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Abstract
Aims: The global, prospective AMPLATZER Amulet observational study documents real-world periproce-
dural, transoesophageal echocardiographic (TEE) and clinical outcomes from left atrial appendage occlusion 
(LAAO) using the AMPLATZER Amulet device. The aim of this report is to describe the periprocedural 
and early clinical/TEE results from this study.

Methods and results: This multicentre prospective real-world registry included 1,088 patients 
(75±8.5 years, 64.5% male, CHA2DS2-VASc: 4.2±1.6, HAS-BLED: 3.3±1.1) with non-valvular atrial fibril-
lation; 82.8% of patients were considered to have an absolute or relative contraindication to long-term anti-
coagulation and 72.4% had had a previous major bleeding. Periprocedural results, clinical outcomes up to the 
first three months and the available TEE results from the first scheduled follow-up (one to three months post 
implant) are reported. Successful device implantation was achieved in 99.0% of patients. During the proce-
dure and index hospitalisation, major adverse events occurred in 3.2% of patients. Patients were discharged 
on a single antiplatelet agent (23.0%), dual antiplatelets (54.3%) or an oral anticoagulant (18.9%). TEE fol-
low-up 67±23 days post procedure in 673 patients showed adequate (<3 mm jet) occlusion of the appendage 
in 98.2% of patients and device thrombus in 10 patients (1.5%), as evaluated by core laboratory analysis.

Conclusions: This large real-world prospective registry of catheter-based LAAO using the AMPLATZER 
Amulet device reports a high implant success rate and a low periprocedural complication rate in a popula-
tion with a high risk of stroke and bleeding. Transoesophageal echo data confirm good closure rates during 
follow-up and low rates of device-associated thrombus.
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Abbreviations
AF atrial fibrillation
APT antiplatelet therapy
CEC clinical events committee
LAA left atrial appendage
LAAO left atrial appendage occlusion
MAE major adverse events
OAC oral anticoagulation
SADE serious adverse device effects
TEE transoesophageal echocardiography
TIA transient ischaemic attack
TTE transthoracic echocardiography

Introduction
Percutaneous, catheter-based occlusion of the left atrial appendage 
(LAA) is an increasingly performed procedure aiming to reduce 
the risk of stroke in patients with non-valvular atrial fibrillation 
(AF)1-3. Randomised clinical trials1,2 have suggested that percu-
taneous LAA occlusion (LAAO) can represent an alternative to 
anticoagulation in warfarin-eligible patients. However, by the 
elimination of OAC-associated bleeding, it is potentially a par-
ticularly attractive option for patients with contraindications to the 
use of oral anticoagulants (OAC) due to their high bleeding risk. 
While the implantation of an LAAO device may be associated 
with upfront periprocedural risks, studies have shown a gradual 
reduction of these risks over time, as operators gain more expe-
rience with the therapy4. Recently, a large retrospective multi-
centre study in patients receiving the AMPLATZER™ Cardiac 
Plug (ACP) (St. Jude Medical [now Abbott], St. Paul, MN, USA) 
device and a large real-world registry using the WATCHMAN™ 
device (Boston Scientific, Marlborough, MA, USA) have reported 
favourable outcomes of LAAO in all-comers populations3,5,6. 
These populations particularly included many patients with a con-
traindication to long-term OAC, whereas, by design, randomised 
trials had to include patients eligible for OAC1,2. As expressed by 
the EHRA/EAPCI expert consensus statement, LAAO can be con-
sidered for AF patients at risk of ischaemic stroke who have an 
unacceptably high bleeding risk, refuse anticoagulant therapy or 
are contraindicated for systemic anticoagulation7.

Currently, the WATCHMAN device and the AMPLATZER™ 
Amulet™ device (St. Jude Medical) are the most commonly 
implanted devices for catheter-based LAAO, with a higher pene-
tration of the Amulet device within Europe compared with non-
European geographies8. The Amulet device is a second-generation 
LAAO device, based on the ACP device and incorporating several 
incremental design improvements. A few relatively small series 
have been reported with this device9-11. Comparative studies have 
shown similar results obtained with the first- and second-genera-
tion AMPLATZER devices in terms of safety, implantation suc-
cess and appropriate closure of the LAA12,13. An FDA approval 
trial for this device is currently ongoing, with the aim of collecting 
randomised controlled data from the Amulet and WATCHMAN 
devices from 1,600 patients worldwide14.

Here, we present the procedural, early clinical and TEE out-
comes of a large global real-world prospective registry includ-
ing an all-comers population and using the AMPLATZER Amulet 
device. In this global registry, serious adverse events were adjudi-
cated by an independent clinical events committee and echocardio-
graphic images were evaluated by an independent core laboratory.

Methods
This prospective, global, observational study documents peripro-
cedural, transoesophageal echocardiographic (TEE) and clinical 
outcome data on catheter-based LAAO using the AMPLATZER 
Amulet device for ischaemic stroke prevention in patients with 
non-valvular AF. The present study summarises the results of 
periprocedural outcomes (within seven days of implant) and early 
clinical and TEE follow-up data up to three months from implant.

The study adhered to international rules for scientific studies, 
the Helsinki principles, with local ethics committee approval in 
participating centres. Patients provided informed consent prior to 
the procedure. St. Jude Medical/Abbott provided funding for the 
study.

PATIENTS
The study included 1,088 patients with paroxysmal, persistent or 
long-standing persistent non-valvular AF, enrolled in 61 centres in 
Europe, Australia, Israel, Chile and Hong Kong. To be included 
in the study, patients were required to be eligible for percutane-
ous LAAO according to current standard indications per judge-
ments of the institutional treatment team. Patients were considered 
enrolled in the study after they had consented and the dilator/deliv-
ery system had been introduced into the vasculature. Exclusion 
criteria included any evidence of intracardiac thrombus, active 
infection or endocarditis or other infections producing bacterae-
mia, anticipated device interference with intracardiac or intravas-
cular structures, medical disorders expected to interfere with the 
planned clinical assessments and LAA anatomy not accommodat-
ing a device according to sizing guidelines. The risks of ischaemic 
stroke and bleeding were assessed by the CHA2DS2-VASc15 and 
HAS-BLED16 scores, respectively.

LAAO PROCEDURE
The LAAO procedures were performed following local institu-
tional routines and procedures and were consistent with the manu-
facturer’s recommendations. Participating investigators were 
required to have a minimum LAAO implanting experience with 
the study device, including three to five proctored cases and five 
cases as the principal implanting physician. Given the real-world 
nature of the registry, the level of experience with the Amulet 
device and overall implant volume varied among the participat-
ing sites. Five percent of the study centres perform more than 100 
LAAO procedures/year. Prior to commencing the actual implanta-
tion procedure, imaging was performed to exclude left atrial (LA) 
and LAA thrombus, and to evaluate the relevant anatomy and 
dimensional information required for device sizing. Devices were 
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implanted under imaging guidance, including fluoroscopy, angio-
graphy and TEE or intracardiac echocardiography (ICE). Device 
implantation was considered as starting upon crossing the inter-
atrial septum.

This registry was conducted to assess the safety and clini-
cal outcome of LAAO using the AMPLATZER Amulet device. 
This second-generation LAAO device (Figure 1) is an incremental 
development based on the first-generation ACP device. The device 
has a proximal disc to seal the ostium of the LAA and a distal 
lobe, to be positioned within the LAA. Both the disc and the lobe 
are constructed from nitinol mesh and incorporate an internal fab-
ric to promote intra-device occlusion. Retention wires on the lobe 
facilitate anchoring and stabilisation of the device. The device 
is provided pre-loaded within its dedicated delivery sheath. The 
device is described in detail elsewhere17.

FOLLOW-UP
Following the device implantation, a first follow-up visit was 
scheduled within a one- to three-month window after the proce-
dure. Adverse events during the follow-up period were reported by 
the study sites independently from scheduled study visits. Patients 
in whom device implantation was commenced but who eventually 
did not receive a device were followed for seven days after the pro-
cedure in order to document the occurrence of any adverse events. 
Here we report the periprocedural results (within seven days of 
implant), early TEE outcomes available from the first scheduled 
study visit as analysed by the core laboratory, and adverse events 
reported during the three-month post-implant period.

SAFETY EVENTS
Figure 2 provides a graphical representation of the timing of the 
two adverse event metrics, including major adverse events (MAE) 
and serious adverse device effects (SADE), used in the study. 
A primary safety assessment involved MAE during the proce-
dure and index hospitalisation, defined similarly to the Munich 

expert consensus document on LAAO studies and endpoints18. 
This assessment was performed to characterise the procedural 
safety and success. MAE included death, stroke, embolism, bleed-
ing of Bleeding Academic Research Consortium (BARC) type 3 
or higher19, all device embolisations and major vascular compli-
cations. In contrast to other studies that report on safety events, 
not only pericardial effusions or tamponades requiring sur-
gery were considered MAE, but also those that were addressed 
through pericardial drain. All device embolisations, including 
those requiring percutaneous or surgical retrieval, were consid-
ered MAE. Additionally, the safety events of this study were char-
acterised following a regulatory definition (consistent with ISO 
14155 and the MEDDEV 2.7/3) of SADE which were assessed 
during the procedure up to seven days post procedure (peripro-
cedural) and >7 days after the procedure (late events) up to three 
months. Additional endpoints included the composite of ischaemic 
stroke, systemic embolism and cardiovascular death, and bleeding 
events. An ischaemic stroke was defined as an acute episode of 
focal cerebral, spinal or retinal dysfunction caused by infarction 
of the central nervous system tissue. Diagnosis of stroke or tran-
sient ischaemic attack (TIA) was based on confirmative neurologi-
cal evaluation and brain imaging. To minimise bias and subjective 
interpretation, serious events were adjudicated by an independent 
clinical events committee (CEC), including clinical experts expe-
rienced in relevant clinical specialties and not actively involved 
in the conduct of the study (Appendix). Events were adjudicated 
as device- and/or procedure-related if a causal relationship was 
suspected with the LAAO device and/or the delivery system and/
or the procedure. Additional outcome measures included techni-
cal and procedural success. The use of oral anticoagulants (OAC) 
and/or antiplatelet therapy (APT) during the follow-up period was 
evaluated. Technical success was defined as the successful implan-
tation of the device in the correct position. Procedural success was 
defined as technical success without MAE during the procedure 
and index hospitalisation.

Figure 1. AMPLATZER Amulet left atrial appendage occluder.
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IMAGING
Imaging was used to assess patient eligibility for device implantation, 
to guide the implantation procedure and to evaluate the implanted 
device during follow-up. Device implantation was most commonly 
guided by TEE, while transthoracic echocardiography (TTE) was 
used at discharge to assess any pericardial effusion or identify 
possible device embolisation. In addition, TEE was performed at 
the first follow-up visit at one to three months after implantation 
to assess peri-device leak and device-related thrombus. TEE was 
also performed in case of a confirmed stroke or TIA to determine 
the association with device-related thrombus. All echocardiographic 
images were evaluated with regard to peri-device leak and device-
related thrombus by an independent core laboratory (MedStar 
Health Research Institute, Hyattsville, MD, USA). Thrombus on the 
device was defined as the presence of an echogenic mass attached to 
the LA side of the device, identified in at least two different views. 
Residual leak was identified as flow around the device lobe within 
the LAA detected by colour flow Doppler echocardiography. To 
evaluate the degree of leak, the neck of the jet was measured on 
a perpendicular axis to its direction. Peri-device leak was defined as 
absent, small (<3 mm jet), medium (3 to 5 mm) or large (>5 mm). 
LAA closure was considered clinically adequate if a leak was either 
absent or less than 3 mm.

DATA ANALYSIS
The present study involves evaluation of the implantation proce-
dure and periprocedural outcomes, as well as early TEE follow-up 
data available from the first scheduled follow-up visit one to three 
months post implant and adverse events reported during the first 
three months after implantation. No formal hypothesis is being 
tested in this observational post-market study. However, point 
estimates and exact 95% confidence intervals are provided for the 
observed rates.

Results
PATIENTS
A total of 1,088 patients were enrolled between June 2015 and 
September 2016. Among the 61 participating centres, 34 centres 

enrolled >10 patients. The patients’ age was 75.2±8.5 years and 
64.5% were male. Clinical characteristics of the patient cohort are 
shown in Table 1. The vast majority of patients had a history of 
major bleeding (72.4%) and contraindications to OAC (82.8%). 
With 64.9% of the patients having a CHA2DS2-VASc score ≥4 
and 77.1% having a HAS-BLED score ≥3, the study cohort repre-
sented a population at high risk for stroke as well as for bleeding 
(Figure 3).

DEVICE IMPLANTATION
Of the 1,088 patients enrolled, the Amulet device was successfully 
implanted in 1,077 patients, resulting in a technical success rate of 
99.0%. Implantation was not successful in nine patients, most fre-
quently due to the LAA anatomy. Anatomical reasons for implant 
failure included a shallow appendage or landing zone, a large dia-
meter landing zone and incongruence between the septal puncture 
site and the LAA position. For two other patients, a medical deci-
sion was made to implant another LAAO device (one ACP and 

Figure 2. Timing of the adverse event metrics (MAE: major adverse events, and SADE: serious adverse device effects). The implantation 
procedure is included within periods A and C. For some patients, discharge was >7 days after the implantation procedure, in which case 
periods A and C were extended to include the complete index hospitalisation.

Table 1. Clinical characteristics (1,088 patients).

Variable Mean±SD or %

Age (years) 75.2±8.5

Male 64.5%

Prior stroke 27.5%

Prior TIA 10.6%

Heart failure 17.2%

Diabetes 31.3%

Hypertension 83.9%

History of major bleeding 72.4%

CHA2DS2-VASc score >4 64.9%

Mean CHA2DS2-VASc score 4.2±1.6

HAS-BLED score >3 77.5%

Mean HAS-BLED score 3.3±1.1

Contraindication to OAC 82.8%

Data are presented as percentages of all patients, unless indicated 
otherwise. OAC: oral anticoagulation; TIA: transient ischaemic attack
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one WATCHMAN device) without attempting implantation of an 
Amulet device. Table 2 provides additional procedural details, 
including device sizes, number of devices per procedure and 
anaesthesia utilised.

During the procedure and index hospitalisation, 35 patients 
experienced MAE (3.2%) (Table 3), with major bleeding being 
the most common event (26 events, 2.4%). Of these major bleed-
ing events, 13 events (1.2%) were a result of pericardial effusion 
or cardiac tamponade, with 10 subjects (0.9%) requiring peri-
cardiocentesis and three patients (0.3%) requiring surgery. Ten 
patients (0.9%) had a major vascular complication. Prior to dis-
charge, two patients died due to cardiac perforation in one patient 
and cardiorespiratory arrest/shock in another patient. The patient 

with cardiorespiratory arrest underwent successful implanta-
tion with adequate LAAO and no signs of pericardial effusion. 
Intraoperatively, the patient experienced several episodes of hypo-
tension, followed by recurrent hypotension and bradycardia at one 
day after the procedure. Eventually, the patient went into cardio-
respiratory arrest and could not be resuscitated. The procedural 
success rate (technical success without MAE during the procedure 
and index hospitalisation) was 95.8%.

Further evaluation of adverse events included the assessment 
of MAE and SADE within seven days or during index hospi-
talisation, whichever was longer (Table 4). In addition to the 
MAE reported during the procedure and index hospitalisation, 
there were four other patients who had a major adverse event 
within seven days. One patient died due to myocardial infarc-
tion which was adjudicated as non-device-related. This patient 
underwent successful device implantation with adequate closure 
of the LAA and no pericardial effusion. The patient died two 
days after the procedure and autopsy revealed a fresh myocar-
dial infarction of the left ventricle with stenosis secondary to 
coronary heart disease. A second patient was readmitted to the 
hospital due to chest pain within seven days of the procedure. 
Echocardiography revealed a pericardial effusion requiring peri-
cardiocentesis. The two remaining events comprised gastroin-
testinal (GI) bleeding (one patient) and anaemia requiring blood 
transfusion (one patient). As a result, within seven days post pro-
cedure, MAE occurred in 39 patients (3.6%). Following regula-
tory definitions, there were 71 SADE in 61 patients within seven 
days of the implantation procedure or during index hospitalisa-
tion, representing a periprocedural SADE rate of 5.6%.

Within the seven-day post-procedural period, four ischaemic 
strokes occurred; in none of these cases was thrombus found on 
the device. Two strokes occurred on the day of the procedure and 
were both diagnosed as cardioembolic strokes with no signs of 
intraprocedural air embolism. The other two strokes occurred at 
two and six days after the procedure.
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Figure 3. Distribution of stroke risk and bleeding risk in the study population, as assessed by the CHA2DS2-VASc (A) and HAS-BLED (B) scores.

Table 2. Implant characteristics.

Implant characteristics
Proportion 

(%)

Anaesthesia type Conscious sedation 41.2%

General anaesthesia 56.5%

Local anaesthesia 1.0%

Unknown 1.3%

Device size used 16 mm 3.0%

18 mm 5.0%

20 mm 10.5%

22 mm 21.4%

25 mm 36.0%

28 mm 15.0%

31 mm 6.9%

34 mm 2.1%

Number of 
devices per 
procedure

1 93.9%

2 5.5%

3 0.4%

4 0.2%
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Within the entire implantation cohort, there were two cases of 
device-related thrombus within seven days of implantation. One 
case was identified in the patient with chest pain, discussed above, 
in whom echocardiography revealed pericardial effusion as well as 
thrombus on the device. In another patient, device thrombus was 
found during a transcatheter aortic valve implantation procedure, 
a few days after LAAO. Within the seven-day post-procedural 
period, there was one case of device embolisation, observed in 
a patient who became hypotensive, six hours post procedure. The 
device was successfully retrieved.

Intraprocedural TEE evaluation of the implant, as adjudicated 
by the core laboratory, showed adequate LAAO (i.e., peri-device 
leak <3 mm on colour flow Doppler) in 99.6% of the patients. At 
discharge, most patients (77.3%) were prescribed single or dual 
APT while 18.9% of the patients were on OAC. No antithrombotic 
therapy was prescribed for 2.0% of the patients (Table 5).

FOLLOW-UP
Per cut-off date, 23 patients died prior to the first follow-up visit, 
including 13 cardiovascular and 10 non-cardiovascular deaths. 
All remaining patients who were successfully implanted with the 
Amulet device reached their one- to three-month follow-up win-
dow. The one- to three-month follow-up visits were performed 
with a mean follow-up duration of 2.4±0.8 months. Table 4 pro-
vides an overview of key events reported up to three months after 
the procedure, which were reported independently of the sched-
uled follow-up visits. A total of 31 SADE in 26 patients occurred 

Table 3. Major adverse events during the procedure and index 
hospitalisation.

Major adverse events (MAE)
Defined by “A” in Figure 2

Number of patients 
with event 

(percentage)

Death 2 (0.2%)

Perforation 1 (0.1%)

Respiratory arrest 1 (0.1%)

Major bleeding 26 (2.4%)

Tamponade, pericardial effusion, 
perforation 13 (1.2%)

requiring pericardial drain 10 (0.9%)

requiring surgery 3 (0.3%)

Other 13 (1.2%)

Haemoperitoneum 1 (0.1%)

Vascular bleeding event 4 (0.4%)

Haematoma 3 (0.3%)

Epistaxis 1 (0.1%)

Chronic subdural haematoma 1 (0.1%)

Anaemia 2 (0.2%)

Cardiac arrest involving bleeding 1 (0.1%)

Major vascular complication 10 (0.9%)

AV fistula 2 (0.2%)

Pseudoaneurysm 1 (0.1%)

Haematoma 4 (0.4%)

Vascular access bleeding 3 (0.3%)

Stroke 2 (0.2%)

Embolism 0 (0.0%)

Device embolisation 1 (0.1%)

TOTAL 35 patients (3.2%) 
with 41 events*

95% CI [2.2%, 4.4%]

*A single patient can have more than one event. Six patients have 
events in two different MAE categories in the above table: five patients 
are included under both major bleeding and major vascular 
complication, and one patient is included under both death (perforation) 
and major bleeding.

Table 4. Key study events throughout the follow-up period.

Event
Number of patients with event(s) (%)

Early (within ≤7 days post procedure or  
before patient discharge, whichever is later)

Late (>7 days post procedure,  
within 3 months of implant)

Composite of ischaemic stroke, systemic 
embolism and cardiovascular death

7 (0.6%)
95% CI [0.3%, 1.3%]

15 (1.4%)
95% CI [0.8%, 2.3%]

MAE 39 (3.6%)*
95% CI [2.6%, 4.9%]

N/A

Embolisation 1 (0.1%)
95% CI [0.002%, 0.5%]

1 (0.1%)
95% CI [0.002%, 0.5%]

All SADE 61 (5.6%)**
95% CI [4.3%, 7.1%]

26 (2.4%)***
95% CI [1.6%, 3.5%]

Data are presented as number of patients and percentage of total number of patients. *Defined by “A+B” in Figure 2. **Defined by “C” in Figure 2. 
***Defined by “D” in Figure 2. MAE: major adverse events; SADE: serious adverse device effects

Table 5. Antithrombotic therapy at discharge.

Medication type

No antithrombotic therapy 2.0%

Single 
APT

Aspirin 16.0%

Clopidogrel or another antiplatelet 7.0%

DAPT 54.3%

OAC (alone or combined with APT) 18.9%

Data are percentages of all patients. APT: antiplatelet therapy; 
DAPT: dual antiplatelet therapy; OAC: oral anticoagulation
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after seven days up to three months post procedure, representing 
a SADE rate of 2.4% after seven days post procedure.

Follow-up TEE results were available and evaluated by the core 
laboratory from 673 patients: these showed adequate (<3 mm) 
LAAO in 98.2% of patients. Overall, device-related thrombus was 
observed in 10 patients (1.5% of evaluated TEEs), which includes 
two patients with thrombus within seven days post implant and 
eight patients with detected thrombus more than seven days and up 
to three months after implantation. Of these 10 patients with device 
thrombus, three (30%) were on single and three (30%) on dual 
APT, and four (40%) were on OAC. These patients were treated 
with single APT (two cases), dual APT (one case) or OAC (seven 
cases). Among them, one patient had an ischaemic stroke. The 
device-related thrombus in this patient was observed at 43 days post 
implant and the stroke occurred at 71 days after implantation while 
the patient was on APT. Another device embolisation was identified 
during a scheduled follow-up visit at 90 days after the procedure. 
The device was percutaneously retrieved from the aortic arch and 
another device was implanted the next day without complications.

BLEEDING SERIOUS ADVERSE EVENTS (SAE) DURING THE 
FOLLOW-UP PERIOD
Between eight and 90 days post implantation, bleeding SAE of 
BARC type 3 or higher were reported from 43 patients (4.0%). The 
most frequent bleeding events, representing the majority of bleeding 
SAE during this time period, included GI bleeding (20 patients) and 
anaemia requiring blood transfusion (eight patients).

Discussion
This global prospective registry enrolled a large cohort of AF 
patients at high risk for ischaemic stroke as well as bleeding, 
implanted with the AMPLATZER Amulet device and assessed 
for periprocedural and early clinical and TEE outcomes. While 
data were collected from a real-world, multicentre cohort in an 
observational registry approach, measures to achieve consistent 
interpretation of the data included the evaluation of all echocardio-
graphic images by a core laboratory and adverse event adjudica-
tion by an independent committee of clinical experts. Procedural 
results, reported here, indicate a high implantation success (99.0%) 
and adequate LAAO in almost all patients who received a device 
(99.8%). The clinically relevant metric of MAE during implanta-
tion and subsequent hospitalisation was 3.2%. It should be noted 
that the vast majority of patients in the study had a history of 
major bleeding and were considered relatively or absolutely con-
traindicated to OAC.

LAAO for the prevention of stroke in AF patients has been the 
subject of two randomised controlled trials and observational mul-
ticentre studies using the WATCHMAN device1,2,4,6. These studies 
have reported a gradual decrease in the rate of procedural compli-
cations over time, from 8.7% in the PROTECT AF trial to 4.2% in 
the PREVAIL trial2. Recently, the EWOLUTION registry reported 
a Kaplan-Meier estimate of the device- and/or procedure-related 
serious adverse event rate up to seven days after the procedure 

of 2.8%6. From a multicentre retrospective study using the ACP 
device, Tzikas et al3 reported a 4.97% rate of major periprocedural 
adverse events. Comparison of these procedural complication rates 
with those from the present prospective global AMPLATZER 
Amulet registry should be made with caution, given the varia-
tion in reporting routines and definitions. Both the EWOLUTION 
registry and the retrospective ACP registry relied on an investiga-
tor-reported relatedness of the events with the device and/or pro-
cedure. With the consistent adjudication of clinical events by an 
independent committee of clinical experts, the present global reg-
istry reports a rate of MAE during the procedure and index hospi-
talisation of 3.2%, which compares well with the serious adverse 
event rate assessed in the EWOLUTION registry and is lower than 
the rate reported by Tzikas et al from the ACP registry3.

Echocardiography was intensively used during the peripro-
cedural and follow-up periods to identify device embolisation. 
Despite these rigorous inspections, device embolisation was very 
rare during the reported follow-up period. One embolisation 
occurred within seven days and another was observed at 90 days 
after implantation. These results are similar to those reported from 
the EWOLUTION registry6 (two device embolisations within 
30 days after implantation), while the ACP registry3 reported one 
device embolisation requiring surgical removal and seven embo-
lised devices that were retrieved percutaneously. Concerning this 
observation, the design modifications implemented in this second-
generation LAAO device may have contributed to the relatively 
low embolisation rate.

Immediate adequate LAA closure, as assessed by periproce-
dural TEE, was achieved in 99.6% of the patients. This observed 
rate is similar to the immediate closure rate reported from the 
EWOLUTION registry (99.3%)6; however, the Amulet registry 
applied a more stringent criterion (peri-device leak <3 mm vs. 
≤5 mm on colour Doppler) and implemented a consistent imaging 
evaluation protocol performed by an independent core laboratory. 
The rate of adequate LAA closure remained high in the assessed 
cohort up to the first follow-up (98.2%).

There was one ischaemic stroke throughout the reported 
follow-up period, in a patient who was identified as having 
a device-related thrombus. Overall, device-related thrombus was 
identified in two patients during the implantation procedure and 
in 10 patients during follow-up. Extended follow-up is required 
to evaluate this outcome versus the long-term rates reported from 
other studies (e.g., 4.2% and 4.4% from the PROTECT AF trial4 
and the ACP registry3, respectively). The current data from this 
registry are insufficient to either confirm or deny a causal relation-
ship between device-related thrombus and ischaemic stroke. This 
association may be difficult to demonstrate, given the low event 
rates. Per protocol, this ongoing registry will continue to verify 
device thrombus in patients with confirmed ischaemic stroke.

According to manufacturer recommendations, the WATCHMAN 
device requires OAC for a minimum of 45 days post implant, 
while antiplatelet therapy may be prescribed after implantation 
of the Amulet device. The antithrombotic therapy prescribed at 
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discharge in this registry reflects an approach to reducing the level 
of antithrombotic medication after device implantation in patients 
at high risk of bleeding. As the majority of patients had a contrain-
dication to OAC, anticoagulants were prescribed to only 18.9% of 
the patients.

Limitations
The reported study was conducted as a registry with its associ-
ated typical limitations. However, a registry enrolling an all-comer 
population is a well-accepted approach to collect real-world clini-
cal data from a relatively large cohort. Several measures, which 
are not standard for a registry study, were implemented to ensure 
consistent data interpretation, including the involvement of a CEC 
and a core laboratory. The present analysis included results from 
follow-up TEE of approximately two thirds of the study cohort, 
which should be considered a limitation of this study. Nevertheless, 
the assessed population still represents a large core laboratory-
evaluated echocardiographic database on LAAO. While we can-
not exclude bias due to the fact that our analysis did not include 
TEE evaluation of all patients, we have no reason or indication to 
assume that the evaluated subcohort is not representative of our 
total all-comers population.

Conclusions
Compared with recently reported registries on LAAO, this study 
reported a high implant success rate (99%) and similar peripro-
cedural risk (5.6% SADE and 3.2% MAE) from a real-world all-
comers cohort of AF patients at high risk of stroke and bleeding. 
TEE follow-up data confirm high LAA closure rates (98.2%) at 
one to three months post implant. Follow-up of this cohort is 
ongoing to collect long-term clinical outcome data.

Impact on daily practice
Early results are presented from the ongoing global, prospective 
AMPLATZER Amulet observational study, including a large 
real-world cohort of AF patients undergoing LAAO with the 
second-generation AMPLATZER Amulet device. The cohort 
is characterised by a high risk for ischaemic stroke and major 
bleeding, while most patients were contraindicated to long-term 
anticoagulation. Results show successful and safe implantation 
within this real-world cohort (implantation success rate: 99%; 
rate of major adverse events during the procedure or index hos-
pitalisation: 3.2%). TEE follow-up confirmed adequate occlu-
sion of the LAA (98.2% of patients) and a low incidence of 
device-related thrombus (1.5%).
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St Mary’s Hospital, London, UK; W. Schillinger (Interventional 
Cardiologist), University Medical Center Göttingen, Göttingen, 
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