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Learning ObjectivesLearning Objectives

Compare and contrast:
– Pharmacology 
– Pharmacokinetics of the direct thrombin 

inhibitors with current anticoagulants 

Evaluate clinical trial data supporting 
direct thrombin inhibitor use in Heparin 
Induced Thrombocytopenia

Review the clinical trial data for 
injectable direct thrombin inhibitors

Review the new oral Direct thrombin 
inhibitors in development 

Compare and contrast:
– Pharmacology 
– Pharmacokinetics of the direct thrombin 

inhibitors with current anticoagulants 

Evaluate clinical trial data supporting 
direct thrombin inhibitor use in Heparin 
Induced Thrombocytopenia

Review the clinical trial data for 
injectable direct thrombin inhibitors

Review the new oral Direct thrombin 
inhibitors in development 
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CircaCirca
20082008
First First 
commerciallycommercially--
available oral available oral 
DTIDTI

1993
First 

commercially-
available LMWH

1998
First commercially-

available DTI 2001
First commercially-
available synthetic 
factor Xa inhibitor

Advances in Anticoagulant Therapy 
in the United States 
Advances in Anticoagulant Therapy 
in the United States 

1940s
Heparin 
available 
commercially

19541954
Warfarin Warfarin 
availableavailable
commerciallycommercially

Oral Agents   Oral Agents   

Injectable AgentsInjectable Agents

1930 1940 1950 1960 1970 1980 1990 2000 2010

54 Years54 Years

LMWH = lowLMWH = low--molecularmolecular--weight heparin.weight heparin.
DTI = direct thrombin inhibitor.DTI = direct thrombin inhibitor. AC Management ServicesAC Management Services
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Injectable Direct Thrombin InhibitorsInjectable Direct Thrombin Inhibitors

March 1998
Anticoagulation in patients 
with HIT & associated 
thromboembolic disease

Lepirudin
(Refludan®, Hirudin)

April 2003
Prophylaxis of DVT in 
elective hip replacement 
surgery

Desirudin (Iprivask™)

December 
2000

Patients with unstable 
angina undergoing PTCA

Provisional use with GPI in 
patients undergoing PCI

Patients with/at risk for 
HIT/HITTS in PCI

Bivalirudin
(Angiomax™, 
Hirulog)

June 2000

Prophylaxis or treatment of 
thrombosis in patients with 
HIT & patients at risk for 
HIT undergoing PCI

Argatroban
(argatroban)

Date ApprovedApproved IndicationsAgent

HIT = heparinHIT = heparin--induced thrombocytopenia; PCI = induced thrombocytopenia; PCI = percutaneouspercutaneous intervention; PTCA = intervention; PTCA = percutaneouspercutaneous transluminaltransluminal
coronary angioplasty, HITTS = coronary angioplasty, HITTS = heparinheparin--induced thrombocytopenia and thrombosis syndromeinduced thrombocytopenia and thrombosis syndrome
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Structure and SourceStructure and Source

Argatroban    Lepirudin        Bivalirudin
Synthetic       Recombinant         Synthetic

0 Amino Acids        65 Amino Acids             20 Amino Acids
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Fibrin Clot

Inhibition of Coagulation Factors by 
Traditionally-Used Anticoagulants
Inhibition of Coagulation Factors by 
Traditionally-Used Anticoagulants

Intrinsic ExtrinsicXII

VIIVIII
IX

XI

Fibrinogen

II
V

X

Tissue Factor

Oral Warfarin

Injectable
LMWH

InjectableInjectable
UFHUFH

AT

AT

UFH = unfractionated heparin. 
AT = antithrombin.
Hirsh. Chest. 2001;119:64S-94S. 



7
Fibrin Clot

Inhibition of Coagulation Cascade by 
New Anticoagulants
Inhibition of Coagulation Cascade by 
New Anticoagulants

Oral and 
Injectable
DTIs

Pentasaccharide
Xa Inhibitors

XII

VIIVIII
IX

XI

Fibrinogen

II
V

X

Tissue Factor

AT

Intrinsic Extrinsic

Weitz et al. Chest. 2001;119:95S-107S.
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Mechanism of Action of UFH 
and LMWH
Mechanism of Action of UFH 
and LMWH

Activated 
Factor Xa

Activated 
Factor Xa

Xa

AT

UFH

AT

AT

AT

Activated 
Factor IIa

IIa

AT
AT

AT

Binding

Binding

Partially 
Inactivated

Activated 
Factor IIa AT

Inactivated 

Inactivated 

Xa
Inactivated 

IIa

UFH

LMWH

UFH

LMWH

LMWH

UFH

LMWH



Thrombin Binding Sites

Melagatran
Ximelagatran
Dabigatran

Hirudin

IIaIIa
IIaIIa

IIaIIa IIaIIa

Thrombin

LMWH

PS

Adapted, Verstraete 1998

UFH

AT

BivalirudinBivalirudin

Argatroban

Heparin Binding
Domain

Active Enzyme
Site

Exocite 1
Fib Binding Site



Direct Thrombin InhibitorsDirect Thrombin Inhibitors

Inhibition of thrombin independent 
of Antithrombin
Can inhibit clot-bound thrombin 

No direct effect on platelet function 

No immune thrombocytopenia

No reversal agent or “antidote”
available



IVIVSC, IVAdministration

BB BPregnancy 
Category

YesYesNoEffects INR
aPTT/ACTaPTT/ACTaPTT/ECTMonitoring Test
ReversibleReversibleIrreversibleBinding
1-21-3No Datat max

c (hours)
35 %Fe (%)

10-24 
minutes

39-51 minutes1.3 hours
2.0 hours (SC)

Half Life
RenalHepaticRenalElimination

NoNoNoHIT cross 
antigenicity (%)

21805266979Molecular Weight 
(daltons)

NoYesYesFDA Approval for 
HIT

BivalirudinArgatrobanLepirudinCharacteristic

Pharmacokinetics & Pharmacokinetics & PharmacodynamicsPharmacodynamics

W Dager. Ann Pharmacother 2002; 36: 489-503



Sling shot

Modified K31 Straight pull, 
7.5mm Police Rifle

Mossberg,  Pump Action 
“Persuader” 12 Gauge Shotgun



LepirudinLepirudin: Design of Clinical Trials: Design of Clinical Trials

Prospective, intentProspective, intent--toto--treat analysis with a historical control grouptreat analysis with a historical control group
Inclusion criteria:Inclusion criteria:

Clinical diagnosis of HIT based on platelet counts with or withoClinical diagnosis of HIT based on platelet counts with or without ut 
new Thromboembolic complications during heparin treatmentnew Thromboembolic complications during heparin treatment

ANDAND
Laboratory confirmation of the presence of HIT antibodies (causeLaboratory confirmation of the presence of HIT antibodies (caused a d a 
treatment delay of 1.5 to 1.9 days)treatment delay of 1.5 to 1.9 days)

Patients with severe renal dysfunction were enrolled in HATPatients with severe renal dysfunction were enrolled in HAT--2, but 2, but 
were excluded from HATwere excluded from HAT--11

Circulation.1999;99(1):73-80.,  Circulation. 1999;100(6):587-593,  Blood. 2000;96(3):
846-851.



HATHAT--1 Treatment Groups1 Treatment Groups

*Patient may have > 1 disease                                   A. Greinacher. Circulation 1999; 99:73-80

25%25%
13%13%
00
100%100%
0%0%

67%67%
6%6%
0%0%
11%11%
17%17%

80%80%

20%20%

47 %47 %
24 %24 %
8 %8 %
2 %2 %
25%25%

*Medical*Medical
OrthoOrtho
TraumaTrauma
CSSCSS
OtherOther

991515991010DurationDuration

7272616141416060AgeAge

881818555151No.No.

0.25 mg/kg,  5 mg0.25 mg/kg,  5 mg

NoneNone

NoneNone

0.1 mg/kg/h0.1 mg/kg/h

0.2 mg/kg0.2 mg/kg

0.1 mg/kg/h0.1 mg/kg/h

0.4 mg/kg0.4 mg/kg

0.15 mg/kg/h0.15 mg/kg/h

DoseDose
BolusBolus

InfusionInfusion

CABGCABGHITHITHITT with HITT with 
LysisLysis

HITTHITT



HATHAT--2 Treatment Groups2 Treatment Groups

*Patients may have >1 disease                                  A. Greinacher. Circulation 1999;100:587-93

35%35%
14%14%
5%5%
9%9%
37%37%

50%50%

25%25%

25%25%

51 %51 %
15 %15 %
14 %14 %
3 %3 %
17%17%

*Medical*Medical
OrthoOrtho
Trauma Trauma 
CSSCSS
OtherOther

1515991010DurationDuration

424244445656AgeAge

4343446464No.No.

NoneNone

0.1 mg/kg/h0.1 mg/kg/h

0.2 mg/kg0.2 mg/kg

0.1 mg/kg/h0.1 mg/kg/h

0.4 mg/kg0.4 mg/kg

0.15 mg/kg/h0.15 mg/kg/h

DoseDose
BolusBolus

InfusionInfusion

HITHITHITT with HITT with 
lysislysis

HITTHITT



HATHAT--1 and HAT1 and HAT--2 Endpoints2 Endpoints

0

100

200

300

400
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Before Before
H

2 4 6 8 10

30.9%

52.1%

25.4%

0%

10%

20%

30%

40%

50%

60%

70%

Control HAT-1 HAT-2

p=0.12

Time Course to Platelet Recovery

Treatment Day

HAT-2
HAT-1

11

Cumulative incidence of 
combined endpoint;

Death, 

Limb amputation, 

New Thromboembolic 
Event

p=0.014

Response Criteria:

Increase in platelets >
30%
of nadir value to >109

on Day 9



LepirudinLepirudin DosingDosing
Goal: aPTT 1.5Goal: aPTT 1.5--2.5 x Control2.5 x Control
aPTT 4aPTT 4--6 hr (Longer in Renal Insufficiency)6 hr (Longer in Renal Insufficiency)
Bolus: 0.4 mg/kg (up to 110 kg)Bolus: 0.4 mg/kg (up to 110 kg)
Infusion: 0.15 mg/kg/hr Infusion: 0.15 mg/kg/hr 

0.15 mg/kg/hr
0.075 mg/kg/hr
0.045 mg/kg/hr

0.0225 mg/kg/hr
0.01-0.015 
mg/kg/hr ?

50%
30%
15%

(Not recommended)

>60
45-60
30-44
15-29
<15

Rate% Standard Infusion 
rate

CrCl (ml/min)



ArgatrobanArgatroban: Design of Clinical Trials: Design of Clinical Trials

Prospective, historically controlledProspective, historically controlled
Inclusion criteriaInclusion criteria——acute HIT not requiredacute HIT not required

Thrombocytopenia (<100,000/mmThrombocytopenia (<100,000/mm33) ) 
OR OR 

A 50% reduction from A 50% reduction from preheparinpreheparin platelet counts with no platelet counts with no 
alternate explanationalternate explanation

OR OR 
Prior history of positive HIT antibody even in the absence Prior history of positive HIT antibody even in the absence 
of thrombocytopenia or heparin challengeof thrombocytopenia or heparin challenge

Laboratory confirmation not requiredLaboratory confirmation not required
Study began at initiation of therapyStudy began at initiation of therapy

No pretreatment study periodNo pretreatment study period



ARG 911 Treatment GroupARG 911 Treatment Group

Lewis BE. Circulation 2001;103(14):1838-1843

65%65%65%65%50%*50%*81 %81 %Test PositiveTest Positive

666694948282111111Platelets x Platelets x 
10109/L
(Baseline)(Baseline)

100%100%94%94%100%100%86%86%Circulatory Circulatory 
DiseaseDisease

83.083.0±±20.520.583.883.8±±24.724.778.978.9±±18.618.68080±±22.822.8Weight (Kg)Weight (Kg)

61.561.5±±12.7*12.7*65.765.7±±10.910.961.361.3±±13.5*13.5*6666±±12.312.3AgeAge

1441444646160160147147No.No.

HITTHITT
ARGARG

HITTHITT
ControlControl

HITHIT
ARGARG

HIT HIT 
ControlControl

*P<0.05 vs Control group



ARG 911 Efficacy Analysis vs.  ControlsARG 911 Efficacy Analysis vs.  Controls

25.6%

0.0%

8.1%

43.8%

0.7%

19.4%

38.8%

4.8%

22.4%

56.5%

15.2%

34.8%

0%

10%

20%

30%

40%

50%

60%

70%

Composite Death New Composite Death New
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nt

s

ARG
Control

caused by
thrombosis

thrombosis caused by
thrombosis

thrombosis

HIT ARM                               HITTS ARM

Lewis BE. Circulation 2001;103(14):1838-1843

*

*

*

*

*p<0.05

*



ARG 915 Treatment GroupARG 915 Treatment Group

Lewis BE. Arch Int Med 2003;163:1849-1856

8888±±8383106106±±83838484±±6666123123±±7272Platelets x Platelets x 
10109/L
(Baseline)(Baseline)

8282±±21218484±±25257979±±22228181±±2222Weight (Kg)Weight (Kg)

6464±±14146666±±11116464±±15156666±±1212AgeAge

2292294646189189139139No.No.

HITTHITT
ARGARG

HITTHITT
ControlControl

HITHIT
ARGARG

HIT HIT 
ControlControl



ARG 915: Outcomes ARG 915: Outcomes vsvs Historical ControlsHistorical Controls

.002.0026 (2..6)6 (2..6)7 (15.2)7 (15.2).04.041 (0.5)1 (0.5)6 (4.3)6 (4.3)Death by Death by 
thrombosisthrombosis

<.001<.00130 (13.1)30 (13.1)16 (34.8)16 (34.8)<.001<.00111 (5.8)11 (5.8)32 (23)32 (23)Any new Any new 
thrombosisthrombosis

.64.6434 (14.8)34 (14.8)5 (10..9)5 (10..9).57.578 (4.2)8 (4.2)4 (2.9)4 (2.9)AmputationAmputation

.45.4553 (23.1)53 (23.1)13 (28.3)13 (28.3).78.7836 (19.0)36 (19.0)29 (20.9)29 (20.9)Death (all)Death (all)

.07.0795 (41.5)95 (41.5)26 (56.5)26 (56.5).04.0453 (28.0)53 (28.0)54 (38.8)54 (38.8)Composite*Composite*

ppArgatrobanArgatroban
(n=229)(n=229)

Control Control 
(n=46)(n=46)

PPArgatrobanArgatroban
(n=189)(n=189)

Control Control 
(n=139)(n=139)

ParameterParameter

Isolated HIT                         HIT with Thrombosis

Values are n (%)

*All cause death, all cause amputation, or new thrombosis with 37 days Lewis BE. Arch Int Med 2003;163:1849-1856



ARG 915: Outcomes ARG 915: Outcomes vsvs Historical ControlsHistorical Controls

.74.7487 (38.0)87 (38.0)19 (41.3)19 (41.3).08.0859 (31.2)59 (31.2)57 (41.0)57 (41.0)Minor Minor 
BleedingBleeding

.48.4814 (6.1)14 (6.1)1 (2.2)1 (2.2).27.2710 (5.3)10 (5.3)12 (8.6)12 (8.6)Major Major 
BleedingBleeding

ppArgatrobanArgatroban
(n=229)(n=229)

Control Control 
(n=46)(n=46)

PPArgatrobanArgatroban
(n=189)(n=189)

Control Control 
(n=139)(n=139)

Outcome*Outcome*
Isolated HIT                         HIT with Thrombosis

Values are n (%)

*Patients with more than one events are counted once.
Lewis BE. Arch Int Med 2003;163:1849-1856
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ArgatrobanArgatroban: Dosing: Dosing

Dose: 2 mcg/kg/minDose: 2 mcg/kg/min
Max: 10 mcg/kg/minMax: 10 mcg/kg/min
Reduce to 25% in hepatic failureReduce to 25% in hepatic failure
aPTTaPTT

Goal: 1.5 Goal: 1.5 -- 3 x control3 x control
Check at 4Check at 4--6 hours6 hours
Longer in Elderly,Hepatic FailureLonger in Elderly,Hepatic Failure
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0                 1                 2                3          4

8

6

4

2

0

Thromboplastin A (ISI=0.88)

Thromboplastin B (ISI=1.78)

W=0.91 + 0.57xWA

W=0.87 + 0.45xWA

INR Warfarin Alone

Argatroban: False Positive INR

EXAMPLE:

Thromboplastin A

W = 0.87 + 0.45 WA

If  W = 2

then WA = 4.04

IN
R
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11/13/05-exp.

Conversion to
Oral Anticoagulant Therapy

If INR is within 
therapeutic range 
on warfarin alone, 
continue warfarin 

monotherapy

If INR is ≤4.0, 
continue 

concomitant therapy

If INR is below the 
therapeutic range 
for warfarin alone, 
resume Argatroban 

therapy 

If INR is >4.0, stop Argatroban infusion

Initiate warfarin therapy using the expected daily 
dose of warfarin while maintaining Argatroban infusion.*   

A loading dose of warfarin should not be used.

Repeat INR 4-6 hours later

* For Argatroban infusion at ≤2 mcg/kg/min, the INR on monotherapy may be estimated from 
the INR on cotherapy (see prescribing information).
† If the dose of Argatroban >2 mcg/kg/min, temporarily reduce to a dose of 2 mcg/kg/min 4-6 
hours prior to measuring the INR.

Measure INR daily†



25.7153.8429.215.924.020.0Event Rate per 
100,000 doses 
dispensed

1.720.0270.0270.1600.3711.14Events Rate per 
10,000 patient days

1.6727.830.81.180.921.27Event rate per 
1,000 patients

77,688¶726510,20530,55367,190Total No. of 
Patients Treated

130 (100%)2 (1.5%)2 (1.5%)12 (9.2%)28 (21.5%)86 (66.2%)Total*

TotalLepirudinArgatrobanLMWHWarfarinUFH

Event Rate by Anticoagulant

*Some patients received more than one anticoagulant

Fanikos J. Am J Cardiology 2004;94:532-535



ArgatrobanArgatroban in PCI in PCI n=91n=91
MultiMulti--center open labeledcenter open labeled

1.001.0029/939 (3.1%)29/939 (3.1%)2/112 (1.8%)2/112 (1.8%)Major BleedingMajor Bleeding

0.060.065352/5676 5352/5676 
(94%)(94%)

110/112 (98%)110/112 (98%)Acute procedural Acute procedural 
SuccessSuccess

P valueP valueHistorical Historical 
N/total  %N/total  %

ArgatrobanArgatroban
N/total   %N/total   %

ParameterParameter

• Dosing:  Bolus 350 mcg/kg Infusion 25 mcg/kg/min 
• Target ACT: 300-450 sec 
• Post procedure: 2.5-5 mcg/kg/min aPTT < 100 (1.5-3  control)



ATAT--BAT Trial: BAT Trial: Bivalirudin Bivalirudin in PCIin PCI

Prospective, multiProspective, multi--center, single arm, open label study to evaluate safety and center, single arm, open label study to evaluate safety and 
efficacy of patients undergoing PCI with HIT or HITTS involving efficacy of patients undergoing PCI with HIT or HITTS involving 52 patients. 52 patients. 
Inclusion CriteriaInclusion Criteria

Thrombocytopenia (<100,000/mm3) OR Thrombocytopenia (<100,000/mm3) OR 
Thrombocytopenia (<150,000/mm3) from Thrombocytopenia (<150,000/mm3) from preheparinpreheparin platelet counts OR platelet counts OR 
Prior history of positive HIT antibody even in the absence of Prior history of positive HIT antibody even in the absence of 
thrombocytopenia or heparin challenge or venous thrombosisthrombocytopenia or heparin challenge or venous thrombosis
HITT: Thrombocytopenia and arterial or venous thrombosisHITT: Thrombocytopenia and arterial or venous thrombosis

Treatments: 1.0mg/kg bolus followed by 2.5mg/kg/hr or 0.75mg/kg Treatments: 1.0mg/kg bolus followed by 2.5mg/kg/hr or 0.75mg/kg bolus bolus 
followed by 1.75 mg/kg/hr infusion.followed by 1.75 mg/kg/hr infusion.
Results: 1 case of major bleedingResults: 1 case of major bleeding

98% procedural success (TIMI 3 flow)98% procedural success (TIMI 3 flow)

Mahaffey K et al. J Invasive Cardiol. 2003;15:611-616



IND Oral IND Oral DTIsDTIs

KidneyKidneyKidneyKidneyMain Site of Main Site of 
ClearanceClearance

NoneNoneNoneNoneMonitoringMonitoring

12 Hours12 Hours33--5 Hours (PO)5 Hours (PO)
22--3 Hours 3 Hours 
(IV/SC)(IV/SC)

Plasma Half LifePlasma Half Life

OralOralOralOral
IntravenousIntravenous
SubcutaneousSubcutaneous

Route of Route of 
AdministrationAdministration

DabigatranDabigatranXimelagatranXimelagatran
MelagatranMelagatran

CharacteristicCharacteristic



DTIsDTIs Compared with Control therapy in ACSCompared with Control therapy in ACS

2.4%2.4%
4.1%4.1%

p<0.001p<0.001

Bival   Bival   9.2%9.2%
UFH   10.0%UFH   10.0%

Death, Death, 
MI, MI, 
Urgent Urgent 
TVR, TVR, 
bleedingbleeding

UFHUFHBivalirudinBivalirudin6,0106,010PCIPCIREPLACEREPLACE--22

0.7%0.7%
0.5%0.5%

Bival  Bival  10.8%10.8%
UFH   10.9%UFH   10.9%

Death Death 
@30D@30D

UFH UFH BivalirudinBivalirudin17,07317,073STEMISTEMIHEROHERO--22

1.9%1.9%
2.3%2.3%

p<0.001p<0.001

DTI    7.4%DTI    7.4%
UFH   8.2%UFH   8.2%
p=0.001p=0.001

DeathDeath
or MI @ or MI @ 
30D30D

UFHUFHHirudinHirudin
BivalirudinBivalirudin
ArgatrobanArgatroban
EgegatranEgegatran

35,97035,970ACS ACS ±±
PCIPCI

DTI DTI TrialistTrialist
GroupGroup

BleedingBleedingEfficacyEfficacyEndpointsEndpointsControlControlDTIDTINo.No.TherapyTherapyStudyStudy

M Di Nisio. N Engl J Med. 2005;353:1028-40



DTIsDTIs for Postfor Post--op VTE Prophylaxisop VTE Prophylaxis

1.4%1.4%
1.7%1.7%

Mel/Xi      31%Mel/Xi      31%
Warf      27.3%Warf      27.3%

Total VTETotal VTEEnoxapaEnoxapa
rinrin

MelagatranMelagatran
SC, SC, 
XimelagatranXimelagatran
24mg BID 24mg BID 
x 8x 8--11 days11 days

2,7882,788THR/TKRTHR/TKRMETHRO METHRO 
IIIIII

0.8%0.8%

0.8%0.8%
0.7%0.7%

Xi  36mg 20.3%Xi  36mg 20.3%
(p=.003)      (p=.003)      
Xi  24mg 24.9%Xi  24mg 24.9%
Warf        27.6%Warf        27.6%

Total VTE Total VTE 
or Deathor Death

WarfarinWarfarinXimelagatranXimelagatran
24 & 36mg 24 & 36mg 
BID x 7BID x 7--12 12 
daysdays

18511851TKRTKREXULT AEXULT A

0.3%0.3%
4.1%4.1%
3.8%3.8%
4.7%4.7%

2.0%2.0%

50mg      28.5%50mg      28.5%
150mg   17.4%150mg   17.4%
225 mg  13.1%225 mg  13.1%
300 mg  16.6%300 mg  16.6%
(p=0.007(p=0.007--0.04)0.04)
Enox       Enox       24.0%24.0%

Total VTETotal VTEEnoxapaEnoxapa
rinrin

Dabigatran Dabigatran 
50mg50mg
150mg150mg
225 mg225 mg
300 mg300 mg

1,9731,973THRTHRBISTRO BISTRO 
IIII

1.7%1.7%
0.9%0.9%

Xi  24mg 19.2%      Xi  24mg 19.2%      
Warf        25.7%Warf        25.7%

Total VTETotal VTEWarfarinWarfarinXimelagatranXimelagatran
24 BID 24 BID 
x 7x 7--12 days12 days

680680TKRTKRFrancis Francis 
et alet al

0.8%0.8%
0.9%0.9%

Xi         3.6%Xi         3.6%
Enox    Enox    1.21.2
(p<0.05)(p<0.05)

ProximalProximal
DVTDVT±± PEPE

EnoxapaEnoxapa
rinrin

XimelagatranXimelagatran
24mg BID 24mg BID 
x 7x 7--12 days12 days

18381838THRTHRColwell Colwell 
et al.et al.

BleedBleed
EventsEvents

EfficacyEfficacyEndpointsEndpointsControlControlDTIDTINo.No.TherapyTherapyStudyStudy

M Di Nisio. N Engl J Med. 2005;353:1028-40



VTE Treatment and Secondary PreventionVTE Treatment and Secondary Prevention

1.1%1.1%
1.3%1.3%

Ximelgatran     Ximelgatran     2.8%      2.8%      
Placebo             12.6%Placebo             12.6%
(p<0.001)(p<0.001)

Recurrent Recurrent 
VTEVTE

PlaceboPlaceboXimelagatranXimelagatran
24 mg BID x 24 mg BID x 
18 mos18 mos

12331233VTEVTETHRIVE THRIVE 
IIIIII

1.3%1.3%
2.2%2.2%

Ximelgatran      Ximelgatran      2.1%2.1%
EnoxEnox/Warfarin  2.0%/Warfarin  2.0%

RecurrentRecurrent
VTEVTE

EnoxaparinEnoxaparin--
WarfarinWarfarin

XimelagatranXimelagatran
36 mg BID x 6 36 mg BID x 6 
mosmos

24892489Acute Acute 
DVTDVT

THRIVETHRIVE

BleedBleed
EventsEvents

EfficacyEfficacyEndpointsEndpointsControlControlDTIDTINo.No.DiseaseDiseaseStudyStudy

M Di Nisio. N Engl J Med. 2005;353:1028-40
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Ximelagatran—Liver Enzyme ElevationsXimelagatran—Liver Enzyme Elevations
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PP<0.001<0.001 PP<0.001<0.001 PP<0.001<0.001

SPORTIF IIISPORTIF III SPORTIF VSPORTIF V PooledPooled

WarfarinWarfarin
XimelagatranXimelagatran Elevated Bilirubin >2 Elevated Bilirubin >2 ×× ULNULN

SPORTIF III Investigators Lancet 2003; 362: 1691-1698
Albers GW. JAMA 2005; 293:690-698



DTI Trials in ProgressDTI Trials in Progress
ACUITYACUITY--Bivalirudin Bivalirudin ±± GP GP IIbIIb//IIIa vs IIIa vs Enoxaparin Enoxaparin ±± GP GP IIbIIb//IIIa IIIa 
Study of Study of BivalirudinBivalirudin in Infants under 6 with Thrombosisin Infants under 6 with Thrombosis
Evaluation of Evaluation of ArgatrobanArgatroban in Pediatric Patientsin Pediatric Patients
BivalirudinBivalirudin in Patients with HIT/HITTS undergoing Off Pump in Patients with HIT/HITTS undergoing Off Pump 
CABGCABG
UFH UFH vsvs LepirudinLepirudin Flushes in Preventing Blockages is Venous Flushes in Preventing Blockages is Venous 
Access DevicesAccess Devices
RENOVATE: A randomized double blind trial in investigate the RENOVATE: A randomized double blind trial in investigate the 
safety of 2 different regimens of safety of 2 different regimens of DabigatranDabigatran for 28for 28--35 days in THR35 days in THR
REMODEL: A study of 2 different REMODEL: A study of 2 different DabigatranDabigatran dose regimens dose regimens vsvs
Enoxaparin after knee surgery Enoxaparin after knee surgery 
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Features of Current and IND 
Anticoagulants
Features of Current and IND 
Anticoagulants

*Except in patients with renal or hepatic impairment.*Except in patients with renal or hepatic impairment.
†Argatroban uses an activated partial thromboplastin time (aPPT).

Short: Short: 
2.52.5––5 5 

hrshrs

Short: Short: 
2.5 2.5 ––5 hrs5 hrsLong: 17Long: 17--21 hrs21 hrs

Long: Long: 
2020––60  60  

hrshrs

Long:Long:
44--7 hrs7 hrs

Short:Short:
0.40.4--2.52.5

hrshrs
HalfHalf--lifelife

NoNoNoNoNoNoYesYesYesYesYesYesReversibility with Reversibility with 
antidoteantidote

NoNoNoNoNoNoNoNoYesYesYesYesRisk of HITRisk of HIT

NoNo††

Yes*Yes*

YesYes

IV or SCIV or SC

InjectableInjectable
DTIsDTIs

NoNoNo No YesYesNo No YesYesCoagulation Coagulation 
MonitoringMonitoring

YesYesYesYesNoNoYesYesNoNoFixed Dosing Fixed Dosing 
(no titration)(no titration)

NoNoNoNoYesYesNoNoNoNo
Narrow Narrow 
Therapeutic Therapeutic 
IndexIndex

OralOralSCSCOralOralSCSCIVIVAdministration Administration 
RouteRoute

Oral Oral 
DTIsDTIs

PentasaccharidePentasaccharide
Xa InhibitorsXa InhibitorsWarfarinWarfarinLMWHLMWHUFHUFH
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Features of Current and IND 
Anticoagulants (cont)
Features of Current and IND 
Anticoagulants (cont)

PK/PD = pharmacokinetics/PK/PD = pharmacokinetics/pharmacodynamicspharmacodynamics. . 

NoNo

NoNo

NoNo

YesYes

YesYes

Injectable Injectable 
DTIsDTIs

——NoNoYesYesNoNoNoNo
ClinicallyClinically--
Significant Significant 
Drug Drug 
InteractionsInteractions

NoNoNoNoYesYesNoNoNoNoFood Food 
InteractionsInteractions

NoNoNoNoYesYesNoNoNoNoCYP450 CYP450 
InteractionInteraction

YesYesYesYesNoNoYesYesYesYesRapid Onset/ Rapid Onset/ 
OffsetOffset

YesYesYesYesNoNoYesYesNoNoPredictable Predictable 
PK/PDPK/PD

Oral Oral 
DTIsDTIs

PentasaccharidePentasaccharide
Xa InhibitorsXa InhibitorsWarfarinWarfarinLMWHLMWHUFHUFH



38


