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Nouveaux antiNouveaux anti--agrégants et agrégants et 
antianti--thrombotiques thrombotiques 

dans le syndrome coronarien aigudans le syndrome coronarien aigu

Daniel R. Wagner
Bourglinster, Février 2012
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Agenda

♦ ACS: background

♦ New kid on the block # 1: Prasugrel

♦ New kid on the block # 2: Ticagrelor

♦ New kid on the block # 3: Rivaroxaban

♦ ACS: guidelines ESC 2010/2011

♦ Our favorite
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Prevalence of STEMI and NSTEMI

Christian T. Ruff & Eugene Braunwald Nature Reviews Cardiology 2011;8:140 
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Circulation, 2006
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Clinical outcomes

Change in in-hospital death Change in death at 6 months
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Platelet activation

Brogan GX. Acad Emerg Med. 2002;9:1029-1044.

ADP

Epinephrine Collagen
Thrombin

AA

TxA2

GP IIb/IIIa activation

GP IIb/IIa activation
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Poor clopidogrel responders with ACS: 
RECLOSE 2 ACS

• 248/1789 patients had high residual platelet reactivity with 
clopidogrel/aspirin. 2 year F/u.

• If non-responder

• cardiac mortality 9.7% vs. 4.3%

• stent thrombosis 6% vs. 2.9%

EuroPCR, 2011
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GRAVITAS

♦ 5429 patients on the regular clopidogrel dose 
underwent platelet-function testing

♦ If high residual platelet reactivity: 150-mg

♦ At six months, the composite primary end point of 
cardiovascular death/MI/stent thrombosis was 
identical in both groups, at 2.3%. 

ESC, 2011
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P2Y12 receptor

Cattaneo M. Eur Heart J. 2008;10 (Supplement I);I33-I37.

OUT

IN

ADP

Shape change Aggregation Secretion

Secretion-inducting 
agonist

ADP
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Inhibition of Platelet AggregationInhibition of Platelet Aggregation

▲ Clopidogrel 300-mg/75-mg
∆ Clopidogrel 600-mg/75-mg
● Prasugrel 60-mg/10-mg
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Time

Pre-dose
IPA

Day 1, Hours Days

Payne CD et al. J Cardiovasc Pharmacol 2007; 50: 555-562
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Criteria for minor and minimal bleeding

TIMI PLATO

Minor Minor

↓hemoglobin 3-5 g/dL Requires medical intervention to stop or 
treat bleeding

Minimal Minimal

↓hemoglobin <3 g/dL All others not requiring intervention

(eg, bruising, bleeding gums, oozing 
from injection sites, etc) 



EF
/E

LB
/0

4/
20

10
/2

52

TIMI PLATO

Major Major (fatal/life-threatening)
Fatal Fatal

Intracranial hemorrhage Intracranial hemorrhage
↓ ≥5 g/dL hemoglobin ↓ ≥5 g/dL hemoglobin

≥4 unit transfusion
Hypotension 

requiring pressors or surgery

Definition of major bleeding criteria

Rao AK, et al. J Am Coll Cardiol. 1988;11:1-11; James S, et al. Am Heart J. 2009;157:599-605.
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TRITON TIMI-38

Prasugrel
Loading dose: 60 mg

Daily maintenance: 10 mg 

Clopidogrel
Loading dose: 300 mg

Daily maintenance: 75 mg

Acute coronary syndrome with scheduled PCI
All received aspirin (75-162 mg daily)

randomized within 72 hours (UA/NSTEMI) or 12 hours (STEMI) 
of onset of symptoms 

(N=13,608)
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Wiviott SD, et al. N Engl J Med 2007; 357: 2001-15.

(HR, 0.81; 95% CI, 0.73-0.90; P<0.001)

TRITON TIMI-38
death from CV causes, nonfatal MI or nonfatal stroke
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TRITON TIMI-38
primary endpoint components and secondary 

endpoints

Endpointa Prasugrel 
(N=6813)

Clopidogr
el 

(N=6795)

Hazard ratio (95% 
CI)

P 
value

N (%)

CV death/nonfatal 
MI/nonfatal stroke

643 (9.9) 781 (12.1) 0.81 (0.73-0.90) <0.001

CV death 133 (2.1) 150 (2.4) 0.89 (0.70-1.12) 0.31

Nonfatal MI 475 (7.3) 620 (9.5) 0.76 (0.67-0.85) <0.001

Nonfatal stroke 61 (1.0) 60 (1.0) 1.02 (0.71-1.45) 0.93

Death from any cause 188 (3.0) 197 (3.2) 0.95 (0.78-1.16) 0.64

Death from any cause, 
nonfatal MI, or nonfatal 
stroke

797 (12.3) 938 (14.6) 0.84 (0.76-0.92) <0.001

Stent thrombosis 68 (1.1) 142 (2.4) 0.48 (0.36-0.64) <0.001
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TRITON TIMI-38: bleeding endpoints

Endpoint Prasugrel Clopidogrel
Hazard ratio (95% 

CI)
P

value

N (%)

NonCABG-related TIMI 
Major bleeding

146 (2.4) 111 (1.8) 1.32 (1.03-1.68) 0.03

Life-threatening 85 (1.4) 56 (0.9) 1.52 (1.08-2.13) 0.01

Fatal 21 (0.4) 5 (0.1) 4.19 (1.58-11.11) 0.002

Nonfatal 64 (1.1) 51 (0.9) 1.25 (0.87-1.81) 0.23

Intracranial 19 (0.3) 17 (0.3) 1.12 (0.58-2.15) 0.74

Major or Minor TIMI 
bleeding

303 (5.0) 231 (3.8) 1.31. (1.11-1.56) 0.002

Bleeding requiring 
transfusion

244 (4.0) 182 (3.0) 1.34 (1.11-1.63) <0.001

CABG-related TIMI 
Major bleeding

24 (13.4) 6 (3.2) 4.73 (1.90-11.82) <0.001
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OVERALL

>=60 kg

< 60 kg

< 75

>=75

No

Yes

0.5 1 2

Prior
Stroke / TIA

Age

Wgt

Risk (%)
+ 37

-16

-1

-16

+3

-14

-13

Prasugrel Better Clopidogrel Better
HR

Pint = 0.006

Pint = 0.18

Pint = 0.36

Wiviott SD et al. New Engl J Med 2007;357:2001-2015

TRITON-TIMI 38: Net Clinical Benefit
Post-hoc Analyses in Selected Subgroups
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Ticagrelor

Serebruany et al. Eur Heart J 2010;31:764

ADENOSINE

CLOPIDOGREL, PRASUGREL

TICAGRELOR

A1

A2A

A2B

A3

Asystole
Cytoprotection

Apoptosis
Vasodil atation

Dyspnea
Bronchospasm

Agitation
Anxiety

pUric Acid
p Creatinine

P2Y12 inhibition
qAggregation
q Secretion
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Study of PLATelet Inhibition and Patient Outcomes

PLATO

Clopidogrel
300 mg loading dose

then 75 mg od maintenance

Ticagrelor
180 mg loading dose, then

90 mg bid maintenance

ACS patients with UA/NSTEMI (moderate-to-high risk) or STEMI (if primary PCI)
All received aspirin (75-100 mg daily); clopidogrel-treated or clopidogrel-naive;

randomized within 24 hours of index event 
(N=18,624)
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PLATO 
CV death, MI or stroke

Wallentin L, et al. N Engl J Med. 2009;361:1045-1057.
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HR, 0.84; 95% CI, 0.77-0.92;
P<0.001 

Clopidogrel

Ticagrelor
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PLATO: secondary endpoints

Endpoint
Ticagrelor 
(N=9333)

n (%)

Clopidogrel 
(N=9291)

n (%)
Hazard ratio 

(95% CI)
P value

Death from vascular causes, 
MI, or stroke in planned 
invasive treatment

569 (8.9) 668 (10.6)
0.84 (0.75-

0.94)
0.003

Death from any cause, MI, or 
stroke

901 (10.2) 1065 (12.3) 0.84 (0.77-0.92) <0.001

CV death, MI, stroke, 
recurrent ischemia, TIA, or 
arterial thrombotic events                           

1290 (14.6) 1456 (16.7) 0.88 (0.81-0.95) <0.001

MI 504 (5.8) 593 (6.9) 0.84 (0.85-0.95 0.005

Death from vascular causes 353 (4.0) 442 (5.1) 0.79 (0.69-0.91) 0.001

Stroke 125 (1.5) 106 (1.3) 1.17 (0.91-1.52) 0.22

Death from any cause 399 (4.5) 506 (5.9) 0.78 (0.69-0.89) <0.001
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PLATO: stent thrombosis

Patients with intent for 
invasive treatment*

Ticagrelor 
(n=6732)

Clopidogre
l (n=6676)

HR for 
ticagrelor 
(95% CI)

P value

Stent thrombosis, n (%)

Definite 71 (1.3) 106 (1.9)
0.67 (0.50-

0.91)
0.0091

Probable + Definite 118 (2.1) 158 (2.8)
0.75 (0.59-

0.95)
0.0167

Possible + Probable + Definite 155 (2.8) 202 (3.6)
0.77 (0.62-

0.95)
0.0131
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Ticagrelor better Clopidogrel better

Ti. Cl.
Total

Patients

KM % at
Month 12

HR (95% CI)
Hazard Ratio

(95% CI)

First Troponin I

N ST elevation/LBBB at randomization

Overall Treatment Effect

Planned Treatment Approach

TIMI Risk Score: UA/NSTEMI

Time from Index Event to first IP

Characteristic

0.5 1.0 2.0

4849 14.4 15.6 0.92 (0.79, 1.07)5-7
5488 8.2 10.9 0.77 (0.64, 0.92)3-4
730 4.2 4.1 1.11 (0.53, 2.31)0-2

5216 12.0 14.3 0.85 (0.73, 1.00)Medically managed
13,408 8.9 10.6 0.84 (0.75, 0.94)Invasive

8854 11.4 12.9 0.90 (0.79, 1.01)≥12 hours
9556 8.2 10.4 0.79 (0.69, 0.90)<12 hours

2968 7.0 7.0 1.00 (0.75, 1.32)Negative
15,089 10.3 12.3 0.85 (0.77, 0.94)Positive

7544 9.4 10.8 0.87 (0.75, 1.01)Yes
11,074 10.1 12.3 0.83 (0.74, 0.93)No

18,624 9.8 11.7 0.84 (0.77, 0.92)Primary Endpoint

Medical History of MI

Revascularization History of PCI

TIMI Risk Score: STEMI

Yes 2492 14.1 14.6 0.98 (0.79, 1.22)
No 16,312 9.1 11.2 0.82 (0.74, 0.90)

Yes 3824 14.6 17.2 0.84 (0.71, 0.99)
No 14,800 8.6 10.2 0.85 (0.76, 0.94)

≥3 3137 13.1 15.2 0.86 (0.71, 1.04)
0-2 3889 4.7 6.2 0.76 (0.58, 1.01)

0.2

P value
(Interaction)

0.68

0.29

0.17

0.88

0.27

0.32

0.94

0.13

Primary endpoint in predefined subgroups 
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Ticagrelor better Clopidogrel better

Ti. Cl.
Total

Patients

KM % at
Month 12

HR (95% CI)
Hazard Ratio

(95% CI)

Yes

Yes

Revascularization History of CABG

Sex

Weight Group

≥65 Years 

Characteristic

0.5 1.0 2.0

17,256 9.5 11.2 0.86 (0.78, 0.94)
<80 kg

1312 13.1 17.3 0.75 (0.60, 0.99)
≥60 kg

5288 11.2 13.2 0.83 (0.71, 0.97)

<60 kg

13,336 9.2 11.1 0.85 (0.76, 0.95)
Female

2878 16.8 18.3 0.94 (0.78, 1.12)

Male

15,744 8.6 10.4 0.82 (0.74, 0.91)
≥75 Years

7979 13.2 16.0 0.83 (0.74, 0.94)
<75 Years

10,643 7.2 8.5 0.85 (0.74, 0.97)<65 Years

1152 19.0 20.8 0.87 (0.66, 1.13)
Age Group

17,462 9.2 11.1 0.84 (0.76, 0.93)No

1106 19.5 21.7 0.88 (0.67, 1.15)
Previous TIA/Non-hemorrhagic Stroke

17,518 9.2 11.0 0.84 (0.77, 0.93)No

Yes

Central/South America

≥80 kg

North America

1237 15.2 17.9 0.86 (0.65, 1.13)
Europe/Middle East/Africa

1714 11.4 14.8 0.80 (0.61, 1.04)Asia/Australia

4662 14.1 16.2 0.88 (0.76, 1.03)
Region

13,962 8.4 10.2 0.83 (0.74, 0.92)No

9513 8.3 10.5 0.79 (0.69, 0.90)
Medical History of DM

9055 11.4 12.8 0.90 (0.79, 1.01)

0.2

P  value
(Interaction)

0.76

0.84

0.86

0.22

0.82

0.36

0.17

0.05

1814 11.9 9.6 1.25 (0.93, 1.67)
13,859 8.8 11.0 0.80 (0.72, 0.90)

0.49

DM=diabetes mellitus

Wallentin L, et al. N Engl J Med. 2009;361:1045-1057 and supplementary tables

[Wallentin 2009-3:A]

Primary endpoint in predefined subgroups

32
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Major bleeding: PLATO and TIMI criteria

PLATO bleeding criteria TIMI bleeding criteria

HR=1.03
(P=0.70)

HR=1.04
(P=0.43)

HR=1.03
(P=0.57)

HR=1.05
(P=0.33)
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Total Major Major Fatal/Life-
Threatening

TIMI Major TIMI Major+Minor

Ticagrelor Clopidogrel
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PLATO: bradycardia-related events

All Patients
Ticagrelor 
(n=9235)

Clopidogrel 
(n=9186)

P value

Bradycardia-related event
Pacemaker insertion 82 (0.9) 79 (0.9) 0.87

Syncope 100 (1.1) 76(0.8) 0.08
Bradycardia 409 (4.4) 372 (4.0) 0.21
Heart Block 67 (0.7) 66 (0.7) 1.00

Holter monitor first week (n=1451) (n=1415)

Ventricular pauses ≥3 seconds 84 (5.8) 51 (3.6) 0.01
Ventricular pauses ≥5 seconds 29 (2.0) 17 (1.2) 0.10

Holter monitor at 30 days (n=985) (n=1006)

Ventricular pauses ≥3 seconds 21 (2.1) 17 (1.7) 0.52
Ventricular pauses ≥5 seconds 8 (0.8) 6 (0.6) 0.60
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PLATO: laboratory parameters

All Patients
Ticagrelor 
(n=9,235)

Clopidogrel 
(n=9,186)

P value

Mean % increase (± SD) in 
serum creatinine from 
baseline

At 1 month 10 ± 22 8 ± 21 <0.001

At 12 months 11 ± 22 9 ± 22 <0.001
1 month after end of treatment 10 ± 22 10 ± 22 0.59

Mean % increase (± SD) in 
serum uric acid from baseline

At 1 month 14 ± 46 7 ± 44 <0.001

At 12 months 15 ± 52 7 ± 31 <0.001

1 month after end of treatment 7 ± 43 8 ± 48 0.56
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Dyspnea in PLATO

l Dyspnea was reported more frequently by patients on 
ticagrelor than clopidogrel (13.8% vs 7.8%; P<0.001)

o Most episodes lasted less than a week

o Ticagrelor-associated dyspnea was mostly mild to 
moderate and did not affect efficacy

o Determine BNP to exclude HF

l Few patients discontinued study drug because of 
dyspnea (0.9%)

Storey et al., EHJ 2011;32:2945
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Ticagrelor

♦ Bleeding

• Do not use if H/O intracranial hemorrhage

• STOP 5 days before CABG

• Suspect bleeding if hypotension

♦ Biliary Elimination and Metabolized by CYP3A4/5

• Avoid simvastatin > 40 mg and lovastatin > 40 mg

• Avoid clarithromcin, ketoconazole and antivirals

• Monitor digoxin levels
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PLATO Conclusions
Do you believe in magic?

♦ Highly significant reduction of mortality (HR 0.78, 
p<0.001)

♦ The only other antiplatelet agent with mortality 
reduction: aspirin (ISIS-2)

♦ Benefit of Ticagrelor delayed and growing slowly: 
ADENOSINE
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ATLAS ACS 2 TIMI 51: UA/NSTEM/STEMI

Rivaroxaban
2.5 mg bid

n=4825

Rivaroxaban
2.5 mg bid

n=4825
Placebo
n=4821
Placebo
n=4821

Rivaroxaban
5 mg bid
n=4827

Rivaroxaban
5 mg bid
n=4827

Stratum 2: ASA +
thienopyridine (93%)

Stratum 2: ASA +
thienopyridine (93%)

Rivaroxaban
2.5 mg bid

n=349

Rivaroxaban
2.5 mg bid

n=349
Placebo
n=355

Placebo
n=355

Rivaroxaban
5 mg bid

n=349

Rivaroxaban
5 mg bid

n=349

N=15,526*N=15,526*

ASA dose =
75–100 mg/day

Stratum 1: ASA 
alone (7%)

Stratum 1: ASA 
alone (7%)

Mega et al, NEJM 2011
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Efficacy
Rivaroxaban

2.5 mg bid
(n=5114)

Rivaroxaban
5 mg bid
(n=5115)

Placebo
(n=5113)

Composite primary endpoint
K–M estimate at 2 years 9.1% 8.8% 10.7%
HR versus placebo (95% CI) 0.84 (0.72–0.97) 0.85 (0.73–0.98)
p value versus placebo 0.02 0.03

CV death
K–M estimate at 2 years 2.7% 4.0% 4.1%
HR versus placebo (95% CI) 0.66 (0.51–0.86) 0.94 (0.75–1.20)
p value versus placebo 0.002 0.63

MI
K–M estimate at 2 years 6.1% 4.9% 6.6%
HR versus placebo (95% CI) 0.90 (0.75–1.09) 0.79 (0.65–0.97)
p value versus placebo 0.27 0.02

Stroke (haemorrhagic and ischaemic)
K–M estimate at 2 years 1.4% 1.7% 1.2%
HR versus placebo (95% CI) 1.13 (0.74–1.73) 1.34 (0.90–2.02)
p value versus placebo 0.56 0.15

Mega et al, 2011
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Safety 
Rivaroxaban

2.5 mg bid
(n=5115)

Rivaroxaban
5 mg bid
(n=5110)

Placebo
(n=5125)

Non-CABG TIMI major bleed

K–M estimate at 2 years 1.8% 2.4% 0.6%

HR versus placebo (95% CI) 3.46 (2.08–5.77) 4.47 (2.71–7.36)

p value versus placebo <0.001 <0.001

TIMI minor bleed

K–M estimate at 2 years 0.9% 1.6% 0.5%

HR versus placebo (95% CI) 1.62 (0.92–2.82) 2.52 (1.50–4.24)

p value versus placebo 0.09 <0.001

TIMI medical attention bleed

K–M estimate at 2 years 12.9% 16.2% 7.5%

HR versus placebo (95% CI) 1.79 (1.55–2.07) 2.39 (2.08–2.75)

p value versus placebo <0.001 <0.001

Mega et al, 2011



EF
/E

LB
/0

4/
20

10
/2

52

ESC guidelines 2011: NSTEMI
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ESC guidelines 2011: NSTEMI
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ESC guidelines 2010: STEMI
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Take home message: No free lunch

♦ Bleeding

• Clopidogrel < Ticagrelor < Prasugrel

♦ Efficacy

• Clopidogrel < Prasugrel < Ticagrelor

♦ Side effects

• Clopidogrel = Prasugrel < Ticagrelor
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Produit Patients Dose

Aspirine tous 500 mg i.v.

Heparine tous 5000 u i.v.

Ticagrelor
(Brilique)

Tous sauf AVC 2 cp à 90 mg p.o.

INCCISTEMI (<12h)

Transfert immédiat INCCI

Telephone 2626  2727
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TRITON-TIMI 38: Diabetic Subgroup 
Analysis (n=3,146)
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Adapted from Wiviott et al, Circulation. 2008; 118:1626-1636
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PLATO: final diagnosis of index event

DiagnosisDiagnosis
Ticagrelor Ticagrelor 

n=n=9333 9333 
Clopidogrel Clopidogrel 

n=n=9291 9291 
TotalTotal

n=n=18,62418,624

n (%)n (%)

STEMI 3496 (37.5) 3530 (38.0) 7026 (37.8)

NSTEMI 4005 (42.9) 3950 (42.5) 7955 (42.7)

Unstable angina 1549 (16.6) 1563 (16.8) 3112 (16.7)
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PLATO: invasive procedures

Ticagrelor 
(n=9333)

Clopidogre
l (n=9291)

P
value

Invasive procedure at index 
hospitalization, n (%)

Coronary angiography 7599 (81.4) 7571 (81.5) 0.91
PCI during index hospitalization 5687 (60.9) 5676 (61.1) 0.83

Cardiac surgery 398 (4.3) 434 (4.7) 0.19
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PLATO Invasive vs Non-Invasive 
Management

0

2

4

6

8

10

12

14

0 60 120 180 240 300 360

0

2

4

6

8

10

12

14

16

0 60 120 180 240 300 360
Days After Randomisation

10.7%

9%

Clopidogrel 

BRILIQUE

Initial Invasive
72% of patients in PLATO

P<0.0025
HR: 0.84 (95% CI, 0.75–0.94)
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PLATO STEMI: 
Primary composite endpoint
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PLATO STEMI: CV death
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PLATO CABG: All-cause mortality
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Renal function and outcomes in PLATO

Ticagrelor 
better

Clopidogrel 
better
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PLATO CYP2C19 LOF

Clopidogrel LOF 11.2

10.0

Clopidogrel No LOF

p=0.028

p=0.25
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No currently 
approved 
antiplatelet 
agents 
specifically target      
Adhesion

Most approved 
antiplatelet 
agents affect 
different aspects 
of platelet 
Activation

GP IIb/IIIa 
inhibitors inhibit 
the “final common 
pathway” 
Aggregation

Adapted from Meadows et al. Circulation Res. 2007;100:1261-1275.

Platelet vWF 
Receptor (GP1b)

Intact 
endothelium

Endothelial Damage

Collagen vWF

Platelet Collagen 
Receptor (GPIa)

TXA
2

ADP

Aspirin Prasugrel,
Clopidogrel, 
TicagrelorTXA2 

Receptor

ADP (P2Y12)
Receptor

Abciximab, 
Eptifibatide, 

Tirofiban

GP IIb/IIIa
Receptor

PlateletPlatelet--Mediated Thrombosis TargetsMediated Thrombosis Targets


