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Abstract
Aims: The study aimed to confirm the efficacy and safety of WATCHMAN LAA closure in atrial fibrilla-
tion patients unsuitable for oral anticoagulation.

Methods and results: The EWOLUTION registry prospectively collects all clinical data on 1,005 
European patients implanted with a WATCHMAN device. Following the procedure, 605 patients (60.2%) 
received dual antiplatelet therapy according to the local standard; DAPT was discontinued in 85% of 
patients within one year. CHA2DS2-VASc and HAS-BLED scores were 4.61.6 and 2.41.2, respectively. The 
periprocedural SAE rate was 3.3% (2.0% major adverse cardiac events), mostly resolving without sequelae. 
Device embolisation or pericardial effusion occurred in one (0.2%) and two (0.3%) patients, respectively. 
TEE (median 62 days post implant, IQR: 47-97) confirmed effective sealing (no leak >5 mm) in 99.2% 
of patients. Device thrombus was present in 22 patients (4.0%), one patient developed a stroke. One-year 
mortality in the DAPT group was 9.6% (N=58) reflecting the advanced age and comorbidities in this popu-
lation. The ischaemic stroke rate at one year was 1.4% (expected based on CHA2DS2-VASc: 7.5%), none 
fatal. The major bleeding rate was 2.5%, or 2.1% excluding periprocedural events (expected rate on VKA 
based on HAS-BLED: 5.1%).

Conclusions: LAA closure with the WATCHMAN device followed by DAPT therapy in a high-risk patient 
population is safe. At one year, the intervention is associated with a substantial risk reduction regarding 
ischaemic stroke and major bleeding compared to the expected rate based on CHA2DS2-VASc and HAS-
BLED scores.
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Abbreviations
AF atrial fibrillation
DAPT dual antiplatelet therapy
EWOLUTION Registry on WATCHMAN outcomes in Real-Life 

Utilization
LAA left atrial appendage
NOAC non-vitamin K antagonist oral anticoagulants

Introduction
Recent guidelines have incorporated interventional stroke preven-
tion, namely left atrial appendage (LAA) occluder therapy, as part 
of the routine treatment algorithm in patients with reasons to seek 
an alternative to long-term oral anticoagulation1. Randomised tri-
als have shown non-inferiority of the therapy to warfarin regard-
ing stroke risk reduction2; indeed, strokes following LAA occluder 
therapy were clinically less impairing compared to such events 
on oral anticoagulation in the PREVAIL trial on WATCHMAN™ 
(Boston Scientific, Marlborough, MA, USA) implantation3. Yet 
these WATCHMAN trials, initiated prior to non-vitamin K antag-
onist oral anticoagulants (NOAC) becoming available, were per-
formed in patients eligible for warfarin therapy. The studies 
employed a post-procedural drug regimen of 45 days of warfa-
rin followed by dual antiplatelet therapy (DAPT). Patients were 
switched to aspirin monotherapy after six months. In order to place 
this therapeutic option correctly in the current treatment algorithm, 
large, prospective registries are helpful to evaluate safety and effi-
cacy in patients unsuitable for oral anticoagulation.

The EWOLUTION registry provides data on LAA closure 
employing the WATCHMAN device in a real-world population 
in Europe. The study design and data up to the three-month time 
point have been published previously4,5. According to current 
European standards, most patients received DAPT therapy directly 
post procedure; the current manuscript summarises the one-year 
outcome data in this particular subgroup.

Methods
As reported previously, EWOLUTION is an all-comers, multicen-
tre, prospective, non-randomised cohort study regarding the safety 
and efficacy of LAA occlusion employing the WATCHMAN 
device4-6. Indications for LAA closure as well as post-procedural 
drug therapy were at the discretion of the investigators; cen-
tres were encouraged to recruit consecutive patients to repre-
sent real-life practice and avoid selection bias. At least 39 sites 
out of the 47 centres confirmed that they enrolled consecutive 
patients. Signed informed consent was obtained prior to attempted 
WATCHMAN implantation in all subjects. The study adhered to 
international rules for scientific studies, the Helsinki principles, 
with local ethics committee approval in all participating centres. 
The electronic clinical report form provides fields for anticipated 
serious adverse events (SAE) such as procedure-specific events, 
e.g., perforation, tamponade, device embolisation, neurological 
events, device thrombosis and bleeding according to the BARC 
criteria6. The definition of major bleeding (which includes fatal 

and life-threatening) aligns with the left atrial appendage occlu-
sion (LAAO)-specific modifications and refinements described in 
a consensus document on definitions, endpoints and data collec-
tion requirements7.

Study enrolment occurred from October 2013 to May 2015. At 
a total of 47 centres in 13 countries, 1,025 patients were enrolled, 
with 1,005 successful LAA WATCHMAN implants employing 
current techniques. Follow-up is according to the local institu-
tions’ standard of care and will continue for two years post enrol-
ment. Post-implant data collection includes LAA imaging data 
via transoesophageal echocardiography (TEE), oral anticoagulant 
(OAC) or antiplatelet medications and adverse events. At the time 
of this one-year analysis, 90% of active patients have completed 
at least 11 months of follow-up, and 871 patients (87%) have had 
at least one TEE exam during follow-up (Figure 1).

STATISTICAL ANALYSIS
Continuous variables are summarised using the mean, stand-
ard deviation, median and range. Categorical variables are sum-
marised using counts and percentages. Rates of stroke/bleeding 
events are calculated as number of events per 100 patient-years 
(PY). The individual patient annual risk for stroke and bleeding 
was recorded based on each subject’s CHA2DS2-VASc and HAS-
BLED scores and then the average risk score for the study popu-
lation was calculated. Annual risks of stroke and bleeding were 
then extrapolated from published risk score literature in similar 
cohorts of patients8,9 in order to determine relative risk reductions. 
The mortality rate is calculated via the Kaplan-Meier method to 
account for censoring. The rate of device-associated thrombus 
is calculated via the Kaplan-Meier method, taking into account 
only patients with TEE performed. P-values are based on log-rank 
tests for time-to-event analysis and Fisher’s exact test for bino-
mial proportions. Identification of heart failure decompensations 
and other SAE was at the discretion of the centre. Events and rele-
vant source documents were additionally reviewed by the spon-
sor Medical Safety Group (MSG)4. For all patient deaths, source 
documents were requested at the sites and reviewed by the MSG. 
All centres were monitored by an outside contract research organi-
sation (CRO) and every centre was visited at least once.

While previous analysis of the database focused on periproce-
dural safety and post-procedural drug therapy4,5, this analysis aims 
to focus on efficacy regarding stroke prevention at one year fol-
lowing LAA occluder therapy. As oral anticoagulation itself con-
fers stroke prevention and randomised trials have already studied 
patients eligible for oral anticoagulation, we focused on the group 
of patients ineligible for OAC and transiently treated with dual 
antiplatelet therapy.

Results
Here we report the one-year outcome data of patients receiv-
ing DAPT following WATCHMAN implantation as part of 
the EWOLUTION all-comers registry. In total, EWOLUTION 
recruited 1,025 patients; 1,005 were implanted with a WATCHMAN 
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Safety and efficacy of WATCHMAN LAA closure at one year

device and 605 received dual antiplatelet therapy directly after the 
procedure (Figure 1). At the time of this analysis, 473 patients 
had had an 11-month data entry; median time of follow-up for 
the purpose of this analysis was 372 days. Final study visit and 
database entries will be completed two years after LAA occluder 
therapy. Patient characteristics in the EWOLUTION DAPT sub-
group reflect the all-comer design of the study: patients were old 
(31.1% >80 years) and had a high CHA2DS2-VASc score of 4.61.6 
(Table 1). Not surprisingly, 83.8% of the DAPT patients were 
deemed contraindicated to oral anticoagulation.

Safety data regarding WATCHMAN LAA occlusion are dis-
played in Table 2 and Table 3 as well as in Figure 2. The peripro-
cedural (seven-day) major adverse cardiac events rate observed in 
this EWOLUTION cohort was 2%; two patients died during the 
first week. One patient died due to right heart failure following 
a MitraClip (Abbott Vascular, Santa Clara, CA, USA) procedure 
with three clips, possibly leading to an increased transmitral gradi-
ent; a second patient died due to unsuccessful resuscitation follow-
ing an asystole after cardioversion four days after the procedure. 
One additional patient died >7 days post procedure secondary to 
air embolism during implantation leading to multi-organ failure 
and sepsis. The seven-day device/procedure-related SAE rate was 
3.3% (n=19) (Table 3). Between seven and 30 days two fatal gas-
trointestinal bleeding events occurred on the same drug regimen 
that the patient received prior to WATCHMAN LAA occluder 
therapy. A third patient died due to clostridium difficile enteritis 
following a colonoscopy due to chronic inflammatory bowel dis-
ease with perforation.

Up to the one-year time point, two more patients had 
a fatal bleeding, reflecting the high-risk patients included in the 
EWOLUTION study, particularly in this DAPT subgroup. Major 

bleeding was the most common SAE (n=19) (Table 3, Figure 2B); 
other events including device embolisation (one observed) and 
pericardial effusion (n=2) occurred rarely. The expected rate of 

Informed consent
obtained: N=1,025 Manuscript subgroup:

dual antiplatelet therapy
directly after procedureAnatomy considered not

suitable at prescreening: N=5

Study population DAPT subgroup
Implant of WATCHMAN:

N=1,020
Implant of WATCHMAN:

N=605

Patients with successful
WATCHMAN implant:

N=1,005

Patients with successful
WATCHMAN implant:

N=605

End of study <1 year (N=112)
Deceased: N=91
Withdrawn: N=  8
Lost to follow-up: N=13

End of study <1 year (N=75)
Deceased:  N=58
Withdrawn:  N=  6
Lost to follow-up: N=11

Active patients at 1 year: N=893/1,005 (89%)
Patients with TEE: N=875/1,005 (87%)
Patients with >11 mo of data: 804/893 (91%)

Active patients at 1 year: N=530/605 (88%)
Patients with TEE: N=525/605 (87%)
Patients with >11 mo of data: 473/530 (89%)

Figure 1. Study flow chart of the prospective, monitored, multicentre EWOLUTION registry. This manuscript reports on the efficacy of LAA 
closure employing the WATCHMAN device in patients without post-procedural treatment with oral anticoagulation. Six hundred and five 
patients received dual antiplatelet therapy (DAPT) directly after the procedure; 9.6% of patients died during the first year.

Table 1. Patient characteristics included in the EWOLUTION 
registry and treated with DAPT after LAA closure.

DAPT N=605
No. of subjects N=605 (100%)

11-month FU available n=473 (89.2%)

Age ≥80 yrs old n=188 (31.1%)

OAC contraindicated n=506 (83.8%)

CHA2DS2-VASc score (median+IQR) 5.0 (4.0–6.0)

HAS-BLED score (median+IQR) 2.0 (1.5–3.0)

Male/female n=367/238 
(60.7%/39.3%)

LV dysfunction (i.e., LVEF ≤40%) n=77 (12.8%)

Diabetes type 2 n=190 (31.5%)

History of ischaemic/haemorrhagic stroke n=99/94 
(16.4%/15.6%)

Vascular disease n=281 (46.5%)

Paroxysmal/persistent/permanent AF n=244/133/209
40.6%/22.1%/34.8%

Prior major bleeding or predisposition to 
bleeding n=261 (43.2%)

Uncontrolled hypertension n=61 (10.1%)

Abnormal renal function n=104 (17.2%)

Labile INRs n=80 (13.2%)

Age >65 n=527 (87.1%)

AF: atrial fibrillation; DAPT: dual antiplatelet therapy; FU: follow-up; 
INR: international normalised ratio; IQR: interquartile range; LAA: left 
atrial appendage; LV: left ventricle; LVEF: left ventricular ejection 
fraction; OAC: oral anticoagulants
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major bleeding in EWOLUTION would have been 5.1% if vita-
min K antagonists (VKA) had been used (Table 4); the observed 
rate of major bleeding was 2.5%, and 2.1% if periprocedural 
bleedings were not included (Figure 2C, Table 4). By one year, 

Table 3. One-year outcome after LAA occlusion with WATCHMAN 
device.

DAPT N=605
Follow-up TEE 525/605 (87%)

Effective seal* @ first TEE follow-up >4 weeks 99.2%

7 days device/procedure-related SAE# rate 3.3% (n=19)

7 days major adverse cardiac events rate 2.0% (n=12)

Thrombus on the device at follow-up TEE** 4.0%, n=22

Major bleeding SAE 2.5% (19/770 PY)

Major bleeding SAE excluding procedural <7 days 2.1% (16/772 PY)

Fatal bleeding 0.5% (4/782 PY)

Ischaemic stroke SAE 1.4% (11/775 PY)

Ischaemic stroke/TIA/systemic embolism 1.8% (14/771 PY)

Haemorrhagic stroke n=0

Fatal stroke n=0

Disabling stroke n=1

*Effective seal: no leak >5 mm in several TEE views (0°, 45°, 90°, 
135°). #Definition of SAE: major bleeding (n=6), stroke (n=0), 
pericardial effusion (n=2), device embolisation (n=1) including events 
w/o intervention. **No procedural stroke occurred in this subgroup. 
DAPT: dual antiplatelet therapy; LAA: left atrial appendage;  
PY: patient-years; SAE: serious adverse events; TEE: transoesophageal 
echocardiography; TIA: transient ischaemic attack

Table 2. Periprocedural serious adverse events (SAE) up to seven 
days post procedure.

DAPT N=605
Major adverse cardiac events ≤7 days 12 (2.0%)

All deaths (0-7 days)* 3

Major bleeding 6

Cardiac tamponade/significant PE 2

Device embolisation requiring surgery 1

Device embolisation snared 0

Stroke None

Systemic embolism None

Myocardial infarction None

Other events requiring surgery/major intervention None

Other periprocedural serious adverse events ≤7 days 9 (1.5%)

Vascular complications @ groin 2

Air embolism (coronary) 1

Minor pericardial effusion (untreated) 0

Reinterventions due to incomplete seal 2

Minor bleeding (untreated)/haematoma 1

TIA 1

Hypotension 1

Adverse reaction to anaesthesia 1

One death occurred due to air embolism and consecutive multi-organ 
failure and sepsis. One death was due to therapy-resistant asystole 
following cardioversion, one death caused by right heart failure most 
probably linked to a MitraClip procedure carried out in parallel with an 
increased transmitral gradient following clip placement. *One event 
>7 days but originating at the procedure. DAPT: dual antiplatelet 
therapy; PE: pulmonary embolism; TIA: transient ischaemic attack

SAE type DAPT
 n=605
Pulmonary/COPD n=28
Heart failure n=23
Major bleeding n=21
AF morbidity n=15
Infection n=11
Renal function n=11
Coronary artery 
disease 

n=10

Patients without SAE

Unrelated - resolved

Unrelated - with sequelae

Related - resolved

Related - with sequelae

Death for unknown cause

69%
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 DAPT n=605
Major bleeding SAE 2.5% (19/770 PY)
Major bleeding SAE excluding
procedural <7 days 2.1% (16/772 PY)
Fatal bleeding 0.5% ( 4/782 PY)
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RR
52%
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Expected, based on HAS-BLED
Observed in EWOLUTION

Major bleeding Major bleeding excluding procedural

Freedom from major bleeding - DAPT post-implant subgroup

A

B C

Figure 2. Presence or absence of serious adverse events at one year. A) Overview of all serious adverse events at one year. Major bleeding is 
the most relevant SAE related to the underlying disease and possibly linked to the dual antiplatelet therapy. B) Kaplan-Meier analysis of major 
bleeding events; most events occurred in the first three months while on dual antiplatelet therapy. C) Comparison of expected bleeding rate if 
patients were on oral anticoagulation based on average HAS-BLED score in the EWOLUTION DAPT subgroup9.
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Safety and efficacy of WATCHMAN LAA closure at one year

DAPT was discontinued in 85% of patients in EWOLUTION 
(Figure 3A, Figure 3B). The registry did not capture the reason 
for DAPT treatment but it is suspected to be linked to an underly-
ing coronary artery disease with possibly repetitive acute coronary 
syndromes. Bleeding occurred mostly within the first 180 days, 
probably linked to the bleeding risk that comes with DAPT; after 
switching to aspirin monotherapy, the number of events was very 
low (Figure 2B).

Regarding the complete list of SAE at one year, 0.3% of patients 
experienced a serious adverse event that did not completely resolve 
and was related to the device (Figure 2A). In total, 31% of patients 
in the EWOLUTION DAPT subgroup experienced an SAE during 
the first year, mostly related to their underlying disease includ-
ing chronic obstructive pulmonary disease (COPD), heart failure, 
morbidity related to atrial fibrillation, infection and impaired renal 
function (Figure 2A). In total, there were 288 events in 71 dif-
ferent categories. After one year, 90.4% of patients were alive. 
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Time to single APT or no medication for those subjects
on DAPT at time of successful implant

DAPT 
discontinuation

B

A

Switch to single APT

Stay on DAPT

Switch to no meds

Switch to (N)OAC

71%

17%

7%

5%

Figure 3. Periprocedural drug treatment following WATCHMAN 
LAA closure, including discontinuation of DAPT and switch to 
aspirin monotherapy and no treatment. A) Total percentage of 
patients switched from DAPT. B) Kaplan-Meier analysis of change 
from DAPT to aspirin monotherapy or nothing over the first year.

Table 4. Observed vs. expected rates of major bleeding.

Group HAS-BLED (mean)
Expected rate major 

bleed (%)
Observed rate major 

bleed (%)
Relative risk reduction**

DAPT N=605 2.4 5.1 2.5 52%

** Compared to the rate that would have been expected if patients were treated with VKA9. DAPT: dual antiplatelet therapy

The cause of death was known in 51/58 patients, mostly related 
to the underlying disease and not caused by ischaemic cerebrovas-
cular or peripheral disease: 2.6% cardiovascular death and 5.8% 
non-cardiovascular death.

There was a high rate of TEE follow-up in EWOLUTION: 87% 
of the patients had TEE data available, allowing the assessment 
of an effective seal in 99.2% of the patients (Table 3). Device 
thrombus was present in 22 patients (4.0%). Medications were 
adjusted in 20 patients, while no action was taken in the remain-
ing two. More specifically, 12 patients were transiently switched 
to OAC (two warfarin, 10 NOAC), four patients stayed on DAPT 
and one patient stayed on single antiplatelet therapy (APT). 
Two patients discontinued anticoagulation despite the presence 
of a thrombus (one patient switched from DAPT to single APT, 
one patient switched from DAPT to nothing). At the next follow-
up (FU), 19 patients had completely resolved thrombus includ-
ing the two patients where no action was taken. The remaining 
three cases are unknown, as the patients had no TEE performed 
after the thrombus was discovered. In patients with a thrombus 
detected at routine TEE, there were no subsequent reports of 
adverse events such as stroke, transient ischaemic attack (TIA) or 
embolism. In the patients with a stroke where TEE or computed 
tomography (CT) imaging was performed, one instance of device 
thrombus was observed.

The one-year data of EWOLUTION regarding efficacy in 
the DAPT subgroup are summarised in Table 5 and Figure 4. 
Based on their CHA2DS2-VASc score, a rate of 7.5% ischae-
mic strokes would have been expected in the DAPT subgroup in 
the absence of stroke preventive therapy. DAPT treatment was 
continued beyond one year in 9.8% of patients (n=59), prob-
ably due to the comorbidity of an acute coronary syndrome. 
EWOLUTION revealed a stroke rate of 1.4/100 PY (11/775 PY; 
11 events in the cohort). The observed rate of ischaemic stroke/
TIA/systemic embolism was 1.8/100 PY (14/771 PY; 14 events 
in the cohort) corresponding to an 83% risk reduction as com-
pared to the expected rate of 10.5 based on CHA2DS2-VASc in 
the absence of stroke prevention therapy. There was no report 
of haemorrhagic stroke. No fatal stroke was observed at one-
year follow-up. There was one disabling stroke reported. The 
expected rate of ischaemic stroke was 5.3-fold higher. The 
Kaplan-Meier curve shows a slow, but steady increase in event 
rates (Figure 2A) very similar to the stroke events with oral anti-
coagulation; there is no increase in strokes during the first few 
months when the device endothelialises. The rate of stroke in the 
subgroup of patients with a CHA2DS2-VASc ≥3 (n=540 patients) 
was 1.61 per 100 PY.
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Discussion
This EWOLUTION data analysis provides one-year efficacy 
data on a high-risk, OAC-ineligible patient population receiv-
ing LAA closure followed by DAPT. The study shows a rate of 
ischaemic stroke of 1.4% in the 605 patients with WATCHMAN 
LAA occluder therapy; compared to the rate expected from the 
CHA2DS2-VASc score this represents an 81% risk reduction. This 
result is very similar to the overall EWOLUTION patient cohort 
where ischaemic strokes were observed at a rate of 1.1%, albeit 
also with a lower CHA2DS2-VASc score (84% risk reduction)10. 
Major bleeding rates in the DAPT patient cohort were not negli-
gible, yet reduced by around 50% as compared to the expected 
rates on oral anticoagulation based on the HAS-BLED score. 

 DAPT n=605
Ischaemic stroke SAE 1.4% (11/775 PY)
Ischaemic stroke/ TIA /systemic
embolism 1.8% (14/771 PY)
Haemorrhagic stroke n=0
Fatal stroke n=0
Disabling stroke n=1
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Ischaemic stroke Ischaemic stroke /TIA /SE

Freedom from ischaemic stroke - DAPT post-implant subgroup

*Friberg et al. EIJ 2012

A

B

Figure 4. Efficacy of LAA occlusion. A) Kaplan-Meier analysis of 
ischaemic stroke rate during the first year after LAA closure. 
B) Annual stroke rate and stroke/TIA/systemic embolism observed in 
EWOLUTION compared to expected rate based on the average 
CHA2DS2-VASc score of patients in EWOLUTION8.

Table 5. Observed vs. expected rates of stroke/thrombotic event.

Group
CHA2DS2-VASc 

(mean)

Expected rate 
ischaemic  
stroke (%)

Observed rate 
ischaemic  
stroke (%)

Relative risk 
reduction*

Expected rate 
ischaemic  

stroke/TIA/SE (%)

Observed rate 
ischaemic  

stroke/TIA/SE (%)

Relative risk 
reduction*

DAPT n=605 4.6 7.5 1.4 81% 10.5 1.8 83%

*compared to the calculated stroke rate without the use of anticoagulation8. DAPT: dual antiplatelet therapy; SE: systemic embolism; TIA: transient 
ischaemic attack

The bleeding rate became very low once periprocedural DAPT 
therapy was switched to monotherapy (71%) or no therapy (7%).

The European atrial fibrillation (AF) guidelines from 2012 were 
the first to discuss LAA closure therapy, mainly for patients inel-
igible for long-term oral anticoagulation11. Accordingly, patients 
receiving WATCHMAN LAA closure in Europe are usually high-
risk, warfarin- and NOAC-ineligible patients. DAPT is mostly 
employed as post-procedural drug regimen based on the results of 
the ASAP registry12. Our previous results from the EWOLUTION 
registry have led to a change in the WATCHMAN instructions 
for use (IFU); these now specifically allow both DAPT as well 
as a three-month course of NOAC5. This very flexible scheme 
allows tailoring post-procedural anticoagulation to the individual 
patient. The one-year outcome data of a cohort of 605 patients 
treated with DAPT following WATCHMAN implantation in the 
EWOLUTION registry now add further scientific information to 
this European perspective on LAA closure therapy.

Procedural safety of LAA closure for stroke risk reduction in 
patients with AF is important for the overall net benefit of the 
procedure. Bleeding is numerically the highest SAE, occurring at 
a rate of 2.5/100 PY; fatal bleeding was observed in four patients 
(0.5%). Similar data at three months were recently observed in 
the AMPLATZER Amulet European registry13. The Kaplan-Meier 
curve suggests that bleeding is linked to DAPT therapy. The 
absolute number of bleeding events, however, is still lower than 
observed in a similar high-risk population on NOAC therapy14. 
Reducing the duration of DAPT therapy or replacing DAPT with 
transient NOAC therapy on a reduced dosing scheme may be an 
alternative to DAPT and should be explored further.

After one year, close to 10% of the patients receiving 
WATCHMAN LAA closure followed by DAPT had died. Generally, 
octogenarians have a massively increased stroke and bleeding risk; 
these patients in particular will benefit from a procedure with 
reduced bleeding risk compared to NOAC therapy. In our subgroup 
analysis, >30% of patients were older than 80 years - there was no 
increase in the periprocedural event rate in this group. Therefore, 
the decision on LAA closure should be based on an individual bal-
ance of stroke and bleeding risk as well as life expectancy.

In patients with a CHA2DS2-VASc score ≥3 the rate of ischae-
mic stroke was as low as 1.61/100 PY. These numbers com-
pare well with data from patients with a CHA2DS2-VASc score 
≥3 on apixaban or warfarin in the ARISTOTLE trial (event 
rate of 1.48 and 2.03 per 100 PY, respectively)15. Large regis-
tries from the USA on patients with a CHA2DS2-VASc score ≥3 
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have found dabigatran, apixaban and rivaroxaban to be assoc-
iated with a stroke or peripheral embolism rate of 1.35, 1.67 and 
1.69 per 100 PY, respectively16. To confirm non-inferior efficacy 
of LAA closure compared to NOAC therapy, a randomised trial 
is necessary; such trials are in preparation. In addition, a study 
design comparing low-dose NOAC therapy plus LAA closure vs. 
full dose NOAC therapy might be attractive since recently pub-
lished data describe a rate of thrombus in the LAA of around 1% 
despite efficient oral anticoagulation, particularly in patients with 
a CHA2DS2-VASc score ≥517.

Limitations
EWOLUTION is a prospective registry. As such, one limi-
tation of the study is the lack of a randomised control. The 
clinical observations at one year described here are associated 
with, but not proven to be causally related to, the intervention 
of LAA closure. In addition, comparing event rates regarding 
ischaemic stroke and bleeding based on risk factor scores may 
either overestimate or underestimate the true event rate in this 
population. However, both the HAS-BLED and the CHA2DS2-
VASc scores have been validated in large patient cohorts. This 
study includes only one device for LAA closure, namely the 
WATCHMAN, and results would not necessarily apply to other 
devices.

Future directions
Several new trials on other devices aiming for FDA approval ran-
domise different devices vs. WATCHMAN implantation but not 
drug therapy. Further insights into the efficacy of LAA closure are 
therefore expected only from the randomised ASAP-TOO study18. 
This study started in February 2017, comparing WATCHMAN 
LAA closure to antiplatelet therapy or nothing for stroke preven-
tion in patients unsuitable for oral anticoagulation.

Conclusions
The one-year outcome data of patients on dual antiplatelet 
therapy after WATCHMAN LAA closure in the EWOLUTION 
registry provide important insights regarding the safety and 
efficacy of interventional stroke prevention. Patients with atrial 
fibrillation at high risk of ischaemic events and unsuitable for 
oral anticoagulation were studied. The safety of the procedure 
has greatly improved and no device- or procedure-related late 
events such as pericardial effusion/tamponade were observed. 
There was a high rate of complete occlusion (>99% on TEE), 
resulting in a >80% risk reduction for ischaemic events com-
pared to the expected rate based on CHA2DS2-VASc score in 
the absence of stroke prevention therapy in this population. 
Major bleeding rates were halved compared to the expected 
rates based on HAS-BLED score under VKA therapy. While 
EWOLUTION was not a randomised trial, a highly positive net 
benefit of WATCHMAN LAA closure is strongly supported by 
these data, given that 90% of serious adverse events resolved 
completely.

Impact on daily practice
The introduction of NOAC as the standard drug regimen for 
stroke prevention in patients with atrial fibrillation has greatly 
improved treatment options in this setting. However, unresolved 
issues remain, particularly in the elderly: an increasing stroke 
risk is combined with a high bleeding risk, limiting the options 
regarding long-term oral anticoagulation. Misdosing NOAC in 
the fear of bleeding events ignoring the increased stroke risk 
has become a common issue. The one-year EWOLUTION data, 
together with the randomised data from the PROTECT-AF and 
PREVAIL studies, strengthen the recommendation to offer LAA 
closure to patients not able to tolerate full dose oral anticoagu-
lation. Given the wealth of data that has become available over 
the last 12 months regarding this intervention, current guide-
lines may need to be updated.
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