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Direct Thrombin Inhibitors for the Treatment of

Type Il Heparin-Induced Thrombocytopenia
by Jennifer Namba, Pharm.D.

Heparin-induced thrombocytopenia (HIT) affects up to 20% of patients receiving
heparin.1 Themgjority of casesresult fromanon-immunemediated processknownasHIT
typel, inwhich heparin stimulates platel et activation.: Thrombocytopeniaoccurswithin
1to 4 daysof heparininitiation. Platelet countstypically remain >100 x 10%L and often
normalizewithoutintervention. Incontrast, HI T typel | isestimated tooccur inonly 2-5%
of patients but presents with amore dramatic fal in platelet count within 5-14 days of
heparin initiation.1 Thrombocytopenia associated with HIT type Il is caused by an
immune-mediated processthat can be quantified asareduction in platel et count of >50%
frombasdine2HIT typell (referredtoasHIT for the purposesof thisarticle) istriggered
by theformati onof 1gG antibodiesthat bindto complexesof heparinmol eculesandplatel et
factor 4(PF4). Antibody bindingto the heparin-PR4 complex stimulatesplatel etstorel ease
microparticles that increase thrombin generation.3 The ensuing cascade of pladet
activation and aggregation effectively diminishesthe platelet count, resulting in throm-
bocytopeniaaswell asanincreased risk of thrombosis.4 Thrombosistherefore represents
asgnificantclinica concernandaffectsupto40-75%of patientsdiagnosedwithHIT, aso
referredtoasHI T withthrombos ssyndromeor HITTS.5 Themanagement of patientswith
HIT hassignificantly improved with the advent of direct thrombininhibitors(DTIs) such
asargatroban and lepirudin. However, without an effective antidote avail able, the use of
DTIsbecomesincreasingly complex in patients with compromised organ function. This
articlewill explorethecurrent evidence behind direct thrombininhibitors, particularly the
rolefor bivalirudin as a cost-effective dternative for the trestment of HIT.
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The clinical consequences and treatment considerations that accompany HIT
reinforce the importance of making a correct diagnosis. The presence of HIT should
thereforebebased upon clinical and serol ogic evidence, morespecificaly, thepresence
of both thrombocytopenia and HIT antibody seroconversion within 5-14 days of
heparin initiation. In addition to thrombocytopenia, other clinica sequelae such as
thrombosisor localized skinlesionsmay be suggestiveof HIT in patientswith antibody
seroconversion. |f other potential causes of thrombocytopenia cannot be identified,
serological testing should be considered when clinical suspicion for HIT is high.

Two typesof laboratory studiesmay be used to confirm adiagnosisof HIT. Antigen
testssuch asthe ELISA detect antibodiesthat bind to the heparin-PF4 (H-PF4) complex.
TheH-PF4 ELISA testistypicdly preferred for initial evauation dueto lower costanda
turnaround time of <24 hours. Each test costs$216.50 and resultsare availablein aslittle
as5hours. TheH-PF4 ELISA testshaveahigh negative predictiveva ue. However, fase
positiveresultsoccur in 20-50% of cases, particularly following cardiac surgery .6 Pogitive
H-PFAEL1SA resultsshouldthereforebecorrd atedwithahighclinical suspicionfor HIT.
Functiona tests such asthe platelet C-serotonin release assay (SRA) may aso be useful
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Thrombotic events occur
in 23-52% of patients
with HIT who do not
receive alter native
anticoagulants after
heparin isdiscontinued.2

Anticoagulation with
direct thrombin inhibitors
isrecommended for all
HIT patientsduring the
initial period following
heparin discontinuation.?

Direct thrombin inhibi-
torsdo not crossreact
with HIT antibodiesand
arerecommended for all
patientswith HIT.

L ow molecular weight
heparins are associated
with a high rate of cross-
reactivity with HIT
antibodiesand are
absolutely contraindi-
cated in acute HIT.

Heparin re-exposure
should be avoided until
HIT antibodiesareno
longer detected (~100
days). Once HIT anti-
body titersfall to unde-
tectable levels, heparin
re-exposuremay be
considered with careful
monitoring.

Duetotherisk of venous
limb gangrenein patients
with HIT, warfarin
should be avoided until
thrombocytopenia
resolves.2

Drug Therapy Topics 2005; Vol 34 No 4

Direct Thrombin Inhibitors for Type Il Heparin-Induced Thrombocytopenia (continued)

for confirmingadiagnosisof HIT. The SRA assay providesahigher rateof sengitivity and
specificity by evaluating the degree of platelet aggregation and release of intracellular
productsfollowing antibody binding. However, the SRA assay istypicdly reserved asa
confirmatory test dueto its higher cost and dower processing time.

Past management of HIT consisted of heparin discontinuation, with or without
warfarin therapy. However, despite the resolution of thrombocytopenia within 7-10
days of heparin discontinuation, the risk for thrombosis persists until HIT antibodies
become negative (~100 days).2 As a result, thrombotic events occur in 23-52% of
patients with HIT who do not receive dternative anticoagulants following heparin
discontinuation.2 The risk of thrombosis is highest within the first month and 5% of
events have fatal outcomes.” Both venous and arterial thrombosis can occur, athough
venousthrombi are2—4timesmorecommon.8 Limbamputationand death subsequently
affect 10-30% of patients with thrombotic events.!

Although thrombosisdoesnot alwaysoccur inHIT (isolated HIT), anticoagul ation
with direct thrombininhibitorsisrecommended for al patientsduring theinitial period
following heparin discontinuation.2 Continued anticoagulation is required not only to
treat the underlying condition for which heparin was being used, but also to treat and
prevent HI T-associated thrombi.1 Although low molecular weight heparins (LMWH)
are associated with alower rate of HIT antibody formation, reports of cross-reactivity
approach 100% in somein vitro studies.® The use of LMWH in HIT-positive patients
hastherefore been associ ated with delayed platel et count recovery and a47% incidence
of new thrombosis.® Consequently, LMWH is absolutely contraindicated in patients
with acute HIT .2

Treatment Optionsfor Heparin-Induced Thrombocytopenia

Classfying the clinica course of HIT can be hdpful when designing appropriate
management for patients10 Active or acute HIT refers to the concomitant presence of
thrombocytopeniaand HI T antibodies. If possible, dl exposureto heparin should beavoided
and dternative anticoagulants such asdirect thrombininhibitors (DTIs) initiated in patients
withsuspected HIT. Warfarin should beavoided until thrombocytopeniaresolvesduetothe
risk of venouslimb gangrene.2 Patientsremaining HIT antibody-positive but who recover
platel et counts can be categorized ashaving subacute HI T. Although thethrombocytopenia
has resolved, the risk of thrombos's persas for severd weeks and warfarin becomes a
reasonable option for long-term anticoagul ation.1° 1dedlly, re-exposure to heparin should
continueto be avoided until HIT antibodies are no longer detectable, or ~100 dayst Once
HIT antibody titersfdl to undetectablelevels, heparin re-exposure may be consdered with
careful monitoring. For example, short-term heparin has been successfully used in patients
with ahigtory of HIT requiring cardiac angioplasty or surgery.12

Alternative anticoagulants useful in HIT inhibit thrombin directly and bind at one
or two siteson the molecule# Direct thrombininhibitors are therefore potent inhibitors
of coagulation that do not cross-react with HIT antibodies.®> Unlike heparin, DTIsbind
to both soluble and fibrin-bound forms of thrombin. As a result, the pharmacologic
propertiesof DTIshavestimulated interest in these agents as aternativesto heparin for
treatment of HIT, percutaneous coronary intervention (PCI), and cardiac surgery.13

Lepirudin (RefludanR)
Lepirudin wasthefirgt direct thrombin inhibitor approved for the treatment of HIT.
The evidence supporting the use of lepirudin in HIT isbased on two prospective studies

known asthe HAT trias.4 15 Eligible patients had confirmed HIT antibodies and 65%
(Continued on page 21)
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Compared to historical
contrals, lepirudin signifi-
cantly reducesthe com-
bined incidence of throm-
boembolic events, limb
amputation and death in
patientswith HITTS1617

Studiesinisolated HIT
indicatethat lepirudin
alsoreduceseventsin
patientswithout basdline
thrombosis.t’

Lepirudin antibodiesare
frequent in patients
treated for >5 days.
Rather than being “ neu-
tralizing,” lepirudin
antibodiesrepresent the
first example of adrug-
induced immuneresponse
causing enhanced phar -
macological activity.?
Therefore, during pro-
longed treatment,
anticoagulatory activity
should be monitored daily
to minimize bleeding
complicationsfrom
lepirudin.

Table IlI: Initial Lepirudin Dosing in HIT?
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presented with baselinethrombosis. Study patientswere compared to ahistorical control
group positive for HIT antibodies that received standard treatment (heparin discontinu-
ation and/or oral anticoagulation) without direct thrombininhibitors. A meta-anaysis of
the HAT trialsevduated the efficacy of lepirudinin patientswith baseline thrombosis. 16
Most patients (93%) received an initid lepirudin bolus of 0.4mg/kg followed by an
intravenousinfusionof 0.15mg/kg/h. Lower dosesof lepirudinweregivento patientswho
received thrombolytics (0.2mg/kg loading dose and 0.1 mg/kg/h infusion). Lepirudin

Table I: Results from Lepirudin Trials in HITTS*®

Endpoints Histoiir:::;g)ontrol Met(?]-jfg))/sis = veluE
Combined endpoint at day 35* 47.8% 21.3% p=0.004
New thrombosis 27.2% 10.1% p=0.005
Death 17.6% 8.9% p>0.05
Bleeding events 23.6% 42.0% p=0.001
Severe bleeding (transfusion) 7.1% 18.8% p=0.02

*Combined endpoint (new thromboembolic complications, limb amputation, and death)

Table Il: Results from Lepirudin Trials in Isolated HIT

Endpoints Histor(irfzaéll;:)ontrol Met?';igil)ysis P Value
Combined endpoint at day 35* 29.8% 19.8% p=0.028
New thrombosis 14.9% 4.4% p=0.02
Death 21.3% 14.3% p=0.094

*Combined endpoint (new thromboembolic complications, limb amputation, and death)

sgnificantly reduced the combined incidence of new thromboembolic complications,
limb amputation and death when compared to historical controls (see Tablel). Platelet
counts recovered to >100 x 10%L in 75% of patients after 3—4 days of therapy. The
incidence of new thrombosis aone was significantly lower with lepirudin therapy, but
therewere non-significant trendstoward reduced mortality and fewer limb amputations.
Similar efficacy was demonstrated in a meta-anaysis of patients with isolated HIT,
suggesting thebeneficia roleof lepirudinfor reducing thromboembolic eventsin patients
without basdline thrombosis (see Table 11).17 The incidence of bleeding secondary to
lepirudin therapy was consistently greater in dl trials versus historical controls.

Monitoring of lepirudinthergpy should bebasedona

target aPTT of 60-80 seconds. Following initiation of
lepirudin, an aPTT should be obtained in 4 hours, and

daly thereafter. More frequent monitoring is recom-

mended for patients with rend insufficiency and sus-

pected thromboembolism or hemorrhage. Lepirudin is

primarily cleared by thekidneysand theppresenceof rend
imparment requires dose adjusment (see Table Il1).

Clcr (mL/min) Bolus Infusion
>60 0.4 mg/kg 0.15 mg/kg/hr
45-60 0.2 mg/kg 0.075 mg/kg/hr
30-44 0.2 mg/kg 0.045 mg/kg/hr
15-29 0.2 mg/kg 0.0225 mg/kg/hr
<15 0.1 mg/kg None — ging()).TOT5<r28/I;gecbolus prn for

Normaly, thehdf-lifeof lepirudinis~80 minutesandthe

Lepirudin Dose Titration
Based on aPTT#

aPTT <60 sec |1 by 20%

aPTT 60-80 sec | No change

Hold for 2 h

aPTT >80 sec then | by 50%
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effectson aPTT persst for 2-8 hoursfollowing discon-
tinuation.18 However, the haf-life may be prolonged for up to 2 days in patients with
marked rend insufficiency.19

Bleeding remains the most common adverse effect of lepirudin, occurring in 18—
20% of patients treated for HIT.1# 15 Lepirudin has aso been observed to induce
antibody formation in 44—74% of patients.1® The clinical significance of antibody
formationdiffersfrom patient topatient, but most of tendel aysclearanceof lepirudinand

(Continued on page 22)
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Direct Thrombin Inhibitors for Type Il Heparin-Induced Thrombocytopenia (continued)

Patientswho require
decreasing doses of
lepirudin over time
should be considered for
the formation of anti-
lepirudin antibodies.

Argatroban isthe only
direct thrombin inhibitor
approved for both the
treatment and prophy-
laxis of HIT-associated
thrombosss.

The half-life of arga-
troban isintermediate
among the DT1s(39-51
minutes), and effects on
theaPTT typically persst
for 2-8 hoursfallowing
drug discontinuation.

Dosereduction of arga-
troban isnot required in
renal insufficiency, but
use of argatroban isnot
recommended in severe
hepatic impair ment.

INR prolongation from
argatroban isnot associ-
ated with the same
bleeding risk aswar -
farin. However, the
prolonged INR compli-
catesthetrangtion from
argatroban towarfarin.

Table VI:
Argatroban Dosing for HIT#

Initial dose 2 mcg/kg/min

aPTT <60 sec 1 by 20%
aPTT 60-80 sec No change
Hold for 2 h

aPTT >80 sec

then | by 50%
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increases the aPTT.22 Patients who require decreasing doses of lepirudin over time
should be considered for the formation of anti-lepirudin antibodies. Re-exposure is
generally well tolerated, but cases of anaphylaxis have been rarely reported.10 Thereis
apositive correl ation between risk of death secondary to anaphylactic reactionsand re-
exposure. Therefore, lepirudin should be avoided in patients who received the agent
withintheprior 3months.4 Lepirudinmay asofa say dlevatethelNR makingit difficult
to accurately bridge to warfarin therapy.1

Argatroban

Argatroban isFDA approved for both the treetment and prophylaxis of HI T-associated
thrombosis. It isaso gpproved asan dternativeto heparin in patientswith HIT who require
PCI. The evidence supporting the use of argatroban in HIT is derived from two large
prospective studiesin which theagent wascompared to historical controls2324 Patientswith
isolated HIT (thrombocytopeniaa one) and baselinethrombotic events (HIT with thrombo-
sgssyndrome, or HITTS) wereincluded inthetrids(see Tables1V and V). In contrast to the
lepirudin trids, laboratory confirmation of HIT antibodies was not required. Rather, study
patients were compared againgt historical controls with thrombocytopenia or positive HIT
antibody results. Thecontrol group received standard trestment with heparin discontinuation
and/or ord anticoagulation. Upon initiation of argatroban, platelet counts recovered in 70—
80%of patientsat af aster rateversushistorical controls.2324 Thecompositeendpoint of death,
amputation, and new thromboembolic eventswaslessin patients with isol ated thrombocy-
topenia, but the trend was not statistically significant in patients with basdline thrombos's.
Argatroban significantly reduced the incidence of new thrombosis in both patient groups.
Severe bleeding events were not significantly different versus historical controls.

Table IV: Results from Argatroban Trials in HITTS®:2

Endpoint Historic_al control Arga_trobzin-l Arga_trobazT-z
(n=46) (n=144)% (n=229)
Combined endpoint* 56.5% 43.8% p=0.131 41.5% p=0.07
New thrombosis 34.8% 19.4% p=0.044 13.1% p<0.001
Mortality 28.3% 18.1% p=0.146 23.1% p=0.45
Severe bleeding 2.2% 11.1% p=0.077 6.1% p=0.48

*Combined endpoint (new thromboembolic complications, limb amputation, and death)

Table V: Results from Argatroban Trials in Isolated HIT?324

Endpoint Histo(rri]c;illlc;t))ntrol Ar(g?]a:t:rlgg;azg-l Ar(gna:t:rlcgg)azr:-Z
Combined endpoint* 38.8% 25.6% p=0.014 28.0% p=0.04
New thrombosis 22.4% 8.1% p<0.001 5.8% p<0.001
Mortality 21.8% 16.9% p=0.311 19.0% p=0.78
Severe bleeding 8.2% 3.1% p=0.078 5.3% p=0.27

*Combined endpoint (new thromboembolic complications, limb amputation, and death)

Argatroban isunique among the direct thrombin inhibitorsduetoits primary route of
metabolismviatheliver. Asaresult, theagent isnot recommendedin patientswith severe
hepatic impai rment, but no dose reduction isrequired in rend insufficiency. Argatroban
should beinitiated asan IV infusion of 2mcg/kg/min and titrated to an aPTT goa of 60—
80seconds(seeTableVI). Thehdf-lifeof argatrobanisintermediateamongthe D TIS(39—
51 minutes), and effectsontheaPTT typicaly persist for 2—-8 hoursfollowing discontinu-
ation.> A magjor disadvantage of argatroban is that it fasely devates the INR. INR
prolongation secondary to argatroban is not associated with the same bleeding risk as

warfarintherapy. However, it can bedifficult to accurately assesstheINR in patientswho
(Continued on page 23)



Direct Thrombin Inhibitors for Type Il Heparin-Induced Thrombocytopenia (continued)

Two different strategies
for monitoring INR have
been recommended for
patientstranstioning
between ar gatroban and
warfarin.

Bivalirudin does not
sgnificantly affect the
INR and can beused in
patientswith both renal
and hepatic insufficiency.

Table VII:
Bivalirudin Dosing for HIT?

Initial dose 0.15 mg/kg/hr

Clcr <60 I by 20%

Cler <30 | by 60%

Cler <10 L by 90%

Fondaparinux (ArixtraR)
Isa subcutaneous antico-
agulant that sdlectively
inhibitsfactor Xa and
doesnot crossreact with
HIT antibodiesin vitro.
Thereiscurrently mini-
mal datafor efficacy in
HIT, but it may repre-
sent a safe alternative for
completing HIT therapy
in the outpatient setting.

Table VIII: Cost of Therapy at UW Medicine
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must be bridged to warfarin. In order to determine the actual INR in patients receiving
argatroban, thel NR shoul d berechecked after theinfusi on hasbeen stopped for 4—6 hours.
Alternatively, atherapeuticINR of 2-3onwarfarinal onecanberoughly equatedtoan INR
>4 on concurrent argatroban therapy. Using this method, argatroban can be discontinued
once an INR >4 isachieved for at least 2 days while on warfarin.26

Bivalirudin (AngiomaxR)

Bivairudinisthe only direct thrombin inhibitor that does not carry FDA approval
for thetreatment of HIT. ItsFDA approved useislimitedto PCl in patientswith unstable
angina. Evidence supporting arole for the use of bivalirudin in HIT is based on the
promising preliminary datafrom one retrospectivetrid .27 Fifty-two patientswith HIT
based on clinical suspicion (thrombocytopeniaand/or thrombosis) received bivalirudin
infusons adjusted to a target aPTT of 1.5-2.5X baseline. Eighty-three percent of
patients had confirmed HIT antibodies and 42% had basdline thrombosis. Bivalirudin
was continued for an average of 8 days with platelet counts on average recovering by
day 3. No cases of mgor bleeding, amputation, or death were reported and 85% of
patients were successfully transitioned to warfarin therapy. Further analysis of these
preliminary findingsis pending full publication of thetrial results.

Bivdirudin offersseverd theoretica advantagesover other available DTls. Thedrug
exhibitsashorter haf-lifeof 25—35minutes, which may bedesirableinthisclassof agents
without an effective antidote. Bivairudin has been associated with alower bleeding risk
thanlepirudin; however, thetwo agentshavenot been compared directly inahead-to-head
trial. Additionally, dthoughthehdf-lifeincreasesinrend failure, 80%of drugdimination
occursvianon-renal mechanisms.13 Therefore, bivalirudinappearstobeattractivefor use
in patients with both hepatic and rend insufficiency. At UW Medicine, monitoring of
bivairudin therapy should target an aPTT of 60—80 seconds. Aninitia bolusdoseisnot
required andan 1V infusion of 0.15mg/kg/h can beused asagtarting dose (see Table VII).
Coagulation parametersreturnto baseline60 minutesfollowing discontinuation.22 Unlike
lepirudin, formation of antibodiessecondary tobivairudintherapy hasnot beenobserved 4
In addition, bivairudin has only a minor effect on PT/INR, thereby facilitating the
trangtion to warfarin therapy.

Duration of Treatment

Unless negative |aboratory tests are confirmed, patients diagnosed with HIT should
receive dternative anticoagulation for a least 30 days.10 Studies in patients without
basdine thrombosis suggest that aternative anticoagulation with DTls significantly
reduces the incidence of new thrombosisl”: 23 24 DTIs are therefore recommended for
treating isolated HIT until thrombocytopenia has resolved. Patientswho devel op throm-
boticcomplicationsassociated with HI T shoul d recel ve 3—6 monthsof anticoagul ationfor
secondary prophylaxis.3° Immediate anticoagul ation with warfarin is not recommended
in patients with acute HIT. Due to the rapid depletion of
protein C, warfarinmay actudly increasetherisk of microvas-

Average cost per

Agent Dose day* cular thrombosis and cause skin necrosis or limb gangrene?
Argatroban 2 moglkg/min 503 Warfarin monot_herapy should there‘ore be avoided until
— thrombocytopenia has resolved with platelet counts grester
Bivalirudin 0-15 ma/kg/hr $334 than 100-150x 109/L .2 Direct thrombininhibitorsremainthe
Heparin 15 - 18 units/kg/hr $3 most efficacious option for initia anticoagulation and are
Lepirudin 0.15 mg/kg/hr $738 recommended asabridgetowarfarintherapy.” DTIsand low

*Based on dosing for a 70 kg patient with normal renal function.
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doses of warfarin, typicaly no gresater than 5Smg/day, should

(Continued on page 24)
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Direct Thrombin Inhibitors for Type Il Heparin-Induced Thrombocytopenia (continued)

When HIT issuspected
or diagnosed, initiation of
alter native anticoagula-
tion with direct thrombin
inhibitor sremains essen-
tial for reducing therisk
of thrombos's, amputa-
tion, and death.

Patients diagnosed with
HIT should receive
anticoagulation with
DTlIsfollowed by war -
farin for at least 30 days.

Patientswho develop
thrombotic complications
associated with HIT
(HITTS) should receive
3-6 months of anticoagu-
lation for secondary
prophylaxis.

Vol. 34, No. 4

be overlapped for at least 5 days.2 DTIsmay be discontinued oncethe INR is>2.0for a
least two consecutive days.?

Conclusion

When HIT is suspected or diagnosed, initiation of alternative anticoagul ation with
direct thrombin inhibitors remains essential for reducing the risk of thromboss,
amputation, and death. Although the efficacy of DTIs has not been directly compared
inclinica trids, consdering the pharmacol ogic properties of each agent can guidethe
choice of therapy. Lepirudin and argatroban are currently the only FDA-approved
agents for the treatment of HIT, but their use is limited in more complex patient
populations. Lepirudin can be utilized in patients with hepatic impairment; however,
careful dose titration is necessary with rend insufficiency. The formation of anti-
lepirudinantibodiescan also render therapy lesseffective. Argatroban of fersthe benefit
of ashorter half-life, whichmay alow for faster resol ution of untoward bleeding events.
However, theelevationinINR associated with argatroban usemakesit difficult tobridge
patients to warfarin therapy. Findly, bivalirudin represents a promising aternative to
lepirudinand argatrobaninthetreatment of HIT. Bivalirudin possessestheshortest half-
lifeof any of the DTlsand itsclearanceisless dependent onrena function. Inaddition,
bivalirudinislesscostly than other DTIsat UW Medicine(see TableVIII). Based onits
pharmacologic characteristics and the existing clinical data, bivalirudin offers an
attractive safety profile and is emerging as a cost-effective treatment option for HIT.
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