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Objectives

• To outline the pharmacology of newer 
antithrombotic agents

• To review the recent evident for antithrombotic 
therapy in the management of ACS

• To describe the current role of these agents 

STEMI

• UFH 
– PCI or surgical revascularization (C)
– Reperfusion therapy with tPA, RPA,TNK (C)
– Reperfusion therapy with streptokinase if high risk for 

systemic emboli (B)

www.acc.org/clinical/guidelines/stemi/Guideline1/index.htm

STEMI

• LMWH
– Alternative to UFH as ancillary therapy for patients 

<75 years who are receiving fibrinolytic therapy (B)
– Normal renal function

www.acc.org/clinical/guidelines/stemi/Guideline1/index.htm

NSTACS

• Anticoagulation with LMWH or UFH should be 
added to antiplatelet therapy with ASA and/or 
clopidogrel (A)

• Enoxaparin is preferable to UFH as an 
anticoagulant in patient with NSTACS, unless 
CABG is planned within 24 h (A)
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MECHANISM OF ACTION OF ANTICOAGULANTS
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New Clinical Trials

• Enoxaparin 
– STEMI Extract TIMI 25

• Fondaparinux
– NSTACS OASIS 5
– STEMI OASIS 6

• Bivalirudin
– NSTACS ACUITY

STEMI < 6 hSTEMI < 6 h
Lytic eligibleLytic eligible

Lytic choice by MDLytic choice by MD
(TNK, tPA, rPA, SK)(TNK, tPA, rPA, SK)

ENOXENOX
< 75 y: 30 mg IV bolus < 75 y: 30 mg IV bolus 

SC 1.0 mg / kg q 12 h (Hosp DC)SC 1.0 mg / kg q 12 h (Hosp DC)
== 75 y: No bolus75 y: No bolus

SC 0.75 mg / kg q 12 h (Hosp DCSC 0.75 mg / kg q 12 h (Hosp DC))
CrCl CrCl << 30: 1.0 mg / kg q 2430: 1.0 mg / kg q 24 hh

ASAASA

Day 30Day 30
11°° Efficacy Endpoint: Death or Nonfatal MIEfficacy Endpoint: Death or Nonfatal MI
1° Safety Endpoint: TIMI Major Hemorrhage1° Safety Endpoint: TIMI Major Hemorrhage

Protocol Design

UFHUFH
60 U / kg bolus (4000 U) 60 U / kg bolus (4000 U) 

Inf 12 U / kg / h Inf 12 U / kg / h (1000 U / h)(1000 U / h)
Duration:  at least 48 hDuration:  at least 48 h
Cont’d at MD discretionCont’d at MD discretion

Primary End Point (ITT)
Death or Nonfatal MI
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ENOX 

UFH 

Relative RiskRelative Risk
0.83 (0.77 to 0.90)0.83 (0.77 to 0.90)

P<0.0001P<0.0001

DaysDays

9.9% 

12.0% 

Lost to follow up = 3Lost to follow up = 3

17% RRR 

NEJM 2006;354:1477-88

Major Secondary End Point
Death or Nonfatal MI 

or Urgent Revascularization (ITT)
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11.7% 
(1199)

14.5% 
(1479)

5.3%

6.1%

RR 0.88 RR 0.88 
(0.79 to 0.98)(0.79 to 0.98)

P=0.02P=0.02

48 h48 h

UFH 
ENOX

280 events
19% RRR

RR 0.81 RR 0.81 
(0.75 to 0.87)(0.75 to 0.87)

P<0.0001P<0.0001

12% RRR

NEJM 2006;354:1477-88

Outcomes at 30 Days (ITT)
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Bleeding Endpoints (TIMI) 
30 Days
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Major BleedMajor Bleed
(fatal + nonfatal)(fatal + nonfatal)

ICH ICH 

ARD 0.7%ARD 0.7%
RR 1.53RR 1.53

P<0.0001P<0.0001

ARD 0.1%ARD 0.1%
RR 1.27RR 1.27

P = 0.14P = 0.14

NonfatalNonfatal
Major BleedMajor Bleed

ARD 0.4%ARD 0.4%
RR 1.39RR 1.39

P = 0.014P = 0.014

NEJM 2006;354:1477-88

For Every 1000 Pts 
Treated with Enoxaparin
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NEJM 2006;354:1477-88

Fondaparinux Sodium (Arixtra™) Fondaparinux

• Synthetic pentasaccharide affecting thrombin 
generation

• High affinity for AT receptor
• VTE prophylaxis/treatment
• Subcutaneous once daily dosing
• No monitoring required

PHARMACOLOGY OF NEWER ANTITHROMBOTICS
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AKW 2002
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Patients with NSTE ACS, Chest discomfort < 24 hours
2 of 3: Age>60, ST Segment ? , ↑ cardiac markers

Patients with NSTE ACS, Chest discomfort < 24 hoursPatients with NSTE ACS, Chest discomfort < 24 hours
2 of 3: Age>60, ST Segment 2 of 3: Age>60, ST Segment ?? , , ↑↑ cardiac markerscardiac markers

Fondaparinux
2.5 mg sc once daily

FondaparinuxFondaparinux
2.5 mg sc once daily2.5 mg sc once daily

Study Design: 
Randomized, Double Blind

ASA, Clop, GP IIb/IIIa, 
planned Cath/PCI as per 

local practice

ASA, Clop, GP ASA, Clop, GP IIb/IIIaIIb/IIIa , , 
planned planned CathCath /PCI as per /PCI as per 

local practicelocal practice

RandomizeRandomize

Enoxaparin
1 mg/kg sc twice daily

EnoxaparinEnoxaparin
1 mg/kg sc twice daily1 mg/kg sc twice daily

Primary: Efficacy: Death, MI, refractory ischemia at 9 days 
Safety: Major bleeding at 9 days
Risk benefit: Death, MI, refractory ischemia, major bleeds 9 days

Secondary : Above & each component separately at day 30 & 6 months
Hypothesis: First test non-inferiority, then test superiority

Primary:Primary: EfficacyEfficacy :: Death, MI, refractory ischemiaDeath, MI, refractory ischemia at 9 days at 9 days 
SafetySafety:: Major bleeding at 9 daysMajor bleeding at 9 days
Risk benefitRisk benefit :: Death, MI, refractory ischemia, major bleeds 9 daysDeath, MI, refractory ischemia, major bleeds 9 days

SecondarySecondary :: Above & each component Above & each component separatelyseparately at day 30 & 6 monthsat day 30 & 6 months
HypothesisHypothesis:: First test nonFirst test non--inferiority, then test superiorityinferiority, then test superiority

Outcomes

PCI< 6 hPCI< 6 h ,, No additional UFHNo additional UFH
PCI >6 hPCI >6 h ,, IV UFHIV UFH
With With IIb/IIIaIIb/IIIa 65 U/kg65 U/kg
Without Without IIb/IIIaIIb/IIIa 100 U/kg100 U/kg

PCI <6 hPCI <6 h :: IV Fonda 2.5 mgIV Fonda 2.5 mg
without without IIb/IIIaIIb/IIIa, 0 with , 0 with IIb/IIIaIIb/IIIa
PCI> 6 hPCI> 6 h :: IV Fonda 2.5 mg withIV Fonda 2.5 mg with
and 5.0 mg without and 5.0 mg without IIb/IIIaIIb/IIIa

Exclude
Age < 21
Any contra- ind to Enox
Hem stroke< 12 mo.
Creat> 3 mg/dL/265 umol /L

N=20,000

NEJM 2006;354:1464-76

Efficacy Outcomes at Day 9

5.9%5.8%Death/MI/RI

2.05%1.9%Refract 
Isch

2.7%2.7%MI

1.8%1.9%Death

4.1%4.1%Death/MI

FondaEnox

0.8 1 1.2

Non-inferiority
Margin=1.185

Hazard Ratio
Fonda Better Enox Better

NEJM 2006;354:1464-76

Death/MI/RI: Day 9
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NEJM 2006;354:1464-76

Bleeding Rates: Day 9

<<0.0001

<<0.0001

<<0.0001

<<0.0001

P value

0.35 (0.28-0.43)

0.54 (0.41-0.73)

0.53 (0.45-0.62)

0.44 (0.39-0.51)

HR (95% CI)

3.27.0Total Bleed

1.13.1Minor Bleed

1005710021No. Randomized

0.71.3TIMI Major Bleed

2.14.0Major Bleed

Fonda
(%)

Enox
(%)

Outcome

NEJM 2006;354:1464-76

Mortality: Day 30
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95% CI 0.7195% CI 0.71 --0.970.97
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NEJM 2006;354:1464-76

OASIS – 6 Trial: Study Design

Presented at ACC 2006Presented at ACC 2006

g Primary Endpoint: Composite of  death or reinfarction at 30 days
g Secondary Endpoint: Composite of death or reinfarction at 9 days and at final follow-up
gg Primary Endpoint: Composite of  death or reinfarction at 30 daysPrimary Endpoint: Composite of  death or reinfarction at 30 days
gg Secondary Endpoint: Composite of death or reinfarction at 9 daysSecondary Endpoint: Composite of death or reinfarction at 9 days and at final followand at final follow--upup

12,092 patients presenting with STEMI within 24 hours of symptom onset (shortened to 
12 hours of symptom onset midway through trial)

Randomized. Blinded. Factorial.
28% female, mean age 62 years, mean follow-up 3-6 months

12,092 patients presenting with STEMI within 24 hours of symptom onset (shortened to 
12 hours of symptom onset midway through trial)

Randomized. Blinded. Factorial.
28% female, mean age 62 years, mean follow-up 3-6 months

Stratum 1 (No UFH)Stratum 1 (No UFH) Stratum 2 (UFH)Stratum 2 (UFH)

Fondaparinux
2.5mg/day for up to 8 days 

or hospital discharge

Fondaparinux
2.5mg/day for up to 8 days 

or hospital discharge

PlaceboPlacebo Fondaparinux 
2.5mg/day for up to 8 days 

or hospital discharge

Fondaparinux 
2.5mg/day for up to 8 days 

or hospital discharge

UFHUFH

JAMA 2006;295
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OASIS – 6 Trial: Primary EndpointOASIS – 6 Trial: Primary Endpoint

Presented at ACC 2006Presented at ACC 2006

•• The primary endpoint The primary endpoint 
was lower in the was lower in the 
fondaparinux group fondaparinux group 
compared with the compared with the 
control group (9.7% control group (9.7% 
vs.11.2%, HR 0.86, vs.11.2%, HR 0.86, 
p=0.008)p=0.008)

•• The results were The results were 
similar at 9 days (HR similar at 9 days (HR 
0.83, p=0.003) and at 0.83, p=0.003) and at 
study end (HR 0.88, study end (HR 0.88, 
p=0.008)p=0.008)

9.7%

7.4%

13.4%

11.2%

8.9%

14.8%

0%

3%

6%

9%

12%

15%

30 days 9 days 3-6 months
Fondaparinux (n=6036) Control (n=6056)
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Fondaparinux (n=6036) Control (n=6056)

Primary Endpoint: Death/Reinfarction (%)

p=0.008p=0.008 p=0.003p=0.003 p=0.008p=0.008
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OASIS – 6 Trial: Primary EndpointOASIS – 6 Trial: Primary Endpoint

Presented at ACC 2006Presented at ACC 2006

11.2%

14.0%

0%
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14%

Fondaparinux Placebo

11.2%

14.0%

0%

2%

4%

6%

8%

10%

12%

14%

Fondaparinux Placebo

Reduction in Death/MI: Stratum 1Reduction in Death/MI: Stratum 1
(No UFH indicated)(No UFH indicated)

p<0.05p<0.05

Reduction in Death/MI: Stratum 2Reduction in Death/MI: Stratum 2
(UFH Indicated)(UFH Indicated)

p=NSp=NS

•• The reduction in the primary endpoint at 30 days in the FondaparThe reduction in the primary endpoint at 30 days in the Fondaparinux group was driven inux group was driven 
by Stratum 1, where death/MI occurred less frequently among Fondby Stratum 1, where death/MI occurred less frequently among Fonda pts than Placebo a pts than Placebo 
(11.2 vs. 14%, HR 0.79, p<0.05)(11.2 vs. 14%, HR 0.79, p<0.05)
•• There was no difference in Stratum 2, comparing those patients There was no difference in Stratum 2, comparing those patients who received  who received  
Fondaparinux vs those who received UFH (8.3% vs. 8.7%, HR 0.96, Fondaparinux vs those who received UFH (8.3% vs. 8.7%, HR 0.96, p=NS)p=NS)

p=0.97p=0.97
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0%

2%

4%

6%

8%

10%

12%

14%

Fondaparinux UFH

JAMA 2006;295

OASIS - 6 Trial: PCI Substudy at 30 DaysOASIS - 6 Trial: PCI Substudy at 30 Days

Presented at ACC 2006Presented at ACC 2006

•• There was no difference in There was no difference in 
the primary endpoint for the primary endpoint for 
patients who were managed patients who were managed 
with primary PCI (6.1% vs with primary PCI (6.1% vs 
5.1%, p=0.19).5.1%, p=0.19).

•• Guiding catheter thrombosis Guiding catheter thrombosis 
in the primary PCI cohort in the primary PCI cohort 
occurred more often with occurred more often with 
fondaparinux compared with fondaparinux compared with 
control (n=22 vs. n=0, control (n=22 vs. n=0, 
p<0.001)p<0.001)

6.1%
5.1%

0%

2%

4%

6%

8%

Fondaparinux Control

6.1%
5.1%

0%

2%

4%

6%

8%

Fondaparinux Control

Primary Endpoint of Death or MI in PCI Cohort (%)
p=0.19

JAMA 2006;295

OASIS - 6 Trial: PCI Substudy (cont.)OASIS - 6 Trial: PCI Substudy (cont.)

Presented at ACC 2006Presented at ACC 2006

•• There was no There was no 
difference in severe difference in severe 
bleeding at 9 days by bleeding at 9 days by 
treatment grouptreatment group
(1.0% Fondaparinux (1.0% Fondaparinux 
vs. 1.3% control, vs. 1.3% control, 
p=NS) p=NS) 

•• Intracranial Intracranial 
hemorrhage occurred hemorrhage occurred 
in 0.2% in each groupin 0.2% in each group

1.0%

1.3%

0%

1%

2%

Fondaparinux Control

1.0%

1.3%

0%

1%

2%

Fondaparinux Control

Severe Bleeding at 9 days (%)
p=NS

JAMA 2006;295

OASIS - 6 Trial: PCI Substudy (cont.)OASIS - 6 Trial: PCI Substudy (cont.)

Presented at ACC 2006Presented at ACC 2006

•• There was a higher There was a higher 
instance of guiding instance of guiding 
catheter thrombosis catheter thrombosis 
in the PCI cohort in the PCI cohort 
treated with treated with 
fondaparinux fondaparinux 
compared to control compared to control 
(n=22 vs. n=0, (n=22 vs. n=0, 
p<0.001)p<0.001)
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Guiding Catheter Thrombosis 
p<0.001

JAMA 2006;295

OASIS-5 and OASIS 6 combined: 30-day main efficacy and 
bleeding outcomes for UFH/enoxaparin vs fondaparinux

Mehta S. World Congress of Cardiology 2006; September 6, 
2006; Barcelona, Spain.

<0.000010.67 (0.59-0.76)3.04.4Major bleeding

0.1430.82 (0.64-1.07)0.81.0Stroke

0.1960.92 (0.81-1.04)3.53.8MI

0.0520.89 (0.79-1.00)3.84.3Death

0.0300.91 (0.83-0.99)7.28.0Death/MI/
stroke

pHR (95% CI)Fondaparinux, 
n=13 270 (%)

UFH/
enoxaparin, 
n=13 242 (%)

End point
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OASIS-5 and OASIS-6 combined: Data from patients 
undergoing PCI

Mehta S. World Congress of Cardiology 2006; September 6, 
2006; Barcelona, Spain.

1.64–7.833.580.90.2All PCI patients

Catheter thrombosis (%) 

0.60–1.410.9211.812.7UFH prior to PCI 

0.84–1.180.997.97.9All PCI patients

Death/MI/stroke at day 30 (%)

0.32–1.460.693.65.2UFH prior to PCI 

0.42–0.690.543.05.4All PCI patients 

Major bleed at day 30 (%)

95% CIHR Fondaparinux UFH/
enoxaparin

End point 

DIRECT THROMBIN INHIBITORS

Hirudin: isolated from the European leech Hirudo medicinalis

AKW 2002

MECHANISM OF ACTION OF ANTICOAGULANTS

Intrinsic
(Contact)

Xa Inactivated Xa

Inactivated 
thrombin

Prothrombin

Fibrinogen Fibrin

X

ATIIIExtrinsic       
(Tissue factor)

Heparin/LMWH

ATIII
Heparin cofactor II

Thrombin (IIa)

Heparin/LMWH
Fondaparinux

Warfarin*

*interferes with production 
of FII, FVII, FIX, FX

DIRECT THROMBIN
INHIBITORSAKW 2002

DIRECT THROMBIN INHIBITORS

Hirudin
and
Derivatives

ArgatrobanArgatroban
XimelagatranXimelagatran

bivalirudinbivalirudin

SubstrateSubstrate
Recognition SiteRecognition Site

(Exosite 1)(Exosite 1)
(binds to fibrinogen)

HeparinHeparin--Binding SiteBinding Site
(Exosite 2)(Exosite 2)

(linked to fibrin binding site)(linked to fibrin binding site)

CatalyticCatalytic
SiteSite

(Active Site)(Active Site)
((enzymatic enzymatic 
actions ofactions of
thrombin)thrombin)

IIaIIa

IIaIIa IIaIIa

IIaIIa

AKW 2002

Bivalirudin

• administered IV
• cleared by renal and non-renal mechanisms 
• Half-life 20-30 min 
• clearance significantly reduced in moderate to severe 

renal dysfunction and may be associated with an 
increased risk of bleeding

• aPTT and ACT prolonged in a 
dose-dependent manner

• Current indication – patients with unstable angina going 
for PCI

Moderate-
high risk

ACS

Study Design – First Randomization
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Aspirin in all
Clopidogrel

dosing and timing
per local practice

Aspirin in all
Clopidogrel

dosing and timing
per local practice

UFH or
Enoxaparin
+ GP IIb/IIIa

Bivalirudin
+ GP IIb/IIIa

Bivalirudin
Alone 

R*

*Stratified by pre-angiography thienopyridine use or administration*Stratified by pre-angiography thienopyridine use or administration

Moderate-high risk unstable angina or NSTEMI undergoing an 
invasive strategy (N = 13,800)

Moderate-high risk unstable angina or NSTEMI undergoing an 
invasive strategy (N = 13,800)

ACUITY Design. Stone GW et al. AHJ 2004;148:764–75ACUITY Design. Stone GW et al. AHJ 2004;148:764–75

Medical
management

PCI

CABG
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3 Primary Endpoints (at 30 Days)
1. Composite net clinical benefit =1. Composite net clinical benefit =

2. Ischemic composite2. Ischemic composite

3. Major bleeding3. Major bleeding
oror

§ Death from any cause
§ Myocardial infarction

- During medical Rx: Any biomarker elevation >ULN
- Post PCI: CKMB >ULN with new Q waves or >3x ULN w/o Q waves
- Post CABG: CKMB >5x ULN with new Q waves, >10x ULN w/o Q waves

§ Unplanned revascularization for ischemia

ACC 2006

3 Primary Endpoints (at 30 Days)

1. Composite net clinical benefit =1. Composite net clinical benefit =

2. Ischemic composite2. Ischemic composite

3. Major bleeding3. Major bleeding
oror

§ Non CABG related bleeding
-- Intracranial bleeding or intraocular bleedingIntracranial bleeding or intraocular bleeding

-- Retroperitoneal bleedingRetroperitoneal bleeding
--Access site bleed requiring intervention/surgeryAccess site bleed requiring intervention/surgery

-- Hematoma =5 cmHematoma =5 cm
-- Hgb Hgb ⇓⇓==3g/dL with an overt source or 3g/dL with an overt source or ⇓⇓==4g/dL w/o overt source4g/dL w/o overt source

-- Blood product transfusionBlood product transfusion
§ Reoperation for bleeding

ACC 2006

Net Clinical Outcome Composite Endpoint
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Days from Randomization

Estimate P
(log rank)11.7%UFH/Enoxaparin + IIb/IIIa (N=4603)

Bivalirudin + IIb/IIIa (N=4604) 0.8911.8%
Bivalirudin alone (N=4612) 0.01410.1%

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

ACC 2006

Components of the Ischemic Composite

1.3%

4.9%

2.3% 2.7% 2.4%

7.3%

1.5%

7.7%

5.0% 5.4%

7.8%

1.6%

Ischemic
composite

Death Myocardial
infarction

Unplanned
revasc for
ischemia
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UFH/Enox+GPI (N=4603) Bivalirudin+GPI (N=4604) Bivalirudin alone (N=4612)

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

PSup = 0.32 PSup = 0.34 PSup = 0.35 PSup = 0.78

ACC 2006

Major Bleeding Endpoints

11.8%

5.7%

11.1%

5.3%

3.0%

9.1%

All major bleeding Non CABG major bleeding
(primary endpoint)

30
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Heparin+GPI (N=4603) Bivalirudin+GPI (N=4604) Bivalirudin alone (N=4612)

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

PSup=0.38 PSup<0.0001PSup=0.31 PSup<.001

ACC 2006

Summary Table

NSTACS

STEMI

ü

ü

Fondaparinux BivalirudinEnoxaparinUFH

üüü

Xüü
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Question on Clinical Trial Results

• Which agent has demonstrated a greater 
superiority over UFH in the management of 
STEMI
– Fondaparinux OASIS 6
– Enoxaparin Extract TIMI 25

Clinicaltrialresults.org

u Thrombin Inhibitors
lepirudin, bivalirudin, argatroban, 
ximelagatran

u IXa Inhibitors
IXa inhibitors, IXa antibody

u Protein C Activators
APC, thrombomodulin

u Xa Inhibitors
Fondaparinux, direct Xa inhibitors

Coagulation pathway Antithrombotics in development

u Tissue Factor Pathway Inhibitors
TFPI, NAPc2, VIIa inhibitors

TF/VIIaInitiation

Thrombin
generation

Thrombin
activity IIa

II

Xa

IXa

IXX

VIIIa

Va

NEW ANTITHROMBOTIC AGENTS

Am Heart J 2001;142:S3-8.


