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vs. 2%) (see the Supplementary Appendix for de-
tails). Valve thrombosis without clinical symp-
toms was detected in 5 patients, all of whom 
were in the dabigatran group (3%). The compos-
ite of stroke, transient ischemic attack, systemic 
embolism, myocardial infarction, or death oc-
curred in 15 patients (9%) in the dabigatran 
group and 4 patients (5%) in the warfarin group 
(hazard ratio in the dabigatran group, 1.94; 95% 
confidence interval [CI], 0.64 to 5.86; P = 0.24) 

(Table 4 and Fig. 1A). Most thromboembolic 
events among patients in the dabigatran group 
occurred in population A.

A major bleeding episode occurred in 7 pa-
tients (4%) in the dabigatran group and 2 pa-
tients (2%) in the warfarin group, and bleeding 
of any type occurred in 45 patients (27%) and 10 
patients (12%), respectively (hazard ratio, 2.45; 
95% CI, 1.23 to 4.86; P = 0.01) (Fig. 1B). A con-
sistent pattern of increased bleeding events in 
the dabigatran group was evident in both popu-
lation A and population B. However, all major 
bleeding occurred in patients who underwent 
randomization within 1 week after cardiac sur-
gery (population A). All patients with major 
bleeding had pericardial bleeding, which oc-
curred within 2 weeks after surgery in 5 patients 
in the dabigatran group and 2 patients in the 
warfarin group.

Clinical outcomes in the as-treated popula-
tion were consistent with those in the intention-
to-treat population (Table S1 in the Supplemen-
tary Appendix). Similarly clinical outcomes 
during the 12-week study period were consistent 
with those observed during the overall study 
period, including the extension period (Table S2 
in the Supplementary Appendix). Details on the 
timing of clinical events, doses of dabigatran, 
and echocardiographic findings (for thrombo-
embolic events) are provided in Tables S2, S3, 
and S4 in the Supplementary Appendix. There 
appeared to be no association between plasma 
levels of dabigatran and the occurrence of 
thromboembolic events or bleeding (Tables S3 
and S4 in the Supplementary Appendix).

Discussion

The primary goal of RE-ALIGN was to validate a 
new dabigatran dosing regimen for the preven-
tion of thromboembolic complications in pa-
tients with mechanical heart valves. However, 
the trial was stopped early because of an excess 
of thromboembolic and bleeding events in the 
dabigatran group, as compared with the warfarin 
group. Most thromboembolic events among pa-
tients in the dabigatran group occurred in popu-
lation A (patients who had started a study drug 
within 7 days after valve surgery), with fewer oc-
curring in population B (patients who had under-
gone valve implantation more than 3 months 
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Figure 1. Kaplan–Meier Analysis of Event-free Survival.

Panel A shows event-free survival from the first thromboembolic event (i.e., 
stroke, systemic embolism, transient ischemic attack, or myocardial infarc-
tion) or death (P = 0.24). Panel B shows event-free survival from the first 
bleeding event (P = 0.01). In each panel, the vertical line indicates the start 
of the RE-ALIGN extension trial (RE-ALIGN-EX) and the P value was calcu-
lated with the use of the Wald chi-square test.
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A bs tr ac t

Background
Dabigatran is an oral direct thrombin inhibitor that has been shown to be an effec-
tive alternative to warfarin in patients with atrial fibrillation. We evaluated the use 
of dabigatran in patients with mechanical heart valves.

Methods
In this phase 2 dose-validation study, we studied two populations of patients: those 
who had undergone aortic- or mitral-valve replacement within the past 7 days and 
those who had undergone such replacement at least 3 months earlier. Patients were 
randomly assigned in a 2:1 ratio to receive either dabigatran or warfarin. The selec-
tion of the initial dabigatran dose (150, 220, or 300 mg twice daily) was based on 
kidney function. Doses were adjusted to obtain a trough plasma level of at least 
50 ng per milliliter. The warfarin dose was adjusted to obtain an international normal-
ized ratio of 2 to 3 or 2.5 to 3.5 on the basis of thromboembolic risk. The primary end 
point was the trough plasma level of dabigatran.

Results
The trial was terminated prematurely after the enrollment of 252 patients because 
of an excess of thromboembolic and bleeding events among patients in the dabi-
gatran group. In the as-treated analysis, dose adjustment or discontinuation of 
dabigatran was required in 52 of 162 patients (32%). Ischemic or unspecified stroke 
occurred in 9 patients (5%) in the dabigatran group and in no patients in the war-
farin group; major bleeding occurred in 7 patients (4%) and 2 patients (2%), respec-
tively. All patients with major bleeding had pericardial bleeding.

Conclusions
The use of dabigatran in patients with mechanical heart valves was associated with 
increased rates of thromboembolic and bleeding complications, as compared with 
warfarin, thus showing no benefit and an excess risk. (Funded by Boehringer Ingel-
heim; ClinicalTrials.gov numbers, NCT01452347 and NCT01505881.)
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Cumulative Incidence of Stent Thrombosis, According to Study Group. 

Mauri L et al. N Engl J Med 2014;371:2155-2166 



Cumulative Incidence of Major Adverse Cardiovascular and Cerebrovascular Events, 
According to Study Group. 

Mauri L et al. N Engl J Med 2014;371:2155-2166 
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Montalescot G et al. Lancet 2009 Feb 28;373(9665):723-731 
CV=Cardiovascular; NF=Nonfatal; MI=Myocardial Infarction; STEMI=ST Segment Elevation Myocardial Infarction 

STEMI Cohort: Components and Secondary 
Efficacy End Points at 30 Days (part 1 of 2) 
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PLATO:	
  Bénéfice	
  sur	
  le	
  critère	
  primaire	
  obtenu	
  
sur	
  les	
  IDM	
  et	
  la	
  mortalité	
  CV	
  
All patients* Ticagrelor 

(n=9,333) 
Clopidogrel 
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HR  

 (95% CI) p 

Critère Iaire, n (%)  
     Mortalité CV+ IDM + AVC 

 
864 (9.8) 

 
1,014 (11.7) 

 
0.84 (0.77–0.92) 

 
 <0.001 

Critères IIaires, n (%) 
     Mortalité totale+ IDM + AVC  
    
Mortalité CV+ IDM + AVC 
+ischémie + AIT + Athéro-
Thrombotique 
      
 
IDM 
Mortalité CV 

AVC 

901 (10.2) 
 

1,290 (14.6) 
 
 
 

504 (5.8) 
353 (4.0) 
125 (1.5) 

1,065 (12.3) 
 

1,456 (16.7) 
 
 
 

593 (6.9) 
442 (5.1) 
106 (1.3) 

0.84 (0.77–0.92) 
 

0.88 (0.81–0.95) 
 
 
 

0.84 (0.75–0.95)  
0.79 (0.69–0.91) 
1.17 (0.91–1.52) 

 <0.001 
 

 <0.001 
 
 
 

  0.005 
  0.001 
  0.22 

Mortalité totale 399 (4.5) 506 (5.9) 0.78 (0.69–0.89)  <0.001 

L. Wallentin. N Engl J Med 2009;361:1045-57 



intravenous UFH (85 U/kg) must be added to prevent formation of
catheter thrombi.823

Earlier studiesonACSpatients receivingpredominantlyconservative
treatment demonstrated the superiority of enoxaparin over UFH.824

The more recent studies in the setting of PCI did not find an advantage
of enoxaparin over UFH when pre-randomization anticoagulation was
not consistent with the study treatment or when there was a post-
randomization cross-over.819,820 A benefit of enoxaparin over UFH
in reducing mortality and bleeding complications was recently
reported in a meta-analysis covering NSTE-ACS patients.788

18.3 ST-segment elevation myocardial
infarction
Patients undergoing primary PCI should receive a combination of
DAPT with ASA and a P2Y12 receptor blocker as early as possible
before angiography, and a parenteral anticoagulant.

18.3.1 Oral antiplatelet therapy
An oral loading dose of ASA 150–300 mg (or i.v. 80–150 mg) fol-
lowed by 75–100 mg p.o. daily should be given to ensure inhibition
of TXA2-dependent platelet aggregation.887

The preferred P2Y12 inhibitors are prasugrel (60 mg p.o. loading
dose; 10 mg maintenance dose) and ticagrelor (180 mg p.o. loading
dose; 90 mg maintenance dose b.i.d.).341,518 In the pre-specified sub-
groups of patients with STEMI undergoing PCI in the TRITON–TIMI
38 trial, the benefit of prasugrel was consistent for the primary end-
point at 15 months (prasugrel 10.0% vs. ticagrelor 12.4%; HR 0.79;
95% CI 0.65–0.97; P ¼ 0.02), without a significant increase in
non-CABG-related bleeding risk (2.4% vs. 2.1%, respectively; HR
1.11; 95% CI 0.70–1.77; P ¼ 0.65). There was a lower risk of stent
thrombosis (1.6% vs. 2.8%, respectively; HR 0.58; 95% CI 0.36–
0.93; P ¼ 0.02), as well as of cardiovascular mortality (1.4% vs.
2.4%, respectively; HR 0.61; 95% CI 0.37–1.00; P ¼ 0.047)828 in
favour of prasugrel at 30-day and 15-month follow-up (2.4% vs.
3.4%, respectively; HR 0.74; 95% CI 0.50–1.09; P ¼ 0.129).
Notably, two-thirds of STEMI patients underwent PCI as the
primary revascularization strategy and one-third underwent late or
secondary PCI after fibrinolysis or lack of early revascularization. Pra-
sugrel is contraindicated in patients with prior stroke or TIA. Treat-
ment with prasugrel is generally not recommended for patients aged
75 years or more. In the ≥75 years age group—if treatment is
deemed necessary after a careful, individual risk–benefit evaluation
by the prescribing physician—then, following a loading dose of

Recommendations for antithrombotic treatment in patients with NSTE-ACS undergoing PCI

Recommendations Classa Level b Ref c

Antiplatelet therapy

ASA is recommended for all patients without contraindications at an initial oral loading dose of 150–300 mg
(or 80–150 mg i.v.), and at a maintenance dose of 75–100 mg daily long-term regardless of treatment strategy. I A 774,776,794

A P2Y12 inhibitor is recommended in addition to ASA, and maintained over 12 months unless there are
contraindications such as excessive risk of bleeding. Options are: I A 337,341,825

• Prasugrel (60 mg loading dose, 10 mg daily dose) in patients in whom coronary anatomy is known and who are
proceeding to PCI if no contraindication. I B 337

• Ticagrelor (180 mg loading dose, 90 mg twice daily) for patients at moderate-to-high risk of ischaemic events,
regardless of initial treatment strategy including those pre-treated with clopidogrel if no contraindication. I B 341

• Clopidogrel (600 mg loading dose, 75 mg daily dose), only when prasugrel or ticagrelor are not available or are
contraindicated. I B 812,825

GP IIb/IIIa antagonists should be considered for bail-out situation or thrombotic complications. IIa C

Pre-treatment with prasugrel in patients in whom coronary anatomy not known, is not recommended. III B 826

Pre-treatment with GP IIb/IIIa antagonists in patients in not known, is not recommended. III A 357,815
Anticoagulant therapy

Anticoagulation is recommended for all patients in addition to antiplatelet therapy during PCI. I A 180

The anticoagulation is selected according to both ischaemic and bleeding risks, and according to the efficacy–safety
profile of the chosen agent. I C

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/hour for up to 4 hours after the procedure) is recommended
as alternative to UFH plus GP IIb/IIIa receptor inhibitor during PCI. I A 815–817

UFH is recommended as anticoagulant for PCI if patients cannot receive bivalirudin. I C

In patients on fondaparinux (2.5 mg daily s.c.), a single bolus UFH (85 IU/kg, or 60 IU/kg in the case of concomitant 
use of GP IIb/IIIa receptor inhibitors) is indicated during PCI. I B 827

Enoxaparin should be considered as anticoagulant for PCI in patients pre-treated with subcutaneous enoxaparin. IIa B 788

Discontinuation of anticoagulation should be considered after an invasive procedure unless otherwise indicated. IIa C

Crossover of UFH and LMWH is not recommended. III B 820

aClass of recommendation.
bLevel of evidence.
cReference(s).
ASA ¼ acetylsalicylic acid; GP ¼ glycoprotein; i.v. ¼ intravenous; LMWH ¼ low-molecular-weight heparin; NSTE-ACS ¼ non-ST-segment elevation acute coronary syndrome;
PCI ¼ percutaneous coronary intervention; UFH ¼ unfractionated heparin.
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with fewer episodes, but the diff erences between 
groups were not signifi cant (table 3). The numbers of 
intracranial bleeds were the same in the two treatment 
groups, but at other sites, numbers were lower in the 
double therapy group (table 4, appendix p 4). Lower 
rates of any bleeding were seen in the double-therapy 
group in all subgroups (age, sex, presentation of an 
acute coronary syndrome, indication for oral 
anticoagulation, and stent type; appendix p 5).

The combined secondary endpoint of death, myo-
cardial infarction, stroke, target-vessel revascularisation, 
and stent thrombosis was reported in 31 (11·1%) patients 
in the double-therapy group and in 50 (17·6%) in the 
triple-therapy group (table 5, fi gure 3). After correction 
for imbalance in baseline characteristics, the HR 
remained similar (0·56, 95% CI 0·35–0·91). Seven 
(2·5%) in the double-therapy group and 18 (6·3%) in the 
triple-therapy group had died from any cause at 1 year 
(table 5, appendix p 6). The rates for the other individual 
components of the secondary endpoint did not diff er 
signifi cantly between the two treatment groups (table 5, 
appendix p 6).

Discussion
The WOEST trial clearly shows that clopidogrel alone 
administered to patients taking oral anticoagulants who 
require PCI is associated with a signifi cantly lower rate of 
bleeding complications at 1 year than is use of clopidogrel 
plus aspirin.

As anticipated, the frequency of gastrointestinal 
bleeding episodes was substantially lower in the double-
therapy than in the triple-therapy group, which is 
probably related to the local erosive eff ect of aspirin. 
When assessed by the BARC criteria, the incidence of 
serious (BARC 3) bleeding episodes was signifi cantly 
higher in the triple-therapy group than in the double-
therapy group. The number of TIMI major bleeding 
episodes was also higher in the triple-therapy group than 
in the double-therapy group, but the overall diff erence in 
TIMI bleeding events was largely driven by minimal and 
minor events. Nevertheless, when we assessed diff er-
ences between TIMI minor and major and GUSTO 
moderate and severe bleeding epsodes, the rates were 
signifi cantly higher for both combined endpoints in the 
triple-therapy group. This fi nding indicates that even 
without the least serious bleeding classifi cations (TIMI 
minimal and GUSTO mild), there is still a signifi cant 
diff erence in favour of double therapy. Finally, despite 
rates of TIMI major bleeding not diff ering signifi cantly 
between treatment groups, the number needed to harm 
was 40 (data not shown), which we believe is clinically 
relevant if all aspects of the eff ects of double therapy on 
bleeding risk are taken into account. Therefore, we view 
the reduction in bleeding complications in the WOEST 
trial as being clinically meaningful.

The role of non-major bleeding should not be under-
estimated. Discontinuation of antiplatelet therapy in 

aff ected patients can lead to subsequent thrombotic 
complications, such as stent thrombosis.3,8,26–28 Gastro-
intestinal bleeding episodes that require urgent gas-
troscopy and blood transfusion but lead to decreases in 
haemoglobin concentrations of up to 30 g/L might be 
classifi ed as TIMI minor. Blood transfusions have been 
associated with increased risk of death in previous 
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Figure 2: Incidence of the primary endpoint (any bleeding)
HR=hazard ratio. 

Double therapy 
(n-279)

Triple therapy 
(n=284)

Hazard ratio (95% CI) p value

Any bleeding event 54 (19·4%) 126 (44·4%) 0·36 (0·26–0·50) <0·0001

TIMI bleeding

Major 9 (3·2%) 16 (5·6%) 0·56 (0·25–1·27) 0·159

Major and minor 39 (14·0%) 89 (31·3%) 0·40 (0·27–0·58) <0·0001

GUSTO bleeding

Severe 4 (1·4) 10 (3·5%) 0·40 (0·12–1·27) 0·119

Severe and moderate 15 (5·4%) 35 (12·3%) 0·42 (0·23–0·76) 0·003

BARC bleeding

3 18 (6·5%) 36 (12·7%) 0·49 (0·28–0·86) 0·011

3c 3 (1·1%) 3 (1·1%) 1·00 (0·20–4·90) 0·996

3b 6 (2·2%) 14 (5·0%) 0·43 (0·17–1·10) 0·074

3a 9 (3·2%) 19 (6·7%) 0·47 (0·21–1·00) 0·054·

2 23 (8·2%) 59 (20·8%) 0·36 (0·23–0·59) <0·0001

2+3 40 (14·3%) 90 (31·7%) 0·40 (0·28–0·58) <0·0001

1 18 (6·5%) 45 (15·8%) 0·38 (0·22–0·66) 0·0004

Any blood transfusion 11 (3·9%) 27 (9·5%) 0·39* (0·17–0·84) 0·011

Percentages are calculated from the Kaplan-Meier curve. TIMI= Thrombolysis in Myocardial Infarction criteria. 
GUSTO=Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries criteria. 
BARC=Bleeding Academic Research Consortium criteria. *Odds ratio. 

Table 3: Results for the primary endpoint at 1 year

p<0.0001	
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Use of clopidogrel with or without aspirin in patients taking 
oral anticoagulant therapy and undergoing percutaneous 
coronary intervention: an open-label, randomised, 
controlled trial
Willem J M Dewilde, Tom Oirbans, Freek W A Verheugt, Johannes C Kelder, Bart J G L De Smet, Jean-Paul Herrman, Tom Adriaenssens, Mathias Vrolix, 
Antonius A C M Heestermans, Marije M Vis, Jan G P Tijsen, Arnoud W van ‘t Hof, Jurriën M ten Berg, for the WOEST study investigators

Summary
Background If percutaneous coronary intervention (PCI) is required in patients taking oral anticoagulants, antiplatelet 
therapy with aspirin and clopidogrel is indicated, but such triple therapy increases the risk of serious bleeding. We 
investigated the safety and effi  cacy of clopidogrel alone compared with clopidogrel plus aspirin.

Methods We did an open-label, multicentre, randomised, controlled trial in 15 centres in Belgium and the Netherlands. 
From November, 2008, to November, 2011, adults receiving oral anticoagulants and undergoing PCI were assigned 
clopidogrel alone (double therapy) or clopidogrel plus aspirin (triple therapy). The primary outcome was any bleeding 
episode within 1 year of PCI, assessed by intention to treat. This study is registered with ClinicalTrials.gov, number 
NCT00769938.

Findings 573 patients were enrolled and 1-year data were available for 279 (98·2%) patients assigned double therapy 
and 284 (98·3%) assigned triple therapy. Mean ages were 70·3 (SD 7·0) years and 69·5 (8·0) years, respectively. 
Bleeding episodes were seen in 54 (19·4%) patients receiving double therapy and in 126 (44·4%) receiving triple 
therapy (hazard ratio [HR] 0·36, 95% CI 0·26–0·50, p<0·0001). In the double-therapy group, six (2·2%) patients had 
multiple bleeding events, compared with 34 (12·0%) in the triple-therapy group. 11 (3·9%) patients receiving double 
therapy required at least one blood transfusion, compared with 27 (9·5%) patients in the triple-therapy group (odds 
ratio from Kaplan-Meier curve 0·39, 95% CI 0·17–0·84, p=0·011).

Interpretation Use of clopiogrel without aspirin was associated with a signifi cant reduction in bleeding complications 
and no increase in the rate of thrombotic events.

Funding Antonius Ziekenhuis Foundation, Strect Foundation.

Introduction
Long-term treatment with oral anticoagulants is necessary 
in patients with mechanical heart valves and in most with 
atrial fi brillation.1–3 20–30% of patients have concomitant 
ischaemic heart disease that requires percutaneous 
coronary intervention (PCI) with stenting.3,4 In these 
cases, double antiplatelet therapy with aspirin and clopi-
dogrel is indicated to prevent stent thrombosis.3,5 The 
combination of oral anticoagulants and antiplatelet 
therapy, however, is associated with a high annual risk 
(4–16%) of fatal and non-fatal bleeding episodes.4,6–8 The 
optimum treatment after PCI is, therefore, unclear when 
thrombotic and bleeding risks are both taken into 
account. No indicative data are available from prospective 
randomised trials. Experts recommend triple anti throm-
botic therapy, consisting of oral anticoagulants with a 
revised target international normalisation rate, aspirin, 
and clopidogrel (for as short a time as possible),3 but this 
strategy has not been tested prospectively.3,9 Omission of 
oral anticoagulants could lead to an increased risk of 
thrombotic stroke,10–12 whereas clopidogrel is essential to 
prevent stent thrombosis.6,13–15 The exclusion of aspirin 

might, therefore, be useful to reduce the bleeding risk in 
patients with coronary artery disease. Results from two 
large, randomised trials showed that full-intensity oral 
anticoagulants alone after myocardial infarction were 
associated with reduced rates of reinfarction and stroke 
compared with aspirin, although the risk of bleeding 
episodes was raised.16,17

In this trial we tested the hypothesis that in patients 
taking oral anticoagulants and undergoing PCI, the use 
of clopidogrel alone would reduce the risk of bleeding 
but not increase the risk of thrombotic events compared 
with clopidogrel plus aspirin.

Methods 
Study design and patients
The What is the Optimal antiplatElet and anticoagulant 
therapy in patients with oral anticoagulation and 
coronary StenTing (WOEST) study was an open-label, 
randomised, controlled trial done at 15 sites in the 
Netherlands and Belgium.18 All eligible patients referred 
to the study centres from November, 2008, to November, 
2011, were included. Inclusion criteria were a long-term 
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Rivaroxaban and recent Acute Coronary Syndrome
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ceiving rivaroxaban, which was expected. This 
increased bleeding risk was seen with the two 
doses of rivaroxaban, as compared with placebo, 
although the lower rivaroxaban dose resulted in 
less bleeding than the higher dose. The rates of 
adverse events, other than bleeding events, were 
similar in the combined rivaroxaban group and 
the placebo group.

In addition to rivaroxaban, other new factor Xa 
and IIa inhibitors have been evaluated in patients 
after an acute coronary syndrome. The phase 2 
programs, which evaluated rivaroxaban, apixaban, 
dabigatran, and darexaban, all showed a dose-
dependent increase in bleeding.15,16 In the ATLAS 
ACS–TIMI 46 and Apixaban for Prevention of 
Acute Ischemic Events 1 (APPRAISE-1) trials 
(NCT00313300), rivaroxaban and apixaban also 
showed trends toward a reduction in cardiovas-
cular events.4,17 APPRAISE-2 (NCT00831441) then 

tested apixaban versus placebo in a phase 3 trial, 
which showed that the addition of 5 mg of apixa-
ban twice daily to antiplatelet therapy in patients 
after an acute coronary syndrome increased the 
number of major bleeding events without a sig-
nificant reduction in the rate of recurrent is-
chemic events.18 Some of the differences in the 
findings between our study and APPRAISE-2 may 
be due in part to the patient populations. Specifi-
cally, our study was designed to exclude patients 
who had a history of ischemic stroke or transient 
ischemic attack who were to be treated with as-
pirin and a thienopyridine, a group that has not 
appeared to benefit from greater degrees of an-
tithrombotic therapy.19,20

Regarding dose regimens, a 5-mg dose of 
apix aban twice daily was tested both in patients 
with atri al fibrillation in the Apixaban for Re-
duction in Stroke and Other Thromboembolic 
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Figure 3. Cumulative Incidence of Efficacy End Points, According to Rivaroxaban Dose.

The primary efficacy end point consists of death from cardiovascular causes, myocardial infarction, or stroke. The P values are for the modified 
intention-to-treat analyses. The P values for the intention-to-treat analyses are P = 0.007 in Panel A, P = 0.01 in Panel B, P = 0.005 in Panel C, and 
P = 0.57 in Panel D. 
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be considered as an alternative to triple therapy in patients with
high bleeding risk.

18.4.6 Duration of dual antiplatelet therapy after
percutaneous coronary intervention
In the pivotal studies establishing the value of early-generation DES,
the duration of DAPT was 2–3 months for the sirolimus-eluting
stent and 6 months for the paclitaxel-eluting stent. Following con-
cerns of a greater risk of stent thrombosis and ischaemic adverse
events,651 several guideline documents recommended DAPT for
1 year or longer after DES implantation.779 Detailed analyses com-
paring early-generation DES with BMS confirmed no safety issue,
with similar rates of death, and myocardial infarction, during long-
term follow-up throughout 5 years with heterogeneous duration of
DAPT, ranging from 2 months up to 1 year.124,649,650 Although very
late stent thrombosis was more frequent, this infrequent event was
offset by a somewhat lower rate of early stent thrombosis and a
lower risk of myocardial infarction related to repeat revasculariza-
tion. More recently, new-generation DES have been shown to have
a safety profile similar to or even better than BMS, including the
risk of very late stent thrombosis.125,129 – 132

Currently available data do not support prolonging DAPT follow-
ing DES beyond 1 year. A randomized trial called The Zotarolimus-
Eluting Stent, Sirolimus-Eluting Stent, or PacliTaxel-Eluting Stent
Implantation for Coronary Lesions - Late Coronary Arterial Throm-
botic Events/REAL-world Patients Treated with Drug-Eluting Stent
Implantation and Late Coronary Arterial Thrombotic Events
(ZEST-LATE/REAL-LATE) assigned stable patients, 1 year after
DES implantation, to continuation with clopidogrel plus ASA or to
ASA alone.871 After a median follow-up of 19 months, there was a
non-significantly higher rate of myocardial infarction, stroke, and
death in the patients who had continued clopidogrel treatment
than in those who stopped clopidogrel at random assignment 1
year after implantation.

Several randomized trials including Efficacy of Xience/Promus
Vs. Cypher in rEducing Late Loss After stenting (EXCELLENT),803

Real Safety and Efficacy of a 3-month Dual Antiplatelet Therapy
Following Zotarolimus-eluting Stents Implantation (RESET),805

Optimized Duration of Clopidogrel Therapy Following Treatment
With the Zotarolimus-Eluting Stent inReal-WorldClinicalPractice
(OPTIMIZE)804 and PROlonging Dual Antiplatelet Treatment
In Patients With Coronary Artery Disease After Graded Stent-

Recommendations for antithrombotic treatment in patients undergoing PCI who require oral anticoagulation

Recommendations Classa Levelb Ref c

In patients with a firm indication for oral anticoagulation (e.g. atrial fibrillation with CHA2DS2-
thromboembolism, LV thrombus, or mechanical valve prosthesis), oral anticoagulation is

recommended in addition to antiplatelet therapy.
I C

New-generation DES are preferred over BMS among patients requiring oral anticoagulation if bleeding risk is
low (HAS-BLED 2). IIa C

In patients with SCAD and atrial fibrillation with CHA2DS2-VASc score 2 at low bleeding risk (HAS-BLED
2), initial triple therapy of (N)OAC and ASA (75–100 mg/day) and clopidogrel 75 mg/day should be

considered for a duration of at least one month after BMS or new-generation DES followed by dual therapy
with (N)OAC and aspirin 75–100 mg/day or clopidogrel (75 mg/day) continued up to 12 months.

IIa C

DAPT should be considered as alternative to initial triple therapy for patients with SCAD and atrial fibrillation
with a CHA2DS2-VASc score 1.
In patients with ACS and atrial fibrillation at low bleeding risk (HAS-BLED 2), initial triple therapy of
(N)OAC and ASA (75–100 mg/day) and clopidogrel 75 mg/day should be considered for a duration of
6 months irrespective of stent type followed by (N)OAC and aspirin 75–100 mg/day or clopidogrel
(75 mg/day) continued up to 12 months.

IIa C

IIa C

C

In patients requiring oral anticoagulation at high bleeding risk (HAS BLED 3), triple therapy of (N)OAC and
ASA (75–100 mg/day) and clopidogrel 75 mg/day should be considered for a duration of one month followed
by (N)OAC and aspirin 75–100 mg/day or clopidogrel (75 mg/day) irrespective of clinical setting (SCAD or
ACS) and stent type (BMS or new-generation DES).
Dual therapy of (N)OAC and clopidogrel 75 mg/day may be considered as an alternative to initial triple
therapy in selected patients.

IIa

IIb B 865,870

The use of ticagrelor and prasugrel as part of initial triple therapy is not recommended III C

VASc score 2,
venous

Anticoagulation therapy after PCI in ACS patient
In selected patients who receive ASA and clopidogrel, low-dose rivaroxaban (2.5 mg twice daily) may be
considered in the setting of PCI for ACS if the patient is at low bleeding risk. IIb B 855

Anticoagulation during PCI in patients on oral anticoagulation
It is recommended to use additional parenteral anticoagulation, regardless of the timing of the last dose of
(N)OAC. I C

Periprocedural parenteral anticoagulants (bivalirudin, enoxaparin or UFH) should be discontinued
immediately after primary PCI. IIa C

aClass of recommendation.
bLevel of evidence.
cReferences.
ACS ¼ acute coronary syndrome; ASA ¼ acetylsalicylic acid; BMS ¼ bare-metal stent; CHA2DS2-VASc ¼ Cardiac failure, Hypertension, Age ≥75 [Doubled], Diabetes, Stroke
[Doubled]–Vascular disease, Age 65–74 and Sex category [Female]); DAPT ¼ dual antiplatelet therapy; DES ¼ drug-eluting stent; (N)OAC ¼ (non-vitamin K antagonist) oral
anticoagulant; HAS-BLED ¼ hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly, drugs/alcohol; INR = international normalized
ratio; LV ¼ left ventricular; PCI ¼ percutaneous coronary intervention; SCAD ¼ stable coronary artery disease; UFH ¼ unfractionated heparin.
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Clinical study: rivaroxaban and PCI in AF 
(PIONEER AF-PCI) – study design 

Randomized, open-label, multicentre study  
Objective: To assess the safety of two rivaroxaban treatment strategies and a dose-adjusted vitamin K 
antagonist (VKA) treatment strategy after percutaneous coronary intervenion (PCI) (with stent 
placement) in subjects with non-valvular atrial fibrillation (AF) 

Participating countries:  
Argentina, Belgium, Canada, Chile, 
Denmark, France, Germany, Italy, 
Netherlands, Poland, Russia, Sweden, 
UK, USA 

www.clinicaltrials.gov/(NCT01830543).  

*ASA (75–100 mg daily) + clopidogrel (75 mg daily) 
#CrCl 30–49 ml/min: 10 mg od 
†First dose administered 72–96 hours after sheath removal 
‡First dose administered 12–72 hours after sheath removal 

End of 
treatment  

(12 months) 

Rivaroxaban 2.5 mg bid‡ 
+ DAPT* 

VKA (INR 2.0–3.0)‡ + DAPT* 

Rivaroxaban 15 mg od# + 
low-dose ASA 

VKA + low-dose ASA 

R	
  

Study	
  popula6on:	
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  with	
  	
  
paroxysmal,	
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  or	
  
permanent	
  AF,	
  who	
  have	
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  a	
  PCI	
  (with	
  
stent	
  placement)	
  

Primary	
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Safety:	
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  of	
  
TIMI	
  major	
  bleeding,	
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  bleeding	
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  apen5on	
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  as	
  
clinically	
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bleeding)	
  events	
  

Study	
  milestones:	
  
FPFV:	
  May	
  1st	
  2013	
  
LPLV:	
  30	
  Aug	
  2015	
  
CSR:	
  30	
  Dec	
  2015	
  

ASA, acetylsalicylic acid; 
CrCl, creatinine clearance; 
DAPT, dual antiplatelet 
therapy; DB, database lock-
down; FPFV, first patient first 
visit; od, once daily; LPLV, 
last patient last visit; TIMI, 
Thrombolysis in 
Myocardial Infarction 

N=2.100	
  

1:1:1	
  

Rivaroxaban 15 mg od#† + clopidogrel 

Intended	
  DAPT	
  dura6on	
  	
  
of	
  1,	
  6	
  or	
  12	
  months	
  



Dabigatran etexilate 150 mg BID + P2Y12 inhibitor 
 

1° End Point 
 

Time to death or first thrombotic event (all death, MI, stroke/SE) 
 plus  

Time to first major bleeding event (ISTH Major) 
 

Dabigatran etexilate 110 mg BID + P2Y12 inhibitor 
 

Warfarin (INR 2.0 – 3.0) + P2Y12 inhibitor + ASA 
 

Paroxysmal, 
persistent or 

permanent AF, 
PCI with stenting 

[BMS or DES] 
elective or ACS 

 

Screening  
 

R	
  

Patients ≥80 years living outside 
of the USA will be assigned to 
110mg dabigatran etexilate (BID) 
or warfarin in a 1:1 ratio   
 

0-72 hours  
post-PCI 

 

DE arms: ASA (≤100 mg) discontinuation immediately after PCI 
 
Warfarin arm: ASA discontinuation after 1 month (BMS) or 3 
months (DES) 
 
P2Y12 inhibitor (clopidogrel 75 mg qd or ticagrelor 90 mg bid) 
can be discontinued after 12 months of follow up at the 
discretion of the investigator       
 

n = approximately 2840 patients per  
arm (Total = approximately 8520 patients) 
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La	
  Bivalirudine	
  	
  
L’exemple	
  d’un	
  succès	
  fugace	
  monté	
  

de	
  toutes	
  pièces	
  par	
  des	
  études	
  
bizarrement	
  ficelées	
  

43	
  

Aucune indication retenue.

✔ BIVALIRUDINE (ANGIOX® OU ANGIOMAX®):

Depuis longtemps utilisée aux Etats-Unis, la BIVALIRUDINE est un anticoagulant  inhibant directement 
la thrombine, utilisée par voie intraveineuse, désormais indiquée dans le traitement des syndromes 
coronariens aigus devant bénéficier d’une intervention urgente ou précoce.

Une réduction de la survenue des hémorragies majeures a été observée chez les patients traités par 
ANGIOX® par rapport à ceux traités par une association        d'héparine (HNF ou HBPM) + anti-
GPIIb/IIIa.
Introduite dans les recommandations Américaines de 2009, son indication est confirmée dans les 
nouvelles recommandations Européennes 2010, avec un niveau de preuve 1B, à la posologie de 0,75 
mg/kg en bolus, suivi d'un relais à la SAP de 1,75 mg/kg/heure, devant l'HNF, niveau de preuve 1C.
En conclusion, peu de bénéfice en terme d'efficacité par rapport aux molécules utilisées en France, 
mais diminution du risque hémorragique.
Etude HORIZON / EUROMAX en cours.

Aucune indication retenue.

J. NADAL, D. VIGNON, CHPG Monaco
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ACUITY;3 later trials used Bleeding Academic Research 
Consortium type 3–5 bleeding.28 1406 patients had a 
major bleed. In pooled analyses, bivalirudin-based 
anticoagulation regimens reduced major bleeding when 
compared with heparin-based anticoagulation regimens 
(risk ratio 0·62, 95% CI 0·49–0·78; p<0·0001). However, 
there was signifi cant heterogeneity between the trials 
(Cochran’s Q statistic 53·1, df 17; p<0·0001; I²=68·0%). 
Specifi cally, the risk of bleeding with bivalirudin-based 
regimens versus heparin-based regimens signifi cantly 
diff ered depending on concomitant GPI use (p<0·0001; 
fi gure 4). In trials in which GPI use was provisional in 
the bivalirudin arm but predominantly planned in the 
heparin arm, the risk ratio for bleeding for bivalirudin 
versus heparin was 0·53 (95% CI 0·47–0·61; p<0·0001). 
In trials that used GPIs on a provisional basis in both the 
bivalirudin and heparin arms, the risk ratio was 0·78 
(95% CI 0·51–1·19; p=0·25). Among these latter trials, 
which included ISAR-REACT 3,5 in which a very high 
bolus dose of UFH (140 U/kg) was used, there was 
possibly an association (p=0·065 from the meta-
regression model) between the reduction in bleeding 

with bivalirudin and the dose of UFH (6·6% greater 
relative risk reduction for each increase of 10 U/kg in the 
protocol-stipulated bolus dose of UFH; appendix). Lastly, 
there was no diff erence in bleeding in the trials in which 
GPI was used routinely with both bivalirudin and 
heparin (risk ratio 1·07, 95% CI 0·87–1·31; p=0·53).

We found similar overall results after excluding each 
individual study and after excluding trials with no 
events in a treatment arm (appendix). When the meta-
analysis was limited to only those studies with at least 
50 MACE (ten studies with 31 748 patients), the results 
were similar (appendix). There was no evidence that 
masking in the trial aff ected the results (appendix). For 
trials with three arms, similar results were noted when 
the sole comparator was partitioned (appendix). There 
was no evidence of publication bias having a signifi cant 
eff ect on the results (appendix).

Discussion
In this meta-analysis of 16 trials involving nearly 
34 000 patients, treatment with a bivalirudin-based 
regimen compared with a heparin-based regimen resulted 

Figure 4: Major bleeding, stratifi ed by use of glycoprotein IIb/IIIa inhibitors
p for heterogeneity by trial design <0·0001. Within trial design groupings, there was no evidence of between-trial heterogeneity in the trials with predominantly 
planned GPI in the heparin arm compared with provisional GPI in the bivalirudin arm (Q statistic 6·8, df 8; p=0·56), trials with provisional GPI in both arms (Q statistic 
7·9, df 4; p=0·094, or trials with planned GPIs in both arms (Q statistic 3·0, df 3; p=0·39). GPI=glycoprotein IIb/IIIa inhibitor. PCI=percutaneous coronary intervention. 
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Statistical analysis
When available, we used the risk ratios or hazard ratios 
reported in the original manuscript for the meta-analysis. 
When actual risk ratios or hazard ratios were not available, 
we calculated risk ratios and 95% CIs using Stata 
version 12 (StataCorp, College Station, TX, USA). For 
trials that had endpoints with zero events in a treatment 
arm, risk ratios and 95% CIs were calculated using a 
0·5 cell correction.15 Trials in which specifi c endpoints 
were not reported were excluded only from the pooled 
analyses of the specifi c endpoints that were not reported. 
We calculated pooled risk ratios using a random-eff ects 
model (Comprehensive Meta-Analysis 2·2·048, Biostat 
Inc, Englewood, NJ, USA) by the method of DerSimonian 
and Laird.16 We assessed heterogeneity using the Cochran 
Q statistic, and when there was heterogeneity we assessed 
the amount with the I² measure (the percentage of total 
variability due to true between-study heterogeneity). We 
stratifi ed results by key trial characteristics, including 
type of patient enrolled (predominantly ST-segment 
elevation MI [STEMI], predominantly non-ST-elevation 
[NSTE]-ACS, or pre dominantly elective or urgent PCI) 
and use of GPIs (predominantly planned in the heparin 
arm versus provisional in the bivalirudin arm, provisional 
in both arms, or planned in both arms). In sensitivity 
analyses, we included only trials with events in both 
arms, serially left one study out, partitioned the sole 
comparator arm for trials with three arms, restricted the 
analyses to trials with at least 50 MACE events, and 
analysed for heterogeneity on the basis of masking within 

the trial. We did meta-regression to examine two relations: 
(1) that of the natural log-transformed risk ratio of the 
eff ect of bivalirudin on mortality versus the natural 
log-transformed risk ratio of the eff ect of bivalirudin on 
major bleeding; and (2) that of the natural log-
transformed risk ratio of the eff ect of bivalirudin on 
major bleeding versus the protocol-stipulated bolus dose 
of UFH among trials with provisional GPI use in 
both arms.

We assessed publication bias by visual inspection of 
funnel plots and by calculation of the p value (one-sided) 
for Egger’s intercept. Asymmetry was addressed using 
Duval and Tweedie’s trim and fi ll method.17

We did not make corrections for multiple hypothesis 
testing because of the exploratory nature of the analyses. 
All tests were two-sided, with p less than 0·05 deemed 
signifi cant.

Figure 1: Major adverse cardiac events
There was no evidence of between-trial heterogeneity (Q statistic 12·1, df 17; p=0·79). GPI=glycoprotein IIb/IIIa inhibitor. MACE=major adverse cardiovascular events. 
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Figure 2: Major adverse cardiovascular events and individual cardiovascular events 
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Lorsque	
  la	
  coronaropathie	
  n’a	
  pas	
  tué	
  le	
  
malade….	
  	
  

le	
  traitement	
  peut	
  encore	
  le	
  faire	
  



Surdosage	
  en	
  an6thrombo6ques	
  
=	
  

Mortalité	
  x	
  5.8	
  à	
  12.4	
  

Surdosage en HNF = Mortalité x 5.8  
Surdosage en HBPM = Mortalité x 3.4 
Surdosage en IIbIIIa = Mortalité x 12.4 
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  la	
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  en	
  charge	
  ini6ale	
  d’un	
  SCA	
  qu’est	
  ce	
  qui	
  peut	
  tuer	
  le	
  malade?	
  




