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Conflit d’intérêt
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ObjecGfs




•  IdenGfier le rôle des anGcoagulants directs incluant 

l'edoxaban dans la prévenGon des AVC dans la FA non-
valvulaire selon les recommandaGons canadiennes de la 
société de cardiologie. 


•  Suivi longitudinale des études de fermeture de FOP. 


•  IdenGfier les paGents éligibles pour une fermeture 
percutanée de l'auricule gauche afin de prévenir les ACV 
reliés à la FA. 

–  Connaitre la technique de fermeture d'auricule gauche, son taux 

de succès, ses complicaGons et le suivi. 




Cas clinique 
ACV cryptogénique 

– Femme de 65 ans: ACV occipital avec 
hémianopsie 

– ATCD: HTA, diabète, obésité 
•  CHADS: 4 – CHADSVASC 6 

– E/P: TA 150/86, reste SP 
–  Investigations négatives 

•  ECG: sinusal avec ESA 
•  Télémétrie 24 heures: N 
•  Écho card: FE 60%, FOP, anévrysme septum IA 
•  Mibi: pas ischémie 
•  Doppler carotidien: N 
•  Angio-TDM tête/cou/crosse aorGque � normale




•  1135 pts ACV-ICT

–  Âge moyen 67 ans


•  Télémétrie

•  Dg FA 24 heures: 


–  2.6% (29/1135)


•  Dg FA 72 heures

–  4.3% (ajout de 20 pts)




•  100 pts avec ACV-ICT récent ≤ 7 jours 
•  Investigation standard vs monitoring 7 

jours 
•  Dg à 14 jours de FA: 18% vs 2% 

Semble être payant de faire un monitoring 
rapide post-évènement 



•  572 pts ACV-ICT < 6mois 
âgé de plus de 55 ans


•  Dg FA > 30 sec

–  Holter: 3.2% (9/277) 


–  monitoring 30 jours: 16% 
(45/280)
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Summary
Background Atrial fibrillation is a major risk factor for recurrent ischaemic stroke, but often remains undiagnosed in 
patients who have had an acute ischaemic stroke. Enhanced and prolonged Holter-electrocardiogram-monitoring might 
increase detection of atrial fibrillation. We therefore investigated whether enhanced and prolonged rhythm monitoring 
was better for detection of atrial fibrillation than standard care procedures in patients with acute ischaemic stroke.

Methods Find-AFRANDOMISED is an open-label randomised study done at four centres in Germany. We recruited patients 
with acute ischaemic stroke (symptoms for 7 days or less) aged 60 years or older presenting with sinus rhythm and 
without history of atrial fibrillation. Patients were included irrespective of the suspected cause of stroke, unless they 
had a severe ipsilateral carotid or intracranial artery stenosis, which were the exclusion criteria. We used a computer-
generated allocation sequence to randomly assign patients in a 1:1 ratio with permuted block sizes of 2, 4, 6, and 8, 
stratified by centre, to enhanced and prolonged monitoring (ie, 10-day Holter-electrocardiogram [ECG]-monitoring at 
baseline, and at 3 months and 6 months of follow-up) or standard care procedures (ie, at least 24 h of rhythm 
monitoring). Participants and study physicians were not masked to group assignment, but the expert committees that 
adjudicated endpoints were. The primary endpoint was the occurrence of atrial fibrillation or atrial flutter (30 sec or 
longer) within 6 months after randomisation and before stroke recurrence. Because Holter ECG is a widely used 
procedure and not known to harm patients, we chose not to assess safety in detail. Analysis was by intention to treat. 
This trial is registered with ClinicalTrials.gov, number NCT01855035. 

Findings Between May 8, 2013, and Aug 31, 2014, we recruited 398 patients. 200 patients were randomly assigned to 
the enhanced and prolonged monitoring group and 198 to the standard care group. After 6 months, we detected atrial 
fibrillation in 14% of 200 patients in the enhanced and prolonged monitoring group (27 patients) versus 5% in the 
control group (nine of 198 patients, absolute difference 9·0%; 95% CI 3·4–14·5, p=0·002; number needed to 
screen 11).

Interpretation Enhanced and prolonged monitoring initiated early in patients with acute ischaemic stroke aged 
60 years or older was better than standard care for the detection of atrial fibrillation. These findings support the 
consideration of all patients aged 60 years or older with stroke for prolonged monitoring if the detection of atrial 
fibrillation would result in a change in medical management (eg, initiation of anticoagulation).

Funding Boehringer Ingelheim.

Background
Atrial fibrillation is a major risk factor for ischaemic 
stroke. Atrial fibrillation-related strokes can be more 
severe than those from other causes1 and patients with 
stroke and atrial fibrillation have a high risk of recurrent 
ischaemic events.2 The detection of atrial fibrillation in 
patients with acute ischaemic stroke is of major clinical 
relevance,3 because it usually shifts the secondary 
prevention therapy from antiplatelet drugs to oral 
anticoagulation. Oral anticoagulation therapy leads to a 
60–70% relative risk reduction of recurrent strokes in 
those with atrial fibrillation, compared with placebo.4 
However, atrial fibrillation might escape routine short-
term electrocardiogram (ECG)-monitoring if it occurs 
intermittently, because the episodes are often short, occur 

in irregular patterns, and are frequently asymptomatic.5 
Guidelines recommend that patients with atrial 
fibrillation should be given oral anticoagulants, 
irrespective of whether they have paroxysmal (defined as 
episodes of at least 30 s, but occurring for fewer than 
7 days) or persisting atrial fibrillation.6,7 

Results from observational studies8–12 and one small 
randomised trial13 showed that the detection of paroxysmal 
atrial fibrillation after cerebral ischaemia can be increased 
by prolonged monitoring. According to national and 
international stroke guidelines,14–16 patients with acute 
ischaemic stroke should be monitored with immediate 
12-channel surface ECG, continuous stroke unit 
monitoring, or additional Holter-ECG-monitoring. 
Two surveys showed that these guidelines are widely 
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No patient with detected atrial fibrillation had a 
recurrent stroke or systemic embolism before the 
detection of atrial fibrillation within 6 months (appendix 
pp 9–10). One of the 27 patients in the EPM group had 
atrial flutter. The median duration of the longest atrial 
fibrillation episode during Holter monitoring was 5 h 
(IQR 2 min to 46 h) and the number of detected atrial 
fibrillation episodes ranged from 1–12, median 1 episode 
(IQR 1–2). 17 of 25 atrial fibrillation episodes detected by 
EPM were longer than 6 min. Details on the duration of 
the atrial fibrillation episodes are shown in figure 3.

Within the EPM group, atrial fibrillation was detected 
after randomisation by means of prolonged Holter-ECG 
monitoring in 25 patients (18 during the first 10-day 
episode, six during the second 10-day episode, and one 
during the third 10-day episode), and in two patients by 
means of routine clinical procedures between hospital 
discharge and the 3-month visit. Figure 4 shows findings 
on the first atrial fibrillation detection day within the 
three Holter ECGs for 25 of 27 patients with atrial 
fibrillation in the EPM group. 12 (7%) patients in the 
intervention group had the alternative thumb-sensor 
ECG instead of Holter-ECG after 3 months and 16 (10%) 
patients had the alternative thumb-sensor ECG instead 
of Holter-ECG after 6 months. No cases of atrial 
fibrillation were detected by the thumb-sensor ECG.

In the control group, seven patients were diagnosed 
with atrial fibrillation within the first month after the 
index stroke, one patient in month 3, and one patient in 
month 6. After the completion of 12 months of follow-up, 
three additional cases of atrial fibrillation were detected in 
the control group, resulting in a total 6·1% (12 of 198 
patients), and the detection rate remained 13·5% (27 of 
200 patients) in the EPM group (absolute difference 
7·4%, 95% CI 1·6–13·2; p=0·02, number needed to 
screen 13; figure 2A). Kaplan-Meier analysis yielded event 
rates of 13·7% in the intervention group and 6·9% in the 
control group (difference 6·9%, 95% CI 0·9–12·9; log-
rank p=0·02). Similar results were obtained in a 
competing risk analysis (13·7% in the intervention group 
vs 6·2% in the control group, difference 7·5%; 95% CI 
1·8–14·1, p=0·02). Atrial fibrillation after 12 months 
censored by hospital admission was similar to the 
previous detection rate (13·5% in the intervention group 
vs 6·1% in the control group, p=0·02). Recurrent strokes 
after 12 months occurred in five patients in the 
intervention group versus nine patients in the control 
group, p=0·28; and the number of total deaths after 
12 months was six in the intervention group versus nine 
in the control group, p=0·45.

Oral anticoagulation was initiated in all 39 patients with 
detected atrial fibrillation and 34 of 35 patients received 
oral anticoagulation at the 12-month visit (two patients 
with atrial fibrillation died before the 12-month visit, 
one patient with atrial fibrillation withdrew consent, and 
one patient had atrial fibrillation detected at the 12-month 
visit by 12 channel surface ECG and was given 

anticoagulation drugs thereafter). Anticoagulation was 
stopped in one patient in the intervention group. More 
patients received anticoagulation in the intervention 
group (18%) than in the control group (13%, p=0·17). 
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Figure 2: Incidence of atrial fibrillation and recurrent stroke
(A) Time to first detection of atrial fibrillation showing crude rates. (B) Time to 
first occurrence of recurrent stroke, analysed with death as a competing risk 
and accounting for dropouts. These incidence curves were computed from 
competing risk analysis. EPM=enhanced and prolonged monitoring.
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Figure 3: Number of cases with atrial fibrillation, according to its duration
Atrial fibrillation cases in the intervention group, according to the duration of the 
longest atrial fibrillation episodes. The analysis includes the 25 patients with atrial 
fibrillation detected with Holter-ECG monitoring. Two cases were detected outside 
the study monitoring and are not included. 

•  N:398 ACV-ICT cryptogénique de 
moins de 7 jours, ≥60 ans, pas FA

–  Âge moyen 72 ans

–  CHADSVasc moyen: 4.8


•  RandomisaGon 1:1

–  Holter de 10 jours départ – 3 et 6 

mois

–  monitoring 24 hres (moy 73 hres)

–  Guidelines européens: 72 heures


•  DétecGon FA > 30 sec à 6 mois

–  Holter: 14% (67% lors 1er holter)

–  Standard: 5%




•  441 pts âgé > 40 ans

–  Moniteur Reveal


•  DétecGon FA

–  6 mois: 9%


–  12 mois: 12%

•  DéfiniGon: 2 minutes


–  FA asymptomaGque: 79%
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•  À 12 mois: 12% vs 2% 
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Incidence of Previously Undiagnosed Atrial Fibrillation
Using Insertable Cardiac Monitors in a High-Risk Population
The REVEAL AF Study
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IMPORTANCE In approximately 20% of atrial fibrillation (AF)–related ischemic strokes, stroke
is the first clinical manifestation of AF. Strategies are needed to identify and therapeutically
address previously undetected AF.

OBJECTIVE To quantify the incidence of AF in patients at high risk for but without previously
known AF using an insertable cardiac monitor.

DESIGN, SETTING, AND PARTICIPANTS This prospective, single-arm, multicenter study was
conducted from November 2012 to January 2017. Visits took place at 57 centers in the United
States and Europe. Patients with a CHADS2 score of 3 or greater (or 2 with at least 1 additional
risk factor) were enrolled. Approximately 90% had nonspecific symptoms potentially
compatible with AF, such as fatigue, dyspnea, and/or palpitations.

EXPOSURES Patients underwent monitoring with an insertable cardiac monitor for 18 to
30 months.

MAIN OUTCOMES AND MEASURES The primary end point was adjudicated AF lasting 6 or more
minutes and was assessed at 18 months. Other analyses included detection rates at points
from 30 days to 30 months and among CHADS2 score subgroups. Median time from insertion
to detection and the percentage of patients subsequently prescribed oral anticoagulation
therapy was also determined.

RESULTS A total of 446 patients were enrolled; 233 (52.2%) were male, and the mean (SD)
age was 71.5 (9.9) years. A total of 385 patients (86.3%) received an insertable cardiac
monitor, met the primary analysis cohort definition, and were observed for a mean (SD)
period of 22.5 (7.7) months. The detection rate of AF lasting 6 or more minutes at 18 months
was 29.3%. Detection rates at 30 days and 6, 12, 24, and 30 months were 6.2%, 20.4%,
27.1%, 33.6%, and 40.0%, respectively. At 18 months, AF incidence was similar among
patients with CHADS2 scores of 2 (24.7%; 95% CI, 17.3-31.4), 3 (32.7%; 95% CI, 23.8-40.7),
and 4 or greater (31.7%; 95% CI, 22.0-40.3) (P = .23). Median (interquartile) time from device
insertion to first AF episode detection was 123 (41-330) days. Of patients meeting the primary
end point, 13 (10.2%) had 1 or more episodes lasting 24 hours or longer, and oral
anticoagulation therapy was prescribed for 72 patients (56.3%).

CONCLUSIONS AND RELEVANCE The incidence of previously undiagnosed AF may be
substantial in patients with risk factors for AF and stroke. Atrial fibrillation would have gone
undetected in most patients had monitoring been limited to 30 days. Further trials regarding
the value of detecting subclinical AF and of prophylactic therapies are warranted.
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devices. Age and body mass index were found to be signifi-
cant predictors of AF detection. In separate univariate assess-
ments, palpitations at baseline were associated with a higher
incidence of AF, but CHADS2 score was not. However, nota-
bly, in most large monitoring databases, palpitations are not
specific for AF and often occur in association with sinus
rhythm. Of patients who met the primary end point, 72 (56%)
were prescribed OAC therapy. While the benefit of OAC in this
patient population is unknown, ongoing anticoagulation trials
for subclinical AF will provide insight (ie, Apixaban for the
Reduction of Thromboembolism in Patients With
Device-Detected Subclinical Atrial Fibrillation [ARTESiA;
clinicaltrials.gov identifier: NCT01938248], Non–Vitamin K An-
tagonist Oral Anticoagulants in Patients With Atrial High Rate
Episodes [NOAH; NCT02618577], and Atrial Fibrillation De-
tected by Continuous ECG Monitoring [LOOP; NCT02036450]).
Additionally, results from the FIND-AF randomized trial23 sug-
gest OAC therapy is beneficial for detected subclinical AF in
patients with acute ischemic stroke.

Two smaller trials24,25 have also reported on the inci-
dence of AF in high-risk populations using ICMs. The Preva-
lence of Sub-Clinical Atrial Fibrillation Using an Implantable
Cardiac Monitor (ASSERT-II) study (NCT01694394)24 was a
multicenter trial that enrolled 273 at-risk patients without
known AF; 252 (92.3%) received an ICM and completed follow-
up. The incidence rate of AF 5 or more minutes was 34.4% per
person-year. The Predicting Atrial Fibrillation or Flutter
(PREDATE-AF) study (NCT01851902)25 was a single-center trial
of patients without known AF but with a CHA2DS2-VASc score
of 2 or greater. In 245 patients, the incidence of AF or atrial
flutter was 22% during an average follow-up of approximately
15 months. The mean time to detection was similar to the
REVEAL AF study at 141 days. There was no difference in the
AF detection rates between patients with CHA2DS2-VASc scores
of 4 or less vs 5 or greater. Male sex was the only significant
predictor of AF. Oral anticoagulation therapy was initiated in
76%. In contrast to both the PREDATE-AF study25 and the
ASSERT-II study,24 the REVEAL AF study required a minimum
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A, Time to first episode of AF lasting 6 or more minutes. At 30 days, the
incidence rate was 6.2%; at 6 months, 20.4%; at 12 months, 27.1%; at 18
months, 29.3%; at 24 months, 33.6%; and at 30 months, 40.0%. B, Onset of AF
burden. At 18 months, the incidence of AF burden was 44.9%, 31.1%, 24.2%,
and 12.0% for 6 or more minutes, 30 or more minutes, 1 or more hours, and 6 or
more hours of AF in a day, respectively; at 30 months, 53.3%, 40.8%, 35.6%,
and 19.1%. C, AF detection by CHADS2 score group. At 18 months, the incidence
rate was 31.7%, 32.7% and 24.7% for those with a CHADS2 score of 4 or greater,
3, and 2, respectively. ICM indicates insertable cardiac monitor.

Table 2. Predictive Value of Baseline Characteristics
for Atrial Fibrillation Onset

Characteristic Hazard Ratio (95% CI)a P Value
Age, y 1.08 (1.05-1.11) <.001

Body mass index 1.04 (1.01-1.08) .02

Male sex 1.11 (0.77-1.61) .56

Diabetes 1.09 (0.74-1.59) .66

Heart failure 1.08 (0.69-1.69) .73

Hypertension 1.23 (0.58-2.60) .58

Renal impairment 0.92 (0.64-1.32) .65

Chronic obstructive pulmonary disease 0.73 (0.45-1.20) .22

Stroke 0.86 (0.54-1.38) .53

Coronary artery disease 0.78 (0.53-1.15) .21

Sleep apnea 0.72 (0.45-1.17) .19

Family history of atrial fibrillation 1.97 (0.76-5.14) .16

Vascular disease 0.89 (0.56-1.43) .63

a Obtained from the Cox proportional hazards model.
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cant predictors of AF detection. In separate univariate assess-
ments, palpitations at baseline were associated with a higher
incidence of AF, but CHADS2 score was not. However, nota-
bly, in most large monitoring databases, palpitations are not
specific for AF and often occur in association with sinus
rhythm. Of patients who met the primary end point, 72 (56%)
were prescribed OAC therapy. While the benefit of OAC in this
patient population is unknown, ongoing anticoagulation trials
for subclinical AF will provide insight (ie, Apixaban for the
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Device-Detected Subclinical Atrial Fibrillation [ARTESiA;
clinicaltrials.gov identifier: NCT01938248], Non–Vitamin K An-
tagonist Oral Anticoagulants in Patients With Atrial High Rate
Episodes [NOAH; NCT02618577], and Atrial Fibrillation De-
tected by Continuous ECG Monitoring [LOOP; NCT02036450]).
Additionally, results from the FIND-AF randomized trial23 sug-
gest OAC therapy is beneficial for detected subclinical AF in
patients with acute ischemic stroke.

Two smaller trials24,25 have also reported on the inci-
dence of AF in high-risk populations using ICMs. The Preva-
lence of Sub-Clinical Atrial Fibrillation Using an Implantable
Cardiac Monitor (ASSERT-II) study (NCT01694394)24 was a
multicenter trial that enrolled 273 at-risk patients without
known AF; 252 (92.3%) received an ICM and completed follow-
up. The incidence rate of AF 5 or more minutes was 34.4% per
person-year. The Predicting Atrial Fibrillation or Flutter
(PREDATE-AF) study (NCT01851902)25 was a single-center trial
of patients without known AF but with a CHA2DS2-VASc score
of 2 or greater. In 245 patients, the incidence of AF or atrial
flutter was 22% during an average follow-up of approximately
15 months. The mean time to detection was similar to the
REVEAL AF study at 141 days. There was no difference in the
AF detection rates between patients with CHA2DS2-VASc scores
of 4 or less vs 5 or greater. Male sex was the only significant
predictor of AF. Oral anticoagulation therapy was initiated in
76%. In contrast to both the PREDATE-AF study25 and the
ASSERT-II study,24 the REVEAL AF study required a minimum
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A, Time to first episode of AF lasting 6 or more minutes. At 30 days, the
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more hours of AF in a day, respectively; at 30 months, 53.3%, 40.8%, 35.6%,
and 19.1%. C, AF detection by CHADS2 score group. At 18 months, the incidence
rate was 31.7%, 32.7% and 24.7% for those with a CHADS2 score of 4 or greater,
3, and 2, respectively. ICM indicates insertable cardiac monitor.

Table 2. Predictive Value of Baseline Characteristics
for Atrial Fibrillation Onset

Characteristic Hazard Ratio (95% CI)a P Value
Age, y 1.08 (1.05-1.11) <.001

Body mass index 1.04 (1.01-1.08) .02

Male sex 1.11 (0.77-1.61) .56

Diabetes 1.09 (0.74-1.59) .66

Heart failure 1.08 (0.69-1.69) .73

Hypertension 1.23 (0.58-2.60) .58
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•  N: 385 sans FA

–  CHADS ≥3 ou 2 avec MCAS, 

ins.rénale, MPOC, apnée

–  ATCD AVC-ICT: 39%

–  âge moyen 72 ans


•   chadsvasc 4.4, chads moyen 2.9


•  DétecGon FA > 6 min

–  30 jours: 6%

–  6 mois: 20%

–  12 mois: 27%

–  18 mois: 29%

–  30 mois: 40%
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Editorial, see p 1284

BACKGROUND: Long-term continuous electrocardiographic monitoring 
shows a substantial prevalence of asymptomatic, subclinical atrial 
fibrillation (SCAF) in patients with pacemakers and patients with 
cryptogenic stroke. Whether SCAF is also common in other patients 
without these conditions is unknown.

METHODS: We implanted subcutaneous electrocardiographic 
monitors (St. Jude CONFIRM-AF) in patients ≥65 years of age attending 
cardiovascular or neurology outpatient clinics if they had no history of  
atrial fibrillation but had any of the following: CHA2DS2-VASc score of ≥2, 
sleep apnea, or body mass index >30 kg/m2. Eligibility also required either 
left atrial enlargement (≥4.4 cm or volume ≥58 mL) or increased (≥290 
pg/mL) serum NT-proBNP (N-terminal pro–B-type natriuretic peptide). 
Patients were monitored for SCAF lasting ≥5 minutes.

RESULTS: Two hundred fifty-six patients were followed up for 16.3±3.8 
months. Baseline age was 74±6 years; mean CHA2DS2-VASc score was 
4.1±1.4; left atrial diameter averaged 4.7±0.8 cm; and 48% had a prior 
stroke, transient ischemic attack, or systemic embolism. SCAF ≥5 minutes 
was detected in 90 patients (detection rate, 34.4%/y; 95% confidence 
interval [CI], 27.7–42.3). Baseline predictors of SCAF were increased 
age (hazard ratio [HR] per decade, 1.55; 95% CI, 1.11–2.15), left atrial 
dimension (HR per centimeter diameter, 1.43; 95% CI, 1.09–1.86), and 
blood pressure (HR per 10 mm Hg, 0.87; 95% CI, 0.78–0.98), but not 
prior stroke. The rate of occurrence of SCAF in those with a history of 
stroke, systemic embolism, or transient ischemic attack was 39.4%/y 
versus 30.3%/y without (P=0.32). The cumulative SCAF detection rate 
was higher (51.9%/y) in those with left atrial volume above the median 
value of 73.5 mL.

CONCLUSIONS: SCAF is frequently detected by continuous 
electrocardiographic monitoring in older patients without a history of 
atrial fibrillation who are attending outpatient cardiology and neurology 
clinics. Its clinical significance is unclear.

CLINICAL TRIAL REGISTRATION: URL: http://www.clinicaltrials.gov. 
Unique identifier: NCT01694394.
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line, the average age of participants was 73.9±6.2 
years, their average CHA2DS2-VASc score was 4.1±1.4, 
and 48% had a history of stroke, systemic embolism, or 
transient ischemic attack (Table 1).

Rates of Detection of SCAF and 
Clinical AF
The average follow-up was 16.3±3.8 months; 98.4% 
completed the minimum 9 months of monitoring, and 
65% of patients completed 18 months, giving a total 
of 347.1 person-years of follow-up. SCAF ≥5 minutes 
occurred at an incidence rate of 34.4% per person-year 
(95% CI, 27.7–42.3), with Kaplan-Meier cumulative in-
cidence at 12 months of 31.0% (Figure 1). In patients 
with SCAF ≥5 minutes, the median number of SCAF 
episodes was 6.5 (IQR, 1–24), the median duration of 
the longest SCAF episode was 62 minutes (IQR, 24–401 
minutes), and the median weekly burden of SCAF was 
3.4 minutes (IQR, 0.6–20 minutes). The rate of detec-
tion of SCAF ≥30 minutes was 21.8%/y (95% CI, 16.7–
27.8); ≥6 hours, 7.1%/y (95% CI, 4.5–10.6); and ≥24 
hours, 2.7%/y (95% CI, 1.2–5.0) (Figure 1).

Of the 90 patients in whom SCAF ≥5 minutes was 
detected, 34% were detected in the first 30 days, 64% 
within the first 6 months, and 87% within the first year. 
The mean time from ICM insertion to the detection of 
SCAF ≥5 minutes was 5.1±5.5 months. In addition to 
SCAF, clinical AF or atrial flutter was detected by con-
ventional surface electrocardiographic methods in 26 
patients, with an annual rate of 7.9%/y. Of the patients 
with clinically detected AF or atrial flutter, 18 (69%) of 
them had SCAF detected before clinical AF a median of 
82.5 days (IQR, 2–250 days) earlier.

Patients in whom SCAF was detected were older, had 
a larger left atrial diameter, and had a lower systolic blood 

pressure and prevalence of heart failure and diabetes mel-
litus (Table 1). There were no differences between those 
with and without SCAF detected in the baseline preva-
lence of prior stroke, resting sinus rate, CHA2DS2-VASc 
score, or serum NT-proBNP or troponin levels (Table 1).

Predictors of SCAF and Patient 
Subgroups
The independent predictors for detection of SCAF ≥5 
minutes were increased age, increased left atrial diame-
ter, and lower systolic blood pressure (Table 2). Figure 2 
shows the relationship between rate of detection of 
SCAF and increasing age (Figure 2A). It also shows the 
relationship between rate of detection of SCAF and in-
creasing left atrial diameter (Figure 2B). The rate of de-
tection of SCAF was not significantly different among 
patients with a history of stroke, systemic embolism, or 
transient ischemic attack compared with those without 
such a history (Figure 3).

Clinical Outcomes
During follow-up, 8 patients died (2.3%/y), 5 of non-
vascular causes, and 5 patients were hospitalized for 
heart failure (1.5%/y). Ischemic stroke occurred in 4 
patients, none of whom had had SCAF detected. Hem-
orrhagic stroke occurred in 1 patient who had been de-
tected to have SCAF and who was being treated with 
anticoagulation. Transient ischemic attack and systemic 
embolism occurred in 1 patient each, neither of whom 
had SCAF. Oral anticoagulation was started during the 
study at the discretion of treating physicians in 67 pa-
tients (26.2%): in 15 because of clinically detected AF, 
in 45 as a result of detection of SCAF by the ICM, and 
in 7 for other indications.

Figure 1. Cumulative rate of 
detection of different durations 
of subclinical atrial fibrillation 
(SCAF).
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of detection of SCAF (>20%) in patients whose left atrial 
diameter is within the normal range.

SCAF of at least 5 minutes’ duration was detected in 
ASSERT-II at a rate 3 times higher than SCAF of only ≥30 
seconds detected in CRYSTAL-AF (Cryptogenic Stroke 
and Underlying Atrial Fibrillation).7 The high rate of de-
tection of SCAF in ASSERT-II raises questions about how 
to interpret the detection of SCAF by means of long-term 
electrocardiographic monitoring of patients with recent 
cryptogenic stroke.7,8 In our study, about half of the pa-
tients had had a prior stroke and half did not, and there 
was not a significant difference between these 2 groups 
in the rate of detection of SCAF. Our study also shows 
that detection of SCAF with long-term monitoring is 
common in older patients with cardiovascular risk factors, 
which indicates that we should be cautious in ascribing 
a causal relation between SCAF and stroke, even when 
SCAF is detected (by long-term monitoring) after recent 
cryptogenic stroke. The hypothesis that anticoagulation is 
of benefit in patients with recent stroke in whom SCAF 
is detected by long-term continuous electrocardiographic 
monitoring should be tested in a randomized clinical trial.

It is difficult to directly compare the rates of SCAF 
between recent studies because of differences in the 
definition of the minimum duration of SCAF, which was 
30 seconds in CRYSTAL-AF7 and EMBRACE (30-Day 
Cardiac Event Monitor Belt for Recording Atrial Fibrilla-
tion After a Cerebral Ischemic Event)8 and 5 minutes in 
ASSERT-II. Nonetheless, the rate in CRYSTAL-AF (12.4% 
at 12 months) appears to be lower than in EMBRACE 
(16.1% at 90 days) and even lower than in the pres-
ent study (31.0% at 12 months). These differences 
may be explained in part by the differences in mean 
age between these studies (CRYSTAL-AF, 61.5 years; 
EMBRACE, 73 years; ASSERT-II, 75 years) because our 
data also indicate that increasing age and increasing 
left atrial size are predictors of SCAF.

The present study was not designed to assess the risk 
of stroke in patients with SCAF. In patients with pace-
makers and implanted defibrillators, we have previously 
reported that detection of SCAF within 3 months of de-
vice implantation is associated with an increased risk of 
ischemic stroke or systemic embolism.2 Currently, there is 
no recommendation to use oral anticoagulation to treat 
SCAF detected by a cardiac rhythm device5,15,16; how-
ever, 3 large-scale clinical trials of anticoagulation for 
patients with device-detected SCAF are underway: the 
ARTESiA trial (Apixaban for the Reduction of Thrombo-
Embolism in Patients With Device-Detected Sub-Clinical 
Atrial Fibrillation; NCT01938248), the NOAH trial (Non-
Vitamin K Antagonist Oral Anticoagulants in Patients 
With Atrial High Rate Episodes; NCT02618577), and the 
Danish Loop study (Atrial Fibrillation Detected by Con-
tinuous ECG Monitoring; NCT02036450).

Limitations
This cohort study includes nonconsecutive outpatients 
meeting specific eligibility criteria who thus are not rep-
resentative of the population at large. Although the 
need for echocardiography to select patients might ap-
pear limiting, recent data suggest that ≈20% of Medi-
care recipients in the United States undergo at least 1 
echocardiogram each year.17 Although care was taken to 
exclude patients with symptoms that could be sugges-
tive of AF, it remains possible that physicians somehow 
selected patients with such minimal symptoms. ASSERT-
II was not designed to determine the stroke risk associ-
ated with SCAF in this population, given its small size 
and the fact that approximately half of the patients who 
developed SCAF received oral anticoagulant therapy.

ASSERT-II had only modest statistical power to com-
pare subgroups of patients such as those with and with-
out a history of stroke. In contrast, the counterintuitive 

Figure 3. Cumulative rate of de-
tection of subclinical atrial fibril-
lation ≥5 minutes in duration in 
patients with and without prior 
stroke, transient ischemic attack 
(TIA), or systemic embolism (SE).
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•  N:256 sans FA avec 
confirm st-jude

–  ≥65 ans avec chadsvasc≥2 

ou apnée ou BMI >30,OG 
44mm+/58ml


–  ATCD ACV-ICT: 48%

–  Âge moyen 75 ans, 

chadsVasc 4


•  Incidence FA: 31% à 1 an

–  Prédicteurs: OG, âge




TRENDS: relation temporelle entre FA et ACV? 

•  ACV chez 40 paGents avec monitoring OK

•  Absence TA-FA dans les 30 jours précédent 

ACV 

– chez 73% (29/40)


•  NoGon de FA avant ACV: 20 paGents

– Épisode plus récent FA: 166 +/- 189 jours




•  FA sub-clinique avant 
ou post AVC: 51%  
–  + récent: 339 jours 

•  Seulement 8% avec 
FA dernier 30 jours 






CAS CLINIQUE: FA






Ruff CT, et coll. The Lancet 2014;383:955-62.


Principaux essais de phase III sur les NACO :  
Efficacité et innocuité c. la warfarine 

Ruff, Lancet, 2014, 383, 955. 

AVC et événements emboliques systémiques – populations IDT  

Saignement grave – populations IDT  

RR (IC à 95 %)
 p


RE-LY (dabigatran à 150 mg deux fois par jour)
 0,66 (0,53-0,82)
 0,0001


ROCKET AF (rivaroxaban à 20 mg une fois par jour)
 0,88 (0,75-1,03)
 0,12


ARISTOTLE (apixaban à 5 mg deux fois par jour)
 0,80 (0,67-0,95)
 0,012


ENGAGE AF-TIMI 48 (édoxaban à 60 mg une fois par jour)
 0,88 (0,75-1,02)
 0,10


Combinés 
 0,81 (0,73-0,91)
 < 0,0001


1,0 2,0 0,5 
En faveur du 

NACO 
En faveur de la warfarine 

RR (IC à 95 %)
 p


RE-LY (dabigatran à 150 mg deux fois par jour)
 0,94 (0,82-1,07)
 0,34


ROCKET AF (rivaroxaban à 20 mg une fois par jour)
 1,03 (0,90-1,18)
 0,72


ARISTOTLE (apixaban à 5 mg deux fois par jour)
 0,71 (0,61-0,81)
 < 0,0001


ENGAGE AF-TIMI 48 (édoxaban à 60 mg une fois par jour)
 0,80 (0,71-0,90)
 0,0002


Combinés
 0,86 (0,73-1,00)
 0,06


1,0 2,0 0,5 
En faveur du 

NACO 
En faveur de la warfarine 



Hémorragie intracrânienne 
(AVC hémoragique) 

Dabigatran 150 

Edoxaban 60 

Rivaroxaban 20 

Apixaban 5  

Supériorité de la warfarine Supériorité de la nouvelle molecule 

Lancet. 2014 Mar 15;383(9921):955-62. 
Trends Cardiovasc Med. 2015 May;25(4):315-36. 

•  Diminution de la mortalité d’environ 10% vs. warfarine 
 



1. Connolly SJ, et coll. N Engl J Med 2009; 361:1139-51.  2. Patel MR, et coll. N Engl J Med 2011;365:883-91.  3. Granger CB, et coll. N Engl J Med 2011;365:981-92.  4. Giugliano 
RP, et coll. N Engl J Med 2013;369:2093-104. 


Caractéristiques initiales des patients des principaux 
essais de phase III sur les NACO  

RE-LY1 

(Dabigatran) 
ROCKET AF2 

(Rivaroxaban) 
ARISTOTLE3 

(Apixaban) 
ENGAGE AF4 

(Édoxaban) 
Randomisés, N
 18 113
 14 264
 18 201
 21 105


Âge ≥ 75 ans
 72 ± 9
 73 (65-78)
 70 (63-76)
 72 (64-78)


Femmes, % 37 40 36 38 

Jamais traités par un AVK, % 50 38 43 41 

Utilisation d’aspirine, % 40 36 31 29 

Score moyen CHADS2 (É.-T.) 2,2 (1,2) 3,5 (0,94) 2,1 (1,1) 2,8 (0,97) 

RéducGon de dose à la 
randomisaGon, n (%) 

0 1490 (21) 428 (4.7) 1784 (25) 

RéducGon de dose au cours de 
l’étude 

NON NON NON OUI 

33
 32

35
 87


13


CHADS2



   0-1

   2

   3-6


30
 34

36


53
 47


•  Pas aliment




ARISTOTLE3

Api 2.5mg vs. Warfarine


RELY1*

D 110mg vs. Warfarine


ROCKET-AF2


Riva 15mg vs. Warfarine


ENGAGE-AF4

Edo 30mg vs. Warfarin





428 paGents sur Api 
2.5mg


2 critères cliniques sur 3


 2957 paGents sur D110

Age ≥ 75 ans


1490 paGents sur Riva 
15mg


CrCl 30–49 mL/min


1784 paGents sur DR 
30mg


≥1 critères cliniques


RR

95% CI


P-value

RR


95% CI

P Int


RR

95% CI


P Int

RR


95% CI

P Int


Stroke/SEE

0.50 


(0.25, 1.02)

-


0.88 

(0.66–1.17) 
 0.81 


0.88 


(0.65, 1.19) 
0.9




0.81


(0.58, 1.13)


0.85




Major bleeding 

0.50 

(0.29,0.86) 
 -

1.01 


(0.83–1.23) 




0.0003 


 


0.98 

(0.84, 1.14)


0.735

0.63 


(0.50-0.81)




0.023





Perspectives des essaies cliniques 
randomisées: Réduction appropriée de la dose 

1.Eikelboom JW, et al. CirculaGon 2011;123:2363-2372..  2. Patel MR, et al. N Engl J Med 2011;365:883–91.  

3. Granger CB, et al. N Engl J Med 2011;365:981–92.  4. Ruff CT, et al. The Lancet 2015;385:2288-95.


* Réduction de la dose d’édoxaban de 50 % dans l’une des 
situations suivantes :  
   – ClCr : 30-50 mL/min 
   – Poids ≤ 60 kg 
   – Prise d’un inhibiteur puissant de la P-gp  



MÉCANISME IMPLIQUÉ DABIGATRAN RIVAROXABAN ÉDOXABAN
Amiodarone  P-gp  

substrat  mineur
 12-60  % Effet mineur 

Antiacides 1  absorption GI  12-30  %

 15 % 

Pas effet Pas effet

Pas effet

Pas effet
Atorvastatine P-gp & CYP3A4  20 % Pas effet
Digoxine P-gp Pas effet Pas effet
Diltiazem  P-gp

CYP3A4  faible
Absence de données PK4 Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4Absence de données PK4

Absence de données PK4

Absence de données PK4

Absence de données PK4Absence de données PK4

Absence de données PK4

   50  %

   85  %

   73  %

   85  %Dronédarone P-gp & CYP3A4    114-136 % 

Effet mineur

Fluconazole CYP3A4    42 %
Vérapamil 2 P-gp

CYP3A4  faible
 12-180  %

Clarithromycine
Erythromycine P-gp & CYP3A4  15-20  %    30-54%

Cyclosporine
Tacrolimus P-gp    

Inhibiteur de la protéase 
(traitement du VIH) 3

P-gp
CYP3A4 inhibiteur majeur

Jusqu’à  153  % Jusqu’à 200 %   

Kétoconazole
Itraconazole
Voriconazole
Posaconazole

P-gp
CYP3A4  inhibiteur majeur

 140-150  % Jusqu’à   150  %    87 % 

Rifampicine
Carbamazépine 5

Phénytoine 5

Phénobarbital 5

Millepertuis 5

P-gp
CYP3A4  inducteur majeur

 66 % Jusqu’à  50 %  34 %

Jus de pamplemousse CYP3A4  inhibiteur mineur Pas effet    

APIXABAN

Pas effet

Pas effet

   40  %

   

   40  % 

Forte    

   100  %

 54 %

PRUDENCE!   
Éviter association.

1 Dexlansoprazole, esoméprasole, lansoprazole, oméprazole, pantoprazole, rabéprazole, ranitidine, 
   cimétidine, antiacides liquides (ex : Maaloxmd), etc. 

3 Ritonavir, atazanavir, darunavir, fosamprenavir, indinavir, lopinavir, nelfinavir, saquinavir, tipranavir, etc.

2 Espacer le prise du dabigatran de 2 hres avec le vérapamil afin d’éviter l’interaction.

4 Absence de données pharmacocininétiques (PK). Interaction clinique peu probable OU n'ayant pas 
  démontré d'impact clinique significatif dans la littérature scientifique. 
5 Aucune interaction avec les anticonvulsivants suivants: lévétiracétam, lacosamide, lamotrigine, 
  acide valproique et oxcarbazépine. 

*  Ce tableau n’est pas exhaustif. Il est important de tenir compte du nombre de substrats du  
CYP 3A4 et de la fonction rénale du patient pour évaluer l’impact clinique réel de l’interaction.

 : Utilisation contre-indiquée. Éviter l’administration concomitante.

 : Diminuer la dose d’édoxaban à 30 mg ID.

INTERACTIONS MÉDICAMENTEUSES   
IMPACT SUR LES CONCENTRATIONS PLASMATIQUES  
DES AOD*

Légende

   1211     



Cas clinique 
ACV cryptogénique 

– Femme de 38 ans: ACV occipital avec 
hémianopsie 

– ATCD: aucun 
– E/P: TA 150/86, reste SP 
–  Investigations négatives 

•  ECG: sinusal avec ESA 
•  Télémétrie 72 heures: N 
•  Écho card: FE 60%, FOP, anévrysme septum IA 
•  Doppler carotidien: N 
•  Angio-TDM tête/cou/crosse aorGque � normale
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BACKGROUND
The efficacy of closure of a patent foramen ovale (PFO) in the prevention of recurrent 
stroke after cryptogenic stroke is uncertain. We investigated the effect of PFO closure 
combined with antiplatelet therapy versus antiplatelet therapy alone on the risks of 
recurrent stroke and new brain infarctions.

METHODS
In this multinational trial involving patients with a PFO who had had a cryptogenic 
stroke, we randomly assigned patients, in a 2:1 ratio, to undergo PFO closure plus 
antiplatelet therapy (PFO closure group) or to receive antiplatelet therapy alone (anti-
platelet-only group). Imaging of the brain was performed at the baseline screening and 
at 24 months. The coprimary end points were freedom from clinical evidence of ische-
mic stroke (reported here as the percentage of patients who had a recurrence of stroke) 
through at least 24 months after randomization and the 24-month incidence of new 
brain infarction, which was a composite of clinical ischemic stroke or silent brain in-
farction detected on imaging.

RESULTS
We enrolled 664 patients (mean age, 45.2 years), of whom 81% had moderate or large 
interatrial shunts. During a median follow-up of 3.2 years, clinical ischemic stroke 
occurred in 6 of 441 patients (1.4%) in the PFO closure group and in 12 of 223 patients 
(5.4%) in the antiplatelet-only group (hazard ratio, 0.23; 95% confidence interval [CI], 
0.09 to 0.62; P = 0.002). The incidence of new brain infarctions was significantly lower 
in the PFO closure group than in the antiplatelet-only group (22 patients [5.7%] vs. 20 
patients [11.3%]; relative risk, 0.51; 95% CI, 0.29 to 0.91; P = 0.04), but the incidence of 
silent brain infarction did not differ significantly between the study groups (P = 0.97). 
Serious adverse events occurred in 23.1% of the patients in the PFO closure group and 
in 27.8% of the patients in the antiplatelet-only group (P = 0.22). Serious device-related 
adverse events occurred in 6 patients (1.4%) in the PFO closure group, and atrial fibril-
lation occurred in 29 patients (6.6%) after PFO closure.

CONCLUSIONS
Among patients with a PFO who had had a cryptogenic stroke, the risk of subsequent 
ischemic stroke was lower among those assigned to PFO closure combined with antiplate-
let therapy than among those assigned to antiplatelet therapy alone; however, PFO closure 
was associated with higher rates of device complications and atrial fibrillation. (Funded 
by W.L. Gore and Associates; Gore REDUCE ClinicalTrials.gov number, NCT00738894.)
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BACKGROUND
Trials of patent foramen ovale (PFO) closure to prevent recurrent stroke have been inconclusive. 
We investigated whether patients with cryptogenic stroke and echocardiographic features 
representing risk of stroke would benefit from PFO closure or anticoagulation, as compared 
with antiplatelet therapy.
METHODS
In a multicenter, randomized, open-label trial, we assigned, in a 1:1:1 ratio, patients 16 to 
60 years of age who had had a recent stroke attributed to PFO, with an associated atrial septal 
aneurysm or large interatrial shunt, to transcatheter PFO closure plus long-term antiplatelet 
therapy (PFO closure group), antiplatelet therapy alone (antiplatelet-only group), or oral antico-
agulation (anticoagulation group) (randomization group 1). Patients with contraindications to 
anticoagulants or to PFO closure were randomly assigned to the alternative noncontraindi-
cated treatment or to antiplatelet therapy (randomization groups 2 and 3). The primary out-
come was occurrence of stroke. The comparison of PFO closure plus antiplatelet therapy with 
antiplatelet therapy alone was performed with combined data from randomization groups 
1 and 2, and the comparison of oral anticoagulation with antiplatelet therapy alone was per-
formed with combined data from randomization groups 1 and 3.
RESULTS
A total of 663 patients underwent randomization and were followed for a mean (±SD) of 5.3±2.0 
years. In the analysis of randomization groups 1 and 2, no stroke occurred among the 238 
patients in the PFO closure group, whereas stroke occurred in 14 of the 235 patients in the an-
tiplatelet-only group (hazard ratio, 0.03; 95% confidence interval, 0 to 0.26; P<0.001). Proce-
dural complications from PFO closure occurred in 14 patients (5.9%). The rate of atrial fibrilla-
tion was higher in the PFO closure group than in the antiplatelet-only group (4.6% vs. 0.9%, 
P = 0.02). The number of serious adverse events did not differ significantly between the treatment 
groups (P = 0.56). In the analysis of randomization groups 1 and 3, stroke occurred in 3 of 187 pa-
tients assigned to oral anticoagulants and in 7 of 174 patients assigned to antiplatelet therapy alone.
CONCLUSIONS
Among patients who had had a recent cryptogenic stroke attributed to PFO with an associated 
atrial septal aneurysm or large interatrial shunt, the rate of stroke recurrence was lower among 
those assigned to PFO closure combined with antiplatelet therapy than among those assigned to 
antiplatelet therapy alone. PFO closure was associated with an increased risk of atrial fibrillation. 
(Funded by the French Ministry of Health; CLOSE ClinicalTrials.gov number, NCT00562289.)

a bs tr ac t

Patent Foramen Ovale Closure or Anticoagulation  
vs. Antiplatelets after Stroke

J.-L. Mas, G. Derumeaux, B. Guillon, E. Massardier, H. Hosseini, L. Mechtouff, C. Arquizan, Y. Béjot, F. Vuillier, 
O. Detante, C. Guidoux, S. Canaple, C. Vaduva, N. Dequatre-Ponchelle, I. Sibon, P. Garnier, A. Ferrier, S. Timsit, 
E. Robinet-Borgomano, D. Sablot, J.-C. Lacour, M. Zuber, P. Favrole, J.-F. Pinel, M. Apoil, P. Reiner, C. Lefebvre, 

P. Guérin, C. Piot, R. Rossi, J.-L. Dubois-Randé, J.-C. Eicher, N. Meneveau, J.-R. Lusson, B. Bertrand, J.-M. Schleich, 
F. Godart, J.-B. Thambo, L. Leborgne, P. Michel, L. Pierard, G. Turc, M. Barthelet, A. Charles-Nelson, C. Weimar, 

T. Moulin, J.-M. Juliard, and G. Chatellier, for the CLOSE Investigators*  

The New England Journal of Medicine 
Downloaded from nejm.org by EMILIE LAFLAMME on September 20, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 377;11 nejm.org September 14, 20171022

From the University of California, Los 
 Angeles (UCLA), Ronald Reagan UCLA 
Medical Center, Los Angeles ( J.L.S.); Uni-
versity of Colorado, Denver, and Univer-
sity of Colorado Hospital, Aurora (J.D.C.), 
and South Denver Cardiology, Swedish 
Medical Center, Littleton (L.A.M.) — all 
in Colorado; Tufts University, Tufts Medi-
cal Center, Boston (D.E.T.); University of 
Texas, Memorial Hermann Heart and 
Vascular Institute, Houston (R.W.S.); 
Medical College of Wisconsin, Milwau-
kee (D.S.M.); and University of Washing-
ton, Seattle (D.L.T.). Address reprint re-
quests to Dr. Saver at UCLA, Neurology 
Department, 710 Westwood Plaza, Los 
Angeles, CA 90095, or at  jsaver@  mednet 
. ucla . edu.

* A complete list of investigators in the 
Randomized Evaluation of Recurrent 
Stroke Comparing PFO Closure to Es-
tablished Current Standard of Care 
Treatment (RESPECT) trial is provided 
in the Supplementary Appendix, avail-
able at NEJM.org.

N Engl J Med 2017;377:1022-32.
DOI: 10.1056/NEJMoa1610057
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
Whether closure of a patent foramen ovale reduces the risk of recurrence of ische-
mic stroke in patients who have had a cryptogenic ischemic stroke is unknown.

METHODS
In a multicenter, randomized, open-label trial, with blinded adjudication of end-
point events, we randomly assigned patients 18 to 60 years of age who had 
a patent foramen ovale (PFO) and had had a cryptogenic ischemic stroke to 
undergo closure of the PFO (PFO closure group) or to receive medical therapy 
alone (aspirin, warfarin, clopidogrel, or aspirin combined with extended-release 
dipyridamole; medical-therapy group). The primary efficacy end point was a 
composite of recurrent nonfatal ischemic stroke, fatal ischemic stroke, or early 
death after randomization. The results of the analysis of the primary outcome 
from the original trial period have been reported previously; the current analy-
sis of data from the extended follow-up period was considered to be explor-
atory.

RESULTS
We enrolled 980 patients (mean age, 45.9 years) at 69 sites. Patients were followed 
for a median of 5.9 years. Treatment exposure in the two groups was unequal 
(3141 patient-years in the PFO closure group vs. 2669 patient-years in the medical-
therapy group), owing to a higher dropout rate in the medical-therapy group. In 
the intention-to-treat population, recurrent ischemic stroke occurred in 18 patients 
in the PFO closure group and in 28 patients in the medical-therapy group, result-
ing in rates of 0.58 events per 100 patient-years and 1.07 events per 100 patient-
years, respectively (hazard ratio with PFO closure vs. medical therapy, 0.55; 95% 
confidence interval [CI], 0.31 to 0.999; P = 0.046 by the log-rank test). Recurrent 
ischemic stroke of undetermined cause occurred in 10 patients in the PFO closure 
group and in 23 patients in the medical-therapy group (hazard ratio, 0.38; 95% CI, 
0.18 to 0.79; P = 0.007). Venous thromboembolism (which comprised events of 
pulmonary embolism and deep-vein thrombosis) was more common in the PFO 
closure group than in the medical-therapy group.

CONCLUSIONS
Among adults who had had a cryptogenic ischemic stroke, closure of a PFO was 
associated with a lower rate of recurrent ischemic strokes than medical therapy 
alone during extended follow-up. (Funded by St. Jude Medical; RESPECT Clinical-
Trials.gov number, NCT00465270.)
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BACKGROUND
Trials of patent foramen ovale (PFO) closure to prevent recurrent stroke have been inconclusive. 
We investigated whether patients with cryptogenic stroke and echocardiographic features 
representing risk of stroke would benefit from PFO closure or anticoagulation, as compared 
with antiplatelet therapy.
METHODS
In a multicenter, randomized, open-label trial, we assigned, in a 1:1:1 ratio, patients 16 to 
60 years of age who had had a recent stroke attributed to PFO, with an associated atrial septal 
aneurysm or large interatrial shunt, to transcatheter PFO closure plus long-term antiplatelet 
therapy (PFO closure group), antiplatelet therapy alone (antiplatelet-only group), or oral antico-
agulation (anticoagulation group) (randomization group 1). Patients with contraindications to 
anticoagulants or to PFO closure were randomly assigned to the alternative noncontraindi-
cated treatment or to antiplatelet therapy (randomization groups 2 and 3). The primary out-
come was occurrence of stroke. The comparison of PFO closure plus antiplatelet therapy with 
antiplatelet therapy alone was performed with combined data from randomization groups 
1 and 2, and the comparison of oral anticoagulation with antiplatelet therapy alone was per-
formed with combined data from randomization groups 1 and 3.
RESULTS
A total of 663 patients underwent randomization and were followed for a mean (±SD) of 5.3±2.0 
years. In the analysis of randomization groups 1 and 2, no stroke occurred among the 238 
patients in the PFO closure group, whereas stroke occurred in 14 of the 235 patients in the an-
tiplatelet-only group (hazard ratio, 0.03; 95% confidence interval, 0 to 0.26; P<0.001). Proce-
dural complications from PFO closure occurred in 14 patients (5.9%). The rate of atrial fibrilla-
tion was higher in the PFO closure group than in the antiplatelet-only group (4.6% vs. 0.9%, 
P = 0.02). The number of serious adverse events did not differ significantly between the treatment 
groups (P = 0.56). In the analysis of randomization groups 1 and 3, stroke occurred in 3 of 187 pa-
tients assigned to oral anticoagulants and in 7 of 174 patients assigned to antiplatelet therapy alone.
CONCLUSIONS
Among patients who had had a recent cryptogenic stroke attributed to PFO with an associated 
atrial septal aneurysm or large interatrial shunt, the rate of stroke recurrence was lower among 
those assigned to PFO closure combined with antiplatelet therapy than among those assigned to 
antiplatelet therapy alone. PFO closure was associated with an increased risk of atrial fibrillation. 
(Funded by the French Ministry of Health; CLOSE ClinicalTrials.gov number, NCT00562289.)
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the group, 10 were treated with oral anticoagu-
lants, which were discontinued in 7 patients after 
a median of 0.5 years (range, 0.2 to 2.1). Three 
patients were still receiving an anticoagulant at 
the last follow-up visit (Table S6 in the Supple-
mentary Appendix). None of the procedural com-
plications resulted in death or permanent dis-
ability. Serious adverse events occurred in 35.7% 
of the patients in the PFO closure group and in 
33.2% of the patients in the antiplatelet-only 
group (P = 0.56) (Table S7 in the Supplementary 
Appendix).

Outcomes in the Anticoagulation Group 
versus the Antiplatelet-Only Group

Baseline characteristics did not differ signifi-
cantly between the anticoagulation group and 
the antiplatelet-only group (including data from 
randomization groups 1 and 3, which were com-
bined for the purposes of this analysis) (Table 1, 
and Table S8 in the Supplementary Appendix). 
Among the 187 patients in the anticoagulant 
group, 5 were lost to follow-up, 1 did not receive 
anticoagulation, and 38 discontinued anticoagu-
lation (of whom 3 underwent PFO closure). Among 
the 174 patients in the antiplatelet-only group, 
1 was lost to follow-up and 9 discontinued treat-

ment (of whom 3 underwent PFO closure) (Fig. 
S6 in the Supplementary Appendix). The mean 
duration of follow-up was 5.4±2.0 years in the 
anticoagulant group and 5.3±2.0 years in the anti-
platelet-only group. Among the patients in the 
anticoagulant group, 174 (93.0%) received vita-
min K antagonists and 13 (7.0%) received direct 
oral anticoagulants (6 received dabigatran, 6 re-
ceived rivaroxaban, and 1 received apixaban). Pa-
tients receiving vitamin K agonists had an INR in 
the range of 2 to 3 at 74.3% of visits.

In the intention-to-treat cohort, stroke oc-
curred in 3 patients in the anticoagulation group 
and in 7 patients in the antiplatelet-only group 
(Table 2, and Fig. S7 in the Supplementary Ap-
pendix). The Kaplan–Meier 5-year cumulative 
estimate of the probability of stroke was 1.5% in 
the anticoagulant group and 3.8% in the anti-
platelet-only group. Statistical significance was 
not analyzed because the study was not ade-
quately powered to compare outcomes in these 
groups. The rates of secondary efficacy and safety 
outcomes are shown in Table 2 and Table 3.

A total of 307 patients were available for the 
per-protocol analysis (Fig. S6 and Table S5 in the 
Supplementary Appendix). Strokes occurred in 
2 patients in the anticoagulant group and in 

Figure 2. Kaplan–Meier Cumulative Estimates of Probability of Stroke in the PFO Closure Group versus the Antiplatelet-
Only Group.

The analysis was performed in the intention-to-treat cohort, which included all patients who were randomly assigned 
to a treatment. The inset shows the same data on an enlarged y axis.
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BACKGROUND
Trials of patent foramen ovale (PFO) closure to prevent recurrent stroke have been inconclusive. 
We investigated whether patients with cryptogenic stroke and echocardiographic features 
representing risk of stroke would benefit from PFO closure or anticoagulation, as compared 
with antiplatelet therapy.
METHODS
In a multicenter, randomized, open-label trial, we assigned, in a 1:1:1 ratio, patients 16 to 
60 years of age who had had a recent stroke attributed to PFO, with an associated atrial septal 
aneurysm or large interatrial shunt, to transcatheter PFO closure plus long-term antiplatelet 
therapy (PFO closure group), antiplatelet therapy alone (antiplatelet-only group), or oral antico-
agulation (anticoagulation group) (randomization group 1). Patients with contraindications to 
anticoagulants or to PFO closure were randomly assigned to the alternative noncontraindi-
cated treatment or to antiplatelet therapy (randomization groups 2 and 3). The primary out-
come was occurrence of stroke. The comparison of PFO closure plus antiplatelet therapy with 
antiplatelet therapy alone was performed with combined data from randomization groups 
1 and 2, and the comparison of oral anticoagulation with antiplatelet therapy alone was per-
formed with combined data from randomization groups 1 and 3.
RESULTS
A total of 663 patients underwent randomization and were followed for a mean (±SD) of 5.3±2.0 
years. In the analysis of randomization groups 1 and 2, no stroke occurred among the 238 
patients in the PFO closure group, whereas stroke occurred in 14 of the 235 patients in the an-
tiplatelet-only group (hazard ratio, 0.03; 95% confidence interval, 0 to 0.26; P<0.001). Proce-
dural complications from PFO closure occurred in 14 patients (5.9%). The rate of atrial fibrilla-
tion was higher in the PFO closure group than in the antiplatelet-only group (4.6% vs. 0.9%, 
P = 0.02). The number of serious adverse events did not differ significantly between the treatment 
groups (P = 0.56). In the analysis of randomization groups 1 and 3, stroke occurred in 3 of 187 pa-
tients assigned to oral anticoagulants and in 7 of 174 patients assigned to antiplatelet therapy alone.
CONCLUSIONS
Among patients who had had a recent cryptogenic stroke attributed to PFO with an associated 
atrial septal aneurysm or large interatrial shunt, the rate of stroke recurrence was lower among 
those assigned to PFO closure combined with antiplatelet therapy than among those assigned to 
antiplatelet therapy alone. PFO closure was associated with an increased risk of atrial fibrillation. 
(Funded by the French Ministry of Health; CLOSE ClinicalTrials.gov number, NCT00562289.)
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BACKGROUND
Whether closure of a patent foramen ovale reduces the risk of recurrence of ische-
mic stroke in patients who have had a cryptogenic ischemic stroke is unknown.

METHODS
In a multicenter, randomized, open-label trial, with blinded adjudication of end-
point events, we randomly assigned patients 18 to 60 years of age who had 
a patent foramen ovale (PFO) and had had a cryptogenic ischemic stroke to 
undergo closure of the PFO (PFO closure group) or to receive medical therapy 
alone (aspirin, warfarin, clopidogrel, or aspirin combined with extended-release 
dipyridamole; medical-therapy group). The primary efficacy end point was a 
composite of recurrent nonfatal ischemic stroke, fatal ischemic stroke, or early 
death after randomization. The results of the analysis of the primary outcome 
from the original trial period have been reported previously; the current analy-
sis of data from the extended follow-up period was considered to be explor-
atory.

RESULTS
We enrolled 980 patients (mean age, 45.9 years) at 69 sites. Patients were followed 
for a median of 5.9 years. Treatment exposure in the two groups was unequal 
(3141 patient-years in the PFO closure group vs. 2669 patient-years in the medical-
therapy group), owing to a higher dropout rate in the medical-therapy group. In 
the intention-to-treat population, recurrent ischemic stroke occurred in 18 patients 
in the PFO closure group and in 28 patients in the medical-therapy group, result-
ing in rates of 0.58 events per 100 patient-years and 1.07 events per 100 patient-
years, respectively (hazard ratio with PFO closure vs. medical therapy, 0.55; 95% 
confidence interval [CI], 0.31 to 0.999; P = 0.046 by the log-rank test). Recurrent 
ischemic stroke of undetermined cause occurred in 10 patients in the PFO closure 
group and in 23 patients in the medical-therapy group (hazard ratio, 0.38; 95% CI, 
0.18 to 0.79; P = 0.007). Venous thromboembolism (which comprised events of 
pulmonary embolism and deep-vein thrombosis) was more common in the PFO 
closure group than in the medical-therapy group.

CONCLUSIONS
Among adults who had had a cryptogenic ischemic stroke, closure of a PFO was 
associated with a lower rate of recurrent ischemic strokes than medical therapy 
alone during extended follow-up. (Funded by St. Jude Medical; RESPECT Clinical-
Trials.gov number, NCT00465270.)

A BS TR AC T

Long-Term Outcomes of Patent Foramen 
Ovale Closure or Medical Therapy after Stroke

Jeffrey L. Saver, M.D., John D. Carroll, M.D., David E. Thaler, M.D., Ph.D., 
Richard W. Smalling, M.D., Ph.D., Lee A. MacDonald, M.D., 

David S. Marks, M.D., and David L. Tirschwell, M.D.,  
for the RESPECT Investigators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org by EMILIE LAFLAMME on September 20, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 377;11 nejm.org September 14, 20171022

From the University of California, Los 
 Angeles (UCLA), Ronald Reagan UCLA 
Medical Center, Los Angeles ( J.L.S.); Uni-
versity of Colorado, Denver, and Univer-
sity of Colorado Hospital, Aurora (J.D.C.), 
and South Denver Cardiology, Swedish 
Medical Center, Littleton (L.A.M.) — all 
in Colorado; Tufts University, Tufts Medi-
cal Center, Boston (D.E.T.); University of 
Texas, Memorial Hermann Heart and 
Vascular Institute, Houston (R.W.S.); 
Medical College of Wisconsin, Milwau-
kee (D.S.M.); and University of Washing-
ton, Seattle (D.L.T.). Address reprint re-
quests to Dr. Saver at UCLA, Neurology 
Department, 710 Westwood Plaza, Los 
Angeles, CA 90095, or at  jsaver@  mednet 
. ucla . edu.

* A complete list of investigators in the 
Randomized Evaluation of Recurrent 
Stroke Comparing PFO Closure to Es-
tablished Current Standard of Care 
Treatment (RESPECT) trial is provided 
in the Supplementary Appendix, avail-
able at NEJM.org.

N Engl J Med 2017;377:1022-32.
DOI: 10.1056/NEJMoa1610057
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
Whether closure of a patent foramen ovale reduces the risk of recurrence of ische-
mic stroke in patients who have had a cryptogenic ischemic stroke is unknown.

METHODS
In a multicenter, randomized, open-label trial, with blinded adjudication of end-
point events, we randomly assigned patients 18 to 60 years of age who had 
a patent foramen ovale (PFO) and had had a cryptogenic ischemic stroke to 
undergo closure of the PFO (PFO closure group) or to receive medical therapy 
alone (aspirin, warfarin, clopidogrel, or aspirin combined with extended-release 
dipyridamole; medical-therapy group). The primary efficacy end point was a 
composite of recurrent nonfatal ischemic stroke, fatal ischemic stroke, or early 
death after randomization. The results of the analysis of the primary outcome 
from the original trial period have been reported previously; the current analy-
sis of data from the extended follow-up period was considered to be explor-
atory.

RESULTS
We enrolled 980 patients (mean age, 45.9 years) at 69 sites. Patients were followed 
for a median of 5.9 years. Treatment exposure in the two groups was unequal 
(3141 patient-years in the PFO closure group vs. 2669 patient-years in the medical-
therapy group), owing to a higher dropout rate in the medical-therapy group. In 
the intention-to-treat population, recurrent ischemic stroke occurred in 18 patients 
in the PFO closure group and in 28 patients in the medical-therapy group, result-
ing in rates of 0.58 events per 100 patient-years and 1.07 events per 100 patient-
years, respectively (hazard ratio with PFO closure vs. medical therapy, 0.55; 95% 
confidence interval [CI], 0.31 to 0.999; P = 0.046 by the log-rank test). Recurrent 
ischemic stroke of undetermined cause occurred in 10 patients in the PFO closure 
group and in 23 patients in the medical-therapy group (hazard ratio, 0.38; 95% CI, 
0.18 to 0.79; P = 0.007). Venous thromboembolism (which comprised events of 
pulmonary embolism and deep-vein thrombosis) was more common in the PFO 
closure group than in the medical-therapy group.

CONCLUSIONS
Among adults who had had a cryptogenic ischemic stroke, closure of a PFO was 
associated with a lower rate of recurrent ischemic strokes than medical therapy 
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Long-Term Outcomes of PFO Closure after Stroke
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BACKGROUND
The efficacy of closure of a patent foramen ovale (PFO) in the prevention of recurrent 
stroke after cryptogenic stroke is uncertain. We investigated the effect of PFO closure 
combined with antiplatelet therapy versus antiplatelet therapy alone on the risks of 
recurrent stroke and new brain infarctions.

METHODS
In this multinational trial involving patients with a PFO who had had a cryptogenic 
stroke, we randomly assigned patients, in a 2:1 ratio, to undergo PFO closure plus 
antiplatelet therapy (PFO closure group) or to receive antiplatelet therapy alone (anti-
platelet-only group). Imaging of the brain was performed at the baseline screening and 
at 24 months. The coprimary end points were freedom from clinical evidence of ische-
mic stroke (reported here as the percentage of patients who had a recurrence of stroke) 
through at least 24 months after randomization and the 24-month incidence of new 
brain infarction, which was a composite of clinical ischemic stroke or silent brain in-
farction detected on imaging.

RESULTS
We enrolled 664 patients (mean age, 45.2 years), of whom 81% had moderate or large 
interatrial shunts. During a median follow-up of 3.2 years, clinical ischemic stroke 
occurred in 6 of 441 patients (1.4%) in the PFO closure group and in 12 of 223 patients 
(5.4%) in the antiplatelet-only group (hazard ratio, 0.23; 95% confidence interval [CI], 
0.09 to 0.62; P = 0.002). The incidence of new brain infarctions was significantly lower 
in the PFO closure group than in the antiplatelet-only group (22 patients [5.7%] vs. 20 
patients [11.3%]; relative risk, 0.51; 95% CI, 0.29 to 0.91; P = 0.04), but the incidence of 
silent brain infarction did not differ significantly between the study groups (P = 0.97). 
Serious adverse events occurred in 23.1% of the patients in the PFO closure group and 
in 27.8% of the patients in the antiplatelet-only group (P = 0.22). Serious device-related 
adverse events occurred in 6 patients (1.4%) in the PFO closure group, and atrial fibril-
lation occurred in 29 patients (6.6%) after PFO closure.

CONCLUSIONS
Among patients with a PFO who had had a cryptogenic stroke, the risk of subsequent 
ischemic stroke was lower among those assigned to PFO closure combined with antiplate-
let therapy than among those assigned to antiplatelet therapy alone; however, PFO closure 
was associated with higher rates of device complications and atrial fibrillation. (Funded 
by W.L. Gore and Associates; Gore REDUCE ClinicalTrials.gov number, NCT00738894.)
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BACKGROUND
The efficacy of closure of a patent foramen ovale (PFO) in the prevention of recurrent 
stroke after cryptogenic stroke is uncertain. We investigated the effect of PFO closure 
combined with antiplatelet therapy versus antiplatelet therapy alone on the risks of 
recurrent stroke and new brain infarctions.

METHODS
In this multinational trial involving patients with a PFO who had had a cryptogenic 
stroke, we randomly assigned patients, in a 2:1 ratio, to undergo PFO closure plus 
antiplatelet therapy (PFO closure group) or to receive antiplatelet therapy alone (anti-
platelet-only group). Imaging of the brain was performed at the baseline screening and 
at 24 months. The coprimary end points were freedom from clinical evidence of ische-
mic stroke (reported here as the percentage of patients who had a recurrence of stroke) 
through at least 24 months after randomization and the 24-month incidence of new 
brain infarction, which was a composite of clinical ischemic stroke or silent brain in-
farction detected on imaging.

RESULTS
We enrolled 664 patients (mean age, 45.2 years), of whom 81% had moderate or large 
interatrial shunts. During a median follow-up of 3.2 years, clinical ischemic stroke 
occurred in 6 of 441 patients (1.4%) in the PFO closure group and in 12 of 223 patients 
(5.4%) in the antiplatelet-only group (hazard ratio, 0.23; 95% confidence interval [CI], 
0.09 to 0.62; P = 0.002). The incidence of new brain infarctions was significantly lower 
in the PFO closure group than in the antiplatelet-only group (22 patients [5.7%] vs. 20 
patients [11.3%]; relative risk, 0.51; 95% CI, 0.29 to 0.91; P = 0.04), but the incidence of 
silent brain infarction did not differ significantly between the study groups (P = 0.97). 
Serious adverse events occurred in 23.1% of the patients in the PFO closure group and 
in 27.8% of the patients in the antiplatelet-only group (P = 0.22). Serious device-related 
adverse events occurred in 6 patients (1.4%) in the PFO closure group, and atrial fibril-
lation occurred in 29 patients (6.6%) after PFO closure.

CONCLUSIONS
Among patients with a PFO who had had a cryptogenic stroke, the risk of subsequent 
ischemic stroke was lower among those assigned to PFO closure combined with antiplate-
let therapy than among those assigned to antiplatelet therapy alone; however, PFO closure 
was associated with higher rates of device complications and atrial fibrillation. (Funded 
by W.L. Gore and Associates; Gore REDUCE ClinicalTrials.gov number, NCT00738894.)
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cessful in 408 patients (158 patients received a 
HELEX device and 250 patients a GSO device), 
representing a rate of successful device retention 
of 98.8%. A nonstudy PFO closure device was 
implanted in 6 patients. Patient characteristics 
and technical success of PFO closure were simi-
lar with respect to the two study devices (Tables 
S5 and S6 in the Supplementary Appendix). Com-
plete PFO closure with a study device was ob-
served in 73.2% of the patients immediately af-
ter the procedure and in 75.6% of the patients at 
12 months.

A study device was not placed in 32 patients 
(7.3%) in the PFO closure group; an attempt to 
implant a study device was not made in 28 pa-
tients, and 4 of the 5 patients in whom an initial 
attempt was unsuccessful had no successful re-
attempt to implant a study device. A total of 14 
patients (6.3%) in the antiplatelet-only group 
underwent PFO closure during the course of the 
trial (Fig. S3 in the Supplementary Appendix).

Primary End Points
With respect to the first coprimary end point, 
recurrent clinical ischemic stroke occurred in 
6 patients (1.4%) in the PFO closure group (0.39 
strokes per 100 patient-years) and in 12 patients 
(5.4%) in the antiplatelet-only group (1.71 strokes 
per 100 patient-years) (hazard ratio for recurrent 
stroke, 0.23; 95% confidence interval [CI], 0.09 
to 0.62; P = 0.002) (Fig. 1). With respect to the 
second coprimary end point, new brain infarction 
(clinical ischemic stroke or silent brain infarc-
tion) occurred in 22 patients (5.7%) in the PFO 
closure group and in 20 patients (11.3%) in the 
antiplatelet-only group (absolute difference, 5.6 
percentage points [95% CI, 0.3 to 10.8]; relative 
risk, 0.51 [95% CI, 0.29 to 0.91]; P = 0.04) (Table 2). 
In the coprimary end-point analysis that incor-
porated an adjustment for multiple testing, the 
P values were 0.002 for the recurrent stroke end 
point and 0.048 for the new brain infarction 
end point.

Sensitivity analyses to assess the effect of 
missing data are summarized in the Supplemen-
tary Appendix. In the per-protocol and as-treated 
cohorts, the results favored the PFO closure 
group with respect to both coprimary end points 
(Table S7 in the Supplementary Appendix). Ex-
ploratory analyses to evaluate heterogeneity in 
relation to baseline covariates indicated no inter-
actions across strata of age, sex, shunt size, or 
geographic region (Fig. 2).

Safety
Adverse events are summarized in Table 3. Seri-
ous adverse events occurred in 164 patients: 
102 patients (23.1%) in the PFO closure group 
and 62 patients (27.8%) in the antiplatelet-only 
group (P = 0.22). Two deaths occurred in the PFO 
closure group (one suicide and one fatal myocar-
dial infarction), and no deaths occurred in the 
antiplatelet-only group. In the PFO closure group, 
procedure-related serious adverse events occurred 
in 2.5% of the patients, and device-related seri-
ous adverse events in 1.4%.

The risks of major bleeding, deep-vein throm-
bosis, and pulmonary embolism did not differ 
significantly between study groups. Atrial fibril-
lation or flutter occurred in significantly more 
patients in the PFO closure group than in the 
antiplatelet-only group (6.6% vs. 0.4%, P<0.001); 
83% of the cases of atrial fibrillation or flutter 

Figure 1. Probability of Freedom from Clinical Evidence of Recurrent Ischemic 
Stroke.

Shown are Kaplan–Meier plots of the estimate of the probability of freedom 
from clinical evidence of recurrent ischemic stroke in the intention-to-treat 
population (all patients who were randomly assigned to undergo PFO clo-
sure followed by antiplatelet therapy [PFO closure group] or to receive anti-
platelet therapy alone [antiplatelet-only group]). During a median follow-up 
of 3.2 years, clinical ischemic strokes occurred in 6 of 441 patients (1.4%) 
in the PFO closure group and in 12 of 223 patients (5.4%) in the antiplate-
let-only group. Hazard ratio for recurrent stroke equates with 1 minus the 
rate of freedom from stroke. The inset shows the same data on an enlarged 
y axis.
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•  N: 664, âge moyen 45 ans

–  Suivi 3.2 ans


–  ETO avec FOP (mod-large 81%)


•  Large: > 25 microbulles en 3 
cycles


•  Modéré: 6-25

§  Léger: 1-5


•  Fermeture FOP: 

–  + FA 6.6% vs 0.4%

–  Relié à la prothèse 1.4%


ACV clinique ischémique 
1.4% vs 5.4% 



CAS Clinique


•  Hospitalisée à 2 reprises pour anémie sur 
spoliaGon digesGve


•  5 transfusions dans le dernier 3 mois


•  Dg: angiodysplasie du grêle 


•  Contre-indicaGon relaGve à l’anGcoagulaGon


•  Quoi faire?

– CHADS 4: RISQUE 8.5% AVC/annuellement




Prévention de l’AVC 
  Fermeture percutannée de l’auricule gauche 

 



•  90 % des thrombus originent de l’auricule 
gauche 

•  L’exclusion de l’auricule gauche prévient-
elle l’AVC?? 

Prévention de l’AVC 
la place de la fermeture de l’auricule gauche 

 





Recommendations de la médication dans le 
groupe  Watchman 






Endothélialisation de la prothèse 





•  Watchman: 463 paGents

– Succès d’implantaGon: 88% (408/463)

– Warfarin pour 45 jours –si ETO normal 

– Asa/clopidogrel 6 mois


•  Warfarin: 244 paGents (TTR 66%)

•  Âge moyen: 72 ans- 70% hommes

•  CHADS2: 2.2 


– ATCD stroke/TIA: 20 %

–  IdenGque que RELY – ARISTOTLE







Prothèse Watchman: non inférieure à la warfarine 
•  objectif primaire de l’étude soit ACV (ischémique or 

hemorragique), embolie systémique ou mortalité CV 

3%/an watchman versus 4.9%/an warfarin 
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interpretation of event rates, but truncated exposure pre-
venting detection or registration of events would be more
costly to the device group if patients ceased participation
after complications from warfarin therapy. Furthermore,
additional sensitivity analyses revealed that as assessed by
time in therapeutic range prior to dropout, the higher-risk
warfarin patients withdrew from the study, thereby biasing
the study against the device group. When a vital status
update was obtained, the overall mortality even more
strongly favored the device group (HR, 0.63; 95% CI, 0.45-
0.90; P = .01) (eMethods and eTables 4-6 in Supplement 2);
patients who did not comply with the follow-up require-
ments of the protocol may have been less adherent to warfa-
rin dose regulation, raising the risk of ischemic or hemor-
rhagic events.

Earlier analyses of trial data at 1065 and 1588 patient-
years of exposure (mean follow-up, 1.5 and 2.3 years, respec-

tively) found the device strategy noninferior to warfarin for
the primary efficacy end point.10,11 Although the RR ranged
from 0.6 to 0.7, wide credible intervals had precluded estab-
lishment of superiority. But the current scheduled data analy-
sis yielded superiority, thereby representing a notable change
in the conclusion as compared with previously reported out-
comes. With the additional follow-up detailed herein,
whether analyzed according to the Bayesian-Poisson model
or the frequentist Cox proportional hazards model, the
device was associated with a 40% relative reduction in the
risk of the primary end point when compared with warfarin.
Secondary analyses indicated that this advantage was unex-
plained by the antithrombotic therapies required early after
device deployment.

The beneficial outcomes with the device were driven
largely by lower rates of hemorrhagic stroke and cardiovas-
cular death. Cardiovascular mortality in the warfarin group

Table 2. Intention-to-Treat Primary Efficacy and Safety Outcomes According to Treatment Group by Bayesian Model

Event

Device Group (n = 463) Warfarin Group (n = 244) Device/Warfarin
Rate Ratio (95%

Credible Interval)

Posterior Probabilities, %
Events/Patient-

Years
Observed

Ratea
Events/Patient-

Years
Observed

Ratea Noninferiority Superiority
Primary efficacy end
pointb

39/1720.2 2.3 (1.7-3.2) 34/900.8 3.8 (2.5-4.9) 0.60 (0.41-1.05) >99 96

Stroke 26/1720.7 1.5 (1.0-2.2) 20/900.9 2.2 (1.3-3.1) 0.68 (0.42-1.37) >99 83

Ischemic 24/1720.8 1.4 (0.9-2.1) 10/904.2 1.1 (0.5-1.7) 1.26 (0.72-3.28) 78 15

Hemorrhagic 3/1774.2 0.2 (0.0-0.4) 10/916.2 1.1 (0.5-1.8) 0.15 (0.03-0.49) >99 99

Disablingc 8/1771.3 0.5 (0.2-0.8) 11/912.7 1.2 (0.6-1.9) 0.37 (0.15-1.00) >99 98

Nondisablingc 18/1723.7 1.0 (0.7-1.7) 9/907.7 1.0 (0.4-1.7) 1.05 (0.54-2.80) 89 34

Systemic
embolization

3/1773.6 0.2 (0.0-0.4) 0/919.5 0 NA

Cardiovascular or
unexplained death

17/1774.3 1.0 (0.6-1.5) 22/919.4 2.4 (1.4-3.4) 0.40 (0.23-0.82) >99 99

Primary safety end
pointd

60/1666.2 3.6 (2.8-4.6) 27/878.2 3.1 (2.0-4.3) 1.17 (0.78-1.95) 98 20

Abbreviation: NA, not applicable.
a Events per 100 patient-years (95% credible interval).
b Primary efficacy defined as composite of stroke, systemic embolization, or

cardiovascular/unexplained death.
c Disabling or fatal strokes were those with a Modified Rankin Score of 3-6 after

the stroke. Nondisabling strokes were those with Modified Rankin Scores of
0-2 after the stroke.

d Safety defined as procedure-related events (pericardial effusion requiring inter-
vention or prolonged hospitalization, procedure-related stroke, or device emboli-
zation) and major bleeding (intracranial or bleeding requiring transfusion).

Figure 2. Kaplan-Meier Curves for the Primary Efficacy and Safety End Points
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Après un suivi moyen 3.8 ans  (Âge moyen: 72 ans) 

–  fermeture LAA: noninfériorité et même 
supériorité  

– 2.3% yr vs 3.8% (stroke, systemic embolism, 
CV deaths) 
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(2.4% annually) was similar to that in other trials (range,
2.0%-2.7%), but the rate of intracranial hemorrhage (ICH) in
the warfarin group (1.1%/year) was higher than in other
trials (typically 0.4%-0.5%/year), although confidence inter-
vals overlap (eTable 7 in Supplement 2). While the average
CHADS2 score was similar in other trials, and the difference
in ICH could represent chance variation, patients enrolled in
this study may have been at higher risk based on character-
istics not reflected in the CHADS2 score. There may also
have been differences in definitions of stroke in the various
studies; half the reported events occurred after falls, making
it difficult to determine whether ICH was cause or conse-
quence.

There was a statistically significant decrease in the rela-
tive risk of all-cause mortality, favoring the device-based strat-
egy. In absolute terms, the all-cause mortality rate in the war-
farin group was 21.5% compared with 14.5% in the device group
for an absolute reduction at 5 years of 7.0%. The death rate in
the warfarin group (3.2%/year) was similar in other trials (range,
3.2%-4.9%/year) (eTable 8 in Supplement 2) and driven by dif-

ferential rates of ICH, cardiovascular mortality, and death due
to pulmonary causes. Conversely, the HR for cancer-related
mortality in the device group was increased. This increase did
not reach statistical significance (eTable 9 in Supplement 2) but
is consistent with studies suggesting a potential protective ef-
fect of warfarin in the pathogenesis and mortality of urologi-
cal or gastrointestinal tumors, perhaps related to earlier
detection.19

The ischemic stroke rate in the device group (1.4%/year,
24/463 patients) was not significantly greater than in the
warfarin group (1.1%/year, 10/244 patients, P = .49). The
rates were also identical between groups in the postproce-
dure analysis (6 procedure-related strokes among 463
patients), reflecting technical complications of device
implantation and suggesting that stroke prevention after
LAA closure accrues over time.

Although there was no significant difference in compos-
ite safety outcome between groups, among patients in the
device group there was a time-dependent distribution of
safety events, with a high initial accumulation of procedure-

Figure 3. Kaplan-Meier Curves for Ischemic Stroke, Cardiovascular Mortality, and All-Cause Mortality
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All-cause mortalityC

RR (95% CI), 1.26 (0.72-3.28)
P = .49

HR (95% CI), 0.40 (0.21-0.75)
P = .005

HR (95% CI), 0.66 (0.45-0.98)
P = .04

HR indicates hazard ratio; RR, rate ratio.

Table 3. Causes of Mortality by Treatment Group

Device Group, No. (%)
(n = 463)

Warfarin Group, No. (%)
(n = 244) P Value

Cardiovascular 17 (3.7) 22 (9.0) .005

Heart failure 3 (0.6) 2 (0.8) >.99

Hemorrhagic stroke 2 (0.4) 8 (3.3) .004

Ischemic stroke 1 (0.2) 1 (0.4) >.99

Myocardial infarction 2 (0.4) 2 (0.8) .61

Sudden cardiac death 4 (0.9) 4 (1.6) .46

Unexplained/other 5 (1.0) 5 (2.0) .33

Cancer 10 (2.2) 3 (1.2) .56

Pulmonary 9 (1.9) 9 (3.7) .21

Neurologic 2 (0.4) 1 (0.4) >.99

Multisystem organ failure 6 (1.3) 1 (0.4) .43

Other 9 (1.9) 5 (2.0) >.99

Renal failure 3 (0.6) 3 (1.2) .42

Sepsis 2 (0.4) 1 (0.4) >.99

Unexplained/other 4 (0.9) 1 (0.4) .66
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•  Fermeture LAA: Supériorité également pour la 
mortalité CV et mortalité toute cause 
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Bleeding Outcomes After
Left Atrial Appendage Closure
Compared With Long-Term Warfarin
A Pooled, Patient-Level Analysis of the
WATCHMAN Randomized Trial Experience

Matthew J. Price, MD,* Vivek Y. Reddy, MD,y Miguel Valderrábano, MD,z Jonathan L. Halperin, MD,y
Douglas N. Gibson, MD,* Nicole Gordon, BSEE,x Kenneth C. Huber, MD,k David R. Holmes, JR, MD{

ABSTRACT

OBJECTIVES The purpose of this study was to compare the relative risk of major bleeding with left atrial appendage

(LAA) closure compared with long-term warfarin therapy.

BACKGROUND LAA closure is an alternative approach to chronic oral anticoagulation for the prevention of throm-

boembolism in patients with atrial fibrillation (AF).

METHODS We conducted a pooled, patient-level analysis of the 2 randomized clinical trials that compared WATCHMAN
(Boston Scientific, Natick, Massachusetts) LAA closure with long-term warfarin therapy in AF.

RESULTS A total of 1,114 patients were included, with a median follow-up of 3.1 years. The overall rate of major

bleeding from randomization to the end of follow-up was similar between treatment groups (3.5 events vs. 3.6 events

per 100 patient-years; rate ratio [RR]: 0.96; 95% confidence interval [CI]: 0.66 to 1.40; p ¼ 0.84). LAA closure

significantly reduced bleeding >7 days post-randomization (1.8 events vs. 3.6 events per 100 patient-years; RR: 0.49;

95% CI: 0.32 to 0.75; p ¼ 0.001), with the difference emerging 6 months after randomization (1.0 events vs. 3.5 events

per 100 patient-years; RR: 0.28; 95% CI: 0.16 to 0.49; p < 0.001), when patients assigned to LAA closure were able to

discontinue adjunctive oral anticoagulation and antiplatelet therapy. The reduction in bleeding with LAA closure was

directionally consistent across all patient subgroups.

CONCLUSIONS There was no difference in the overall rate of major bleeding in patients assigned to LAA closure

compared with extended warfarin therapy over 3 years of follow-up. However, LAA closure significantly reduced bleeding

beyond the procedural period, particularly once adjunctive pharmacotherapy was discontinued. The favorable effect of

LAA closure on long-term bleeding should be considered when selecting a stroke prevention strategy for patients with

nonvalvular AF. (WATCHMAN Left Atrial Appendage System for Embolic PROTECTion in Patients With Atrial Fibrillation;

NCT00129545; and Evaluation of the WATCHMAN LAA Closure Device in Patients With Atrial Fibrillation Versus Long

Term Warfarin Therapy [PREVAIL]; NCT01182441) (J Am Coll Cardiol Intv 2015;8:1925–32) © 2015 by the American

College of Cardiology Foundation.
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Bleeding Outcomes After
Left Atrial Appendage Closure
Compared With Long-Term Warfarin
A Pooled, Patient-Level Analysis of the
WATCHMAN Randomized Trial Experience

Matthew J. Price, MD,* Vivek Y. Reddy, MD,y Miguel Valderrábano, MD,z Jonathan L. Halperin, MD,y
Douglas N. Gibson, MD,* Nicole Gordon, BSEE,x Kenneth C. Huber, MD,k David R. Holmes, JR, MD{

ABSTRACT

OBJECTIVES The purpose of this study was to compare the relative risk of major bleeding with left atrial appendage

(LAA) closure compared with long-term warfarin therapy.

BACKGROUND LAA closure is an alternative approach to chronic oral anticoagulation for the prevention of throm-

boembolism in patients with atrial fibrillation (AF).

METHODS We conducted a pooled, patient-level analysis of the 2 randomized clinical trials that compared WATCHMAN
(Boston Scientific, Natick, Massachusetts) LAA closure with long-term warfarin therapy in AF.

RESULTS A total of 1,114 patients were included, with a median follow-up of 3.1 years. The overall rate of major

bleeding from randomization to the end of follow-up was similar between treatment groups (3.5 events vs. 3.6 events

per 100 patient-years; rate ratio [RR]: 0.96; 95% confidence interval [CI]: 0.66 to 1.40; p ¼ 0.84). LAA closure

significantly reduced bleeding >7 days post-randomization (1.8 events vs. 3.6 events per 100 patient-years; RR: 0.49;

95% CI: 0.32 to 0.75; p ¼ 0.001), with the difference emerging 6 months after randomization (1.0 events vs. 3.5 events

per 100 patient-years; RR: 0.28; 95% CI: 0.16 to 0.49; p < 0.001), when patients assigned to LAA closure were able to

discontinue adjunctive oral anticoagulation and antiplatelet therapy. The reduction in bleeding with LAA closure was

directionally consistent across all patient subgroups.

CONCLUSIONS There was no difference in the overall rate of major bleeding in patients assigned to LAA closure

compared with extended warfarin therapy over 3 years of follow-up. However, LAA closure significantly reduced bleeding

beyond the procedural period, particularly once adjunctive pharmacotherapy was discontinued. The favorable effect of

LAA closure on long-term bleeding should be considered when selecting a stroke prevention strategy for patients with

nonvalvular AF. (WATCHMAN Left Atrial Appendage System for Embolic PROTECTion in Patients With Atrial Fibrillation;

NCT00129545; and Evaluation of the WATCHMAN LAA Closure Device in Patients With Atrial Fibrillation Versus Long

Term Warfarin Therapy [PREVAIL]; NCT01182441) (J Am Coll Cardiol Intv 2015;8:1925–32) © 2015 by the American

College of Cardiology Foundation.
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ASAP Registry 

•  But:  

•  Est-ce sécuritaire d’installer une prothèse Watchman sans 
mettre de warfarine chez les patients avec contre-
indications à l’anticoagulation ?  
•  Étude prospective non-randomisée multicentrique de 4 centres 

européens  

•  Clopidogrel pour 6 mois & ASA à vie 
•  Suivi à  3, 6, 12, 18, and 24 mois 
•  ETO à 3 and 12 mois  

•  150 patients: CHADS2 = 2.8 ± 1.2  
•  ATCD ACV/ICT in 40.7%, âge moyen 72.5 ans 

•  Suivi moyen: 16.5 mois 

Reddy V et al. JACC 2013 
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Le taux ACV ischémique de 1.5% moindre que le taux 
estimé de 7.3% (basé sur un  CHADS de 2.8) 
 
CONCLUSION: La fermeture de LAA avec la Watchman 
peut être fait sans la transition à la warfarine et est une 
alternative pour ceux avec contre-indication ACO 



Méta-Analyse de la comparaison de l’efficacité primaire 
Watchman à la warfarine 
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Interventional left atrial appendage closure
vs novel anticoagulation agents in patients
with atrial fibrillation indicated for long-term
anticoagulation (PRAGUE-17 study)
PavelOsmancik,MD, PhD,a Petr Tousek,MD, PhD, a DaliborHerman,MD, PhD,a Petr Neuzil, MD, CSc, b Pavel Hala,MD,b

Josef Stasek,MD,PhD, c LudekHaman,MD,PhD, c Petr Kala,MD,PhD,dMartinPoloczek,MD,dMarianBranny,MD,PhD,e

Jan Chovancik, MD, e Pavel Cervinka, MD, PhD, f Jiri Holy, MD, f Vlastimil Vancura, MD, PhD,g Richard Rokyta, MD, PhD,g

Milos Taborsky, MD, CSc, h Tomas Kovarnik, MD, PhD, i David Zemanek, MD, PhD, i Petr Peichl, MD, PhD, j

Sarka Haskova, Eng, k Jiri Jarkovsky, Eng, k and Petr Widimsky, MD, DrSc a, on behalf of the PRAGUE-17
Investigators Prague, Prague, Brno, Trinec, Usti nad Labem; Pilsen, University Hospital Olomouc, General
Faculty Hospital, Prague, and Brno, Czech Republic

Background Atrial fibrillation (AF), with a prevalence of 1% to 2%, is the most common cardiac arrhythmia. Without
antithrombotic treatment, the annual risk of a cardioembolic event is 5% to 6%. The source of a cardioembolic event is a
thrombus, which is usually formed in the left atrial appendage (LAA). Prevention of cardioembolic events involves treatment
with anticoagulant drugs: either vitamin K antagonists or, recently, novel oral anticoagulants (NOAC). The other
(nonpharmacologic) option for the prevention of a cardioembolic event involves interventional occlusion of the LAA.

Objective To determine whether percutaneous LAA occlusion is noninferior to treatment with NOAC in AF patients
indicated for long-term systemic anticoagulation.

Study design The trialwill beaprospective,multicenter, randomized noninferiority trial comparing2 treatment strategies in
moderate to high-risk AF patients (ie, patients with history of significant bleeding, or history of cardiovascular event(s), or a with
CHA2DS2VASc ≥3 andHAS-BLED score ≥2). Patients will be randomized into a percutaneous LAA occlusion (groupA) or aNOAC
treatment (group B) in a 1:1 ratio; the randomization was done using Web-based randomization software. A total of 396 study
participants (198 patients in each group) will be enrolled in the study. The primary end point will be the occurrence of any of the
following eventswithin 24 months after randomization: stroke or transient ischemic attack (any type), systemic cardioembolic event,
clinically significant bleeding, cardiovascular death, or a significant periprocedural or device-related complications.

Conclusion The PRAGUE-17 trial will determine if LAA occlusion is noninferior to treatment with NOAC in moderate- to
high-risk AF patients. (Am Heart J 2017;183:108-14.)

Introduction and the rationale for the study
Atrial fibrillation (AF) is the most common sustained

cardiac arrhythmia. Its prevalence is 1% to 2% in the
general population; in addition, the incidence increases

with age.1 Among those 75 years and older, the
incidence of AF is 12%.2 Atrial fibrillation is associated
with a 5-fold risk of a cardioembolic events; approxi-
mately 20% of all strokes are due to AF.3 The annual
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Dispositifs de fermeture d’auricule gauche 


•  Approche endocardique fermeture LAA  

¡  Watchman 
¡  ACP – Amulet 
¡  Cardia Ultrasept 
¡  WaveCrest LAA occluder 
¡  Lifetech device 
¡  Occlutech device 
¡  Sideris patch 

•  Approche épicardique de fermeture LAA 
¡  Dispositif LARIAT  



Dispositif Watchman (Boston)





Holmes et al. JACC 2014 

-  > 7500 implantations 
-  > 2000 patients dans les études 

cliniques 
-  Approbation Europe depuis  2005 
-  Approbation dans 56 pays 
-  Approuvé au  Canada x 2016 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AHA
Atrial fibrillation

Implant success and safety of left atrial
appendage closure with the WATCHMAN
device: peri-procedural outcomes from
the EWOLUTION registry
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Aims Left atrial appendage closure is a non-pharmacological alternative for stroke prevention in high-risk patients with non-
valvular atrial fibrillation. The objective of the multicentre EWOLUTION registry was to obtain clinical data on
procedural success and complications, and long-term patient outcomes, including bleeding and incidence of stroke/
transient ischaemic attack (TIA). Here, we report on the peri-procedural outcomes of up to 30 days.

Methods
and results

Baseline/implant data are available for 1021 subjects. Subjects in the study were at high risk of stroke (average CHADS2

score: 2.8+ 1.3, CHA2DS2-VASc: 4.5+ 1.6) and moderate-to-high risk of bleeding (average HAS-BLED score:
2.3+ 1.2). Almost half of the subjects (45.4%) had a history of TIA, ischaemic stroke, or haemorrhagic stroke; 62%
of patients were deemed unsuitable for novel oral anticoagulant by their physician. The device was successfully de-
ployed in 98.5% of patients with no flow or minimal residual flow achieved in 99.3% of implanted patients. Twenty-eight
subjects experienced 31 serious adverse events (SAEs) within 1 day of the procedure. The overall 30-day mortality rate
was 0.7%. The most common SAE occurring within 30 days of the procedure was major bleeding requiring transfusion.
Incidence of SAEs within 30 days was significantly lower for subjects deemed to be ineligible for oral anticoagulation
therapy (OAT) compared with those eligible for OAT (6.5 vs. 10.2%, P ¼ 0.042).

Conclusion Left atrial appendage closure with the WATCHMAN device has a high success rate in complete LAAC with low peri-
procedural risk, even in a population with a higher risk of stroke and bleeding, and multiple co-morbidities.
Improvement in implantation techniques has led to a reduction of peri-procedural complications previously limiting
the net clinical benefit of the procedure.
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had a history of either TIA (10.7%), or ischaemic stroke (19.7%), or
haemorrhagic stroke (15.0%), thus constituting a very high-risk
population. All subjects had a sufficiently high risk for stroke to war-
rant the use of OAT. However, 62% of patients were deemed un-
suitable for OAT by their physician, based on factors such as
co-morbidities, the inability to adhere to OAT, and bleeding history
or high bleeding risk. Nearly one-third of all subjects had a history of
major bleeding (31.2%) and there was a moderate-to-high risk of
bleeding with 40% of subjects having a HAS-BLED score of three
or more, and an average HAS-BLED score of 2.3+ 1.2. At baseline,
only 31% of patients were on OAT, 21% were on dual antiplatelet
therapy (DAPT), 22% were on single APT, and 27% were not taking
any form of anticoagulation. Following implant, anticoagulation was
increased in line with WATCHMAN recommendations of use in the
first 3–6 months; 27% of patients were on OAT, 59% were on dual
APT, and 7% were on single APT, while 6% remained without any
type of OAT.

Implant procedure success
A total of 1019 subjects underwent implant attempts. Five additional
subjects were considered to have an unsuitable anatomy for implant
after enrolment, while implant status is unknown for one subject.
Table 2 summarizes procedural results for the subjects with implant
attempts. The device was successfully deployed in 1004 of 1019 sub-
jects (98.5%), comparing favourably with previously reported rates
in other WATCHMAN trials11 (Figure 1). The most common reason
for the 15 (1.5%) deployment failures was unfavourable anatomy or
mismatch between the size of the device and the LAA. Successful
procedural closure of the LAA with no or minimal residual flow
(defined as ,5 mm assessed via peri-procedural transoesophageal
echo, TEE) was achieved in 99.3% of implanted patients with TEE
data available (977 of 984 subjects). A total of 1082 devices were
used in the context of the study, resulting in an average of only
1.07 devices used per patient. In 92.7% of patients, only one device
was used. Most devices were deployed and released directly at the
first attempt (71.1%) or recaptured only 1–2 times (22.9%) before
successful release.

Implant procedure safety
Procedure through 7 days
In prior WATCHMAN trials, acute safety was reported up to 7 days
post-implant. In the present study, procedure- and/or device-
related SAEs within the first 7 days occurred at a rate of 2.8% as
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Table 1 Baseline characteristics

Characteristic Summary statistics

Not eligible for OAT 61.8% (627/1014)

Age at time of consent (years) 73+ 9

Median (range) 75 (39, 94)

Age ≥75 50.8% (519/1021)

Female gender 40.1% (409/1021)

History of TIA 10.7% (108/1014)

History of ischaemic stroke 19.7% (200/1014)

Congestive heart failure 34.2% (347/1014)

History of hypertension 81.7% (828/1014)

Diabetes

Type I 1.3% (13/1014)

Type II 28.3% (287/1014)

Previous haemorrhagic stroke 15.0% (152/1014)

Vascular disease 41.8% (423/1013)

Abnormal renal function 15.6% (158/1014)

Abnormal liver function 4.2% (43/1014)

History of major bleeding 31.2% (316/1013)

Prior major bleeding or predisposition
to bleeding

38.7% (392/1013)

Labile INRs 17.0% (172/1014)

Concomitant use of drugs 27.8% (282/1014)

Alcohol abuse 4.2% (43/1014)

CHADS2 score

0 2.6% (26/1014)

1 13.2% (134/1014)

2 27.1% (275/1014)

3 25.5% (259/1014)

4 22.4% (227/1014)

5 7.2% (73/1014)

6 2.0% (20/1014)

CHA2DS2-VASc score

0 0.3% (3/1013)

1 1.6% (16/1013)

2 9.7% (98/1013)

3 15.4% (156/1013)

4 24.0% (243/1013)

5 22.7% (230/1013)

6 16.8% (170/1013)

7 6.5% (66/1013)

8 2.7% (27/1013)

9 0.4% (4/1013)

HAS-BLED score

0 4.4% (45/1013)

1 22.0% (223/1013)

2 33.3% (337/1013)

3 23.4% (237/1013)

4 11.9% (121/1013)

5 4.3% (44/1013)

6 0.5% (5/1013)

7 0.1% (1/1013)

Values presented are % (N/total) or mean+ standard deviation, median
(minimum, maximum).
OAT, oral anticoagulation therapy; TIA, transient ischaemic attack; INRs,
international normalized ratios.
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Table 2 Procedural results

Characteristic All patients

Successful deployment 98.5% (1004/1019)

LAA seal

Complete seal 91.4% (899/984)

Jet size ≤5 mm 7.9% (78/984)

Jet size .5 mm 0.7% (7/984)

LAA, left atrial appendage.
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•  N:1021 paGents

– Âge moyen 73 ans

– Chads 2.8


•  Succès implantaGon: 98.5% 

•  ComplicaGon à 7 jours: 2.8%


– Saignement majeur surtout


•   Mortalité à 30 jours: 0.7%


summarized in Table 3. This rate is lower than in any of the prior
WATCHMAN LAAC trials as shown in Figure 2. Twenty-eight sub-
jects experienced 31 SAEs within 1 day of the procedure, of which
25 were deemed by the investigators to be related to the device
or the implant procedure. The 31 events included major bleeding
(n ¼ 7), pericardial effusion (n ¼ 5) including only one cardiac
tamponade, vascular damage to the groin (n ¼ 4), procedural air
embolism (n ¼ 3), device embolization (n ¼ 2, one retrieved percu-
taneously and one removed surgically), and reinterventions due to
incomplete LAA seal (n ¼ 2), and several singular events. All but one
of these SAEs were managed effectively with complete recovery of
the patients. There were three deaths within 7 days of the proced-
ure, all of them reported as not associated with the device or pro-
cedure; one due to right ventricular failure the day of the procedure,
one due to respiratory insufficiency on Day 4, and one due to
cardiac on Day 6.

Procedure through 30 days
There were four additional deaths within 30 days, one of which at
Day 19 as a result of an air embolism on the day of the procedure.
The other three deaths were reported as unrelated to the

procedure; one at Day 10 due to Clostridium difficile infection and
two cases of gastrointestinal bleeding at Days 12 and 15. Both sub-
jects were on dual APT at the time of the event. The overall 30-day
mortality rate was 0.7%.

Table 4 reports a list of all the 84 SAEs occurring in 73 patients
within 30 days. In several patients, more than one SAE, both related
and unrelated, was observed. There were 34 SAEs in 32 of 73 pa-
tients adjudicated as procedure- or device-related, while the major-
ity of 50 SAEs in 48 of 73 patients were reported as unrelated to the
procedure or device. The total 30-day SAE rate was 7.9%, with a re-
ported procedure and/or device-related SAE rate of 3.6%. Major
bleeding requiring transfusion (17 patients) was the most common
SAE, although only 8 of these were related to groin access (including
3 pseudoaneurysms and 2 laceration of veins), while 4 were due to
gastrointestinal bleeding. In these 17 patients, oral anticoagulant
(OAC) was used in three, single antiplatelet therapy in five, DAPT
in seven, while two used no form of anticoagulation, and HAS-BLED
ranged from one to five. There were seven subjects with procedural
pericardial effusion, of which three required subxyphoidal (n ¼ 2)
or surgical pericardiocentesis (n ¼ 1) while four could be managed
conservatively, and none had lasting consequences. In three pa-
tients, an ischaemic stroke occurred at Days 15, 21, and 23, respect-
ively, none of them resulting in death, and two of three showing
complete recovery. Two subjects were on dual APT following im-
plant (CHADS2 scores were 2 and 3; CHA2DS2-VASc scores
were 3 and 5), while one very high-risk patient was on Clopidogrel
alone (CHADS2 score was 5; CHA2DS2-VASc score was 8). The lat-
ter stroke was reported as an increase in pre-existing hemiparesis
and dysarthria and was reported to be procedure-/device-related.

Subgroup analyses
Analyses were performed to examine the consistency of results
across subgroups defined by baseline characteristics (Figures 3–6);
these included the pre-specified subgroups and cut-off values de-
fined by CHADS2, CHA2DS2-VASc, and HAS-BLED scores, as
well as the post hoc subgroups of patients defined by baseline
OAT eligibility and whether or not subjects were prescribed OAT

Figure 1 Implant success in EWOLUTION when compared
with prior WATCHMAN studies.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Kaplan–Meier analysis for serious adverse
events by relatedness

Estimated
event rate (%)

95% CI

Any SAE through 1 day 3.0 2.1%, 4.3%

Any device-/procedure-related
SAE through 1 day

2.5 1.6%, 3.6%

Any SAE through 7 days 4.1 3.0%, 5.5%

Any device-/procedure-related
SAE through 7 days

2.8 1.9%, 4.0%

Any SAE through 30 days 7.9 6.3%, 9.8%

Any device-/procedure-related
SAE through 30 days

3.6 2.5%, 4.9%

SAE, serious adverse event; CI, confidence interval.

Figure 2 Serious procedure-/device-related events through
7 days in EWOLUTION when compared with prior WATCH-
MAN studies.
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Post-Approval U.S. Experience With
Left Atrial Appendage Closure for
Stroke Prevention in Atrial Fibrillation
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ABSTRACT

BACKGROUND Left atrial appendage closure (LAAC) was approved by the U.S. Food and Drug Administration (FDA)

as a stroke prevention alternative to warfarin for patients with nonvalvular atrial fibrillation. However, clinical decision-

making is confounded by the fact that although LAAC attenuates the anticoagulant-related lifetime risk of bleeding,
implantation is associated with upfront complications. Thus, enthusiasm for LAAC as a treatment option has been

appropriately tempered, particularly as the therapy is introduced beyond the clinical trial sites into general clinical

practice.

OBJECTIVES This study evaluated the acute procedural performance and complication rates for all cases performed in

the United States since FDA approval.

METHODS In the absence of a formal national clinical registry since regulatory approval in March 2015, we obtained

procedural data on implantation procedures. Every LAAC procedure requires the presence of a manufacturer clinical

specialist and for procedural parameter and periprocedural complication data to be collected using a standardized
process and forms.

RESULTS In 3,822 consecutive cases, implantation was successful in 3,653 (95.6%), with a median procedure time of 50

min (range 10 to 210 min). Implanting physicians performing these procedures (n ¼ 382) included 71% new, nonclinical

trial implanters, who performed 50% of the procedures. Procedural complication rates included 39 pericardial tampo-

nades (1.02%) (24 treated percutaneously, 12 surgically, and 3 fatal); 3 procedure-related strokes (0.078%); 9 device

embolizations (0.24%) (6 requiring surgical removal); and 3 procedure-related deaths (0.078%).

CONCLUSIONS Despite a large fraction of previously inexperienced operators, in the real-world post-FDA approval

experience of LAAC, procedural success was high and complication rates were low. (J Am Coll Cardiol 2017;69:253–61)
© 2017 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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•  Registre 3822 pts (entre mars 2015 et mai 2016) 
–  382 MD dans 169 centres US 
–  Succès implantation: 95.6% 
–  Temps moyen: 50 minutes 

•  Complications 
–  Tamponnade 1% (n:39) 

•  Ponction 24 – chirurgie 12- décès 3 
–  ACV: 0.08% (3) 
–  Embolisation prothèse: 0.24% (9) 

•  Chirurgie nécessaire 6/9 
–  Décès: 0.08% (3) 



Fermeture per cutanée 
AMPLATZER Cardiac Plug (ACP) - AMPLATZER Amulet 

  

•  Double disque avec nitinol (semblable à celle 
utilisée pour fermer CIA) 

•  Habituellement laboratoire hémodynamie 
•  Pas d’étude randomisée 
•   Accepté Europe - Canada 
•  ASA + clopidrogrel post-implantation 
 



• 1ER cas fait 2003 
–  Catheter Cardiovasc Interv 2003;60:417-22 



Multicenter Experience with ACP 

•  Évaluer l’efficacité et la 

sécurité de l’ACP dans la 
vraie vie à court et long terme 
¡  22 centres participating :Germany, 

Switzerland, Italy, Belgium, Canada, 
Denmark, UK, Portugal, Spain 

¡  Recrutement de décembre 2008 –à 
novembre 2013 

•  Total: 1047 pts 
¡  Âge moyen 74.9 ans 
¡  ChadsVasc 4.5 



1053 consecuGve paGents from 22 clinical sites in Europe 
and Canada, treated between       December 2008 and 

November 2013.


6 pts missing data


1047 paGents in study


1019 paGents in study


28 pts not implanted


1001 paGents in study


18 pts lost to F/U


Stroke risk evaluaGon  
(predicted vs actual)


Bleeding risk evaluaGon

(predicted vs actual)


 Tzikas et al. Eurointervention 2016 



 Expérience multicentrique ACP: Succès implantation 




 Tzikas et al. Eurointervention 2016 
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10%


14%


Implanted ACP size


Access


TSP
 90.7%


PFO
  9.3%


Combined Procedure


Coronary angiography
 10.2%


PFO closure
  5.8%


PCI
  5.2%


AF ablaGon
 1.7%


TAVI
 1.5%


ASD closure
 1.0%


Mitra-Clip
 0.6%


Total
 20.6%


•  Succès implantation: 97.3% (1019/1047)  

•  In 93.3%, first device selected was 
implanted 



 Expérience multicentrique ACP:  Complications péri-procédures 




 Tzikas et al. Eurointervention 2016 

• MAEs: 

¡  Acute (7-days) occurrence of death, ischemic stroke, systemic embolism 

and procedure or device related complicaGons requiring major 
cardiovascular or endovascular intervenGon


MAE
 N
 %


Death
 8
 0.76%


Pericardial tamponade
 13
 1.24%


Major bleeding
 13
 1.24%


Stroke
 9
 0.86%


Device embolizaGon
 1
 0.10%


MI 
 1
 0.10%


Total
 45
 4.30%


Death
 N
 Remarks


Major (IC) bleeding
 1
 Procedure


Pericardial tamponade
 2
 Procedure, Day 4


Arrhythmia  
 1
 Day 2


STEMI, hypoxia
 1
 Day 13


Device embolizaGon
 2
 Procedure, Day 6


Pneumonia
 1
 Day 10




 Expérience multicentrique with ACP: Résultats 




 Tzikas et al. Eurointervention 2016 

• MAEs: 

¡  Acute (7-day) occurrence of death, ischemic stroke, systemic embolism 

and procedure or device related complicaGons requiring major 
cardiovascular or endovascular intervenGon




Fermeture d’auricule gauche  
Qui référer et l’approche clinique? 

Guidelines




•  Considérer raisonnable chez les 
patients en FA et haut risque ACV, haut 
risque de saignement majeur et non 
candidat aux ACO (directs ou 
warfarine) 

 



Indications fermeture auricule 
•  Saignements digestifs récidivants: 60% 
•  ATCD hémorragies cérébrales 
•  Coagulopathies (syndrome myélodysplasique, 

thrombocytopénie) 
•  Indications futures 

–  Récidive ACV ischémique malgré une anticoagulation 
thérapeutique? 

–  Insuffisance rénale modérée à sévère ? 
–  Double thérapie antiplaquettaire à long terme ? 
–  Alternative à l’anticoagulation?  
–  Au moment d’une ablation FA ou MitraClip? 



•  Début programme février 2014 
•  Évaluation initiale via clinique de fibrillation 

auriculaire 
–  Infirmière clinicienne  
–  électrophysiologiste 

•  Révision de l’ATCD saignement 
–  Calcul  du score CHADS2 et du HASBLED

– Consultation prn: neuro, gastro,… 

•  Explications risques de la procédure 

La fermeture de l’auricule gauche: 
l’expérience de l’IUCPQ 



Rôle de l’infirmière clinicienne 
à la clinique de FA  

•  Organisation ETO préalable 
•  Décision finale sera prise post-ETO avec contact téléphonique 







Anatomie de l’auricule 

 C shape – Chicken wing


The C-Shape/ChickenWing Type 
LAA is an anatomy whose main 
feature is a sharp bend in the 
dominant lobe of the LAA anatomy 
at some distance from the perceived 
LAA osGum. 



Anatomie de l’auricule 

 Fan shaped - Cauliflower


The Fan-shaped/Broccoli Type 
LAA is an anatomy whose main 
feature is an LAA that has limited 
overall length with more complex 
internal characterisGcs.  



La procédure sous ETO




Maximum LAA 
OsGum (mm) 

Device Size (mm)

(uncompressed diameter) 

17-19 21 

20-22 24 

23-25 27 

26-28 30 

29-31 33 



Critères: Seal + couverture de tous les lobes 





Angiographie auricule gauche 



Angiographie LAA 



Suivi post-fermeture 
• Départ le lendemain 

•  Échocardiogramme + RX poumon 
•  Congé avec ASA + plavix ou ACO en cours 

• ETO à 45 jours 
•  voir si fuite 
•  voir si thrombus à la surface interne OG 
•  si saignement majeur 

• À 6 mois: visite clinique pour évaluer saignement 
et embolie  

• À 1 an: contrôle ETO (thrombus tardif) 
 



ETO 45 jours: ASA + plavix 
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ABSTRACT

OBJECTIVES Routine device surveillance after successful left atrial appendage closure is recommended to evaluate
for intermediate to late complications. The aim of this study was to assess the incidence and clinical impact of these

complications on cardiovascular events.

METHODS Centers participating in the Amplatzer Cardiac Plug multicenter study were requested to submit their post-

procedural transesophageal echocardiograms for independent adjudication. Thirteen of 22 centers contributed all their

post-procedural echocardiograms, which included 344 from 605 consecutive patients. These images were submitted to a

core laboratory and reviewed by 2 independent experts for peri-device leak, device-associated thrombus, device

embolization, device migration, left atrial appendage thrombus, and left atrial thrombus. Clinical events were prospec-

tively collected by each center.

RESULTS Of the 344 transesophageal echocardiograms, 339 were deemed analyzable. Patients’ mean age was

74.4 ! 7.5 years, and 67.3% were men. The mean CHADS2 score was 2.7 ! 1.3, the mean CHA2DS2-VASc score was

4.3 ! 1.5, and the mean HAS-BLED score was 3.0 ! 1.2. Amplatzer Cardiac Plug implantation was successful in all pa-

tients. Periprocedural major adverse events occurred in 2.4%. Median clinical follow-up duration was 355 days (range 179

to 622 days). Follow-up transesophageal echocardiography was performed after a median of 134 days (range 88 to

227 days). Device-associated thrombus was observed in 3.2% and peri-device leak in 12.5% (5.5% minimal, 5.8% mild,

0.6% moderate, 0.6% severe). Neither device-associated thrombus nor peri-device leak was associated with an

increased risk for cardiovascular events. Independent predictors of device-associated thrombus were smoking
(odds ratio: 5.79; p ¼ 0.017) and female sex (odds ratio: 4.22; p ¼ 0.027).

CONCLUSIONS Following successful left atrial appendage closure with the Amplatzer Cardiac Plug, the presence of

peri-device leak was relatively low, and device-associated thrombus was infrequent. Neither was associated with increased risk

for thromboembolism. (J Am Coll Cardiol Intv 2017;10:391–9) © 2017 by the American College of Cardiology Foundation.
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embolization, device migration, left atrial appendage thrombus, and left atrial thrombus. Clinical events were prospec-

tively collected by each center.

RESULTS Of the 344 transesophageal echocardiograms, 339 were deemed analyzable. Patients’ mean age was

74.4 ! 7.5 years, and 67.3% were men. The mean CHADS2 score was 2.7 ! 1.3, the mean CHA2DS2-VASc score was

4.3 ! 1.5, and the mean HAS-BLED score was 3.0 ! 1.2. Amplatzer Cardiac Plug implantation was successful in all pa-

tients. Periprocedural major adverse events occurred in 2.4%. Median clinical follow-up duration was 355 days (range 179

to 622 days). Follow-up transesophageal echocardiography was performed after a median of 134 days (range 88 to

227 days). Device-associated thrombus was observed in 3.2% and peri-device leak in 12.5% (5.5% minimal, 5.8% mild,

0.6% moderate, 0.6% severe). Neither device-associated thrombus nor peri-device leak was associated with an

increased risk for cardiovascular events. Independent predictors of device-associated thrombus were smoking
(odds ratio: 5.79; p ¼ 0.017) and female sex (odds ratio: 4.22; p ¼ 0.027).

CONCLUSIONS Following successful left atrial appendage closure with the Amplatzer Cardiac Plug, the presence of

peri-device leak was relatively low, and device-associated thrombus was infrequent. Neither was associated with increased risk

for thromboembolism. (J Am Coll Cardiol Intv 2017;10:391–9) © 2017 by the American College of Cardiology Foundation.
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the presence of device-associated thrombus and the
presence and degree of peri-device leak by both
reviewers. In these adjudicated cases, device-
associated thrombus was observed in 3.2% of pa-
tients and peri-device leak in 12.5% (Figure 1). Of the
11 cases of device-associated thrombus, TEE imaging
was performed at a mean duration of 165 ! 135 days
after LAA closure, and 4 cases were mobile thrombi.
Seven were treated with dual-antiplatelet therapy
post–LAA closure, 3 with clopidogrel alone post–LAA
closure, and 1 with OAC post–LAA closure. None of
these 11 cases resulted in stroke or TIA over a mean
follow-up period of 322 ! 141 days. Of the leaks, 5.5%
were graded as minimal, 5.8% as mild, 0.6% as

moderate, and 0.6% as severe. There were 2 late de-
vice migrations observed (TEE imaging on days 119
and 189) and 2 late device embolizations (TEE imag-
ing on days 54 and 87).

Neither device-associated thrombus nor peri-
device leak (irrespective of severity) was associated
with an increased risk for cardiovascular events
(stroke, TIA, cardiovascular death, or overall mortal-
ity) (Table 7). In univariate and multivariate logistic
regression models, only smoking (odds ratio: 5.79;
p ¼ 0.017) and female sex (odds ratio: 4.22; p ¼ 0.027)
were independent predictors of device-associated
thrombus (Table 8). No independent predictors of
peri-device leak or cardiovascular events were
identified.

DISCUSSION

In this independently adjudicated TEE substudy of
the ACP multicenter experience, we found that the
incidence rates of device-associated thrombus and
peri-device leak were low, 3.2% and 12.5%, respec-
tively. The presence of neither device-associated
thrombus nor peri-device leak was associated with
adverse cardiovascular events.

Both device-associated thrombus and peri-device
leak are important technical limitations and device-
related complications following percutaneous LAA
closure. Thrombus on the left atrial side of the device
may embolize and cause stroke, TIA, or peripheral
embolization. Incomplete LAA closure with peri-
device leak results in an open pouch with residual
flow into the LAA, which may cause turbulence in
blood flow adjacent to the device and stagnant blood
in the residual LAA pouch. These may enhance
platelet adhesion and thrombus formation at the edge
of the device or within the LAA and subsequent
embolization of thrombus past the device into sys-
temic circulation.

Device-associated thrombus is thought to occur
predominantly on the nonendothelialized portion of
the exposed device, especially on protruding struc-
ture such as the threaded insert of the WATCHMAN
device and the proximal end screw of the ACP.
In a pre-clinical study with dogs (n ¼ 9) implanted
with WATCHMAN devices, white pannus cove-
red the left atrial surface of the device by 45 days,
and the neoendocardial covering was continuous
from the left atrial wall to the device, while inside
the device and the LAA, there was organizing
thrombus and resorbing fibrin (11). In another canine
study comparing the WATCHMAN with the ACP
(n ¼ 6), there was complete neoendocardial coverage
of the WATCHMAN device at 28 days, but the ACP

TABLE 5 Amplatzer Cardiac Plug Procedural and Clinical Events
(n ¼ 339)

Major procedural (in-hospital or within 7 days) events

Death 0 (0%)

Stroke 1 (0.3%)

TIA 0 (0%)

Air embolism 1 (0.3%)

MI 0 (0%)

Cardiac tamponade 3 (0.9%)

Device embolization 1 (0.3%)*

Major bleed 3 (0.9%)

Composite procedural major adverse events 8 (2.4%)

Other procedural events

Pericardial effusion (no intervention required) 14 (4.1%)

Minor bleeding (hematoma) 10 (2.9%)

Mean long-term follow-up (days) and
clinical events

428.9 ! 324.8

CV death 2 (0.6%)

Non-CV death 7 (2.1%)

Stroke 3 (0.9%)

TIA 4 (1.2%)

Major bleeding 4 (1.2%)

Minor bleeding 5 (1.5%)

Values are n (%) or mean ! SD. *Embolized device was successfully snared
percutaneously.

CV¼ cardiovascular; MI¼myocardial infarction; TIA ¼ transient ischemic attack.

TABLE 6 Adjudicated Transesophageal Echocardiographic Results
(n ¼ 339)

Mean follow-up TEE performed (days) 198.2 ! 181.3

Thrombus on device 11 (3.2%)

Peri-device leak (assessed in 311)

None 272 (80.2%)

Minor (<1 mm) 17 (5.0%)

Mild (1–3 mm) 18 (5.3%)

Moderate (>3 but #5 mm) 2 (0.6%)

Severe (>5 mm or multiple jets) 2 (0.6%)

Values are mean ! SD or n (%).

TEE ¼ transesophageal echocardiography.
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had incomplete coverage on the disc surface, espe-
cially at the lower edge and end screw (12). Never-
theless, in another larger canine study (n ¼ 10), by 90
days there was complete coverage of the ACP atrial
surface by stable mature neointima, with diffuse
ingrowth of mature fibrous connective tissue in
the device and within the surface neointima (13).
These preclinical studies provide some guidance
on the duration of antithrombotic therapy prior to
complete device endothelialization, but nonetheless,
there can be differences in such timing in humans
compared with dogs and even among individual
humans.

In reported real-world registries with the ACP,
varying incidence rates of device-associated
thrombus had been reported, ranging from 0% to
16% (14–19). However, these were generally small
series involving <50 to 100 patients, and routine de-
vice surveillance imaging was not done, so there may
have been potential bias of reporting. Even in series
in which routine device-surveillance imaging was
performed at follow-up, device-associated thrombus
incidence could still vary because of differences
in implantation technique (e.g., depth of device

implantation) and variation in the use of procedural
imaging to guide optimal implantation (e.g., lack of
procedural imaging to avoid noncoverage of proximal
lobes, recesses, and trabeculations that can be the
nidus for thrombus formation) (15–19). Therefore, the
reported incidence of device-associated thrombus in
small series may not accurately reflect the true
incidence.

In our series, 13 centers that participated in the
ACP multicenter experience contributed all their
follow-up TEE images for independent adjudication.
With this more rigorous systematic consecutive re-
view of surveillance TEE imaging, we found a 3.2%
incidence of device-associated thrombus with the
ACP device in a population of predominantly pa-
tients with contraindications to OAC who received
antiplatelet therapy following LAA closure. Of note,
this incidence is slightly lower than the reported
4.4% from the overall 1,047 patient cohort in the
ACP multicenter experience, in which not all trans-
esophageal echocardiograms were independently
adjudicated (9). This incidence is similar to that
reported with the WATCHMAN device in the ASAP
(ASA Plavix Feasibility Study With WATCHMAN

FIGURE 1 Examples of Device-Associated Thrombus and Peri-Device Leak With Amplatzer Cardiac Plug

(A) Thrombus on the left atrial side of the device (red arrow). (B) Thrombus resolved (green arrow) following treatment with oral anti-
coagulation. (C) Thrombus on the proximal end screw of the Amplatzer Cardiac Plug (red arrow). (D) A 3-mm peri-device leak on color-flow
Doppler (red arrow).
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After 5 months of antithrombotic therapy (aspirin,
clopidogrel, and warfarin), the thrombus finally dis-
appeared (Figures 2E and 2F). Thus, the patient was
empirically placed on apixaban 2.5 mg twice a day alone.
However, because of persistent disabling rectal bleeding,
apixaban was switched to aspirin 80 mg daily.

Unfortunately, routine 1-year TEE revealed a
pedunculated thrombus recurrence on the Watchman
device (Figures 2G and 2H). Because the patient
refused to be on any form of oral anticoagulation ever
again, the heart team elected to proceed with a sur-
gical excision of the Watchman device combined with
a LAA ligature (Figure 3). The post-operative course
was uneventful. The patient was to be treated with
warfarin for 3 months and lifelong aspirin afterward.

To our knowledge, this is 1 of the first worldwide re-
ports of Watchman device surgical excision. LAA device
thrombosis is 1 of the most dreaded complications. The
vast majority of the published cases resolved after oral
anticoagulation therapy (2–4). Current post-procedural
antithrombotic regimens are empirical. Considering the
complexity of patients undergoing LAA closure, further
studies are needed not only to define evidence-based
antithrombotic strategies to prevent device thrombosis
but also to better determine predisposing factors of this
feared complication.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Jean-Michel Paradis, Quebec Heart and Lung Insti-
tute, 2725, Chemin Sainte-Foy, Quebec City, Quebec
G1V 4G5, Canada. E-mail: jean-michel.paradis@
criucpq.ulaval.ca.

FIGURE 2 TEE Images of the Left Atrial Appendage

(A) Pre-procedural maximal left atrial appendage ostial diameter measured at 19 mm
(with a depth of 24 mm), 90! 2-dimensional (2D) transesophageal echocardiography (TEE)
(arrow). (B) LAA immediately after Watchman device implantation, 90! 2D TEE. (arrow):
Watchman device following immediate implantation. Thrombus visualized 45 days post-
procedure, probably attached to the central threaded insert (arrow): (C) 3-dimensional
(3D) TEE and (D) 120! 2D TEE. Resolution of the thrombus after 5 months of antith-
rombotic therapy with thrombus-free threaded insert (arrow): (E) 3D TEE and (F) 90! 2D
TEE. Pedunculated device-related thrombus recurrence (arrow) on the routine 1-year TEE:
(G) 3D TEE and (H) 120! 2D TEE.

FIGURE 3 Resected Atrial Appendage

Resected atrial appendage and device-related thrombus (arrow)
probably attached to the central threaded insert. The Watchman
device was completely endothelialized.
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Run With the Hare and Hunt
With the Hounds
Watchman Device Surgical Resection in the Setting of Recurrent
Device Related Thrombi in a Patient With Bleeding Diathesis

Catherine O’Hara, MD, Gilles E. O’Hara, MD, Frédéric Jacques, MD, Jean Champagne, MD, Maryse Lemyre, NP,
Lyne Charbonneau, NP, Kim O’Connor, MD, Mathieu Bernier, MD, Jonathan Beaudoin, MD, Josep Rodés-Cabau, MD,
Jean-Michel Paradis, MD

A 63-year-old man, with a past medical history
significant for hypertension, dyslipidemia, coro-
nary disease, and left ventricular dysfunction

(left ventricular ejection fraction 45%), was anticoagu-
lated for atrial fibrillation due to a high thromboembolic
risk (CHA2DS2-VASc ¼ 3). Under rivoroxaban, the patient
experienced several recurrent episodes of lower gastroin-
testinal bleeding caused by hemorrhoids. Despite rubber
band ligation and argon laser therapy, major bleeding
relapsed every time anticoagulation was resumed.

Because of this contraindication for anticoagulation
therapy, the patient was referred to our institution to
undergo a percutaneous closure of the left atrial
appendage (LAA). Under general anesthesia, with
transesophageal echocardiography (TEE) and fluoro-
scopic guidance (Figure 2A), a 24mmWatchman device
(Boston Scientific, St. Paul, Minnesota) (Figure 1) was
successfully implanted (Figure 2B). Treatment at
discharge consisted of aspirin 80 mg, clopidogrel 75
mg, and rivaroxaban 15 mg daily. However, the latter
agent had to be stopped 18 days after procedure
because of significant lower gastrointestinal bleeding
and epistaxis.

During routine TEE performed 45 days after the
procedure, the device was well positioned and there
was no residual peridevice leak. Nonetheless, a
thrombus was now visualized on the face of the LAA
occluder, probably attached to the central threaded
insert (Figures 2C and 2D). Dalteparin (200 U/kg) was

initiated rapidly but had to be discontinued because
of another episode of life-threatening epistaxis.
Because the thrombus was still progressing under
double antiplatelet therapy, warfarin was initiated. A
consultation with the hematologist revealed no spe-
cific clotting disorders.

FIGURE 1 Watchman Device

Watchman (Boston Scientific, St. Paul, Minnesota) left atrial
appendage closure device (1).
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After 5 months of antithrombotic therapy (aspirin,
clopidogrel, and warfarin), the thrombus finally dis-
appeared (Figures 2E and 2F). Thus, the patient was
empirically placed on apixaban 2.5 mg twice a day alone.
However, because of persistent disabling rectal bleeding,
apixaban was switched to aspirin 80 mg daily.

Unfortunately, routine 1-year TEE revealed a
pedunculated thrombus recurrence on the Watchman
device (Figures 2G and 2H). Because the patient
refused to be on any form of oral anticoagulation ever
again, the heart team elected to proceed with a sur-
gical excision of the Watchman device combined with
a LAA ligature (Figure 3). The post-operative course
was uneventful. The patient was to be treated with
warfarin for 3 months and lifelong aspirin afterward.

To our knowledge, this is 1 of the first worldwide re-
ports of Watchman device surgical excision. LAA device
thrombosis is 1 of the most dreaded complications. The
vast majority of the published cases resolved after oral
anticoagulation therapy (2–4). Current post-procedural
antithrombotic regimens are empirical. Considering the
complexity of patients undergoing LAA closure, further
studies are needed not only to define evidence-based
antithrombotic strategies to prevent device thrombosis
but also to better determine predisposing factors of this
feared complication.
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Jean-Michel Paradis, Quebec Heart and Lung Insti-
tute, 2725, Chemin Sainte-Foy, Quebec City, Quebec
G1V 4G5, Canada. E-mail: jean-michel.paradis@
criucpq.ulaval.ca.

FIGURE 2 TEE Images of the Left Atrial Appendage

(A) Pre-procedural maximal left atrial appendage ostial diameter measured at 19 mm
(with a depth of 24 mm), 90! 2-dimensional (2D) transesophageal echocardiography (TEE)
(arrow). (B) LAA immediately after Watchman device implantation, 90! 2D TEE. (arrow):
Watchman device following immediate implantation. Thrombus visualized 45 days post-
procedure, probably attached to the central threaded insert (arrow): (C) 3-dimensional
(3D) TEE and (D) 120! 2D TEE. Resolution of the thrombus after 5 months of antith-
rombotic therapy with thrombus-free threaded insert (arrow): (E) 3D TEE and (F) 90! 2D
TEE. Pedunculated device-related thrombus recurrence (arrow) on the routine 1-year TEE:
(G) 3D TEE and (H) 120! 2D TEE.

FIGURE 3 Resected Atrial Appendage

Resected atrial appendage and device-related thrombus (arrow)
probably attached to the central threaded insert. The Watchman
device was completely endothelialized.
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Letters

Single Antiplatelet
Therapy Following Left
Atrial Appendage Closure
in Patients With
Contraindication to
Anticoagulation

Left atrial appendage closure (LAAC) has emerged as
an alternative to warfarin for stroke prevention in
patients with nonvalvular atrial fibrillation (NVAF).
Optimal antithrombotic therapy following LAAC
is an unresolved issue and current anticoagulation
and antiplatelet strategies after LAAC remain
empirical. In the PROTECT-AF (Watchman left atrial
appendage system for embolic protection in patients
with atrial fibrillation) trial, patients received short-
term (45 days) anticoagulation followed by dual
antiplatelet therapy (DAPT) for a period of 6 months
and then lifelong aspirin (1). In patients with a
contraindication to oral anticoagulation, DAPT with
lifelong aspirin and clopidogrel for 1 to 6 months has
been recommended (2,3). The purpose of DAPT post-
LAAC is to prevent device thrombus formation and
cardioembolic events within the months following
the procedure. However, most patients with a
contraindication to anticoagulation have already
experienced episodes of major or life-threatening
bleeding and DAPT may be associated with a high
risk of bleeding events in this population (4).
Single antiplatelet therapy post-LAAC may provide
similar thromboembolic protection with a lower risk
of bleeding episodes. However, there is a lack of
data regarding the use of a single antiplatelet agent
following LAAC. We aimed to evaluate the feasibility
and preliminary safety and efficacy of single anti-
platelet therapy after LAAC in patients with a
contraindication to anticoagulation therapy and high
risk of bleeding.

This pilot study included 31 patients with NVAF,
contraindication to long-term anticoagulation, and
high risk of bleeding determined by a HAS-BLED
score $3. All patients had an annual stroke risk
>2% as determined by a CHADS2 score $1 or

CHA2DS2-VASC score $2. Details of the procedure
have been previously reported (1–3). The antith-
rombotic treatment following LAAC consisted of sin-
gle antiplatelet therapy with either aspirin (80 to
100 mg/24 h) or clopidogrel (75 mg/24 h) indefinitely.
Clinical follow-up was obtained at 45 days, 6 months,
12 months, and yearly thereafter. A transesophageal

TABLE 1 Baseline Characteristics, and Procedural and Late
Outcomes of the Study Population (n ¼ 31)

Baseline characteristics

Age, yrs 76 " 7

Female 17 (54.8)

CHADS2 score 3.6 " 1.2

CHA2DS2-VASc score 5.5 " 1.6

HAS-BLED score 4.5 " 0.9

Reasons for anticoagulation therapy contraindication

Hemorrhagic shock 2 (6.4)

Intracranial hemorrhage 12 (38.7)

Gastrointestinal bleeding 12 (38.7)

Other 5 (16.1)

In-hospital outcomes

Procedural success 31 (100)

LAA closure device

Amplatzer Cardiac Plug/Amulet 30 (96.8)

Watchman 1 (3.2)

Mortality/stroke/major bleeding 0

Pericardial effusion/device embolization 0

Antithrombotic therapy at hospital discharge

Aspirin 22 (70.9)

Clopidogrel 9 (29.1)

45-day TEE (n ¼ 30)

Thrombus at the device 1 (3.3)

Residual peridevice leak (>3 mm) 1 (3.3)

Late outcomes

Median follow-up, months 19 (12–24)

Stroke/TIA/systemic embolism 0

Major bleeding 1 (3.2)

Cardiac death 1 (3.2)

Noncardiac death 4 (12.9)

Values are mean " SD, n (%), or median (interquartile range). Watchman (Boston
Scientific, Natick, Massachusetts); Amplatzer Cardiac Plug/Amulet (St. Jude
Medical, Minneapolis, Minnesota).

CHA2DS2-VASc ¼ congestive heart failure, hypertension, age $75 years, dia-
betes mellitus, prior stroke, transient ischemic attack, or thromboembolism,
vascular disease, age 65-74 years, sex category (female); CHADS2 ¼ congestive
heart failure, hypertension, age $75 years, diabetes mellitus, prior stroke or
transient ischemic attack; HAS-BLED ¼ hypertension, abnormal renal or liver
function, stroke, bleeding, labile international normalized ratio, elderly, drugs or
alcohol; LAA ¼ left atrial appendage; TEE ¼ transesophageal echocardiography;
TIA ¼ transient ischemic attack.
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echocardiography (TEE) examination was performed
45 days after the procedure.

Baseline and procedural characteristics of the
study population are shown in Table 1. All patients
but 1 had TEE at 45 ! 6 days post-LAAC. One patient
(3.3%) had a device-related thrombus on the surface
of the device, without clinical consequences. The
patient received low molecular weight heparin for
4 weeks, and repeat TEE showed the disappearance of
the thrombus.

Median follow-up was 19 (interquartile range: 12 to
24) months and no patient was lost to follow-up.
Five patients (16.1%) died during the follow-up
period, none of them related to the device or to car-
dioembolic or bleeding causes. There was no stroke or
systemic embolism during the follow-up period
(expected annual rates of stroke or thromboembolism
according to CHA2DS2-VASC score of 8.1% and 11.2%,
respectively). One patient (3.2%) had a major gastro-
intestinal bleeding (expected annual rate of bleeding
according to HAS-BLED score of 8.6%).

The present study showed the preliminary safety
and efficacy of single antiplatelet therapy following
LAAC. In addition to the absence of thromboembolic
events at close to 2-year follow-up, the rate
of device-related thrombus at 45 days post-LAAC
(3.3%) was similar to that found in the PROTECT-
AF trial (4.2%) (1), and ASAP (ASA Plavix feasibility
study with Watchman left atrial appendage closure
technology) trial (4%) (2) using short-term anti-
coagulation and DAPT, respectively. The patients in
the present study had a high risk of bleeding deter-
mined by a mean HAS-BLED score >4. The bleeding
rate in the present study was lower than expected
based on the HAS-BLED score, suggesting that single
antiplatelet therapy could be the optimal therapy for
patients at high risk of bleeding undergoing LAAC.

In conclusion, single antiplatelet therapy after
LAAC in patients with a high risk of bleeding is
associated with a low rate of cardioembolic and
bleeding complications at a median follow-up of 19
months. Future randomized trials should be carried
out to confirm the safety and efficacy of single anti-
platelet therapy following LAAC.
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Cardio-Oncology
The Carney Complex Type I

Cardio-oncology is an important, expanding disci-
pline. Although most developing programs address
the cardiotoxicity of old and novel anticancer drugs,
cardio-oncology expertise and experience are also
needed for rare multiorgan diseases, which require
interdisciplinary evaluation to provide optimal,
timely care for patients and families. Carney com-
plex type I is the paradigmatic example that cardi-
ologists should consider when diagnosing cardiac
myxoma and oncologists should consider when
diagnosing endocrine, cutaneous, and neural myxo-
matous neoplasms, especially in patients demon-
strating pigmented lesions of the skin and mucosae
(1). The disease was first described as a “complex
including myxomas, spotting pigmentation and
endocrine over-reactivity” (Carney Complex 1
[CNC1], OMIM #160980). The diagnosis is made by
the presence of 2 major criteria confirmed by his-
tology, imaging, or biochemical testing, or 1 major
and 1 supplemental criterion (2). The disease gene is
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echocardiography (TEE) examination was performed
45 days after the procedure.

Baseline and procedural characteristics of the
study population are shown in Table 1. All patients
but 1 had TEE at 45 ! 6 days post-LAAC. One patient
(3.3%) had a device-related thrombus on the surface
of the device, without clinical consequences. The
patient received low molecular weight heparin for
4 weeks, and repeat TEE showed the disappearance of
the thrombus.

Median follow-up was 19 (interquartile range: 12 to
24) months and no patient was lost to follow-up.
Five patients (16.1%) died during the follow-up
period, none of them related to the device or to car-
dioembolic or bleeding causes. There was no stroke or
systemic embolism during the follow-up period
(expected annual rates of stroke or thromboembolism
according to CHA2DS2-VASC score of 8.1% and 11.2%,
respectively). One patient (3.2%) had a major gastro-
intestinal bleeding (expected annual rate of bleeding
according to HAS-BLED score of 8.6%).

The present study showed the preliminary safety
and efficacy of single antiplatelet therapy following
LAAC. In addition to the absence of thromboembolic
events at close to 2-year follow-up, the rate
of device-related thrombus at 45 days post-LAAC
(3.3%) was similar to that found in the PROTECT-
AF trial (4.2%) (1), and ASAP (ASA Plavix feasibility
study with Watchman left atrial appendage closure
technology) trial (4%) (2) using short-term anti-
coagulation and DAPT, respectively. The patients in
the present study had a high risk of bleeding deter-
mined by a mean HAS-BLED score >4. The bleeding
rate in the present study was lower than expected
based on the HAS-BLED score, suggesting that single
antiplatelet therapy could be the optimal therapy for
patients at high risk of bleeding undergoing LAAC.

In conclusion, single antiplatelet therapy after
LAAC in patients with a high risk of bleeding is
associated with a low rate of cardioembolic and
bleeding complications at a median follow-up of 19
months. Future randomized trials should be carried
out to confirm the safety and efficacy of single anti-
platelet therapy following LAAC.
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Letters

Single Antiplatelet
Therapy Following Left
Atrial Appendage Closure
in Patients With
Contraindication to
Anticoagulation

Left atrial appendage closure (LAAC) has emerged as
an alternative to warfarin for stroke prevention in
patients with nonvalvular atrial fibrillation (NVAF).
Optimal antithrombotic therapy following LAAC
is an unresolved issue and current anticoagulation
and antiplatelet strategies after LAAC remain
empirical. In the PROTECT-AF (Watchman left atrial
appendage system for embolic protection in patients
with atrial fibrillation) trial, patients received short-
term (45 days) anticoagulation followed by dual
antiplatelet therapy (DAPT) for a period of 6 months
and then lifelong aspirin (1). In patients with a
contraindication to oral anticoagulation, DAPT with
lifelong aspirin and clopidogrel for 1 to 6 months has
been recommended (2,3). The purpose of DAPT post-
LAAC is to prevent device thrombus formation and
cardioembolic events within the months following
the procedure. However, most patients with a
contraindication to anticoagulation have already
experienced episodes of major or life-threatening
bleeding and DAPT may be associated with a high
risk of bleeding events in this population (4).
Single antiplatelet therapy post-LAAC may provide
similar thromboembolic protection with a lower risk
of bleeding episodes. However, there is a lack of
data regarding the use of a single antiplatelet agent
following LAAC. We aimed to evaluate the feasibility
and preliminary safety and efficacy of single anti-
platelet therapy after LAAC in patients with a
contraindication to anticoagulation therapy and high
risk of bleeding.

This pilot study included 31 patients with NVAF,
contraindication to long-term anticoagulation, and
high risk of bleeding determined by a HAS-BLED
score $3. All patients had an annual stroke risk
>2% as determined by a CHADS2 score $1 or

CHA2DS2-VASC score $2. Details of the procedure
have been previously reported (1–3). The antith-
rombotic treatment following LAAC consisted of sin-
gle antiplatelet therapy with either aspirin (80 to
100 mg/24 h) or clopidogrel (75 mg/24 h) indefinitely.
Clinical follow-up was obtained at 45 days, 6 months,
12 months, and yearly thereafter. A transesophageal

TABLE 1 Baseline Characteristics, and Procedural and Late
Outcomes of the Study Population (n ¼ 31)

Baseline characteristics

Age, yrs 76 " 7

Female 17 (54.8)

CHADS2 score 3.6 " 1.2

CHA2DS2-VASc score 5.5 " 1.6

HAS-BLED score 4.5 " 0.9

Reasons for anticoagulation therapy contraindication

Hemorrhagic shock 2 (6.4)

Intracranial hemorrhage 12 (38.7)

Gastrointestinal bleeding 12 (38.7)

Other 5 (16.1)

In-hospital outcomes

Procedural success 31 (100)

LAA closure device

Amplatzer Cardiac Plug/Amulet 30 (96.8)

Watchman 1 (3.2)

Mortality/stroke/major bleeding 0

Pericardial effusion/device embolization 0

Antithrombotic therapy at hospital discharge

Aspirin 22 (70.9)

Clopidogrel 9 (29.1)

45-day TEE (n ¼ 30)

Thrombus at the device 1 (3.3)

Residual peridevice leak (>3 mm) 1 (3.3)

Late outcomes

Median follow-up, months 19 (12–24)

Stroke/TIA/systemic embolism 0

Major bleeding 1 (3.2)

Cardiac death 1 (3.2)

Noncardiac death 4 (12.9)

Values are mean " SD, n (%), or median (interquartile range). Watchman (Boston
Scientific, Natick, Massachusetts); Amplatzer Cardiac Plug/Amulet (St. Jude
Medical, Minneapolis, Minnesota).

CHA2DS2-VASc ¼ congestive heart failure, hypertension, age $75 years, dia-
betes mellitus, prior stroke, transient ischemic attack, or thromboembolism,
vascular disease, age 65-74 years, sex category (female); CHADS2 ¼ congestive
heart failure, hypertension, age $75 years, diabetes mellitus, prior stroke or
transient ischemic attack; HAS-BLED ¼ hypertension, abnormal renal or liver
function, stroke, bleeding, labile international normalized ratio, elderly, drugs or
alcohol; LAA ¼ left atrial appendage; TEE ¼ transesophageal echocardiography;
TIA ¼ transient ischemic attack.
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•  Dosage des facteurs de 
coagulaGon et de l’acGvaGon 
plaquePaire chez 43 
paGents post-implantaGon 
LAA closure

–  Prothrombin fragment 1+2 

(F1+2) and thrombin-
anGthrombin III (TAT): 
marqueurs de l’acGvaGon de 
la coagulaGon
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•  Importance de détecter la FA silencieuse chez la 
populaGon à haut risque post ACV-ICT

– Durée du monitoring et le type?


•  Importance de l’anGcoagulaGon dans la FA non-
valvulaire avec AOD en uGlisant les doses 
appropriées


•  PeGte fenêtre pour cas sélecGonnées pour la 
fermeture du foramen ovale perméable

–  Rôle des AOD: études en cours
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