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Abstract
Aims: We aimed to compare long-term “real-world” outcomes of three left atrial appendage occlusion 
(LAAO) devices for stroke prevention in a Chinese population with non-valvular atrial fibrillation (NVAF).

Methods and results: Consecutive patients who underwent LAAO from June 2009 to October 2016 at 
a university-affiliated hospital were retrospectively analysed. In-hospital and major adverse events (MAE) 
including mortality, stroke and major bleeding rates were compared by LAAO device. One hundred and 
sixty-one (161) patients (mean age 71.4±8.2 years; 67.7% male) with mean CHA2DS2-VASc score of 
4.1±1.6 and HAS-BLED score of 2.9±1.1 underwent 162 LAAO procedures, of which 47.5% (n=77), 41.4% 
(n=67) and 11.1% (n=18) were AMPLATZER Cardiac Plug (ACP)/Amulet, WATCHMAN and LAmbre, 
respectively. The procedural success rate was 97.5% (158/162). The in-hospital adverse event rate was 
7.4% (12/162) and comparable among devices (p=NS). Mean follow-up duration was 28.3±24.4 months 
(373 patient-years). There were no significant differences in long-term MAE rates among devices (p=NS). 
Observed annual ischaemic stroke (1.1% vs. 5.1%, p<0.001) and major bleeding rates (2.7% vs. 4.5%, 
p=NS) were lower compared with the predicted rates, respectively.

Conclusions: The WATCHMAN, ACP/Amulet and LAmbre LAAO devices demonstrated similar long-
term safety and efficacy in prevention of ischaemic stroke and major bleeding in patients with NVAF.
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Abbreviations
ACP AMPLATZER Cardiac Plug
NVAF non-valvular atrial fibrillation
CHA2DS2-VASc 
score

congestive heart failure, hypertension, age, 
diabetes mellitus, previous stroke/transient 
ischaemic attack, female sex, and vascular 
disease score

HAS-BLED 
score

hypertension, abnormal renal/liver function, 
stroke, bleeding history or predisposition, labile 
INR, elderly, drugs/alcohol concomitantly score

INR international normalised ratio

LAAO left atrial appendage occlusion
MAE major adverse events
NOAC non-vitamin K oral anticoagulants
NVAF non-valvular atrial fibrillation
OAC oral anticoagulation
RRR relative risk reduction
TEE transoesophageal echocardiography
TIA transient ischaemic attack
TTR time in therapeutic range

Introduction
The risk of ischaemic stroke in non-valvular atrial fibrillation 
(NVAF) patients is fivefold higher compared to the general popula-
tion, accounting for about 15% of all strokes1. Oral anticoagulation 
(OAC) therapy with either warfarin or non-vitamin K oral antico-
agulants (NOAC) is the standard treatment for stroke prevention 
in patients with NVAF at increased risk of stroke. Although effec-
tive in preventing stroke, OAC is associated with risk of bleeding 
and poor long-term drug compliance2. In a recent study of 1,461 
Chinese patients with NVAF, 44.4% of patients discontinued war-
farin within one year and 57.6% by two years after initiation of 
therapy3. In another study, 83.7% of Chinese patients on warfarin 
therapy failed to achieve >65% time in therapeutic range (TTR)4.

Among patients who do not tolerate OAC, percutaneous left atrial 
appendage occlusion (LAAO) has emerged as an alternative treat-
ment option for stroke prevention. The main advantages of LAAO 
over OAC include lower risk of major bleeding5 and issues with blood 
monitoring and drug compliance. Currently, the WATCHMAN™ 
(Boston Scientific, Marlborough, MA, USA) and the AMPLATZER™ 
Cardiac Plug (ACP) or later Amulet (St. Jude Medical, St. Paul, MN, 
USA) are the most commonly used commercially available LAAO 
devices. The LAmbre (Lifetech Scientific, Shenzhen, China) is 
a relatively new device which has recently received CE mark approval6.

In most published data on percutaneous LAAO, Asian patients 
consisted of <1% of cases7,8. In this study, we aimed to evalu-
ate the safety and efficacy of different LAAO devices in Chinese 
NVAF patients for stroke prevention.

Editorial, see page 15

Methods
Consecutive NVAF patients who underwent LAAO at the Prince 
of Wales Hospital in Hong Kong were enrolled between June 

2009 and October 2016. Data including baseline clinical and pro-
cedural characteristics, CHA2DS2-VASc and HAS-BLED scores, 
indication for LAAO, and follow-up clinical and transoesophageal 
echocardiography (TEE) results were recorded. The study was 
approved by the Joint Chinese University of Hong Kong – New 
Territories East Cluster Clinical Research Ethics Committee.

Indications for LAAO included NVAF (permanent, persistent, 
or paroxysmal) with a CHA2DS2-VASc score ≥2 and one of the 
following: (i) history of bleeding; (ii) high risk of bleeding defined 
by HAS-BLED score ≥3; (iii) labile international normalised ratio 
(INR) on warfarin; (iv) non-compliance with OAC therapy; and 
(v) allergy or side effects from OAC therapy.

DEVICE AND IMPLANTING PROCEDURE
Four LAAO devices were used in our institution. The 
WATCHMAN device has been available since October 2009, 
while the ACP was available from June 2009 and then the Amulet 
device from February 2015 onwards. The LAmbre device has 
been used since April 2014. The choice of device was at the dis-
cretion of the operator.

TEE was performed prior to LAAO procedure to rule out LAA 
thrombus and to measure LAA dimensions. After transseptal punc-
ture, patients were heparinised to achieve an activated clotting time 
of 250-300 seconds throughout the procedure. A selective LAA 
angiogram was performed using a pigtail catheter. The device size 
was selected based on both angiographic and TEE measurements. 
Device stability, positioning, compression, and peri-device leaks 
were thoroughly assessed on TEE and angiography before final 
release of the device.

Chest radiography and transthoracic echocardiography were 
performed before discharge. Follow-up TEE was mandatory for 
all patients on day 45±7 after the procedure. Lifelong aspirin 
(80 mg daily) was prescribed for all patients. Clopidogrel (75 mg) 
was prescribed for six months for the ACP/Amulet and LAmbre 
devices. For the WATCHMAN device, warfarin was administered 
for at least 45 days until mandatory follow-up TEE, and warfa-
rin was discontinued if peri-device flow was <5 mm on TEE and 
replaced with clopidogrel until six months after implant.

DEFINITIONS
Technical success was defined as successful implantation of the 
LAAO device without significant residual leak on TEE at the end 
of the procedure (i.e., ≤5 mm for all devices)9.

In-hospital adverse events were defined according to the Valve 
Academic Research Consortium-2 (VARC-2) criteria10 as any 
adverse events occurring post procedure and prior to discharge, 
including death, stroke, transient ischaemic attack (TIA), systemic 
embolisation, device embolisation, significant pericardial effu-
sion or cardiac tamponade, myocardial infarction, major bleed-
ing (requiring intervention or transfusion), and major vascular 
complications (requiring percutaneous or surgical intervention). 
Peri-device leak was considered significant if the colour Doppler 
jet width was >5 mm for all devices on TEE9. Follow-up major 
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adverse events (MAE), a composite of death, ischaemic or haem-
orrhagic stroke and TIA, or major bleeding, were recorded.

The actual event rates of stroke and bleeding at follow-up were 
compared with the predicted event rates by CHA2DS2-VASc and 
HAS-BLED scores, respectively. The average annual risks of 
stroke and bleeding for the study cohort were calculated. The 
actual % event rate was the total number of events divided by the 
total number of patient-years of follow-up and then multiplied by 
100. Risk reduction was calculated using the formula: (estimated 
% event rate - actual % event rate)/ estimated % event rate11.

STATISTICAL ANALYSIS
Numerical results were presented as mean±SD or median (inter-
quartile range [IQR]). One-way ANOVA and Kruskal-Wallis tests 
were performed to compare means and medians among groups. 
Categorical results were presented as percentages and compared 
using the chi-square test or Fisher’s exact test. Kaplan-Meier 
event-free survival curves were estimated, and differences were 
compared using the log-rank test. All statistical analyses were per-
formed using SPSS statistical software, Version 22.0 (IBM Corp., 
Armonk, NY, USA). All analyses were two-tailed and p-values 
<0.05 were considered statistically significant.

Results
A total of 161 patients underwent 162 procedures. Baseline char-
acteristics are summarised in Table 1. Mean patient age was 
71.4±8.2 years, 67.7% were male and more than one third had 
a history of stroke (38.5%). The mean CHA2DS2-VASc score was 
4.1±1.6 and HAS-BLED score 2.9±1.1. There were no significant 
differences in baseline characteristics among patients receiving 
different LAAO devices (all p=NS). The most common indication 
for LAAO was non-compliance to OAC therapy (34.2%) followed 
by history of bleeding (31.7%), high risk of bleeding (14.9%) and 
labile INR on warfarin therapy (12.4%). Non-compliance to OAC 
therapy included patients with poor drug compliance or refusal to 
continue OAC lifelong.

PROCEDURE
One patient underwent two LAAO procedures on different dates, 
resulting in 162 procedures. Of 162 procedures, 47.5% (n=77), 
41.4% (n=67) and 11.1% (n=18) were ACP/Amulet, WATCHMAN 
and LAmbre, respectively. Procedural findings are summarised in 
Table 1. Mean procedural time using the WATCHMAN, ACP/Amulet 
and LAmbre devices was 91.6±23.4 minutes, 102.9±31.2 minutes, 
and 89.1±23.3 minutes, respectively (p=0.03). The median fluoro-
scopy time was 11 minutes (IQR 8-17.0) for WATCHMAN, 17 min-
utes (IQR 12-22) for ACP/Amulet, and 12 minutes (IQR 9-14.5) for 
the LAmbre device (p=<0.001).

The overall technical success rate was 97.5% (158/162). One 
patient failed the initial procedure due to ACP device embolisa-
tion, which was successfully retrieved with a snare. He subse-
quently underwent a successful second LAAO procedure with the 
WATCHMAN device. Three (two WATCHMAN and one ACP) 

procedures failed the stability test despite upsizing to the largest 
respective devices.

IN-HOSPITAL EVENTS
In-hospital adverse events occurred in 7.4% (12/162) of cases 
(Table 2). There was a non-procedure-related death due to perito-
neal dialysis peritonitis on day 15. Cardiac tamponade occurred in 
five patients (3.1%); in four cases this required open surgical repair. 
There were three cases (1.9%) of major bleeding from oesopha-
geal laceration by the TEE probe. In one case the patient developed 
chest pain with acute ST elevation during the procedure; immediate 
coronary angiography revealed a critical stenosis of the left anterior 
descending artery which was successfully treated by angioplasty 
and stented without an associated rise in cardiac enzymes. There 
was one case (0.6%) of a major femoral access-site complication 
which required endovascular intervention. The 30-day MAE rates 
were the same as the in-hospital MAE rates.

TEE FOLLOW-UP
Post-procedural TEE was performed in 94.3% of successful cases 
(149/158) (Table 3). Eight patients refused and one died before 
scheduled TEE. Significant peri-device leak was observed in 
1.4% (1/71) of ACP/Amulet cases, but none with LAmbre or 
WATCHMAN devices. OAC therapy cessation at 45 days in the 
WATCHMAN group was 93.8% (61/65). Device thrombus was 
detected in five (3.4%) patients by TEE (four WATCHMAN and 
one ACP). Clopidogrel was changed to OAC therapy in the patient 
with ACP device thrombus, and OAC therapy was extended for 
three months in the WATCHMAN patients. Follow-up TEE after 
three months showed complete resolution of thrombus in three 
cases (two WATCHMAN and one ACP) and persistent thrombus 
on two WATCHMAN devices. Long-term OAC therapy was con-
tinued for these two WATCHMAN patients.

LONG-TERM FOLLOW-UP
The mean follow-up duration was 28.3±24.4 months and a total of 
373 patient-years (Table 2). There were 14 deaths (8.9%); how-
ever, none was related to the LAAO procedure (causes and time of 
death are shown in Table 4). Six strokes, including four ischaemic 
and two haemorrhagic strokes, occurred during follow-up.

The estimated annual risk of ischaemic stroke based on CHA2DS2-
VASc score was 5.1% compared to the observed rate of 1.1% (four 
events/373 patient-years). This translated to a 79.2% relative risk 
reduction (RRR) in ischaemic stroke (p<0.001) (Figure 1). There 
were seven cases of major bleeding events during post-discharge 
follow-up. All bleeding events in the WATCHMAN group occurred 
during the period after stopping OAC. The observed annual major 
bleeding rate was 2.7% (10 events/373 patient-years) compared 
to a 4.5% predicted rate of annual major bleeding based on HAS-
BLED score. This translated to a 39.9% RRR in major bleeding but 
was not statistically significant (p=0.10) (Figure 1). There were no 
significant differences in MAE-free survival rates among devices 
during follow-up (log-rank p=0.89).
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Table 1. Patient characteristics and procedural findings.

Patient characteristics WATCHMAN 
(n=66)

ACP/Amulet 
(n=77)

LAmbre 
(n=18)

Total 
(n=161) p-value

Age (years) 72.6±7.9 71±8.6 68.7±7 71.4±8.2 0.16

Male 45 (68.2) 50 (64.9) 14 (77.8) 109 (67.7) 0.57

Weight (kg) 65±10.3 65.2±11.8 69.1±11.1 65.5±11.1 0.35

Body mass index (kg/m2) 25.2±2.9 24.9±3.9 25.7±3.8 25.1±3.5 0.70

Medical history
Prior heart failure 9 (13.6) 15 (19.5) 7 (38.9) 31 (19.3) 0.05

Hypertension 52 (78.8) 59 (76.6) 12 (66.7) 123 (76.4) 0.56

Diabetes mellitus 31 (47.0) 31 (40.3) 10 (55.6) 72 (44.7) 0.45

Previous stroke/TIA 28 (42.4) 26 (33.8) 8 (44.4) 62 (38.5) 0.49

Cardiovascular disease/peripheral arterial disease 8 (12.1) 12 (15.6) 2 (11.1) 22 (13.7) 0.79

Prior myocardial infarction 12 (18.2) 13 (16.9) 2 (11.1) 27 (16.8) 0.78

Prior percutaneous coronary intervention/coronary artery bypass grafting 13 (19.7) 22 (28.6) 3 (16.7) 38 (23.6) 0.35

Pacemaker implanted 8 (12.1) 18 (23.4) 2 (11.1) 28 (17.4) 0.16

History of bleeding 26 (39.4) 31 (40.3) 6 (33.3) 63 (39.1) 0.86

CHA2DS2-VASc score (continuous) 4.3±1.4 3.9±1.7 3.8±1.4 4.1±1.6 0.37

CHA2DS2-VASc 
score (categorical)

0 0 (0) 0 (0) 0 (0) 0 (0)

0.45

1 1 (1.5) 6 (7.8) 0 (0) 7 (4.3)

2 7 (10.6) 13 (16.9) 4 (22.2) 24 (14.9)

3 10 (15.2) 11 (14.3) 3 (16.7) 24 (14.9)

4 21 (31.8) 17 (22.1) 7 (38.9) 45 (28.0)

5 16 (24.2) 13 (16.9) 2 (11.1) 31 (19.3)

6 6 (9.1) 14 (18.2) 1 (5.6) 21 (13.0)

7 4 (6.1) 2 (2.6) 1 (5.6) 7 (4.3)

8 1 (1.5) 1 (1.3) 0 (0) 2 (1.2)

9 0 (0) 0 (0) 0 (0) 0 (0)

HAS-BLED score (continuous) 3.1±1 2.7±1.1 2.8±0.9 2.9±1.1 0.12

HAS-BLED score 
(categorical)

0 1 (1.5) 0 (0) 0 (0) 1 (0.6)

0.29

1 3 (4.5) 10 (13) 2 (11.1) 15 (9.3)

2 10 (15.2) 24 (31.2) 3 (16.7) 37 (23.0)

3 33 (50.0) 24 (31.2) 9 (50.0) 66 (41.0)

4 14 (21.2) 16 (20.8) 4 (22.2) 34 (21.1)

5 4 (6.1) 2 (2.6) 0 (0) 6 (3.7)

6 1 (1.5) 1 (1.3) 0 (0) 2 (1.2)

≥7 0 (0) 0 (0) 0 (0) 0 (0)

Atrial fibrillation Paroxysmal 19 (28.8) 23 (29.9) 5 (27.8) 47 (29.2)
0.98

Permanent 47 (71.2) 54 (70.1) 13 (72.2) 114 (70.8)

Indications for left 
atrial appendage 
occlusion 

Non-compliance to OAC/NOAC 21 (31.8) 28 (36.4) 6 (33.3) 55 (34.2)

0.21

Prior bleeding including previous intracranial bleeding 20 (30.3) 26 (33.8) 5 (27.8) 51 (31.7)

High risk of bleeding 14 (21.2) 8 (10.4) 2 (11.1) 24 (14.9)

Labile INR 9 (13.6) 8 (10.4) 3 (16.7) 20 (12.4)

Allergic, or side effect after OAC/NOAC 0 (0) 7 (9.1) 1 (5.6) 8 (5.0)

Stroke on OAC/NOAC 2 (3) 0 (0) 1 (5.6) 3 (1.9)

Procedural findings WATCHMAN 
(n=67)

ACP/Amulet 
(n=77)

LAmbre 
(n=18)

Total 
(n=162) p-value

Anaesthesia General anaesthesia 23 (34.3) 31 (40.3) 0 (0) 54 (33.3)

<0.001Local anaesthesia 0 (0) 3 (3.9) 17 (94.4) 20 (12.3)

Monitored anaesthetic care 44 (65.7) 43 (55.8) 1 (5.6) 88 (54.3)

Procedural time, minutes 91.6±23.4 102.9±31.2 89.1±23.3 96.6±27.8 0.03

Fluoroscopy time, minutes 11 (8-17) 17 (12-22) 12 (9-14.5) 14 (10-19) <0.001

Length of stay, days 3 (2-4) 3 (2-4) 2 (2-2.3) 3 (2-4) 0.08

Procedural success 65 (97.0) 75 (97.4) 18 (100) 158 (97.5) 0.77

Values are expressed as mean±SD, median (IQR) or n (%). ACP: AMPLATZER Cardiac Plug; INR: international normalised ratio; NOAC: non-vitamin K 
oral anticoagulants; OAC: oral anticoagulants; TIA: transient ischaemic attack
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Discussion
The main finding of this study was that different LAAO devices 
comprising the WATCHMAN, ACP/Amulet and LAmbre were 
comparable in terms of long-term efficacy in reducing ischae-
mic stroke and avoiding major bleeding events in Chinese 
NVAF patients. To the best of our knowledge, this is the larg-
est reported cohort of LAAO with the longest follow-up in 
a Chinese population and the first clinical experience with the 
LAmbre device.

Our procedural success rate (97.5%) was comparable with 
other LAAO studies, with reported success rates from 90.9% 
to 98.5%7,8,11,12. The safety profile of LAAO in our cohort also 

compared favourably with these studies. Our in-hospital MAE rate 
was driven by the occurrence of cardiac tamponade (n=5/12 MAE), 
which occurred during the early phase of our LAAO programme. 
A similar learning curve has been reported with the WATCHMAN 
device where rates of cardiac tamponade decreased over time 
with increasing operator experience from 4% in PROTECT AF7 
to 1.9% in PREVAIL8 and 0.2% in EWOLUTION12. Furthermore, 
after two cases of guidewire perforation using the Amplatz Super 
Stiff™ guidewire (Boston Scientific), our procedural protocol was 
revised and placement of the Super Stiff guidewire within the 
LAA was no longer allowed. No guidewire-related perforation or 
cardiac tamponade occurred after this change.

Table 2. In-hospital events of patients undergoing LAAO and long-term follow-up outcomes of successfully implanted patients.

WATCH-
MAN 

(n=67)

ACP/
Amulet 
(n=77)

LAmbre 
(n=18)

Total 
(n=162)

p-valuea

In-hospital events

Death 1 (1.5) 0 (0) 0 (0) 1 (0.6) 0.47

Cardiac death 0 (0) 0 (0) 0 (0) 0 (0) NA

Non-cardiac death 1 (1.5) 0 (0) 0 (0) 1 (0.6) 0.47

Stroke/TIA 0 (0) 0 (0) 0 (0) 0 (0) NA

Device embolisation 0 (0) 1 (1.3) 0 (0) 1 (0.6) 1.00

Systemic embolism 0 (0) 0 (0) 0 (0) 0 (0) NA

Cardiac tamponade 2 (3) 3 (3.9) 0 (0) 5 (3.1) 1.00

Major bleeding 0 (0) 3 (3.9) 0 (0) 3 (1.9) 0.25

Myocardial infarction 1 (1.5) 0 (0) 0 (0) 1 (0.6) 0.47

Major vascular complications 
(requiring endovascular 
intervention)

0 (0) 1 (1.3) 0 (0) 1 (0.6) 1.00

Total 4 (6.0) 8 (10.4) 0 (0) 12 (7.4) 0.34

Long-term follow-up (FU)
WATCH-

MAN 
(n=65)

ACP/
Amulet 
(n=75)

LAmbre 
(n=18)

Total 
(n=158)

p-valueb

FU months 27.5±24.2 30.1±27 23.5±8.3 28.3±24.4 0.55

FU, total patient-years 149 189 35 373 NA

Risk scores

CHA2DS2-VASc score 4.2±1.5 4.0±1.7 3.8±1.4 4.1±1.6 0.52

Estimated annual risk of 
stroke, based on 
CHA2DS2-VASc score, %

5.25±2.64 5.22±3.02 4.40±2.32 5.14±2.79 0.50

HAS-BLED score 3.1±1 2.7±1.1 2.8±0.9 2.9±1.1 0.15

Estimated annual risk of 
major bleeding, based on 
HAS-BLED score, %

4.91±3.15 4.12±3.07 4.23±2.65 4.46±3.06 0.31

Death

In-hospital 1 (1.5) 0 (0) 0 (0) 1 (0.6) 0.49

Cardiac death 0 (0) 0 (0) 0 (0) 0 (0) NA

Non-cardiac death 1 (1.5) 0 (0) 0 (0) 1 (0.6) 0.49

Post-discharge 4 (6.2) 7 (9.3) 3 (16.7) 14 (8.9) 0.37

Cardiac death 1 (1.5) 1 (1.3) 1 (5.6) 3 (1.9) 0.48

Non-cardiac death 3 (4.6) 6 (8.0) 2 (11.1) 12 (7.6) 0.56

Total 5 (7.7) 7 (9.3) 3 (16.7) 15 (9.5) 0.51

WATCH-
MAN 

(n=67)

ACP/
Amulet 
(n=77)

LAmbre 
(n=18)

Total 
(n=162)

p-valuea

Stroke/TIA

In-hospital 0 (0) 0 (0) 0 (0) 0 (0) NA

Ischaemic 0 (0) 0 (0) 0 (0) 0 (0) NA

Haemorrhagic 0 (0) 0 (0) 0 (0) 0 (0) NA

Post-discharge 2 (3.1) 3 (4.0) 1 (5.6) 6 (3.8) 0.88

Ischaemic 1 (1.5) 3 (4.0) 0 (0) 4 (2.5) 0.50

Haemorrhagic 1 (1.5) 0 (0) 1 (5.6) 2 (1.3) 0.16

Total 2 (3.1) 3 (4.0) 1 (5.6) 6 (3.8) 0.95

Observed annual risk of 
stroke, %

0.67
(1/149) 
*100

1.59
(3/189) 
*100

0
(0/35) 
*100

1.07
(4/373) 
*100

0.75

Stroke reduction, % 87.2 
([5.25-

0.67]/5.25) 
*100

69.5 
([5.22-

1.59]/5.22) 
*100

100.0 
([4.40-
0]/4.40) 

*100

79.2 
([5.14-

1.07]/5.14) 
*100

<0.001

NNT 22 28 23 25

Major bleeding

In-hospital 0 (0) 3 (4.0) 0 (0) 3 (1.9) 0.18

Post-discharge 4 (6.2) 2 (2.7) 1 (5.6) 7 (4.4) 0.59

Total 4 (6.2) 5 (6.7) 1 (5.6) 10 (6.3) 0.95

Observed annual risk of 
major bleeding, %

2.68
(4/149) 
*100

2.65
(5/189) 
*100

2.86
(1/35) 
*100

2.68
(10/373) 

*100
1.00

Major bleeding reduction, % 45.4 
([4.91-

2.68]/4.91) 
*100

35.7 
([4.12-

2.65]/4.12) 
*100

32.4 
([4.23-

2.86]/4.23) 
*100

39.9 
([4.46-

2.68]/4.46) 
*100

0.16

NNT 45 68 73 57

Major adverse events (MAE) c

In-hospital 1 (1.5) 3 (4.0) 0 (0) 4 (2.5) 0.50

Post-discharge 9 (13.8) 10 (13.3) 4 (22.2) 23 (14.6) 0.62

Total 10 (15.4) 13 (17.3) 4 (22.2) 27 (17.1) 0.89

Values are expressed as mean±SD or n (%). a Statistical tests were performed for 
comparison between WATCHMAN and ACP/Amulet devices. b Statistical tests were 
performed for comparison between WATCHMAN, ACP/Amulet and LAmbre devices. c A major 
adverse event (MAE) is defined as a composite of death, ischaemic or haemorrhagic stroke 
and TIA, or major bleeding. ACP: AMPLATZER Cardiac Plug; NNT: number needed to treat; 
TIA: transient ischaemic attack
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When LAAO devices are recaptured and repositioned repeat-
edly, the reverse-facing stabilising hooks can cause damage and 
perforation to the LAA wall. Accurate preoperative device sizing 
is crucial to prevent this complication. Traditionally, device siz-
ing is guided by TEE and fluoroscopy. Recently, we have incor-
porated 3D printed modelling of the LAA from CT images for 

preprocedural planning and device size selection13 to reduce inap-
propriate sizing and device manipulation during implantation.

Long-term compliance with warfarin treatment for stroke pre-
vention is a major problem in Chinese patients with NVAF3. In 
our cohort of Chinese patients, non-compliance to OAC therapy 
(34.2%) was the most common indication for LAAO, whereas 
previous bleeding and high bleeding risk were the major indica-
tions for LAAO in Caucasian populations11,12. LAAO obviates 
the need for long-term anticoagulation (except in a small number 
of patients with persistent device-related thrombus) and hence the 
risk of bleeding and also stroke from subtherapeutic INR. Although 
there are no direct comparisons between LAAO and NOAC, our 
group recently published a study using the Markov decision ana-
lytic model to compare the cost-effectiveness of LAAO with seven 
pharmacological strategies including aspirin alone, clopidogrel plus 
aspirin, warfarin, dabigatran (110 mg and 150 mg), apixaban and 
rivaroxaban from a Hong Kong healthcare provider perspective14. 
We found that LAAO was considered cost-effective compared to 
warfarin, with an incremental cost-effectiveness ratio (ICER) of 
USD 6,298 per quality-adjusted life years (QALY) gained; LAAO 
was considered dominant (i.e., less costly and more effective) com-
pared to all three NOAC. Sensitivity analysis demonstrated that 
ICERs of LAAO remained favourable against NOAC in various 
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Figure 1. Effectiveness of LAAO in reduction of (A) ischaemic stroke 
rate and (B) major bleeding rate compared with estimated annual 
rates from CHA2DS2-VASc score and HAS-BLED score, respectively.

Table 3. Transoesophageal echocardiography (TEE) follow-up findings.

WATCHMAN (n=61) ACP/Amulet (n=71) LAmbre (n=17) Total (n=149) p-value
Thrombus detection over device 4 (6.6) 1 (1.4) 0 (0) 5 (3.4) 0.19

Leak at TEE follow-up 45 days 20 (32.8) 13 (18.3) 8 (47.1) 41 (27.5) 0.03

Significant peri-device leaka 0 (0) 1 (1.4) 0 (0) 1 (0.7) 0.58

Values are expressed as n (%). aPeri-device leak was considered significant if the colour Doppler jet width was >5 mm for all devices. ACP: AMPLATZER 
Cardiac Plug; TEE: transoesophageal echocardiography

Table 4. Characteristics of deceased patients.

Patient
Age 

(years)
Sex

CHA2DS2-
VASc score

HAS-BLED 
score

Device Cause of death
Time between procedure  

and death (months)
1 62 M 1 1 ACP Brain tumour 20

2 69 M 3 3 ACP Ischaemic stroke on warfarin 76

3 48 M 5 2 ACP Type A aortic dissection 65

4 81 M 4 2 WATCHMAN Acute renal failure 84

5 63 M 3 2 ACP Liver tumour 39

6 66 M 5 3 WATCHMAN Sudden collapse 22

7 83 F 8 4 WATCHMAN End-stage renal failure 17

8 65 M 6 4 ACP Pneumonia 24

9 76 M 4 4 WATCHMAN Necrotising fasciitis 16

10 68 M 5 4 LAmbre Pneumonia 4

11 80 M 5 3 LAmbre Haemorrhagic stroke 18

12 65 M 3 2 LAmbre Unknown cause 6

13 80 F 5 3 ACP Malignant duodenal obstruction 6

14 83 F 7 6 WATCHMAN Peritoneal dialysis peritonitis 1

15 84 M 5 4 Amulet Pneumonia 7

ACP: AMPLATZER Cardiac Plug
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CHADS2 scores, HAS-BLED scores, time horizons and LAAO 
costs. Therefore, LAAO could be considered a cost-effective option 
for stroke prophy laxis in Chinese patients with NVAF.

Limitations
The limitations of the study included a small sample size and 
being from a single centre. Nonetheless, this is the largest reported 
cohort of LAAO with the longest follow-up in Chinese patients 
with NVAF.

Conclusions
Percutaneous LAAO was a safe and effective treatment option 
for stroke prophylaxis in Chinese patients with NVAF. The 
WATCHMAN, ACP/Amulet and LAmbre LAAO devices were 
comparable in long-term safety and efficacy in stroke reduction 
and avoidance of major bleeding.

Impact on daily practice
The majority of published data concerning left atrial append-
age occlusion (LAAO) have come from Western populations. 
This article provides “real-world” long-term data of LAAO in 
a Chinese population. We demonstrated that LAAO with three 
different devices is a safe and effective treatment strategy for 
stroke prophylaxis in Chinese patients with non-valvular atrial 
fibrillation who are not candidates for oral anticoagulation 
therapy.
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