
SUBMITTED ON 12/11/2019 - REVISION RECEIVED ON 1st 26/01/2020 / 2nd 12/05/2020 - ACCEPTED ON 19/05/2020

EuroIntervention 2
0

2
0

;16
:e

9
4

2-e
9

4
9  published online 

 M
ay 2

0
2

0
 

 published online e
-edition D

ecem
b
er 2

0
2

0
�

D
O

I: 10
.4

2
4

4
/E

IJ-D
-1

9
-0

10
2

7

e942

CL IN ICAL  RESEARCH
I N T E R V E N T I O N S  F O R  H Y P E R T E N S I O N  A N D  S T R O K E

© Europa Digital & Publishing 2020. All rights reserved.

*Corresponding author: Cardio Vascular Center Frankfurt, Seckbacher Landstr. 65, 60389 Frankfurt, Germany.  
E-mail: HorstSievertMD@aol.com

WATCHMAN versus ACP or Amulet devices for left atrial 
appendage occlusion: a sub-analysis of the multicentre 
LAARGE registry

Jakob Ledwoch1, MD; Jennifer Franke1, MD; Ibrahim Akin2, MD; Volker Geist3, MD; 
Christian Weiß4, MD; Uwe Zeymer5, MD; Sven Pleger6, MD; Matthias Hochadel7, MD; 
Harald Mudra8, MD; Jochen Senges7, MD; Thorsten Lewalter9, MD; Johannes Brachmann10, MD; 
Horst Sievert1,11*, MD

1. CardioVascular Center CVC, Frankfurt, Germany; 2. I. Medizinische Klinik, Universitätsmedizin Mannheim, Mannheim, 
Germany; 3. Heart Center, Segeberger Kliniken GmbH, Bad Segeberg, Germany; 4. Städtisches Klinikum Lüneburg, Lüneburg, 
Germany; 5. I. Medizinische Klinik B, Klinikum der Stadt Ludwigshafen, Ludwigshafen, Germany; 6. Innere Medizin III, 
Universitätsklinikum Heidelberg, Heidelberg, Germany; 7. Stiftung Institut für Herzinfarktforschung (IHF), Ludwigshafen, 
Germany; 8. Klinik für Kardiologie, Pneumologie und Intern. Intensivmed., Klinikum Neuperlach, Munich, Germany; 
9. Peter Osypka Heart Center Munich, Munich, Germany; 10. Medizinische Klinik II, Klinikum Coburg, Coburg, Germany; 
11. Anglia Ruskin University, Chelmsford, United Kingdom

This paper also includes supplementary data published online at: https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-19-01027

Abstract
Aims: Several left atrial appendage (LAA) closure systems are available. Due to differences in device 
design, the results of specific occluders derived from trials cannot simply be generalised to all devices. The 
present analysis sought to assess two contemporary LAA closure devices in clinical practice.

Methods and results: The work represents a non-randomised sub-analysis of the prospective, multi-
centre, Left-Atrium-Appendage Occluder Register - GErmany (LAARGE) registry. The WATCHMAN 
(group 1) and the AMPLATZER Cardiac Plug (ACP) or Amulet occluder (group 2) were assessed. A total 
of 641 patients at 38 centres were enrolled. Of these, 278 (43%) and 340 (53%) patients received the 
WATCHMAN and ACP/Amulet occluder, respectively. High technical success was achieved with a slight 
difference between the groups (96% in group 1 vs 99% in group 2; p=0.007). Procedural safety did not dif-
fer (98% in group 1 vs 97% in group 2; p=0.55). The Kaplan-Meier estimated one-year composite of death 
or stroke was 12.0% and 12.9%, respectively (p=0.79).

Conclusions: Both the WATCHMAN and the ACP/Amulet occluder provide excellent procedural results 
with comparable implantation success and no differences with respect to procedural safety and long-term 
effectiveness.
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Comparison of occluder systems for LAA closure

Abbreviations
ACP	 AMPLATZER Cardiac Plug
IQR	 interquartile range
LAA	 left atrial appendage
LAARGE	 Left-Atrium-Appendage Occluder Register - GErmany

Introduction
Percutaneous left atrial appendage (LAA) closure offers an alterna-
tive option for stroke prevention in selected patients with non-val-
vular atrial fibrillation. The two most frequently used devices are 
the WATCHMAN™ (Boston Scientific, Marlborough, MA, USA) 
and the AMPLATZER™ Cardiac Plug (ACP) or the new-genera-
tion Amulet™ occluder (St. Jude Medical [now Abbott Vascular], 
St. Paul, MN, USA). The most solid evidence in stroke prevention 
is provided by the WATCHMAN occluder proving non-inferiority 
of safety and even superiority regarding the composite efficacy 
endpoint of stroke, systemic embolism and cardiovascular death 
compared to warfarin after a follow-up of four years1. However, 
these results cannot be generalised to all closure systems since the 
available occluders differ with respect to device design and implan-
tation technique. Unfortunately, there are no large-scale trials com-
paring these two devices. Therefore, the present study aimed to 
compare the WATCHMAN with the ACP/Amulet occluder regard-
ing technical success, procedural safety and long-term outcome.

Editorial, see page 872

Methods
STUDY DESIGN
Patients with non-valvular atrial fibrillation and need for oral anti-
coagulation undergoing LAA closure were included in the pre-
sent prospective, multicentre, Left-Atrium-Appendage Occluder 
Register - GErmany (LAARGE) registry (clinicaltrials.gov: 
NCT02230748). Participating centres were encouraged to include 
all consecutive patients to avoid recruitment bias. Patients were 
enrolled prior to implantation. No specific inclusion or exclusion 
criteria were used in order to maintain the “real-world” character 
of the study population. Indication for LAA closure was at the dis-
cretion of the respective physicians. Centres with different levels 
of expertise in the field of percutaneous LAA closure participated 
in the study. However, every operator underwent an obligatory 
training provided by the proctor programme of the respective 
company prior to study participation. Due to the non-randomised 
study design, operators were responsible for device selection. For 
the current analysis, only patients who underwent LAA closure 
with either the WATCHMAN (group 1) or ACP/Amulet (group 2) 
device were included.

In case of documented stroke, major bleeding, or systemic 
embolism, medical documents were requested from the respective 
site and centrally assessed and verified by an independent clinical 
events committee of the present registry. Prior to participation all 
patients gave written informed consent. The study was approved 
by the ethics committees of the participating centres and was per-
formed in accordance with the Declaration of Helsinki.

DEVICE DESCRIPTION
The WATCHMAN, the ACP and the Amulet devices have been 
described in detail previously2,3. Briefly, the WATCHMAN device 
is a single-lobe occluder consisting of a self-expanding nitinol 
frame structure which tapers towards the distal end and is closed 
and covered at its proximal end by permeable polyester polyethy-
lene fabric. The ACP and its redesigned new-generation version, 
the Amulet occluder, have a two-piece polyester covered nitinol 
mesh construction with a distal lobe serving as anchor within the 
LAA body and a proximal disc closing the LAA orifice.

FOLLOW-UP
Follow-up was performed by the Stiftung Institut für 
Herzinfarktforschung (IHF) using telephone calls based on stand-
ardised questionnaires 12 months after enrolment. If patients could 
not be contacted, they were traced with the help of local munici-
pal authorities. In addition to the central follow-up, the participat-
ing hospitals had the possibility to report cases of death, adverse 
events, clinical visits and echocardiographic exams.

ENDPOINT DEFINITIONS
Technical success was defined as successful delivery and release 
of the occluder in the LAA with a subsequent stable position with-
out peri-device leaks >5 mm and without device-related compli-
cations based on the Munich consensus paper4. Procedural safety 
was defined as absence of death, stroke, myocardial infarction, 
severe bleeding (defined as haemodynamically unstable, need for 
transfusion, surgical treatment or intracranial bleeding), pericardial 
effusion requiring surgical or percutaneous treatment, access-site 
complications (defined as arteriovenous fistula, pseudoaneurysm 
or retroperitoneal bleeding), haemo-/pneumothorax requiring sur-
gical treatment, peri-device leak >5 mm and device embolisation 
requiring percutaneous treatment in a separate intervention or 
requiring surgical treatment.

STATISTICAL ANALYSIS
Continuous variables were expressed as median with interquar-
tile range (IQR), the risk scores as means with standard devia-
tion. Categorical variables were expressed as absolute numbers 
and percentages. The chi-square test was used for comparison of 
categorical variables generally, and Fisher’s exact test for rates 
of hospital complications. For continuous variables, the Mann-
Whitney-Wilcoxon test was used. The documentation of base-
line characteristics and hospital complications is 99% complete. 
Otherwise, the size of the sample base is presented as the denomi-
nator of rates. The descriptive statistics are based on the available 
cases. Adjusted odds ratios with 95% confidence intervals were cal-
culated in multivariable logistic regression models. Event-free sur-
vival during one year after the implantation procedure was displayed 
by Kaplan-Meier curves and compared between groups by the log-
rank test. All p-values were calculated using two-tailed tests; sta-
tistical significance was defined at p<0.05. Statistical analysis was 
performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
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Results
STUDY POPULATION
From July 2014 until January 2016, a total of 641 patients at 
38 centres were enrolled into the present registry. The present 
analysis is based on 278 (43%) and 340 (53%) patients, who 
underwent LAA closure with the WATCHMAN and ACP/Amulet 
occluder, respectively. In the ACP/Amulet group, 177 (52%) 
patients received the ACP and 163 (48%) received the Amulet 
device. Baseline characteristics are listed in Table 1. Anatomical 
LAA specifications are described in Table 2.

TECHNICAL SUCCESS AND PROCEDURAL DETAILS
Overall, stable device anchorage was achieved with slightly 
higher success using the ACP/Amulet device (96% in group 1 
vs 99% in group 2; p=0.007) (Figure 1). Furthermore, no signi-
ficant differences regarding the individual rates of device emboli-
sation, device thrombus and peri-device leak ≥5 mm were noted 
(Table 3, Table 4). All device embolisations were treated percu-
taneously and no surgical retrieval was necessary. In two patients, 
occluder embolisation required percutaneous treatment in a sep-
arate intervention. The remaining procedural details are outlined 

Table 1. Baseline characteristics.

WATCHMAN 
N=278

ACP/Amulet 
N=340

p-value

Age, years 77 (72-82) 77 (73-81) 0.36

Male 173 (62%) 206 (61%) 0.68

History of stroke 44 (16%) 88 (26%) 0.002

History of TIA 22 (8%) 29 (9%) 0.78

Arterial hypertension 261 (94%) 313 (92%) 0.38

Diabetes mellitus 78 (28%) 130 (38%) 0.008

Coronary heart 
disease 129 (46%) 156 (46%) 0.90

Congestive heart 
failure 84 (30%) 87 (26%) 0.20

Chronic renal failure 108 (39%) 129 (38%) 0.82

History of major 
bleeding 112 (40%) 134 (39%) 0.82

Labile INR 42 (15%) 54 (16%) 0.79

Chronic liver failure 30 (11%) 31 (9%) 0.49

Alcohol abuse 9 (3%) 15 (4%) 0.48

CHA2DS2-VASc score 4.4±1.5 4.6±1.6 0.10

HAS-BLED score 3.9±1.0 3.9±1.2 0.81

Values are expressed as numbers (%) or median (interquartile range) or 
mean±standard deviation. INR: international normalised ratio; 
TIA: transient ischaemic attack

Table 2. Anatomical specifications of the LAA.

WATCHMAN 
N=278

ACP/Amulet 
N=340

p-value

Preprocedural 
imaging by TEE 246/278 (89%) 306/340 (90%) 0.55

Preprocedural 
imaging by CT 37/278 (13%) 3/340 (1%) <0.001

LAA morphology

Cactus 23/263 (9%) 29/299 (10%) 0.70

Chicken wing 95/263 (36%) 163/299 (55%) <0.001

Windsock 44/263 (17%) 39/299 (13%) 0.22

Cauliflower 37/263 (14%) 49/299 (16%) 0.45

Atypical 64/263 (24%) 19/299 (6%) <0.001

≥2 LAA lobi 147/261 (56%) 113/297 (38%) <0.001

Values are expressed as numbers/total (%). CT: computed 
tomography; LAA: left atrial appendage
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Figure 1. WATCHMAN versus ACP/Amulet with respect to technical 
success (A) and procedural safety (B).

Table 3. Procedural details.

WATCHMAN 
N=278

ACP/Amulet 
N=340

p-value

Anaesthesia strategy

No sedation 8/277 (3%) 2/340 (1%) 0.024

Sedation 228/277 (82%) 307/340 (90%) 0.004

General 
anaesthesia 42/277 (15%) 31/340 (9%) 0.021

Procedure time, min 60 (45-80) 56 (41-75) 0.035

Fluoroscopy time, min 11 (7-15) 10 (7-14) 0.24

Implantation attempts 
(sheath retraction) 1.4±0.9 1.8±1.4 0.002

Occluder embolisation 3/278 (1%) 5/340 (2%) 0.67

Occluder thrombus 0/278 (0%) 0/340 (0%) –

Peri-
device 
leaks

>5 mm 0/261 (0%) 0/335 (0%) –

3-5 mm 3/261 (1%) 5/335 (1%) 0.72

<3 mm 12/261 (4%) 12/335 (4%) 0.53

Values are expressed as numbers/total (%), mean±standard deviation or 
median (interquartile range).
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in Table 3. Larger device sizes were used in patients receiv-
ing the WACTHMAN occluder (Supplementary Table 1). Post-
procedural and one-year antithrombotic treatment is displayed in 
Supplementary Table 2.

PROCEDURAL SAFETY
With regard to procedure-related safety, no difference was detected 
between the groups (96% in group 1 vs 95% in group 2; p=0.55) 
(Figure 1). Also, after adjustment for morphology with more than 
one lobus, use of a specific LAA occluder was not associated 
with procedure-related safety (odds ratio for WATCHMAN ver-
sus ACP/Amulet use 0.71 [95% confidence interval 0.31-1.61]; 
p=0.69). The rate of major and moderate complications was low 
with similar event rates among the devices (Table 4). Pericardial 
effusions were treated percutaneously in 5 out of 6 cases with 
need for intervention in the WATCHMAN group and in 5 out 
of 6 cases with need for intervention in the ACP/Amulet group. 
Surgical drainage was necessary once per group. In these two 
patients, LAA perforation occurred during occluder implantation 
with subsequent tamponade and cardiogenic shock. Thoracotomy 
was performed without further complications and patients were 
discharged without sequelae. Overall, there was improved techni-
cal success and procedural safety compared with previous stud-
ies with both the WATCHMAN and the ACP/Amulet occluder 
(Figure 2).

DEVICE SELECTION
In 13 of the participating centres only WATCHMAN devices 
were implanted and in 17 centres only ACP/Amulet occlud-
ers were implanted. In the remaining eight centres using both 
devices, a total of 98 patients undergoing LAA closure with the 
WATCHMAN and 82 patients with the ACP/Amulet occluder 
were recruited. LAA anatomy was found to be the only clinically 
relevant variable that differed between the devices in this subset of 
patients treated in centres using both devices (chicken wing 33% 
in group 1 vs 60% in group 2; p<0.001, and atypical LAA 41% in 
group 1 vs 13% in group 2; p<0.001).

Furthermore, we assessed whether procedural performance was 
improved when operators had the ability to choose between differ-
ent devices adapted to the LAA anatomy. As shown in Table 5, no 
differences in technical success or procedural safety were observed 
between centres using only one device compared to centres using 
both devices.

Table 4. Hospital complications.

WATCHMAN 
N=278

ACP/Amulet 
N=340

p-value

Major complications 10/278 
(3.6%)

16/340 
(4.7%) 0.55

Death 2/278 (0.7%) 0/340 (0%) 0.20

Stroke 1/278 (0.4%) 0/340 (0%) 0.45

Myocardial infarction 1/278 (0.4%) 0/340 (0%) 0.45

MACCE (death, stroke, 
myocardial infarction) 3/278 (1.1%) 0/340 (0%) 0.090

Occluder embolisation, 
surgical treatment 0/278 (0%) 0/340 (0%) –

Occluder embolisation, 
separate percutaneous 
treatment

0/278 (0%) 2/340 (0.6%) 0.50

Pericardial effusion, 
surgical treatment 1/278 (0.4%) 1/340 (0.3%) 1.00

Pericardial effusion, 
percutaneous 
treatment

5/278 (1.8%) 5/340 (1.5%) 0.76

Severe bleeding 1/278 (0.4%) 6/340 (1.8%) 0.14

AV fistula/
pseudoaneurysm 1/278 (0.4%) 5/340 (1.5%) 0.23

Haemato/
pneumothorax, surgical 
treatment

0/278 (0%) 0/340 (0%) –

Moderate complications 24/278 
(8.6%)

35/340 
(10.3%) 0.50

TIA 0/278 (0%) 0/340 (0%) –

Non-fatal resuscitation 
without sequelae 1/278 (0.4%) 2/340 (0.6%) 1.00

Occluder embolisation, 
percutaneous 
treatment during index 
procedure

3/278 (1.1%) 3/340 (0.9%) 1.00

Pericardial effusion, 
conservative treatment 2/278 (0.7%) 9/340 (2.6%) 0.12

Haemato/
pneumothorax, 
non-surgical treatment

1/278 (0.4%) 0/340 (0%) 0.45

Moderate bleeding 1/278 (0.4%) 9/340 (2.6%) 0.027

Groin haematoma 7/278 (2.5%) 11/340 (3.2%) 0.64

Site infection 0/278 (0%) 1/340 (0.3%) 1.00

Other, non-surgical 
treatment 9/278 (3.2%) 7/340 (2.1%) 0.45

Values are expressed as numbers/total (%). P-values are calculated using 
Fisher’s exact test. AV: arteriovenous; MACCE: major adverse cardiac and 
cerebrovascular events; TIA: transient ischaemic attack

Table 5. Procedural performance based on device availability.

WATCHMAN in 
centres implanting 
only WATCHMAN 

N=180

WATCHMAN in 
centres implanting 

both devices  
N=98

p-value

ACP/Amulet in 
centres implanting 
only ACP/Amulet 

N=258

ACP/Amulet in 
centres implanting 

both devices  
N=82

p-value

Technical success 97% (174/180) 94% (92/98) 0.27 98% (252/258) 100% (82/82) 0.16

Procedural safety 98% (176/180) 94% (92/98) 0.10 95% (244/258) 98% (80/82) 0.27

Values are expressed as % (numbers/total).



EuroIntervention 2
0

2
0

;16
:e

9
4

2-e
9

4
9

e946

LONG-TERM FOLLOW-UP
Follow-up was available in 98% of WATCHMAN patients and in 
99% of patients receiving the ACP/Amulet (p=0.75), with a median 
follow-up time of 12.4 (12.1-13.2) months and 12.5 (12.1-13.3) 
months, respectively (p=0.12). The Kaplan-Meier estimated one-
year composite of death or stroke (Figure 3A) and the compos-
ite of death, stroke or systemic embolism (Figure 3B) were not 
significantly different between the device groups. The observed 
one-year stroke rate in survivors was 0.9% (2/234) versus 1.5% 
(4/263) for the entire follow-up time (p=0.50) and 0.4% (1/234) 
versus 1.5% (4/263) when excluding procedural strokes (p=0.38) 
with the respective devices. Complications at one year excluding 
the hospital period are displayed in Supplementary Table 3.

Discussion
The present analysis is the first large-scale multicentre study com-
paring the WATCHMAN with the ACP/Amulet occluder. The 
large number of patients provides adequate statistical power to 

obtain reliable results. Additionally, the multicentre design and 
participation of centres with different levels of expertise enables 
transferability of the data to daily clinical practice.

TECHNICAL SUCCESS
The study clearly showed that both the WATCHMAN and the 
ACP/Amulet provide high implantation success. The crude num-
bers show a numerically small, but statistically significant, sig-
nal favouring ACP/Amulet which may or may not persist in light 
of the changes made to the new-generation WATCHMAN FLX™ 
occluder, which received its CE mark this year. Equivalent techni-
cal success of the two devices was already observed in a small ret-
rospective study5. However, no other direct comparison is available 
regarding the effectiveness and safety for the two occluder systems.

Leaks >5 mm and acute device thrombus, both conditions pre-
cluding discontinuation of anticoagulation and therefore criteria 
for technical success according to the Munich consensus docu-
ment used in this analysis, were completely avoided in the present 
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Figure 2. Technical success (A & B) and procedural safety (C & D) of the WATCHMAN and the ACP/Amulet device across different studies. 
With respect to the WATCHMAN device, data were reported from the PROTECT-AF trial (enrolment from 2005 until 2008)11, CAP registry 
(enrolment from 2008 until 2010)11, and PREVAIL trial (enrolment from 2010 until 2012)10. Concerning the ACP/Amulet, device data were 
reported from the initial European experience (enrolment from 2008 until 2009)12, ACP multicentre registry (enrolment from 2008 until 
2013)13, and the AMULET study (enrolment from 2015 until 2016)17. Similar to the previous studies, pericardial effusion requiring 
percutaneous intervention was not counted in the procedural safety endpoint in the LAARGE data set in this Figure for better comparability.
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study. Both the intra-operator learning curve as shown in single-
centre studies6 as well as experience gained over the years in terms 
of a “group learning effect” as shown in Figure 1 have contrib-
uted to an excellent procedural performance with both devices 
nowadays. It has been shown repeatedly that implantation tech-
nique has a strong impact on immediate technical success and 
long-term safety7,8. When assessing previous trials, technical suc-
cess improved continuously across the studies, especially with the 
WATCHMAN device. The other large real-world registry assess-
ing the WATCHMAN occluder (the EWOLUTION study) reported 
a slightly higher technical success with a rate of 98% compared to 
96% in the present study9. The significantly shorter procedure time 
seen in the ACP/Amulet group in the present analysis may indicate 
that occluder implantation is less demanding with this device type. 
However, more implantation attempts were necessary with the 
ACP/Amulet device than with the WATCHMAN. It remains unclear 
whether this is the consequence of less preprocedural imaging, espe-
cially by computed tomography (CT), in the present ACP/Amulet 
group or whether the ACP/Amulet implantation is not techni-
cally simpler than with the WATCHMAN, as sometimes assumed.

PROCEDURAL SAFETY
The present data confirmed that procedural safety was not influ-
enced by device selection. Furthermore, no differences were 
detected between the occluders with respect to the individ-
ual safety endpoints. The stroke rate was as low as 0.4% in the 
WATCHMAN group and even 0% in the ACP/Amulet group. This 
reflects a profound improvement, since stroke occurred in 0.9% 
and 0.7% in the previous WATCHMAN trials10,11 and in 2.1% and 
0.9% in the previous ACP/Amulet experience12,13. The risk of peri-
cardial effusion requiring intervention was the same with both 
devices. Similar to the stroke risk, an incremental reduction of 

pericardial effusions was achieved compared to early trials from 
5.2%11 to 1.8% with the WATCHMAN and from 3.5%12 to 1.8% 
with the ACP/Amulet occluder, respectively. Avoiding bleeding 
events is the main rationale of LAA closure as an alternative to 
anticoagulation. However, due to the implantation procedure and 
the antithrombotic therapy during the endothelialisation period 
following LAA closure, the bleeding risk is particularly high in 
the initial phase. Approximately one half of major bleeding (4.9% 
in a pooled analysis of PROTECT-AF and PREVAIL) occurs dur-
ing the procedure14. Therefore, reduction of procedural bleeding 
events is key to achieving long-term superiority of LAA closure 
over anticoagulation. In the present analysis, severe bleeding 
was reduced to 1.1% without significant differences between the 
devices. Overall, both occluders showed an improved safety pro-
file when compared to their initial performance in previous studies.

DEVICE SELECTION
The LAA can be closed with one type of occluder in the majority of 
patients. However, in some anatomical specifications of the LAA, 
selection of a particular occluder may be an advantage. The pre-
sent data indicate that, for chicken wing morphology of the LAA, 
operators rather chose the ACP/Amulet. This particular shape of 
the LAA may present with an early bending of the LAA, lead-
ing to a short landing zone. In such anatomical circumstances, the 
implantation of the relatively short ACP/Amulet is preferred over 
the WATCHMAN to avoid mechanical irritation of the LAA wall 
in the bending area. On the other hand, the ACP/Amulet device 
needs a stricter orientation of the sheath perpendicular to the LAA 
ostium compared to the WATCHMAN to obtain an optimal landing 
zone. This may be an explanation for the more frequent use of the 
WATCHMAN in atypical shapes of the LAA in the present study. 
The hypothesis of a potentially better sealing with the proximal 
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Figure 3. One-year composite of death or stroke (A) and death, stroke, or systemic embolism (B). Event-free survival from death or stroke was 
88.0% with the WATCHMAN and 87.1% with the ACP/Amulet (A). Event-free survival from death, stroke or systemic embolism was 88.0% 
with the WATCHMAN and 86.8% with the ACP/Amulet (B).
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disc of the ACP/Amulet leading to lower stroke rates compared to 
the WATCHMAN device is not supported by the present results.

LONG-TERM FOLLOW-UP
The two devices showed similar long-term results with respect 
to mortality and thromboembolic events. Regarding the 
WATCHMAN, stroke rates were comparable between the pre-
sent analysis (0.7%) and previous trials, e.g., 1.5 per 100 patient-
years in PROTECT-AF1, 1.3 per 100 patient-years in the CAP 
registry15 and an annual rate of 1.1% in the latest EWOLUTION 
registry16. With respect to the ACP/Amulet, a similar number of 
strokes was published in the ACP multicentre study reporting an 
annual rate of 0.9%13, but the stroke risk was higher in the Amulet 
study with an annual rate of 2.9%17 compared to the present data 
(1.2%). However, these divergent results should be interpreted 
with caution due to differences in study methods. A randomised 
trial assessing both devices using uniform inclusion criteria, end-
points and follow-up is urgently needed. The randomised Amulet 
IDE trial comparing the Amulet with the WATCHMAN is cur-
rently ongoing and will provide more evidence (NCT02879448). 
However, occluder selection for certain LAA anatomies will not 
be possible in that trial due to pre-screening and randomisation. 
This may limit the transferability of the results to daily clinical 
practice in contrast to the present registry.

Limitations
The main limitation of the present study is the non-randomised 
design. However, the present device selection dependent on ana-
tomical criteria, personal preference or simply the availability of 
specific occluders among the respective centres reflects best cur-
rent daily clinical practice. Since the study methods were inferior 
to randomised controlled trials (e.g., lack of on-site monitoring), 
underreporting of clinical events cannot be excluded. Moreover, 
the comparative evaluation of the devices is limited to a follow-up 
time of 12 months after the procedure. Therefore, potential differ-
ences regarding safety and efficacy beyond this time point need to 
be assessed in the future. Information regarding transoesophageal 
echocardiography (TEE) or CT imaging during follow-up was not 
gathered in this registry. Hence, only clinically relevant device 
complications and no imaging-based adverse events such as leaks 
or clinically inapparent device thrombi were assessed. The compar-
ison of centres using both devices versus those using one device may 
have been influenced by potentially higher operator experience in 
sites using both devices due to their higher implantation numbers.

Conclusions
The present analysis is a further contribution to the growing body 
of evidence showing that LAA closure can be performed with 
remarkable implantation success and procedural safety. Based on 
the present data, there is a slightly higher rate of technical success 
with the ACP/Amulet device. No differences with respect to pro-
cedural safety and long-term outcome between the WATCHMAN 
and the ACP/Amulet occluder were observed.

Impact on daily practice
Both the WATCHMAN and the AMPLATZER Cardiac 
Plug (ACP) or the new-generation Amulet occluder provide 
excellent procedural results and similar long-term outcome. 
According to the present results, device selection may be based 
on personal experience and preference as well as LAA ana-
tomy. Performance of both devices should be assessed in future 
randomised studies.
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Supplementary data 

Supplementary Table 1. Device size. 

WATCHMAN 

N=278 

ACP/Amulet 

N=340 

p-value

Device size <24 mm 29/276 (11%) 144/337 (43%) <0.001 

Device size 24-25 mm 83/276 (30%) 99/337 (29%) 0.90 

Device size 26-28 mm 83/276 (30%) 68/337 (20%) 0.006 

Device size 30-34 mm 81/276 (29%) 26/337 (8%) <0.001 

Values are expressed as numbers/total (%). 

Available sizes for the WATCHMAN occluder are 21 mm, 24 mm, 27 mm, 30 mm, 33 mm. 

Available sizes for the ACP occluder are 16 mm, 18 mm, 20 mm, 22 mm, 24 mm, 26 mm, 28 

mm, 30 mm. 

Available sizes for the Amulet occluder are 16 mm, 18 mm, 20 mm, 22 mm, 25 mm, 28 mm, 

31 mm, 34 mm. 

Supplementary Table 2. Antithrombotic medication. 

WATCHMAN 

N=278 

ACP/Amulet 

N=340 

p-value

Discharge 

Anticoagulation 62/276 (23%) 12/340 (4%) <0.001 

Vitamin K antagonist 20/276 (7%) 0/340 (0%) <0.001 

DOAC 19/276 (7%) 9/340 (3%) 0.01 

Heparin 26/276 (9%) 3/340 (1%) <0.001 

Antiplatelet therapy 262/276 (95%) 335/340 (99%) 0.01 

ASS 245/276 (89%) 328/340 (97%) <0.001 

ADP receptor inhibitor 236/276 (86%) 327/340 (96%) <0.001 

DAPT 219/276 (79%) 320/340 (94%) <0.001 

1-year follow-up

Anticoagulation 18/232 (8%) 14/261 (5%) 0.28 

Vitamin K antagonist 4/232 (2%) 2/261 (1%) 0.33 

DOAC 9/232 (4%) 12/261 (5%) 0.69 

Heparin 5/232 (2%) 0/261 (0%) 0.02 

Antiplatelet therapy 195/232 (84%) 217/261 (85%) 0.85 

ASS 185/232 (80%) 217/261 (83%) 0.33 

ADP receptor inhibitor 27/232 (12%) 21/261 (8%) 0.18 
DAPT 17/232 (7%) 17/261 (7%) 0.72 

Values are expressed as numbers/total (%). 

ADP: adenosine diphosphate; ASS: aspirin; DAPT: dual antiplatelet therapy; DOAC: direct 

oral anticoagulant    



Supplementary Table 3. Complications between discharge and 1-year follow-up. 

 

 WATCHMAN 

N=271 

ACP/Amulet 

N=335 

p-value 

Death 31/271 (11.4%) 46/335 (13.7%) 0.63 

Stroke 1/234 (0.4%) 4/263 (1.5%) 0.38 

Myocardial infarction 1/234 (0.4%) 3/263 (1.1%) 0.63 

Systemic embolism 0/234 (0.0%) 1/263 (0.4%) - 

TIA 1/234 (0.45%) 1/263 (0.4%) 0.93 

Severe bleeding 2/234 (0.9%) 1/263 (0.4%) 0.60 

Moderate bleeding 11/234 (4.7%) 9/263 (3.4%) 0.47 

Pericardial effusion 2/248 (0.8%) 3/273 (1.1%) 1.00 

Occluder embolisation* 4/248 (1.5%) 2/272 (0.7%) 0.43 

Values are expressed as numbers/total (%). 
*Occluder embolisations in the WATCHMAN group occurred 63, 100, 397 and 407 days after 

the procedure. In the ACP/Amulet group they occurred 353 and 375 days after the 

implantation. 

TIA: transient ischaemic attack 

  
 

 


