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Aims Left atrial appendage (LAA) occlusion has emerged as an interesting alternative to oral anticoagulation (OAC) for
stroke prevention in patients with atrial fibrillation (AF). We report the safety, efficacy, and durability of concomi-
tant device-enabled epicardial LAA occlusion during open-heart surgery. In addition to long-term follow-up, we
evaluate the impact on stroke risk in this selected population.

...................................................................................................................................................................................................
Methods
and results

A total of 291 AtriClip devices were deployed epicardially in patients (mean CHA2DS2-VASc-Score: 3.1 ± 1.5) undergo-
ing open-heart surgery (including isolated coronary artery bypass grafting, valve, or combined procedures) comprising of
forty patients from a first-in-man device trial (NCT00567515) and 251 patients from a consecutive institutional registry
thereafter. In all patients (n = 291), the LAA was successfully excluded and overall mean follow-up (FU) was
36 ± 23months (range: 1–97 months). No device-related complications were detected throughout the FU period. Long-
term imaging work-up (computed tomography) in selected patients >_5years post-implant (range: 5.1–8.1 years) displayed
complete LAA occlusion with no signs of residual reperfusion or significant LAA stumps. Subgroup analysis of patients
with discontinued OAC during FU (n = 166) revealed a relative risk reduction of 87.5% with an observed ischaemic
stroke-rate of 0.5/100 patient-years compared with what would have been expected in a group of patients with similar
CHA2DS2-VASc scores (expected rate of 4.0/100 patient-years). No strokes occurred in the subgroup with OAC.

...................................................................................................................................................................................................
Conclusion The long-term results from our first-in-man prospective human trial plus our institutional registry of epicardial LAA

occlusion with the AtriClip in patients with AF undergoing cardiac surgery demonstrate the safety and durability of
the procedure. In addition, our data are suggestive for the potential efficacy of LAA occlusion in reducing the inci-
dence of stroke. If validated in future large randomized trials, routine LAA occlusion in patients undergoing cardiac
surgery (with contraindications to treatment with oral anticoagulants) may represent a reasonable adjunct proced-
ure to reduce the risk of future stroke.

...................................................................................................................................................................................................
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Introduction

For decades, the gold standard of stroke prevention in patients with
non-valvular atrial fibrillation (AF) has been oral anticoagulation
(OAC) therapy with vitamin K antagonists (VKAs). In addition, newer
non-vitamin K oral anticoagulants (NOACs) with improved safety
and comparable efficacy profiles have been introduced and currently
become the new standard-of-care for many patients.1–4

However, relative or absolute contraindications for OAC, poor
patient compliance, the necessity for continuous monitoring and an
inherent risk of serious bleeding complications limit their applicability
to selected patients that, importantly has led to a relative underuse
particularly in older patients who are often at the highest risk of
stroke.5

As a potential alternative to circumvent the use of OAC, novel
therapy strategies targeting the left atrial appendage (LAA) in patients
with AF for stroke prevention have become a major focus in recent
years and are currently under intensive investigation.6–10

Based on the seminal report of Madden more than 60 years
ago suggesting exclusion of the LAA for stroke prevention, vari-
ous surgical and interventional approaches have emerged for
LAA occlusion.11 While initial data on various surgical methods
of LAA exclusion such running sutures, purse-string or external
ligation failed to provide reproducible and durable LAA occlu-
sion,12 percutaneous approaches have provided the first clinical
evidence that LAA occlusion is a valid alternative to OAC therapy
in AF patients. Both, the randomized, controlled, multicentre
PROTECT-AF and Prospective Randomized Evaluation of the
WATCHMAN LAA Closure Device in Patients With Atrial
Fibrillation Versus Long Term Warfarin Therapy (PREVAIL) trials
demonstrated non-inferiority or superiority of an interventional
LAA occlusion device (Watchman Device, Boston Scientific,
Maple Grove, MN, USA) compared with OAC for stroke risk re-
duction.13–15 Based primarily on these trials, the 2012 Focused
Update on the Guidelines for the Management of Atrial
Fibrillation the European Society of Cardiology listed for the first
time a Class IIb recommendation for percutaneous LAA occlu-
sion in patients who are at high stroke risk and who are not
amendable to long-term OAC.16

However, these catheter-based approaches fail to provide a 100%
solution due to inherent limitations. The need for further optimiza-
tion and a tailored individual patient approach becomes appar-
ent7,17,18 and the AtriClip (AtriCure, Inc., West Chester, PA, USA)
provides a valid alternative to previous surgical techniques.19–21 We
report the long-term safety, efficacy, and durability of concomitant
epicardial AtriClip LAA occlusion during open-heart surgery. In

addition to long-term clinical and imaging FU after AtriClip implant-
ation, we particularly focus on its potential impact on stroke risk in
this selected population.

Methods

Study aim
The primary aim of this study was to evaluate the safety, efficacy, and
long-term durability [assessed by computed tomography (CT) imaging]
of epicardial LAA occlusion using the AtriClip device and its subsequent
impact on stroke-prevention in patients with AF undergoing cardiac
surgery.

Study design
The present study includes a total of 291 patients and combines long-
term outcomes of two cohorts (see Supplementary material online,
Figure S1):

(1) Prospective trial cohort (n = 40; TC) with long-term data from our
first-in-man prospective AtriClip device trial (NCT00567515) and
3-month and 3-year FU data reported previously.20,21

(2) Institutional registry cohort (n = 251; RC) of consecutive implants
with the AtriClip device after inclusion of the first 40 patients for
the above mentioned prospective first-in-man-trial.

Ethics approval
All long-term data collection was performed prospectively and approved
by the local ethics committee (Ref. KEK-ZH-Nr. 2015-0402) including a
waiver of informed consent (for patients treated before 1 January 2014)
and a signed informed consent (for patients treated after 1 January 2014).

Inclusion and exclusion criteria
The primary inclusion criterion for the trial was elective cardiac surgery
in adult patients with AF.20,21 The exclusion criteria for the trial cohort
were reoperation, known LAA-thrombus, patients from the intensive
care unit, history of pericarditis, recent myocardial infarction, (<90 days)
and a known allergy to the device components. The registry included all
patients in whom the AtriClip was implanted in the absence of
contraindications.

Device description and delivery
The device has been described previously.19–22 The AtriClip is currently
available in four sizes (35, 40, 45, and 50 mm) and four deployment ver-
sions (standard, flexible, long, and quick deploy feature) facilitating
minimal-invasive (e.g. thoracoscopic) approaches (Figure 1). Concomitant
AtriClip delivery was performed as previously described20,21 and success-
ful LAA occlusion (defined as a threshold of a remaining residual stump in
the LAA <10mm) was controlled visually during the procedure and
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confirmed with simultaneous intraoperative transesophageal echocardi-
ography (TEE) and if necessary repositioned. By the systematic use of
intraoperative TEE and despite this pre-defined threshold (residual stump
<10 mm), care was taken to stay significantly below or at best, not to cre-
ate a measurable stump at all.

Data collection/follow-up questionnaire
The patients from the prospective trial (n = 40) were followed-up
3 months after surgery and then annually up to 3 years with clinical status
evaluations, laboratory examination, electrocardiogram, and computed
tomography (CT).20,21 Patient data including baseline characteristics, peri-
operative variables, and postoperative outcome were collected from our
database and the medical records of referring cardiologists/general practi-
tioners. For the long-term FU a questionnaire with the following items
were completed: survival, cause of death (cardiovascular, non-
cardiovascular, device-related, etc.), major adverse cardiac and cerebro-
vascular events including stroke and systemic embolism, device-related
complications, current rhythm status/changes and changes in the antith-
rombotic/antiaggregation therapy and current antithrombotic/antiaggre-
gation regimen. Data from the questionnaires were collected from our
database, the medical records of referring cardiologists/general practi-
tioners, and/or by contacting the patients and referring physicians. In add-
ition, survivors with a FU of >_5 years were identified in our database
(n = 32) and clinical FU with CT was conducted to evaluate the long-term
impact of LAA occlusion.

Oral anticoagulation management and regime

for discontinuation
Based on an institutional consent, OAC was ceased initially after
3 months. As a response to the promising results of the initial trial, the
anticoagulation/anti therapy evolved over time. In patients operated after
2010, OAC was discontinued immediately after surgery unless it was
otherwise indicated. Routinely following surgery, we administered
Aspirin 100 mg/day then replaced OAC if patients were in sinus rhythm
(SR) or aspirin 300 mg/day if patients were in AF.

Endpoints
The primary efficacy endpoint for stroke reduction was defined as the oc-
currence of ischaemic or haemorrhagic neurological events during FU
(stroke). The primary safety endpoint was any device-related event (peri-
operatively, in-hospital, FU). Secondary endpoints included overall mor-
tality; in addition complete obliteration of the LAA was assessed by CT.
A composite secondary endpoint included death for cardiac reason or of
unknown cause, systemic embolism, and haemorrhagic or ischaemic
stroke.

Cardiac computed tomography protocols

and data analysis
See Supplementary material online for details.

Assessment of stroke reduction
To assess the efficacy after epicardial LAA occlusion, time-intervals for
each patient on or off OAC or antiplatelet treatment were recorded.
Individual risks for stroke (expected stroke risk) according to the re-
corded time-intervals and the CHA2DS2-VASc-Score were calculated
based on the published rates from the validation study.23

Statistics
In tables with descriptive statistics, continuous variables are presented as
mean± standard deviation (SD) as well as medians and ranges. Groups

Table 1 Baseline demographic characteristics and risk
factors

Characteristics

Age (years) 70.7 ± 9.8 (34.3,94.2)

Height (cm) 170.5 ± 9.4 (135.0,197.0)

Weight (kg) 79.5 ± 15.8 (41.0, 150.1)

BMI (kg/m2) 27.3 ± 4.8 (17.2,46.8)

Female 93/291 (32.0%)

Male 198/291 (68.0%)

Stroke risk calculation

CHA2DS2-VASc score (categorical)

0 9/291 (3.1%)

1 25/291 (8.6%)

2 77/291 (26.5%)

3 79/291 (27.1%)

4 56/291 (19.2%)

5 25/291 (8.6%)

6 15/291 (5.2%)

7 3/291 (1.0%)

8 2/291 (0.7%)

CHA2DS2-VASc score (continuous) 3.1 ± 1.5 (0.0,8.0)

CHADS2 score (categorical)

0 32/291 (11.0%)

1 100/291 (34.4%)

2 88/291 (30.2%)

3 41/291 (14.1%)

4 24/291 (8.2%)

5 4/291 (1.4%)

6 2/291 (0.7%)

CHADS2 score (continuous) 1.8 ± 1.2 (0.0,6.0)

CHF 75/291 (25.8%)

History of hypertension 223/291 (76.6%)

Age >_75 years 111/291 (38.1%)

Diabetes 44/291 (15.1%)

Previous TIA/ischaemic stroke 36/291 (12.4%)

LVEF (%) 56.6 ± 12.5 (291)

Vascular disease 47/291 (16.2%)

Age 65–74 114/291 (39.2%)

Female 93/291 (32.0%)

AF type

Paroxysmal (>_90% with multiple episodes) 174/291 (59.8%)

Persistent 84/291 (28.9%)

Permanent 26/291 (8.9%)

No AF 7/291 (2.4%)

Previous N/OAC use 196/291 (67.4%)

Rhythm on admission

SR 149/291 (51.2%)

AF 142/291 (48.8%)

Values are mean ± SD (minimum, maximum) or n/N (%).
AF, atrial fibrillation; SR, sinus rhythm; CHA2DS2-VASc, congestive heart failure,
hypertension, age >75 years, age 65–74 years, diabetes, previous stroke/transient
ischaemic attack, vascular disease, age 65-74yrs, and female sex; CHADS2,
CHA2DS2-VASc variables without vascular disease, age 65–74 years, and female
sex; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; TIA,
transient ischaemic attack; N/OAC, new non-vitamin-K-dependent/oral anticoa-
gulation; HAS-BLED, hypertension, abnormal renal or liver function, stroke,
bleeding history, labile INR, elderly, and drugs or alcohol.
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are compared using independent samples t tests and Mann–Whitney
tests. Continuous variables were compared between first postoperative
and last CT using the Wilcoxon signed ranks test. Categorical data are
presented as frequencies with percentages and compared by Pearson v2

or Fisher’s exact test as appropriate. Kaplan–Meier curves with 95% con-
fidence interval (CI) were used to analyse freedom from stroke and com-
pared graphically with expected survival at a constant hazard.

Standardized incidence ratios (SIR) were computed using indirect
standardization and are reported with 95% Wilson CIs. Individual inci-
dence rates of stroke in the reference population are reported with 95%
CIs based on Poisson distribution.24 Two-sided P-values less than 0.05
are considered statistically significant. Statistical analysis was performed
using IBM SPSS Statistics, Version 22 (IBM Corp., Armonk, NY, USA) and
R version 3.1.2.

Results

Study population and AtriClip
implantation
A total of 291 patients (whole-cohort; WC) including forty patients
from the initial first-in-man device trial (n = 40; TC) and 251 consecu-
tive patients from our institutional registry (n = 251; RC) were
included with a mean age of 70.7 ± 9.8years and a mean CHA2DS2-
VASc-Score of 3.1 ± 1.5. All but seven patients had a clear docu-
mented history of AF (59.8% paroxysmal, 28.9% persistent, and 8.9%
permanent). Of these, 51.2% of patients were in sinus-rhythm when
admitted and 67.4% of patients were on treatment with oral anti-
coagulants preoperatively (Table 1). In five patients with risk factors
for AF but unclear history of AF ‘prophylactic’ LAA occlusion was
performed and in two patients with intra-operatively detected
thrombus within the LAA therapeutic clipping of the LAA was per-
formed. In addition to LAA occlusion, 195 patients (67%) underwent
concomitant surgical ablation, while 96 patients (33.0%) did not
(please see Supplementary material online and Supplementary ma-
terial online, Tables S1–S4 for further details). The types of surgical

procedures performed concomitantly with LAA occlusion are sum-
marized in Table 2. The mean and median follow-up (FU) for the
whole cohort was 36.1 ± 23.1 months and 31.1 months (0.7–
97.1 months).

The AtriClip device was implanted in all patients (n = 291) and no
device-related perioperative complications occurred. Intraoperative
TEE confirmed successful AtriClip delivery and complete LAA-
closure without residual perfusion or substantial LAA stump
(>1.0 cm) in all patients.

Clinical outcomes and follow-up
For the whole-cohort (n = 291), early in-hospital mortality was 5.5%
(n = 16) with 3.8% (n = 11) due to cardiovascular-causes (Table 3).
The long-term mortality in the remaining 275 survivors was 13.1%
(n = 36) with 8.7% (n = 24) attributed to death from cardiovascular-
causes or un-explained.

Follow-up was complete in 273 of 275 survivors (99.3%). The
overall mortality in the whole-cohort during the entire study period

Table 2 Type of primary surgery and concomitant sur-
gical ablation

Isolated CABG 59/291 (20.3%)

Combined procedures (CABG and valve/s) 63/291 (21.7%)

Single or multiple valve procedures 122/291 (41.9%)

Other non-valvular procedures 42/291 (14.4%)

Surgical ablation 195/291 (67.0%)

Biatrial MAZE 40/291 (13.8%)

Left atrial MAZE 51/291 (17.5%)

PVI 104/291 (35.7%)

No surgical ablation 96/291 (33.0%)

Values are n/N (%).
CABG, coronary artery bypass grafting; AF, atrial fibrillation; PVI, pulmonary vein
isolation.

Figure 1 AtriClip device.
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was 17.9% (n = 52) with 9.6% (n = 28) from cardiovascular-causes or
un-explained (2.4%, n = 7) deaths (please see Supplementary material
online, Table S5 for full list of deaths/events and its causes).

While 57.8% (159/275) of patients were in SR when discharged,
64.8% (177/273) of patients presented with SR at FU. 65.5% (180/
275) of all patients were discharged on OAC and 45.8% (125/273) of
patients were on OAC at FU (Figure 2, Supplementary material on-
line, Table S6).

Safety
There were no peri-procedural device-related complications in any
of the patients. Complete LAA occlusion was achieved in all patients.
No device-related complications occurred during the follow-up
period.

Durability
To further assess the long-term durability of LAA occlusion with the
AtriClip device, thirty-two survivors (n = 20 trial-cohort, n = 12
registry-cohort), each with a FU >_5years were identified in our

database out of which long-term CT was available in 23/32 patients
(71.9%; 5.1–8.1 years post-implant. The CT confirmed durable and
complete LAA occlusion with no signs of a substantial residual stump
or reperfusion. When compared with earlier serial CT scans of these
patients, the AtriClip device appeared to maintain a stable position,
showing no late migration or displacement due to material-fatigue
(see Supplementary material online, Table S7, Figures 3 and 4).

Occurrence of stroke
Occurrence of perioperative stroke

Peri-operatively, five strokes were observed with three of ischaemic
(embolism from a large left-atrial thrombus, intraoperative hypoxia
during cardiopulmonary-bypass and intraoperative air-embolism) and
two of haemorrhagic origin (under OAC and antiplatelet therapy
with biventricular assist-device and secondary intracranial bleeding
after preoperative ischaemic stroke due to septic emboli; for further
details see Supplementary material online, Table S3). However, none
of these were device-related or AF/LAA-related (Table 3 and
Supplementary material online, Table S5).

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

Table 3 In-hospital, follow-up, and overall clinical outcomes

In-hospital events Follow-up events Overall events

Efficacya 16/291 (5.5%) 26/291 (8.9%) 42/291 (14.4%)

Ischaemic stroke 3/291 (1.0%) 2/291 (1.7%) 5/291 (1.7%)

TIA 0/291 (0%) 4/291 (1.4%) 4/291 (1.4%)

Haemorrhagic stroke 2/291 (0.7%) 0/291 (0%) 2/291 (0.7%)

Cardiovascular death 11/291 (3.8%) 17/291 (5.8%) 28/291 (9.6%)

Non-cardiovascular death 5/291 (1.7%) 12/291 (4.1%) 17/291 (5.8%)

Unexplained death 0/291 (0%) 7/291 (2.4%) 7/291 (2.4%)

Safety end point 0/291 (0%) 0/291 (0%) 0/291 (0%)

aDefined as composite of death for cardiac/unknown reason, or haemorrhagic/ischaemic stroke.
Values are n/N (%).

Figure 2 Rhythm and oral anticoagulation status at admission, discharge, and follow up.
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Strokes during follow-up

During FU, (survivors of the WC; n = 275) only two strokes
occurred. One patient sustained a lethal ischaemic stroke most likely
due to thromboembolism of cardiac-origin. This patient was on anti-
platelet therapy throughout the follow-up period (25.8 months) and
the last documented rhythm was SR. The second ischaemic stroke
occurred in a patient with recurrent AF and could also have been of
cardiac-origin. At the time of this event the patient was off OAC and
was being treated with aspirin only.

Impact of AtriClip left atrial appendage
occlusion on stroke prevention
Whole-cohort

Based on the individual CHA2DS2-VASc-Scores and FU times with
or without OAC and/or antiplatelet therapy, the predicted ischaemic

stroke rate was 2.9 events/100 patient-years in the whole-cohort
(WC; n = 275), corresponding to an expected total of 24 ischaemic
strokes. In contrast, only two events of ischaemic stroke were
observed accounting for a rate of only 0.2/100 patient-years (95% CI
0.1–0.9). This represents a 14.5-fold (93.1%) relative risk reduction
when compared with the expected stroke rate (Tables 4 and 5,
Figure 5).

Patients without oral anticoagulation during follow-up

In the subgroup analysis of 166 patients without OAC (mean
CHA2DS2-VASc score of 3.2) only two ischaemic strokes could be
observed accounting for an observed rate of 0.5/100 patient-years
(95% CI 0.1–1.7). According to the expected ischaemic stroke rate of
4.0/100 patient-years based on the individual CHA2DS2-VASc-
Scores and time-intervals, the expected number of strokes was

Figure 3 Three-dimensional CT images with cinematic rendering in a 76-year-old male patient before (A), immediately after surgery (B), after
3 months (C), 1 year (D), 3 years (E), and 7.5 years (F) of AtriClip implantation.
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calculated to be 17.5 events. Thus, a relative risk reduction of 87.5%
for ischaemic strokes was achieved by AtriClip enabled LAA
occlusion (Table 5, Figure 5). Kaplan–Meier curves for freedom from
stroke with a 95% CI are shown in Figure 6 and compared with ex-
pected survival at a constant rate of 4.0/100 patient-years.

Patients with oral anticoagulation during follow-up

In the subgroup of patients with OAC (mean CHA2DS2-VASc score
of 2.9) during FU, no ischaemic strokes occurred 0.0/100 patient-
years; 95% CI, 0–1.2). According to the predicted ischaemic stroke
rate of 1.7/100 patient-years, the expected number of strokes was
calculated to be 6.5 events in this subgroup (Table 5).

Discussion

The LAA is the primary source for thromboembolic events in pa-
tients with AF.25 Therefore, besides the standard-of-care with oral
anticoagulation (OAC), novel treatment strategies targeting the LAA
for stroke prevention have become a major interest of

investigation.6–10 Recent seminal reports from the interventional
PROTECT-AF and PREVAIL trials utilizing the percutaneous
Watchman LAA occlusion device were the first to confirm the im-
portance of the role of the LAA as the source of stroke in selected
AF patients.13–15,26 When compared with OAC, in the PROTECT-
AF trial, the Watchman device met criteria for both non-inferiority
and superiority for preventing the combined outcome of stroke, sys-
temic embolism, and cardiovascular death, and thus established the
basis for targeting the LAA as an alternative strategy to OAC.15

Surgical LAA occlusion has failed to prove efficacy in stroke pre-
vention,10 and available studies primarily report safety- and feasibility
data. Simple suture epicardial ligation, endo-or epicardial over-
sewing, and stapling devices for LAA occlusion provided rather low
success rates with a high degree of incomplete occlusion or the cre-
ation of thrombogenic "pouches" at the base of the occluded append-
age,27 leading to a potentially even more dangerous situation,
confirmed by multiple studies.12,28

The study provides the first data on the potential efficacy of epicar-
dial LAA closure in regard to stroke-prevention in patients with AF
undergoing cardiac surgery. Based on the expected risk for stroke,23

Figure 4 Oblique transverse thin maximum intensity projection in the same patient as in Figure 3 before (A), immediately after surgery (B), after
3 months (C), 1 year (D), 3 years (E), and 7.5 years (F) of AtriClip implantation.
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our data display a significant risk reduction. These findings may be of
two-fold interest as they support the principal therapeutic concept
of targeting the LAA (either interventionally or surgically) in AF pa-
tients to reduce stroke, but more importantly they also provide first
encouraging data of surgical, device-enabled LAA occlusion to reduce
the incidence of stroke associated with AF. This may warrant further
evaluation in a prospective, randomized trial but may also pave the
way for future direct comparison against interventional (e.g.
Watchman) or pharmacological approaches (i.e. NOACs), especially
since stand-alone, minimally-invasive AtriClip LAA occlusion in pa-
tients with non-valvular AF has already been established.29,30

Our institutional anticoagulation/antiaggregation regimen evolved
over time,20,21 In contrast to the interventional RCT’s evaluating the
Watchman device, in whom patients received OAC for only 6 weeks

post device implantation per protocol,13–15 more of our patients
required at least short-term continuation of OAC and/or antiplatelet
therapy for other surgical indications such as valve implantations or
surgical ablations. In the absence of such indications, OAC was ini-
tially stopped at 3 months post LAA occlusion. However, after our
first institutional results became available demonstrating the safety
and efficacy of the AtriClip device, our practice was to discontinue
OAC immediately postoperatively. It should be mentioned, however,
that at the beginning of our study referring physicians did not always
adhere to our recommendations due the lack of available supporting
data or any guideline recommendations. The reluctance to discon-
tinue OAC by the referring physicians improved substantially after
the favorable outcomes and low complication rates of stroke follow-
ing discontinuation of OAC in the Watchman trials.14,31

Current status of epicardial left atrial
appendage AtriClip occlusion
Since its introduction in our first-in-man prospective device trial in
2007 (NCT00567515), the epicardial AtriClip LAA Exclusion System
has proven to be a valid tool for safe and durable LAA occlusion in pa-
tients undergoing cardiac surgery.21 Consistent with our findings,
Ailawadi et al.19 reported excellent short-term safety and durability
outcomes in a prospective, but non-randomized multicentre study.
Moreover, we recently provided 3-year FU data from our initial trial
cohort that documented 100% durability and complete LAA occlusion
by CT imaging.20

The present study confirms our previous findings regarding safety
and durability of the surgical AtriClip and provides promising data on
the potential efficacy for stroke prevention in patients in whom OAC
was discontinued.

However, so far, available data remain scarce in the literature and
therefore, were not included in any guidelines or consensus state-
ments apparently as large prospective, randomized trials have not yet
been performed.32 To address this deficiency, the LAA Occlusion
Study (LAAOS) III has recently been initiated. This is a large random-
ized trial with 4700 patients (NCT01561651), comparing concomi-
tant surgical LAA occlusion (including AtriClip application) to no
LAA occlusion in patients with AF who are undergoing routine car-
diac surgery.33 Furthermore, just recently, ‘The Stroke Feasibility
Study’ (NCT01997905),34 a prospective, multicentre study of stand-
alone minimally-invasive AtriClip LAA occlusion for non-valvular AF
patients, was initiated with a larger pivotal trial focusing on stroke
prevention to follow.

Future implications
To date, recommendations on LAA closure (either percutaneous or
surgical) for stroke-prevention are limited in the current guidelines
due to lack of conclusive data. According to the most recent 2016
ESC Guidelines for the management of AF, interventional LAA
occlusion may be considered in patients with high stroke risk and
contraindications for long-term OAC (Class IIb)35; however, interest-
ingly both criteria were not met in PROTECT-AF and thus evidence
for this subgroup of patients is still lacking.13–15 In contrast, the 2014
AHA/ACC/HRS Guideline does not make any statement for inter-
ventional LAA closure at all.36 However, both guidelines state that
surgical LAA excision may be considered in patients undergoing

Figure 5 Relative Risk Reduction—AtriClip (subgroup w/o
OAC) vs. AtriClip (whole cohort).

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

Table 4 Clinical outcomes during FU

Events/Patient-years Observed ratea

Efficacyb 26/826.8 3.2 (2.2–4.6)

Ischaemic stroke 2/826.8 0.2 (0.1–0.9)

TIA 4/826.8 0.5 (0.2–1.2)

Haemorrhagic stroke 0/826.8 0 (0–0.5)

Cardiovascular death 17/826.8 2.1 (1.3–3.3)

Non-cardiovascular death12/826.8 1.5 (0.8–2.6)

Unexplained death 7/826.8 0.9 (0.4–1.8)

Safety 0/826.8 0 (0–0.5)

aEvents per 100 patient-years (95% Wilson CI).
bDefined as composite of death for cardiac/unknown reason, or haemorrhagic/is-
chaemic stroke.
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open-heart surgery (Class IIb; Evidence Level B).35,36 This non-
uniformity demonstrates the substantial lack of adequate clinical evi-
dence indicating that further surgical, interventional, or combined tri-
als are of high importance.

In this regard, it is to mention that our mixed surgical cohort also
included patients with valvular AF. Although current guidelines still lack
uniform definitions of the etiology of AF,16,36,37 such valvular AF patients
carry an even higher risk of stroke than the non-valvular AF patients like
those in the WATCHMAN trials6,13,15 because the incidence of stroke
is underestimated by the CHA2DS2-VASc score alone.25,38

We strongly believe that only a Heart Team approach will gener-
ate the required clinical evidence for the role of LAA closure in
AF.17,39 As successfully highlighted in other interdisciplinary programs
such as transcatheter aortic valve implantation or MitraClip,40,41 it is
important to establish an outcome-oriented collaboration between
cardiologists and surgeons focusing on technique, device, and patient
selection. Thus, prior to any type of procedure, patient-specific ana-
tomical, and morphological considerations are mandatory to define a
patient-tailored treatment strategy, and thereby ultimately ensuring a
safe, complete, and durable LAA occlusion in all patients.

Conclusions

In our study, the AtriClip device demonstrated excellent safety, effi-
cacy and long-term durability of LAA closure. Computed tomog-
raphy scans in selected patients from our initial clinical trial cohort
and from our subsequent RC revealed a 100% complete and durable
LAA-occlusion after >_5years. Additionally, none of our patients had
any device-related complications reported. This is an important new
observation because most of the previously reported surgical tech-
niques often resulted in incomplete LAA closure42,43 as well as pro-
cedural complications such as bleeding.12,28 Moreover, the present
study suggests its potential efficacy in reducing the future risk of
stroke in patients with AF undergoing concomitant cardiac surgery. If
validated in future prospective, randomized trials, routine LAA-
closure in patients undergoing cardiac surgery may represent a rea-
sonable adjunct strategy to reduce the future risk of stroke.

Study limitations
The study has several limitations: First, owing to its single-centre ex-
perience and non-randomized, observational design, all established
disadvantages apply. Obviously, the follow-up of the consecutive RC
was not as systematic and rigorous as in the initial prospective trial.
However, on the other hand the available data on these 251 con-
secutive patients represent a real-world setting without any selection
bias and therefore add clinical value. Next, data from large random-
ized controlled trials are needed to validate our findings and to evalu-
ate the AtriClip device in regard to stroke-prevention compared
with current pharmacological and interventional therapies. Finally, a
possible confounding effect of concomitant surgical ablations on the
favorable outcomes cannot be completely ruled out.

Supplementary material

Supplementary material is available at Europace online.
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Table 5 Subgroup analysis of observed ischaemic stroke rate vs. expected ischaemic stroke rate (based on CHA2DS2-
VASc and CHADS2 score) with and without OAC

Ischaemic stroke CHA2DS2-VASc CHADS2

Events/

Patient-

years

Observed

Ratea

Score Expected

events/

Patient-

years

Expected

ratea

Standardized

incidence

ratio (SIR)b

Score Expected

events/

Patient-

years

Expected

ratea

Standardized

incidence

ratio (SIR)b

Subgroup without oral

anticoagulation

2/436.9 0.5 (0.1–1.7) 3.2 17.5/436.9 4.0 0.1 (0.3–0.4) 1.9 19.4/436.9 4.4 0.1 (0.03–0.4)

Subgroup with oral

anticoagulation

0/382.9 0 (0–1.0) 2.9 6.5/382.9 1.7 0 (0–0.6) 1.7 7.5/382.9 2.0 0 (0–0.5)

aEvents per 100 patient-years (95% Wilson CI).
bWith 95% Wilson CI.
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