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Conflits	
  d’intérêts.	
  
	
  

Medtronic	
  :	
  Proctoring	
  TAVI	
  
Abbo?	
  :	
  proctoring	
  CTO	
  

Biosensor	
  :	
  proctoring	
  CTO	
  



•  Mme	
  L.	
  	
  ,	
  76	
  ans	
  	
  
•  Admise	
  en	
  USIC	
  pour	
  accès	
  de	
  fibrillaMon	
  atriale	
  
compliquée	
  de	
  douleurs	
  thoraciques	
  

•  ATCD:	
  HTA,	
  Dyslipidemie,	
  Surcharge	
  pondérale	
  

•  TRT	
  :	
  PRADAXA	
  150	
  mg/j,	
  BISOPROLOL	
  1,25	
  mg/j	
  ,	
  
CRESTOR	
  5	
  mg/j,	
  RAMIPRIL	
  5m	
  g/j,	
  LASILIX	
  40	
  mg/j	
  



•  ECG	
  iniMal	
  :	
  FibrillaMon	
  atriale	
  –	
  Freq	
  ventr:	
  140	
  bpm	
  
•  ECG	
  H24	
  :	
  sous	
  decalage	
  diffus	
  de	
  ST	
  V1-­‐V6	
  
•  Biologie	
  	
  H24	
  :	
  	
  

–  élévaMon	
  de	
  troponine	
  à	
  0,43	
  UI/L	
  
– Hb=13,6	
  g/dl	
  ;	
  Leucocytes	
  :	
  13	
  G/L	
  ;	
  Plaque?es	
  :231	
  G/L	
  	
  
–  CreaMninemie	
  :	
  73	
  µmol/L	
  	
  >	
  Clairance	
  68	
  mL/min/1.73	
  m2	
  

•  Decision	
  de	
  coronarographie	
  	
  



Baseline	
  Angiography	
  



STENT	
  ONYX	
  4.0*18	
  	
  and	
  POT	
  side	
  POT	
  





QUELLE	
  EST	
  VOTRE	
  STRATEGIE	
  
	
  D’ANTICOAGULATION	
  /	
  ANTIAGREGATION	
  ?	
  	
  

CHA2DS2-­‐VASc	
  score:	
  5	
   HAS-­‐BLED	
  score	
  :	
  3	
  	
  



PATIENTS	
  AVEC	
  FA	
  

CORONAROPATHIE:	
  
17-­‐46%	
  

ANGIOPLASTIE	
  
	
  CORONAIRE:	
  

5-­‐15%	
  

Chang	
  KW	
  et	
  al.	
  ,	
  InternaEonal	
  Journal	
  Cardiology	
  2017	
  



PREVALENCE	
  DE	
  LA	
  FA	
  

CORONAROPATHIE	
  STABLE	
   0.2-­‐5	
  %	
  

CORONAROPATHIE	
  INSTABLE	
   6-­‐21%	
  

ANGIOPLASTIE	
  CORONAIRE	
   5-­‐8%	
  

Chang	
  KW	
  et	
  al.	
  ,	
  InternaEonal	
  Journal	
  Cardiology	
  2017	
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Activation of blood coagulation
Blood coagulation generally develops after the activa-
tion and aggregation of platelets. Blood coagulation 
involves several sequential, calcium-dependent enzyma-
tic reactions encompassing the conversion of inactive 
pro enzymes into the respective serine proteases, and 
culminates in the genera tion of thrombin (Figure 3 
and Figure 4). The activation of the coagulation cascade 
and the subsequent stabiliza tion of the blood clot are the 
result of a delicate balance between the activity of spe-
cific procoagulant proteases and respective anticoagulant 
enzyme inhibitors.

Intrinsic and extrinsic pathways
Since 1964,28,29 the activation of blood coagulation has 
been schematically subdivided into two main pathways 
—the intrinsic and the extrinsic pathways (Figure 4). 
This model has gained much success in both clinical and 
laboratory practice, especially owing to its ideal reflec-
tion in first-line coagulation tests such as ‘prothrombin 
time’ and ‘activated partial thromboplastin time’. The 
modern concept of the activation of blood coagulation 
in vivo, however, is centered on the extrinsic pathway, 
because the activation of the intrinsic pathway does not 
seem to contribute substantially to the initiation of the 
physiological hemostatic process (but is involved in the 
‘boost’ phase).27 This idea is supported by clinical evi-
dence that patients with severe deficiencies in the coagu-
lation factors upstream of the intrinsic pathway (such 
as clotting factor XIIa [FXIIa], prekallikrein, and high-
molecular- weight kininogen) do not have a substantial 
risk of bleeding.30 However, the importance of FXIIa in 
arterial thrombosis remains controversial, as evidence 
has been provided that FXII (F12) knockout mice are 
characterized by defective arterial thrombus formation 
in vivo.31 These experimental findings raise the possibil-
ity that FXIIa could influence the extent of a develop-
ing thrombus in the intravascular compartment and 
might thus contribute to pathological arterial thrombus  
formation without influencing hemostasis.32,33

Sources of tissue factor
Evidence is growing in support of the hypothesis that 
tissue factor might act as a major procoagulant factor for 
pathological arterial thrombosis and is essential for coagu-
lation to occur. Nevertheless, the major source of tissue 
factor involved in arterial thrombosis formation is still 
being debated.2 Plaque tissue factor, which is expressed 
on apoptosis-derived microparticles from endothelial cells 
and macrophages and found in the lipid-rich core together 
with macrophages and smooth muscle cells, seems to play 
a pivotal role in this process.12

Confocal and intravital videomicroscopy are important 
techniques to study thrombus formation in real time in 
genetically altered animals.33 Falati and colleagues used 
this technique to study thrombus formation after laser 
injury to the cremaster arteriole of a live mouse, and 
showed that the activation of blood coagulation devel-
ops through initial accumulation of tissue factor on the 
upstream and thrombus–vessel-wall interface of the initial 

thrombus.26 Biologically active tissue factor then associ-
ates within the thrombus, which triggers the genera tion of 
fibrin. Leukocytes or leukocyte-derived circulating micro-
particles, which accumulate at the site of the lesion shortly 
after plaque rupture through interaction of P-selectin 
with P-selectin counter-receptor 1, might represent an 
additional source of tissue factor that supports thrombus 
propagation at the site of vascular injury.35 In fact, anti-
bodies that block P-selectin inhibit the accumulation 
of leukocytes or leukocyte-derived circulating micro-
particles in the developing thrombus, and reduce fibrin 
formation in animal models of thrombosis.36

Patients with coronary artery disease (CAD), hyper-
lipidemia, disorders associated with enhanced intra-
vascular coagulation (such as sickle cell anemia and 
disseminated intravascular coagulation), or those with 
certain tissue factor genotypes (such as I/I)37,38 exhibit 
increased circu lating levels of tissue factor. One cannot 
definitely exclude that these patients might feature higher 
blood thrombogenicity than patients with normal tissue-
factor levels, and that the increased thrombogenicity  
promotes the development of acute thrombotic events.

Figure 2 | Platelet activation and aggregation in the context of arterial thrombus 
formation. The formation of a platelet aggregate is initiated by the interaction  
of platelet surface receptors GPIb-IX-V and GPVI with VWF and collagen, 
respectively. The initial phase of platelet activation is followed by a shift in the 
conformation integrins on platelets. GPIIb/IIIa (also known as GPαII/βIII, 
integrin αIIbβ3, or integrin α3β2) binds VWF and fibrinogen, mediating firm adhesion, 
spreading, coagulant activity, and aggregation of platelets. Platelet GPIa/IIa (also 
know as integrin α2β1) is also essential for platelet activation, since it mediates 
collagen–platelet binding under low-shear-rate conditions (such as those near an 
atherosclerotic plaque) and promotes the association between collagen and 
GPVI. ADP further promotes platelets to undergo a shape change, to release 
granule contents, and to aggregate, whereas TXA2 exerts a positive feedback in 
terms of activation and recruitment of additional platelets to the primary 
hemostatic plug. Abbreviations: GP, glycoprotein; TXA2, thromboxane A2;  
VWF, von Willebrand factor.
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Role of the thrombin burst
Although tissue factor has a pivotal role in initiating blood 
coagulation, further activation of coagulation factor X 
through the formation of a complex between tissue factor 
and factor VIIa (FVIIa) seems insufficient to support and 
maintain the next step of blood coagulation. This step 
coincides with the so-called thrombin burst and involves 
all coagulation factors of the intrinsic pathway.27 The low 
amount of thrombin generated by the extrinsic pathway 
(<2%) is, in fact, efficiently balanced by the much higher 
concentration of thrombin generated in the thrombin 
burst. This mechanism also exerts positive feedback on the 
intrinsic pathway, resulting in the generation of numerous 
procoagulant enzymatic complexes. The thrombin burst 
is also necessary for the activation of carboxypeptidase B2 
(also known as thrombin- activatable fibrinolysis inhibi-
tor [TAFI]), which contributes to the downregulation 
of plasma fibrinolysis by attenuating plasmin-mediated 
fibrin degradation.27 Blood coagu lation culminates in 
the conversion of fibrinogen to fibrin, the polymeriza-
tion of fibrin, and in the stabilization of the fibrin network 
through the enzymatic activity of coagulation factor XIII 
(FXIII) and TAFI (Figure 3 and Figure 4).39,40

Role of factor XIII
FXIII has a tetrameric structure (also abbreviated as 
FXIII-A2B2), consisting of two potentially active ‘A’ sub-
units (FXIII-A) and two inhibitory or carrier ‘B’ subunits 
(FXIII-B). FXIII inhibits plasma fibrinolysis via two main 
mechanisms—the cross-linking of fibrin α-chains into 
high-molecular-weight α-polymers, which renders the 
clot more resistant to fibrinolysis,39 and the binding to 
α2-plasmin inhibitor (α2PI) and other components of the 
fibrinolytic system, including plasminogen activator inhib-
itor 1 (PAI-1), TAFI, plasminogen, and lipoprotein(a), 
which protects the fibrin from degradation by plasmin.41 
Interestingly, increased plasma levels of FXIII might 
increase the extent of fibrin cross-linking and inhibit the 
degradation of fibrin by exogenous plasmin.42

Role of fibrinogen
Fibrinogen is a key component of the hemostatic system. 
Thrombin-catalyzed cleavage of fibrinopeptide A and 
fibrinopeptide B converts fibrinogen into fibrin, which 
spontaneously polymerizes and forms double-stranded 

protofibrils; these protofibrils then assemble into branched 
fibrin fibers that form the fibrin clot. Fibrinogen is com-
posed of pairs of three polypeptide chains (α chain, β chain, 
and γ chain). A causal role of fibrinogen in the patho genesis 
of CAD is suggested by at least two important pieces of evi-
dence. Firstly, fibrin is a prominent part of atheromatous 
plaques and, secondly, fibrin is a major component of final 
occlusive thrombi. As such, both the concentration and the 
composition of the fibrin clot might determine the compo-
sition and size of the thrombus, as well as the severity of the 
clinical outcome of an arterial thrombosis.43

Potential role of C-reactive protein
Chronic inflammation plays a key role in the patho genesis 
of atherosclerosis and CAD.4–6 Inflammatory cytokines 
can stimulate the generation of endothelial adhesion mole-
cules, proteases, and other mediators, all of which enter the 
blood flow in soluble form.4–7 Inflammatory cytokines can 
also trigger the production of interleukin 6 from a variety 
of cells (especially lymphocytes and macro phages), which, 
in turn, stimulates the hepatic synthesis of acute-phase 
reactants such as C-reactive protein (CRP). Platelets44 and 
visceral adipose tissue45 are additional sources of other 
proinflammatory mediators and potentially involved in 
the pathogenesis of atherothrombosis.4,46

The close correlations between inflammation and 
athero sclerosis have encouraged the use of inflamma-
tory biomarkers in the plasma for the prediction of major 
cardiovascular events and death.4,5 The best-validated 
inflammatory biomarker to date is the plasma CRP level. 
A growing body of evidence suggests that CRP might 
also exert a thrombogenic effect. However, whether 
CRP actively participates in the pathogenesis of art erial 
thrombo sis, or whether CRP plasma concentrations 
merely correlate with the course of the disease, remains 
to be elucidated. Matsuda et al. have assessed whether 
CRP influences arterial thrombus formation after balloon 
injury of smooth-muscle-cell-rich or macrophage-rich 
neointima in rabbits.47 The investigators found that 

Figure 3 | The activation of blood coagulation in arterial thrombus formation. Blood 
coagulation is initiated by the binding of tissue factor to FVIIa and supported by the 
‘thrombin burst’, which encompasses a series of sequential conversions of inactive 
proenzymes into the respective serine proteases, culminating in the generation of 
thrombin. FXI, FX, and FIX are essential for the formation of the ‘thrombin burst’, 
which acts as a physiological amplificatory mechanism that sustains and 
propagates thrombin generation. Fibrin is then generated by the enzymatic action  
of FX on fibrinogen. TAFI contributes to the downregulation of plasma fibrinolysis  
by attenuating plasmin-mediated fibrin degradation. Abbreviations: F, factor;  
TAFI, carboxypeptidase B2 (also known as thrombin-activatable fibrinolysis 
inhibitor); TF, tissue factor; VWF, von Willebrand factor.
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  AAP	
  ne	
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  pas	
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  bien	
  que	
  les	
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le	
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  FA	
  

ACTIVE	
  INVESTIGATORS,	
  Lancet	
  	
  2006	
  

Critère	
  primaire:	
  	
  
AVC	
  /	
  embolie	
  systémique/	
  IDM	
  /	
  Décès	
  vasculaire	
  	
  	
  

ACTIVE-­‐W	
  :	
  AVK	
  vs.	
  DAPT	
  dans	
  la	
  prévenEon	
  des	
  complicaEons	
  emboliques	
  dans	
  la	
  FA	
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•  Registre	
  ACTION	
  -­‐	
  GWTG	
  
•  N=4959	
  paMents	
  >	
  65	
  ans	
  avec	
  FA	
  et	
  SCA	
  traités	
  par	
  ATC	
  
•  N=	
  1370	
  paMents	
  sorMs	
  sous	
  triple	
  thérapie	
  (27.6%)	
  
•  N=3589	
  paMents	
  sorMs	
  sous	
  DAP	
  (72.4%)	
  

consent and authorization for this study, and all
analyses were conducted by the Duke Clinical
Research Institute.

RESULTS

PATIENT AND IN-HOSPITAL CHARACTERISTICS AMONG

DAPT VERSUS TRIPLE THERAPY GROUPS. Among 4,959
MI patients presenting with a history of AF who were
treated with PCI, 27.6% (n ¼ 1,370) were discharged
on triple therapy, and 72.4% (n ¼ 3,589) were dis-
charged on DAPT (Table 1). Compared with patients
prescribed DAPT at discharge, those receiving triple
therapy were more often male and more frequently
had a history of PCI or CABG, prior stroke, and recent
AF or atrial flutter. Patients discharged on triple
therapy were frequently already on warfarin before
admission, whereas those discharged on DAPT were
more likely to have had an in-hospital major bleeding
event. Use of triple therapy increased with higher
predicted stroke risk (p for trend < 0.0001) but was
not associated with predicted bleeding risk (p for
trend ¼ 0.18) (Figure 2). Patients in the triple therapy
group also more often presented with NSTEMI than
STEMI and more often had a left ventricular ejection
fraction #40%. There was greater use of glycoprotein
IIb/IIIa inhibitors among patients discharged on
DAPT, whereas patients in the triple therapy group
more often received bivalirudin during their PCI. Pa-
tients prescribed triple therapy who underwent PCI
for NSTEMI were less likely to undergo DES implan-
tation, whereas DES use for primary PCI among
STEMI patients was similar between the DAPT and
triple therapy groups.

CLINICAL OUTCOMES ACCORDING TO DISCHARGE

ANTITHROMBOTIC REGIMEN. Clinical outcomes were
examined according to discharge prescription of
triple therapy versus DAPT (Figure 3). Unadjusted
cumulative incidence rates of 2-year post-discharge
MACE between triple therapy and DAPT groups
were similar (32.6% vs. 32.7%; p ¼ 0.99). Unadjusted
cumulative incidence rates of the individual MACE
component endpoints were also similar between
patients discharged on triple therapy versus DAPT:
all-cause mortality (23.8% vs. 24.8%; p ¼ 0.70), MI
readmission (8.5% vs. 8.1%; p ¼ 0.54), and stroke
readmission (4.7% vs. 5.3%; p ¼ 0.23). The unadjusted
cumulative incidence of ischemic stroke was lower
for patients discharged on triple therapy versus DAPT
(3.2% vs. 4.7%; p ¼ 0.02). After adjustment for pa-
tient, treatment, and hospital characteristics, there
was no association of triple therapy with 2-year MACE
(adjusted HR: 0.99 [95% CI: 0.86 to 1.16]; p ¼ 0.94),
all-cause mortality (adjusted HR: 0.98 [95% CI: 0.83

TABLE 1 Patient, In-Hospital, and Discharge Treatment Characteristics According
to Discharge Warfarin Use

DAPT
(n ¼ 3,589)

Triple Therapy*
(n ¼ 1,370) p Value

Patient features

Age, yrs 78.0 (72.0–84.0) 77.0 (72.0–82.0) <0.01

Female 1,602 (44.6) 505 (36.9) <0.01

Body mass index, kg/m2 26.6 (23.6–30.5) 27.7 (24.6–31.6) <0.01

Hypertension 2,911 (81.1) 1,145 (83.6) 0.04

Dyslipidemia 2,226 (62.0) 922 (67.3) <0.01

Diabetes 1,075 (30.0) 486 (35.5) <0.01

Prior MI 991 (27.6) 431 (31.5) <0.01

Prior HF 606 (16.9) 337 (24.6) <0.01

Prior CABG 730 (20.3) 362 (26.4) <0.01

Prior PCI 1,014 (28.3) 424 (31.0) <0.01

AF/flutter in previous 2 weeks 1,014 (39.7) 586 (60.8) <0.01

Prior stroke 369 (10.3) 175 (12.8) 0.01

Peripheral arterial disease 466 (13.0) 211 (15.4) 0.03

CHADS2 score <0.01

0 186 (5.2) 39 (2.9)

1 733 (20.4) 244 (17.8)

2 1,201 (33.5) 444 (32.4)

3 899 (25.1) 362 (26.4)

4 372 (10.4) 189 (13.8)

5 112 (3.1) 66 (4.8)

6 52 (1.5) 22 (1.6)

ATRIA score >3 1,286 (35.8) 457 (33.4) 0.10

Bleeding admission in prior year 127 (3.5) 41 (3.0) 0.34

Home antithrombotic therapy

Aspirin 1,948 (54.3) 664 (48.4) <0.01

Clopidogrel 686 (19.1) 173 (12.6) <0.01

Prasugrel 3 (0.1) 3 (0.3) 0.21

Warfarin 276 (7.7) 851 (62.1) <0.01

In-hospital features

NSTEMI (vs. STEMI) 2,014 (56.1) 862 (62.9) <0.01

Baseline hemoglobin, g/dl 13.4 (12.1–14.6) 13.5 (12.3–14.7) <0.01

Baseline creatinine, mg/dl 1.1 (0.9–1.4) 1.2 (0.9–1.4) 0.05

LVEF >40% 2482 (74.3) 839 (65.6) <0.01

Time to catheterization, h 5.8 (1.0–32.0) 14.9 (1.1–46.1) <0.01

Multivessel disease 2,483 (69.7) 953 (70.03) 0.92

DES use (STEMI) 640 (47.8) 202 (46.4) 0.62

DES use (NSTEMI) 1,233 (61.2) 458 (53.1) <0.01

Procedural antithrombotic therapy

Unfractionated heparin 2,484 (69.6) 923 (68.5) 0.47

Low-molecular-weight heparin 1,068 (29.9) 364 (27.0) 0.05

Glycoprotein IIb/IIIa inhibitor 1,727 (49.9) 528 (40.2) <0.01

Bivalirudin 1,214 (34.0) 513 (38.1) <0.01

CABG 35 (1.0) 4 (0.3) 0.02

Major bleeding event 569 (15.9) 174 (12.7) <0.01

Discharge P2Y12 inhibitor

Clopidogrel 3,490 (97.7) 1,346 (98.8) 0.01

Prasugrel 89 (3.5) 19 (2.0) 0.02

Ticlopidine 10 (0.5) 5 (0.5) 0.86

Categorical variables presented as n (%) and continuous variables presented as median (25th to 75th percentiles).
*Triple therapy indicates warfarin, aspirin, and P2Y12 inhibitor.

AF ¼ atrial fibrillation; ATRIA ¼ Anticoagulation and Risk Factors in Atrial Fibrillation; CABG ¼ coronary artery
bypass grafting; CHADS2 ¼ congestive heart failure, hypertension, age$75 years, diabetes, prior stroke/transient
ischemic attack; DAPT ¼ dual antiplatelet therapy; DES ¼ drug-eluting stent(s); HF ¼ heart failure; LVEF ¼ left
ventricular ejection fraction; MI ¼ myocardial infarction; NSTEMI ¼ non–ST-segment elevation myocardial
infarction; PCI ¼ percutaneous coronary intervention; RBC ¼ red blood cell; STEMI ¼ ST-segment elevation
myocardial infarction.
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2-year risk of mortality or MACE but was associated
with a significantly higher early and long-term risk of
bleeding, including intracranial hemorrhage (Central
Illustration). These associations were robust among
various patient subgroups assessed according to age,
sex, predicted stroke and bleeding risk groups, stent
type, and MI type.

Defining the optimal antithrombotic treatment
strategy for MI patients with history of AF who have
been treated with PCI has been a conundrum given the
limited randomized trial evidence and the safety
concerns observed with triple therapy in this patient
population. To date, however, much of the available
data have come from observational single-center
studies and have had conflicting findings with regard
to any benefit of triple therapy on MACE (6,7,18–22).
For example, a recent report investigating 1,648 pa-
tients with AF undergoing stenting for NSTEMI found
that triple therapy was not associated with a risk of
stroke or bleeding (22). In a Danish study of 12,165 AF
patients with either MI or PCI, DAPT and individual
combinations of oral anticoagulation plus clopidogrel
or aspirin were not associated with increased coronary
events compared with triple therapy; nevertheless,
DAPT was associated with increased all-cause mor-
tality and higher risk of ischemic stroke. Bleeding
rates with oral anticoagulation plus clopidogrel were
similar to those with triple therapy but lower for oral
anticoagulation plus aspirin or DAPT (20).

Our study adds to the existing literature in several
ways. First, we used national registry data from 2007
to 2010 from >400 U.S. hospitals to identify a large
cohort of MI patients with a history of AF who un-
derwent stent implantation; therefore, our study
population had clinical indications for both dual
antiplatelet and anticoagulant therapy. Second, we
focused on a growing population of older patients
who are at highest risk of thrombotic events (and
consequently might benefit the most from triple
therapy) but who are also at high risk for bleeding.
This combination of a larger sample size and a
higher risk population permitted the statistical
power to assess the relationship between antith-
rombotic therapy selection and post-discharge out-
comes. Third, we had access to detailed clinical
information, as well as in-hospital treatments and
events captured in the ACTION Registry–GWTG, and
we were able to include these variables in robustly
risk-adjusted models. Finally, the use of Medicare
Part D data to examine post-discharge warfarin per-
sistence or initiation added insight when explaining
our findings.

In patients with an indication for anticoagulation
undergoing PCI with stenting or presenting with MI,

current practice guidelines recommend use of triple
therapy for as short a time as possible (Level of Evi-
dence: C) but also advocate careful consideration of
stroke, thrombosis, and bleeding risk when making
treatment decisions (12,23). We found that 27.6% of
older MI patients with a history of AF treated with
PCI were discharged on triple therapy. This propor-
tion increased with the estimated stroke risk and did
not vary with the predicted bleeding risk, lending
insight into how U.S. providers decide between triple
therapy versus DAPT for these patients. In addition,
we observed high rates of warfarin persistence at
3 months post-MI among patients discharged on
triple therapy. Conversely, w1 in 9 patients not

FIGURE 4 Bleeding Outcomes According to Triple Therapy Versus DAPT
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FIGURE 3 MACE Outcomes According to Use of Triple Therapy Versus DAPT
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Definition of bleeding in the studies was as presented in
Table 4, with a wide range of definitions. Funnel plot
analysis indicated that only small publication bias was
evident, and there was a low risk of bias both for the RCTs
and for observational studies (Figures 8 and 9).

Discussion

To the best of our knowledge, this is the largest meta-
analysis investigating safety and efficacy of possible com-
binations of DT versus TT for patients on OACs undergoing

Figure 6. Pooled analysis of risk of death, MI, stroke, and stent thrombosis for all studies.

Figure 7. Pooled analysis of risk of death, MI, stroke, and stent thrombosis for studies including data from RCTs or adjusted at multivariate analysis.
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For those assuming DT, major bleedings were reported in
3.0% (2.6% to 4.0%) and in 6.0% (3.0% to 10%) of TT.
Pooled analysis indicated that DT significantly reduced the
risk of bleeding (OR 0.79, 95% CI 0.64 to 0.98, I2 0%),

without affecting rates of death, MI, stroke, and stent
thrombosis (OR 0.92, 95% CI 0.69 to 1.23, I2 0%) also
when including clinical data deriving from RCTs or multi-
variate analysis (Figures 6 and 7).

Figure 4. Pooled analysis of risk of bleeding for all studies.

Figure 5. Pooled analysis of risk of bleeding for studies including data from RCTs or adjusted at multivariate analysis.
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Triple	
  thérapie	
  avec	
  Prasu/
Tica?	
  	
  

Sarafoff	
  et	
  al,	
  JACC	
  Vol.	
  61,	
  No.	
  20,	
  2013	
  

Adj	
  HR:	
  3.2,	
  95%	
  CI	
  1.1	
  to	
  9.1	
   Triple	
  Therapy:	
  OAC+ASA+P2Y12	
  blockers	
  
N=21	
  prasugrel*	
  et	
  N=356	
  Clopidogrel	
  



Peut-­‐on	
  faire	
  plus	
  simple?	
  



WOEST - Méthodologie 

Étude multicentrique ouverte (15 centres en Belgique et Pays-Bas) randomisée 
comparant 2 stratégies anti-thrombotiques après stenting (actifs 2/3 nus 1/3) : 
 

Groupe “triple thérapie” 
AVK + Clopidogrel 75 mg + Aspirine 80 mg 

  durée : 
1 mois min pour un stent nu 
12 mois pour un stent actif 

Suivi : 12 mois 
 
Critère primaire de jugement : survenue de tout type de saignement ( critères TIMI) 
 
Critères secondaires de jugement : 

-  combinaison d’AVC, décès, nécrose myocardique, thrombose de stent et 
revascularisation artère coupable 

-   tous critères 

Groupe “double thérapie” 
 AVK + Clopidogrel 75 mg 

  durée : 
1 mois min pour un stent nu 
12 mois pour un stent actif	
  



WOEST - Résultats - critère primaire  
(incidence cumulée des saignements) 



WOEST - Mortalité toutes causes 



Oldgren	
  J,	
  Budaj	
  A,	
  Granger	
  CB,	
  Khder	
  Y,	
  Roberts	
  J,	
  Siegbahn	
  A	
  et	
  al.	
  Dabigatran	
  vs.	
  placebo	
  in	
  paMents	
  with	
  acute	
  coronary	
  
syndromes	
  on	
  dual	
  anMplatelet	
  therapy:	
  a	
  randomized,	
  double-­‐blind,	
  phase	
  II	
  trial.	
  Eur	
  Heart	
  J	
  2011;32:2781–9.	
  

Registre	
  Danois	
  

12	
  165	
  paMents	
  fibrillaMon	
  atriale,	
  
hospitalisés	
  pour	
  infarctus	
  et/ou	
  angiostenMng	
  coronaire	
  entre	
  2001	
  et	
  2009.	
  

médiane	
  	
  CHADS2	
  de	
  1,9+1,2,	
  	
  
score	
  de	
  risque	
  hémorragique	
  HAS-­‐BLED	
  de	
  2,0+0,9	
   

• -40% :monothérapie: AVK, ou aspirine ou clopidogrel	
  ;	
  
• -50% :bithérapie	
  : AVK/clopidogrel,  AVK/aspirine  ou aspirine/clopidogrel	
  ;	
  
• -15% :trithérapie	
  : AVK + clopidogrel + aspirine. 

 AssociaEon	
  AVK/clopidogrel	
  plus	
  favorable.	
  	
  
Trithérapie	
  moins	
  d’efficacité	
  et	
  majore	
  le	
  risque	
  de	
  complicaEons	
  

hémorragiques	
  
	
  	
  

AVK/clopidogrel	
  vs	
  trithérapie	
  RR=0,78	
  ;	
  IC95%	
  [0,55-­‐1,12]	
  



Patients With Atrial Fibrillation Undergoing 
Coronary Stent Placement: PIONEER AF-PCI 

•  Primary endpoint: TIMI major + minor + bleeding requiring medical 
attention  

•  Secondary endpoint: CV death, MI, and stroke (Ischemic, Hemorrhagic, or Uncertain Origin) 
*Rivaroxaban dosed at 10 mg once daily in patients with CrCl of 30 to <50 mL/min. 
†Alternative P2Y12 inhibitors: 10 mg once-daily prasugrel or 90 mg twice-daily ticagrelor. 
‡Low-dose aspirin (75-100 mg/d).  ∆ Open label VKA 

u  2100 
patients 
with NVAF 

u  Coronary 
stenting 

u  No prior 
stroke/TIA, 
GI bleeding, 
Hb<10,  
CrCl<30 

R
 
A
 
N
 
D
 
O
 
M
I 
Z 
E

1,6, or 12 months 

Rivaroxaban 15 mg qd* 
Clopidogrel 75 mg qd† 

Rivaroxaban 15mg QD 
Aspirin 75-100 mg qd 

Rivaroxaban 2.5 mg bid 
Clopidogrel 75 mg qd† 

Aspirin 75-100 mg qd‡ 

VKA
∆
(target INR 2.0-3.0) 

Aspirin 75-100 mg qd 

VKA∆ (target INR 2.0-3.0) 
Clopidogrel 75 mg qd† 

Aspirin 75-100 mg qd 

≤72 
hours 

 
After 

Sheath   
removal 

1,6, or 12 months 

End of 
treatment 
12 months 

WOEST 
Like 

ATLAS 
Like 

 
Triple 

Therapy 

Gibson et al. AHA 2016 

Pre randomization MD Choice 

Pre randomization MD Choice 



Kaplan-Meier Estimates of First Occurrence  
of Clinically Significant Bleeding Events 
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 Treatment-emergent period: period starting after the first study drug administration following randomization and ending 2 days after stop of study drug. 
 Clinically significant bleeding is the composite of TIMI major, TIMI minor, and BRMA. 
 Hazard ratios as compared to the VKA group are based on the (stratified, only for Overall, 2.5 mg BID/15 mg QD comparing VKA) Cox proportional hazards model. 
 Log-Rank P-values as compared to VKA group are based on the (stratified, only for Overall, 2.5 mg BID/15 mg QD comparing VKA) two-sided log rank test. Gibson et al. AHA 2016 
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Kaplan-Meier Estimates of First  
Occurrence of CV Death, MI or Stroke 
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 Treatment-emergent period: period starting after the first study drug administration following randomization and ending 2 days after stop of study drug. 
 Composite of adverse CV events is composite of CV death, MI, and stroke. 
 Hazard ratios as compared to VKA group are based on the (stratified, only for the Overall, 2.5 mg BID/15 mg QD comparing VKA) Cox proportional hazards model. 
 Log-Rank P-values as compared to the VKA group are based on the (stratified, only for Overall, 2.5 mg BID/115 mg QD comparing VKA) two-sided log rank test. 
6 Subjects were excluded from all efficacy analyses because of violations in Good Clinical Practice guidelines 
 

No. at risk 

Gibson et al. AHA 2016 



Dabigatran 150 mg BID + P2Y12 inhibitor 

Dabigatran 110 mg BID + P2Y12 inhibitor 

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

RE-DUAL PCI tested the safety and efficacy of two regimens of dual 
therapy with dabigatran without ASA vs triple therapy with warfarin 

32 

RE-DUAL PCI was a multicentre, open-label trial following a prospective, randomized, open, blinded end-point design; 
*Study drug should be administered 6 hours after sheath removal and no later than 120 hours post-PCI (≤72 hours is 
preferable). †ASA discontinued after 1 month after bare-metal stent and 3 months after drug-eluting stent; ASA, acetylsalicylic 
acid; CRNM, clinically relevant non-major; R, randomization; Cannon et al. Clin Cardiol 2016; Cannon et al. N Engl J Med 
2017 

Primary 
endpoint:  
ISTH major or 
CRNM bleeding 

Patients 
with AF 

undergoing 
PCI with 
stenting 

Randomization 
≤120 hours 
post-PCI* 

 

R 

6-month minimum treatment duration, 
maximum treatment duration 30 months 

(mean follow-up ~14 months) 
 
 

N=2725 



Significantly lower rates of ISTH major bleeding or CRNMBE with 
dabigatran dual therapy 

33 

For the dabigatran 150 mg vs warfarin comparison, elderly patients outside the USA (≥80 years) and Japan (≥70 years) 
are excluded. Full analysis set presented 
CRNMBE, clinically relevant non-major bleeding event; ISTH, International Society on Thrombosis and Haemostasis; 
Cannon et al. ESC 2017; Cannon et al. N Engl J Med 2017 
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Dabigatran dual therapy was non-inferior to warfarin triple therapy 
in the composite efficacy endpoint 

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; Cannon et al. N Engl J Med 2017; 
Cannon et al ESC 2017 
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Composite endpoint of death or thromboembolic event (MI, stroke or systemic embolism) 
or unplanned revascularization (PCI/CABG) 
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For	
  medical	
  non-­‐promoMonal	
  reacMve	
  use	
  only	
  

Aspirin 
81 mg daily 

Placebo 

Select Exclusion Criteria 
§  Contraindication to dual-antiplatelet therapy (DAPT) 
§  Other reason for VKA (eg, prosthetic valve, moderate/severe mitral stenosis) 
§  Coronary artery bypass graft (CABG) 

Primary Outcome 
§  ISTH major bleeding or clinically relevant non-major bleeding 

AUGUSTUS Study Design: NVAF Patients with ACS or Undergoing PCI 

 
Apixaban 5 mg twice daily 

2.5 mg twice daily in selected patients 
+	
  

P2Y12	
  inhibitor	
  
* 

Aspirin 
81 mg daily 

Placebo 
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BACKGROUND
Patients at high risk for bleeding who undergo percutaneous coronary intervention 
(PCI) often receive bare-metal stents followed by 1 month of dual antiplatelet 
therapy. We studied a polymer-free and carrier-free drug-coated stent that transfers 
umirolimus (also known as biolimus A9), a highly lipophilic sirolimus analogue, 
into the vessel wall over a period of 1 month.

METHODS
In a randomized, double-blind trial, we compared the drug-coated stent with a 
very similar bare-metal stent in patients with a high risk of bleeding who under-
went PCI. All patients received 1 month of dual antiplatelet therapy. The primary 
safety end point, tested for both noninferiority and superiority, was a composite 
of cardiac death, myocardial infarction, or stent thrombosis. The primary efficacy 
end point was clinically driven target-lesion revascularization.

RESULTS
We enrolled 2466 patients. At 390 days, the primary safety end point had occurred 
in 112 patients (9.4%) in the drug-coated–stent group and in 154 patients (12.9%) 
in the bare-metal–stent group (risk difference, −3.6 percentage points; 95% confi-
dence interval [CI], −6.1 to −1.0; hazard ratio, 0.71; 95% CI, 0.56 to 0.91; P<0.001 
for noninferiority and P = 0.005 for superiority). During the same time period, 
clinically driven target-lesion revascularization was needed in 59 patients (5.1%) in 
the drug-coated–stent group and in 113 patients (9.8%) in the bare-metal–stent 
group (risk difference, −4.8 percentage points; 95% CI, −6.9 to −2.6; hazard ratio, 
0.50; 95% CI, 0.37 to 0.69; P<0.001).

CONCLUSIONS
Among patients at high risk for bleeding who underwent PCI, a polymer-free 
umirolimus-coated stent was superior to a bare-metal stent with respect to the 
primary safety and efficacy end points when used with a 1-month course of dual 
antiplatelet therapy. (Funded by Biosensors Europe; LEADERS FREE ClinicalTrials 
.gov number, NCT01623180.)
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Polymer-free Drug-Coated Stents

Variable
Drug-Coated Stent 

(N = 1221)
Bare-Metal Stent 

(N = 1211)

Baseline characteristics

Age — yr 75.7±9.4 75.7±9.3

Female sex — no. (%) 364 (29.8) 374 (30.9)

Body-mass index† 27.5±4.8 27.2±4.6

Diabetes — no./total no. (%) 414/1217 (34.0) 391/1210 (32.3)

Hypertension — no./total no. (%) 952/1219 (78.1) 961/1208 (79.6)

Hypercholesterolemia — no./total no. (%) 742/1197 (62.0) 746/1189 (62.7)

STEMI — no. (%) 57 (4.7) 48 (4.0)

NSTEMI — no. (%) 273 (22.4) 281 (23.2)

Unstable angina — no. (%) 177 (14.5) 193 (15.9)

Stable CAD — no. (%) 714 (58.5) 689 (56.9)

Multivessel disease — no./total no. (%) 755/1201 (62.9) 738/1198 (61.6)

Previous myocardial infarction — no./total no. (%) 237/1211 (19.6) 258/1203 (21.4)

Previous PCI — no./total no. (%) 270/1215 (22.2) 265/1208 (21.9)

Previous CABG — no./total no. (%) 115/1217 (9.4) 122/1209 (10.1)

Congestive heart failure — no./total no. (%) 175/1212 (14.4) 150/1211 (12.4)

Atrial fibrillation — no./total no. (%) 424/1215 (34.9) 418/1209 (34.6)

Previous stroke — no./total no. (%) 132/1212 (10.9) 110/1208 (9.1)

Peripheral vascular disease — no./total no. (%) 190/1208 (15.7) 190/1201 (15.8)

Chronic obstructive lung disease — no./total no. (%) 131/1207 (10.9) 141/1202 (11.7)

CRUSADE score‡ 34.1±0.4 34.6±0.4

Inclusion criteria — no. (%)§

Age ≥75 yr 788 (64.5) 776 (64.1)

Oral anticoagulation planned to continue after PCI 448 (36.7) 431 (35.6)

Hemoglobin <11 g/liter or transfusion within 4 wk before 
 randomization

185 (15.2) 194 (16.0)

Platelet count <100,000/mm3 20 (1.6) 18 (1.5)

Hospital admission for bleeding in previous 12 mo 46 (3.8) 33 (2.7)

Stroke in previous 12 mo 15 (1.2) 24 (2.0)

Previous intracerebral hemorrhage 14 (1.1) 19 (1.6)

Severe chronic liver disease 11 (0.9) 10 (0.8)

Creatinine clearance <40 ml/min 219 (17.9) 245 (20.2)

Cancer in previous 3 yr¶ 119 (9.7) 120 (9.9)

Planned major surgery in next 12 mo 187 (15.3) 211 (17.4)

Glucocorticoids or NSAID planned for >30 days after PCI 38 (3.1) 34 (2.8)

Expected nonadherence to >30 days of dual antiplatelet therapy 41 (3.4) 47 (3.9)

*  Plus–minus values are means ±SD. There were no significant differences (P<0.05) between the two groups in any of 
the baseline characteristics. CABG denotes coronary-artery bypass grafting, CAD coronary artery disease, NSAID non-
steroidal antiinflammatory drug, NSTEMI non–ST-segment elevation myocardial infarction, PCI percutaneous coronary 
intervention, and STEMI ST-segment elevation myocardial infarction.

†  The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  Scores on the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with 

Early Implementation of the American College of Cardiology/American Heart Association Guidelines) bleeding risk 
scale8 range from 1 to 100, with higher scores indicating a higher risk of major bleeding.

§  These criteria were not mutually exclusive.
¶  Cancer excluded skin cancer.

Table 1. Baseline Patient Characteristics and Inclusion Criteria.*
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At 390 days, the primary efficacy end point 
(clinically driven target-lesion revascularization) 
had occurred in 59 patients (5.1%) in the drug-
coated–stent group and in 113 patients (9.8%) in 
the bare-metal–stent group (estimated risk differ-
ence, −4.8 percentage points; 95% CI, −6.9 to −2.6; 
hazard ratio, 0.50; 95% CI, 0.37 to 0.69; P<0.001) 
(Table 2). The time-to-event curves for the primary 
efficacy end point are shown in Figure 2B.

Additional Analyses
Significant differences between the two groups 
were also observed with respect to other revas-
cularization end points and with respect to 
myocardial infarction (Table 2, and Fig. S1 in 
the Supplementary Appendix). Among subtypes 
of myocardial infarction based on the third uni-
versal definition of myocardial infarction, type 1 
(spontaneous myocardial infarction) and type 4c 
(myocardial infarction related to in-stent reste-
nosis) occurred significantly less frequently in 
the drug-coated–stent group than in the bare-
metal–stent group (Table S3 in the Supplemen-
tary Appendix). The rates of bleeding according 
to BARC criteria were similar in the two groups 
(Table 2, and Fig. S1 in the Supplementary Ap-
pendix). Results in the as-treated analysis were 
similar to those in the intention-to-treat analysis 
(Table S4 in the Supplementary Appendix).

Prespecified subgroup comparisons for the 
primary efficacy and safety end points are 
shown in Figure 3; a post hoc subgroup analy-
sis based on an age cutoff of 75 years is shown 
in Table S5 in the Supplementary Appendix. 
These analyses show a consistent treatment ef-
fect across most subgroups. However, interac-
tion testing suggested heterogeneity of treat-
ment effect with regard to the primary safety 
end point according to whether or not the pa-
tient presented with an acute coronary syn-
drome. Heterogeneity of treatment effect with 
regard to the primary efficacy end point was 
suggested in subgroups defined according to 
the presence or absence of renal failure on ad-
mission, the score on the CRUSADE (Can Rapid 
Risk Stratification of Unstable Angina Patients 
Suppress Adverse Outcomes with Early Implemen-
tation of the American College of Cardiology/
American Heart Association Guidelines) bleed-
ing risk scale,8 and status with respect to ane-
mia, transfusion, or bleeding leading to hospi-
talization.

Discussion

In the LEADERS FREE trial involving patients at 
high risk for bleeding who underwent PCI, the 
rate of the composite primary safety end point 
of cardiac death, myocardial infarction, or stent 
thrombosis was significantly lower with the 
BioFreedom polymer-free and carrier-free umi-
rolimus-coated stent than with a similar bare-
metal stent. This result was driven mainly by a 
lower rate of myocardial infarction. In addition, 

Figure 2. Time-to-Event Curves for the Primary End Points.

Kaplan–Meier time-to-event curves show the cumulative percentage of  
patients with the primary safety end point (a composite of cardiac death, 
myocardial infarction, or stent thrombosis) (Panel A) or the primary effica-
cy end point (clinically driven target-lesion revascularization) (Panel B).  
The inset in each panel shows the same data on an enlarged y axis.
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Au	
  total	
  pour	
  Mme	
  L…	
  

RIQUE	
  ISCHEMIQUE	
  
•  Modéré	
  à	
  élevé	
  
•  SCA	
  	
  
•  StenEng	
  du	
  TCG	
  distal	
  

RISQUE	
  HEMORRAGIQUE	
  	
  
•  Faible	
  à	
  modéré	
  
•  HAS	
  BLED=3	
  
•  PRECISE	
  DAPT:28	
  
•  Pas	
  d’anémie	
  
•  Fct	
  rénale	
  normale	
  
•  HTA	
  contrôlée	
  

•  PRADAXA	
  110	
  mg	
  +	
  KARDEGIC	
  75	
  mg/j	
  +	
  PLAVIX	
  75	
  mg/	
  j	
  	
  
•  pendant	
  3/6	
  mois	
  

Puis	
  
•  PRADAXA	
  110	
  mg	
  +	
  PLAVIX	
  75	
  mg/	
  j	
  	
  
•  	
  jusqu’à	
  1	
  an	
  



CONCLUSIONS	
  

•  La	
  prise	
  en	
  charge	
  médicamenteuse	
  des	
  paMents	
  en	
  FA	
  autour	
  de	
  
d’une	
  angioplasMe	
  est	
  une	
  situaMon	
  fréquente	
  et	
  complexe.	
  

•  Plusieurs	
  opMons	
  de	
  traitement	
  sont	
  possibles,	
  la	
  triple	
  thérapie	
  
ACO/DAP	
  n’est	
  plus	
  obligatoire	
  (surtout	
  avec	
  l’amélioraMon	
  des	
  
stents)	
  

•  La	
  traitement	
  doit	
  être	
  individualisé	
  et	
  discuté	
  en	
  foncMon	
  du	
  risque	
  
ischémique	
  et	
  du	
  risque	
  hémorragique	
  du	
  paMent.	
  

•  Les	
  associaMons	
  AOD+	
  clopidogrel	
  sont	
  prome?euses	
  et	
  doivent	
  être	
  
évaluées	
  à	
  plus	
  grande	
  échelle.	
  



Merci	
  pour	
  votre	
  a?enMon	
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Hospitalization Related to Cardiovascular or 
Bleeding Event 

 Treatment-emergent period: period starting after the first study drug administration following randomization and ending 2 days after stop of study drug. 
 Rehospitalizations do not include the index event and include the first rehospitalization after the index event. 
 Hazard ratios as compared to the VKA group are based on the Cox proportional hazards model. 
 Log-Rank P-values as compared to VKA group are based on the two-sided log rank test. 
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HR=0.68 (95% CI: 0.54-0.85) 
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HR=0.73 (95% CI: 0.58-0.91) 
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ARR=8.1 
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Adverse events leading to hospitalization were 
classified by consensus panel blinded to treatment 
group as potentially related to either bleeding, CV 
or other causes 


