing the 

three DTIs (lepirudin, argatroban, or bivalirudin) approved 

for HIT management, in patients receiving RRT with a 

presumable diagnosis of HIT at the University of Pittsburgh 

Medical Center from January 1, 1995, through March 1, 

2008.49 The primary outcome assessed was a triple composite 

end point of thrombosis, bleeding, and inhospital mortality. 

A secondary assessment compared the pharmacodynamic 

correlation between APTT and the triple composite end point. 

For the primary end point, there was no statistically signifi-

cant difference observed among DTIs. In patients receiving 

RRT, lack of a previous heparin allergy, the degree of INR, 

and lower serum albumin were significantly correlated with 

increased morbidity and the occurrence of the composite 

end point. No differences in adverse events or other clinical 

outcomes were observed in this retrospective evaluation of 

DTI use in patients receiving RRT and with presumed HIT.

Another more recently published study evaluated the use 

of argatroban as an anticoagulant during continuous RRT 

in the early period after cardiac surgery.50 Argatroban was 

compared to UFH with respect to bleeding complications 

and the effectiveness of anticoagulation. Ninety-four patients 

requiring RRT after cardiac surgery from March 2007 to June 

2009 were identified. The effectiveness of anticoagulation 

was measured indirectly by the duration of dialysis filter 

use. Bleeding was defined as clinical signs of blood loss 

or the need for transfusion. Of these patients, 41 received 

argatroban, 27 UFH, and 26 required conversion from UFH 

to argatroban. In all three subgroups, RRT initiated within 

a median postoperative period of 2.0 days. Similar levels of 

anticoagulation were achieved with the duration of the circuit, 

and filters were changed an average of 1.1 times daily during 

RRT. Liver function was similar in all patients. Neither clini-

cally relevant signs of bleeding nor significant differences 

in the hemoglobin levels or a requirement for transfusion 

were noted. However, the SAPS II values during dialysis and 

mortality were significantly greater in the patients initially 

receiving argatroban compared with those who received 

UFH alone (54±2 versus 43±3; P0.001; 71% versus 44%, 

P=0.04). Argatroban can moreover provide effective antico-

agulation in postoperative cardiac patients receiving continu-

ous RRT.50 Close monitoring and dose titration resulted in 

a comparable risk of bleeding for anticoagulation with both 

argatroban and heparin, regardless of the disease severity or 

impaired hepatic function.

Regarding the dosage of argatroban, it has been reported 

that the maximum dose is 10 µg/kg/minute. A case report 

has described using high-dose argatroban for treatment 

of HIT with thrombosis, with initial dose starting at 

2 µg/kg/minute and the target desirable APTT value between 

40–80  seconds.51 This patient had continued worsening of 

swelling at the site of thrombosis while developing a new 

venous thrombosis, and therefore the target APTT was 

increased eventually to 75 seconds and the infusion rate 

reached 15.5 µg/kg/minute. Higher doses of argatroban can 

be considered in patients with HIT plus thrombosis that is 

not responding to initial doses of infusion and may need the 

goal APTT increased. This patient did not have significant 

side effects but this is hard to predict with such high doses. 

Ideally, it would be beneficial if laboratories were able to 

measure actual argatroban concentration in patient’s serum, 

but this is not yet available. High doses of argatroban are an 

option, if needed, with close APTT monitoring.18,51

Age is not a contraindication for the use of argatroban. 

In fact, in a retrospective multicenter database analysis of 

118 inpatients (including 62 adults aged 65 years) treated 

with argatroban for HIT, age was not a significant deter-

minant for argatroban dosage or the thrombotic risk.52 No 

patient experienced major bleeding or required amputation, 

and no patients in the elder group (65 years old) died or 

developed new thrombosis. Furthermore, in a case report 

published just recently, a 95-year-old woman with severe 

HIT was treated with argatroban, and she had a positive 

clinical evolution with recovery of thrombocytopenia.53 The 

low-dose protocol was used (0.5 µg/kg/minute). The bio-

logical monitoring of argatroban was performed daily with 

both APTT (1.5–3.0 times patient baseline) and a specific 
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 coagulation test derived from the thrombin time (Hemoclot) 

leading to an estimation of the argatroban concentration.

Argatroban can also be considered in patients with hepatic 

dysfunction even though it is cleared by the hepatobiliary 

system.33 In these instances, APTT needs to be monitored 

closely and frequently, and dose reduction is required. 

Thus, although argatroban undergoes hepatic metabo-

lism, with a fourfold decrease in clearance and a threefold 

increase in elimination half-life (eg, from approximately 

51 to 181 minutes), package insert recommendations provide 

guidance on dose reductions (eg, reducing the starting dose 

from 2 µg/kg/minute to 0.5 µg/kg/minute for patients with 

moderate hepatic impairment).25,33 In a retrospective analysis, 

Levine et al27 studied 82 hospitalized patients treated with 

argatroban for HIT, many of whom also had hepatic dysfunc-

tion (average estimated MELD [Model For End-Stage Liver 

Disease] =21). It is noted that more than 50% of these patients 

had combined hepatic and renal dysfunction. Patients with 

elevated total bilirubin levels required 50% lower argatroban 

doses compared with patients with normal bilirubin levels 

(0.8 µg/kg/minute versus 1.6 µg/kg/minute), regardless of 

renal function. Furthermore, argatroban dose requirements 

correlated inversely with total bilirubin levels up to 5 mg/dL, 

which is a better indicator than alanine aminotransferase or 

aspartate aminotransferase, but were unaffected by the pres-

ence or absence of renal dysfunction. As the authors suggest, 

argatroban should be initiated at a dose of 0.5 µg/kg/minute, if 

a patient’s serum total bilirubin level is 1.5 mg/dL, if combined 

hepatic/renal dysfunction is present, or if conservative initial 

dosing is desired. In those cases, the best-fit equation may be 

that, for every 1 mg/dL increase in total bilirubin, argatroban 

dose requirements decrease by 0.38 µg/kg/minute.33 Because 

achievement of steady-state anticoagulation will be delayed 

in many patients with hepatic dysfunction, it would be wise 

to check the APTT at least 4–5 hours after drug initiation or 

dose change to ensure the desired level of anticoagulation 

is present.

Finally, because coagulation parameters will take longer 

to normalize on infusion withdrawal in patients with hepatic 

dysfunction (5 hours in many patients in this study and up 

to 20 hours in a previous study), argatroban should be discon-

tinued for a more extended period and anticoagulant effects 

should be monitored carefully before an invasive procedure, 

to ensure adequate hemostasis.27,28 However, other published 

retrospective studies and observational reports support the 

need for further reduced doses of argatroban in patients with 

hepatic impairment.19,33,54,55 When these authors reduced 

the starting dose to 0.2 µg/kg/minute, therapeutic levels of 

anticoagulation were achieved without bleeding complica-

tions. Moreover, in the retrospective analysis of 65 critically 

ill patients, Begelman et al55 found that argatroban dosing 

requirements decreased as the number of failing organs 

increased.

Conclusion
Argatroban is generally well tolerated and improves clini-

cal outcomes in adults with HIT. The data of the ARG-911 

and ARG-915 investigations provide convincing evidence 

that argatroban enables rapid and effective anticoagula-

tion in this condition and is an effective therapy for HIT-

associated complications. On the basis of this evidence, for 

patients with confirmed or strongly suspected HIT, with 

or without thrombosis, the American College of Chest 

 Physicians Evidence-Based Clinical Practice Guidelines 

(ninth edition) recommend the use of argatroban (grade of 

 recommendation 1C), as well as other nonheparin anticoagu-

lants (danaparoid [grade of recommendation 1C], lepirudin 

[grade of recommendation 1C], or fondaparinux [grade of 

recommendation 2C]) over the further use of UFH or LMWH 

or introduction or continuation of VKA.8 Moreover, data 

from the pooled analysis of three small, uncontrolled trials 

showed that argatroban can be an effective anticoagulant in 

patients with HIT undergoing PCI.22

The approved initial dosage of argatroban for adults with 

HIT or HITTS is 2 µg/kg/minute for patients with normal 

hepatic function and 0.5 µg/kg/minute for patients with 

hepatic dysfunction. However, other published retrospective 

studies support the need to further reduce starting doses of 

argatroban to 0.2 µg/kg/minute in patients with more severe 

hepatic impairment.19,33 Furthermore, there is evidence that 

a reduced initial dose may also be advisable for patients 

with heart failure, MODS, severe anasarca, or after cardiac 

surgery. Given this information, argatroban can be effectively 

utilized in treating HIT with monitoring of APTT.

Argatroban is a small molecule with a shorter half-life 

than lepirudin, fondaparinux, or danaparoid, and its use is 

preferred in patients who may need procedural interventions 

or have high bleeding risk. Finally, argatroban is a suitable 

regimen for use in RRT, due to the fact that it is eliminated via 

the liver, and its use is suggested over other nonheparin anti-

coagulants in patients with HIT and renal insufficiency.8
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