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ABSTRACT　
 
BACKGROUND　  Tanscatheter left  atrial  appendage (LAA) closure and minimally invasive thoracoscopic LAA occlusion are
local interventions of LAA for stroke prevention in patients with nonvalvular atrial fibrillation (NVAF). However, the safety and
efficacy of these methods have not been compared. This prospective cohort study aimed to assess the safety and efficacy of those
two treatment approaches for stroke prevention in NVAF patients.
 
METHODS　 Two hundred and nine recurrent NVAF patients who received radiofrequency ablation were enrolled. These pa-
tients were treated with transcatheter LAA closure or thoracoscopic LAA occlusion. The patients were followed up from the first
postoperative  day  and  evaluated  for  efficacy  endpoints  (stroke/transient  ischemic  attack  (TIA),  systemic  embolism  (SE),  and
death) and a safety endpoint (bleeding events). Perioperative complications were recorded.
 
RESULTS　After a median follow-up of 1.8 years (383 patient-years), the overall rate of the composite efficacy endpoints was similar
between the two groups (3.8 vs. 2.7 events per 100 patient-years; HR = 0.71; 95% CI: 0.225−2.237; P = 0.559). However, regarding
primary safety endpoint,  there were 1.5 bleeding events per 100 patient-years in the thoracoscopic LAA occlusion group, com-
pared with 6.4 in transcatheter LAA closure group (HR = 0.246; 95% CI: 0.074−0.819; P = 0.022). The incidence of operative com-
plications was 3/138 (2.17%) in thoracoscopic LAA occlusion group and 1/71 (1.41%) in transcatheter LAA closure group.
 
CONCLUSIONS　  Thoracoscopic  LAA occlusion  and transcatheter  LAA closure  have  similar  efficacy  in  preventing  stroke  in
NVAF patients. However, the thoracoscopic group had fewer bleeding events than the transcatheter group, but the former group
required a longer hospital stay.

 

 

T he left atrial appendage (LAA) is the most
likely site of thrombosis in patients with
nonvalvular atrial fibrillation (NVAF),[1−3]

and left atrial thrombus is the main cause of stroke
which can reduce survival and increase risk of seri-
ous disability.[4] Therefore, thrombus formation
within the LAA is a crucial component of stroke

prophylaxis. Both thoracoscopic LAA occlusion and
transcatheter LAA closure are local interventions to
the LAA for stroke prevention in NVAF patients.

Currently, several clinical trials have demon-
strated that transcatheter LAA closure is not inferior
to warfarin in stroke prevention.[5,6] However, the
transcatheter LAA closure has several limitations
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such as additional risk of thrombosis (device-related
thrombi and residual peri-device flow), higher in-
cidence of bleeding events due to combined antith-
rombotic therapy after the device implantation.[7,8]

Thoracoscopic LAA occlusion does not have these
drawbacks (device implantation and long-term anti-
thrombotic therapy), but there is a lack of strong
prospective evidence internally in the comparison
between thoracoscopic LAA occlusion and tran-
scatheter LAA closure. 

Methods
 

Study Patients

From 2014/3/1 to 2018/4/30, patients with re-
current NVAF were enrolled continuously from
Beijing Anzhen Hospital. The inclusion criteria was
as follows: age ≥ 18 years; recurrent atrial fibrilla-
tion after radiofrequency ablation and treatment
with LAA intervention; and CHADS2 score (con-
gestive heart failure, hypertension, age ≥ 75 years,
diabetes mellitus, stroke) ≥ 2. The exclusion criteria
was as follows: need for anticoagulation therapy;
concomitant disease affecting the valves and coron-
ary arteries; condition leading to a need for long-
term antiplatelet therapy, such as coronary heart
disease and peripheral vascular disease; condition
leading to a high risk of thrombosis, including con-
genital heart disease, mechanical cardiac valve re-
pair, thrombosis in the aorta and intracardiac or
neurological symptoms of carotid artery disease;
contraindication to aspirin, clopidogrel or warfarin
and so on. According to the inclusion and exclu-
sion criteria, 228 patients treated with local LAA in-
terventions for stroke prevention were enrolled. In
total, 19 were lost to follow-up, and 209 patients
were finally eventually enrolled. Of these, 71 and
138 patients were treated with transcatheter LAA
closure and thoracoscopic LAA occlusion respect-
ively. Neurological examinations were performed
during follow-up. Repeated head CT or MRI was
performed for patients previously diagnosed with
stroke and considered as baseline before follow-up. 

Study Procedures

In the thoracoscopic LAA occlusion group, the at-
rial appendages were sutured with a modern sta-

pler (Johnson & Johnson EZ-45G) using two lines of
staples. The sutured border was close to the border
area of the left atrial appendage entrance to pre-
vent the occurrence of a stump (prone to thrombosis).
Warfarin was administered according to the pa-
tients’ INR (international normalized ratio) for three
months postoperatively. Transesophageal echocar-
diography (TEE) was performed at the third/12th

month, if the LAA was completely occluded or the
residual width was less than 1 cm, warfarin was
discontinued, otherwise warfarin treatment was
continued. Antiplatelet and anticoagulant drugs
were not used after warfarin was discontinued.

The WATCHMAN device is a self-expanding nickel
titanium (nitinol) frame structure with fixation
barbs and a permeable polyester fabric cover. It is
implanted via a transseptal approach using of a
catheter-based delivery system to seal the ostium of
the LAA and implanted under fluoroscopy or TEE
guidance.[9] Warfarin and aspirin (100 mg) were ad-
ministered during the first 45 days. TEE examina-
tion was performed 45 days/6 months/12 months,
and the eligibility criteria of TEE examination in-
clude: the width of residual efflux around the device
less than 5 mm and there was no device-related
thrombus. Clopidogrel (75 mg) replaced warfarin
until the 6th month after the transcatheter therapy, if
the TEE results met the standard 45 days after the
surgery. Otherwise, the medication regimen was
not changed, after which only aspirin was contin-
ued. If the TEE didn’t get eligibility criteria, the pa-
tients need to continue taking warfarin until TEE is
satisfactory. 

Follow-up and Data Collection

Patients were followed up by telephone or at the
outpatient clinic at 1 week/45 days/3 months/6
months/12 months/twice annually after one year,
and the relevant events were recorded. Neurologic
examinations were performed 12 months/once an-
nually after one year. Detailed neurological examin-
ation were required when patients developed neur-
ological symptoms.

This study had four endpoints. The first efficacy
endpoint was a composite endpoint for stroke/SE
and death. The second late efficacy endpoint was
the composite endpoint for events from the 3rd

month after surgery to the end of follow-up. The
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BARC (Bleeding Academic Research Consortium)
standard (record at least grade 2 or above) was
mainly used to assess the safety endpoints. Bleed-
ing events mainly included operation-related (peri-
cardial effusion/hematoma of the chest wall/bleed-
ing from the suture incision of the left auricle) and
drug-related (gastrointestinal bleeding/nasal bleed-
ing/intracranial storage bleeding/hematuria/other
types of bleeding requiring transfusion) events. Op-
eration-related stroke was an efficacy end point, not
a safety endpoint. The fourth endpoint was the dif-
ference in complications between the two groups.
The follow-up of each patient lasted until the end-
point/death or the end of follow-up, whichever
came first. Patients lost follow-up were not in-
cluded in the statistical analysis. 

Statistical Analysis

Continuous variables of distribution and categor-
ical variables were expressed as mean ± SD, medi-
an/quartile and counts (percentages), respectively.
The differences were quantified through independ-
ent t-test, rank sum test and chi-square test, respect-
ively. The incidence of events was expressed in
terms of the number of incidents per 100 patient-
years. Kaplan-Meier method was used for graphical
evaluation of time-related events and evaluated by
Log-rank tests. All analyses were performed with
reference to the intervention group. Statistical signi-
ficance was set as P ≤ 0.05. SPSS software for Win-
dows (version 22.0, SPSS Inc., Chicago, Illinois) was
used for statistical analyses. 

RESULTS
 

Baseline Characteristics

A total of 209 NVAF patients were enrolled in
this study (Table 1). Thoracoscopic LAA occlusion
group and transcatheter LAA closure group have
138 and 71 patients, respectively. The length of hos-
pital stay in thoracoscopic LAA occlusion group
was significantly longer than that in transcatheter
LAA closure group (4.0 (3.0, 4.0) vs. 7.0 (4.0, 7.0), P
< 0.001). There were no significant differences
between the two groups (including age, BMI, sex,
type of nonvalvular atrial fibrillation, CHADS2
score, CHA2DS2-VASc score and HAS-BLED
score). 

The First Primary Efficacy Endpoint

The two groups had similar results regarding the
efficacy endpoints (3.8 vs. 2.7 events per 100 patient-
years, HR = 0.71, 95% CI: 0.225−0.237, P = 0.559)
(Table 2). The incidence of TIA/stroke was 1.9/3.1
in the resection and intervention groups (HR =
0.633, 95% CI: 0.170−0.59, P = 0.496). The Kaplan-
Meier survival curves were not significantly
between the two groups (Figure 1A). The late effic-
acy end points remained unchanged between the
two groups from three months after treatment to
the end of follow-up (Table 3). Kaplan-Meier curve
survival analysis also show no significance differ-
ence between groups (Figure 1B). 

Safety Endpoint

The first primary safety endpoint, risk scores and
bleeding events are shown in Table 1 and 4. The in-
cidence of bleeding in the resection group was
lower than that in the intervention group. The dif-
ference was statistically significant. The incidence of
gastrointestinal bleeding was similar. The Kaplan-
Meier curve survival analysis is shown in Figure 1C.
For the late primary safety endpoint, bleeding
events beyond 45 days post-operation were differed
in the resection group and the intervention group
(listed in Table 5). Kaplan-Meier curve survival ana-
lysis showed no significant difference between
groups, beyond 45 days post-operation (Figure 1D). 

Complications

Three complications (3/138, 2.17%) occurred in
the thoracoscopic group, including perioperative
cerebral embolism, pericardial effusion, and bleed-
ing from the chest wall incision, which was 1/71
(1.41%) in the transcatheter group, including peri-
cardial effusion developing in one case. Surgery-re-
lated cerebral embolism was included as part of the
first primary efficacy endpoint. Pericardial effusion
was included as part of the first primary safety end-
point for both groups, while the chest wall wound
bleeding of the surgery group was excluded, be-
cause the amount of bleeding is very small. 

DISCUSSION

At present, transcatheter LAA closure is con-
sidered as an alternative to oral anticoagulation for
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Table 1    Baseline characteristics of the study population.

Transcatheter LAA closure (n = 71) Thoracoscopic LAA occlusion (n = 138) P
Age, yrs 69.1 ± 10.9 69.4 ± 9.7 0.843

BMI, kg/m2 26.0 ± 5.4 26.5 ± 5.2 0.516

Sex 0.655

　Male 21 (29.6%) 45 (32.6%)

　Female 50 (70.4%) 93 (67.5%)

Type of nonvalvular atrial fibrillation 0.926

　Paroxysmal 10 (14.1%) 17 (12.3%)

　Persistent 27 (38.0%) 55 (39.9%)

　Permanent 34 (47.9%) 66 (47.8%)

Risk factors for stroke

　Age > 65 yrs 24 (33.8%) 53 (38.4%) 0.514

　Chronic heart failure 5 (7.0%) 10 (7.2%) 0.505

　Hypertension 53 (74.6%) 98 (71.0%) 0.578

　Diabetes mellitus 22 (31.0%) 49 (35.5%) 0.957

　Previous stroke/TIA 52 (73.2%) 100 (72.5%) 0.905

　CHADS2 score (continuous) 3.1 ± 1.0 3.0 ± 0.9 0.387

CHADS2 score (categorical) 0.607

　2 26 (36.6%) 56 (40.6%)

　3 21 (29.6%) 40 (29.0%)

　4 17 (23.9%) 35 (25.4%)

　5 7 (9.9%) 7 (5.1%)

CHA2DS2-VASc score (continuous) 4.2 ± 1.2 4.1 ± 1.4 0.647

CHA2DS2-VASc score (categorical) 0.402

　1 0 0

　2 6 (8.5%) 23 (16.7%)

　3 13 (18.3%) 18 (13.0%)

　4 25 (35.2%) 44 (31.9%)

　5 15 (21.1%) 31 (22.5%)

　6 11 (15.5%) 16 (11.6%)

　7 1 (1.4%) 6 (4.3%)

HAS-BLED score (continuous) 2.7 ± 1.0 2.7 ± 1.0 0.969

HAS-BLED score (categorical) 0.83

　1 9 (12.7%) 16 (11.6%)

　2 20 (28.2%) 40 (29.0%)

　3 26 (36.6%) 54 (39.1%)

　4 16 (22.5%) 26 (18.8%)

　5 0 2 (1.4%)

Hospital stay, day 4.0 (3.0, 4.0) 7.0 (4.0, 7.0) <0.001

Data are presented as mean ± SD or n (%). BMI: body mass index; CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75
years, diabetes mellitus, stroke/transient ischemic attack, vascular disease, age 65–74 years, sex category; HAS-BLED: hypertension,
abnormal liver and kidney function, stroke, bleeding, international normalized ratio instability, age ≥ 65 years, medication and alcohol;
LAA: left atria appendage; TIA: transient ischemic attack.
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prevention of stroke or bleeding in patients with
AF. Although this approach avoids the bleeding
risk associated with long-term oral anticoagula-
tion,[10,11] the PROTECT AF/PROVAIL studies only
proved that it is not inferior to warfarin in prevent-
ing stroke and bleeding events.[12,13] The high rate of

residual peri-implant flow and implant-related
thrombi greatly affect prognosis. In the PROTECT
AF[12] and ASAP[14] studies, the risk of device-related
thrombi were 4.2% and 4.0%, respectively. Viles-
Gonzalez, et al.[15] observed that approximately 1/3
of the patients with WATCHMAN implantation

 

Table 2    Primary efficacy results.

Transcatheter LAA closure (n = 71) Thoracoscopic LAA occlusion (n = 138)
HR (thoracoscopic

group/transcatheter
group)

95% CI PEvents/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)

Events/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)
Primary efficacy 5/130.0 3.8 (1.6−9.2) 7/259.5 2.7 (1.3−5.7) 0.71 0.225−2.237 0.559

Stroke/TIA 4/130.0 3.1 (1.2−8.2) 5/261.2 1.9 (0.8−4.6) 0.633 0.170−2.359 0.496

Systemic embolism 0/135.3 0 1/264.6 0.4 (0.1−2.7) − − −
All-cause mortality 1/ 135.3 0.7 (0.1−5.2) 1/ 266.4 0.4 (0.1−2.7) 0.505 0.031−8.066 0.629

HR: hazard ratio; LAA: left atria appendage; TIA: transient ischemic attack.

 

Figure 1    Kaplan-Meier curve survival. (A): The first primary efficacy endpoint; (B): the late efficacy endpoint; (C): the first primary
safety endpoint; and (D): late primary safety endpoint.
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had peri-device flow, and stroke or TIA events in-
creased in patients with residual shunts > 5 mm.
Implantation of foreign substances in the heart in-
creases the inherent risk of thrombosis. Therefore,
antithrombotic therapy is necessary until endocar-
dialization of the device is complete. The process of
endocardialization is associated with increased
bleeding risk. In the ROCKET AF study,[16−18] more
than half of bleeding events occurred the first 45
days combined antithrombotic period. Thoraco-
scopic LAA occlusion does not present these troubles.

Thoracoscopic LAA occlusion has the following
advantages: first, additional risk of thrombosis is
avoidable with no foreign materials implantation.
Second, it does not have an endothelization of the
implant that does not require antithrombotic ther-
apy. There are many thoracoscopic procedures to
remove the LAA in the world. The two lines of
staples used in this study were used to close the at-
rial appendages, which had an advantage over
single-layer sutures in resilience to pneumatic pres-
sure. The sutured border is close to the border area

 

Table 3    The late primary efficacy from three months after procedure to the end of follow-up.

Transcatheter LAA closure (n = 69) Thoracoscopic LAA occlusion (n = 136)
HR (thoracoscopic

group/transcatheter
group)

95% CI PEvents/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)

Events/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)
Late primary efficacy 3/129.7 2.3 (0.7−7.2) 5/259.4 1.9 (0.8−4.6) 0.837 0.200−3.502 0.807

Stroke/TIA 2/129.7 1.5 (0.4−6.2) 3/261.2 1.1 (0.4−3.6) 0.748 0.125−4.475 0.75

Systemic embolism 0/131.8 0 1/262.6 0.4 (0.1−2.7) − − −
All-cause mortality 1/131.8 0.8 (0.1−5.4) 1/264.3 0.4 (0.1−2.7) 0.489 0.031−7.810 0.612

HR: hazard ratio; LAA: left atria appendage; TIA: transient ischemic attack.

 

Table 4    Primary safety results.

Transcatheter LAA closure (n = 71) Thoracoscopic LAA occlusion (n = 138)
HR (thoracoscopic

group/transcatheter
group)

95% CI PEvents/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)

Events/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)
Total hemorrhage events 8/124.2 6.4 (3.2−12.9) 4/258.9 1.5 (0.6−4.1) 0.246 0.074−0.819 0.022

Digestive tract hemorrhage 4/129.6 3.1 (1.2−8.2) 2/263.6 0.8 (0.2−3.0) 0.252 0.046− 1.374 0.111

Hematuria 1/134.3 0.7 (0.1−5.3) 0/266.4 0 − − −
Intracranial hemorrhage 1/134.5 0.7 (0.1−5.3) 0/266.4 0 − − −
Nasal bleeding 1/132.5 0.8 (0.1−5.4) 1/ 265.3 0.4 (0.1−2.7) 0.5 0.031−8.003 0.625

Surgery-related bleeding 1/134.7 0.7 (0.1−5.3) 1/262.7 0.4 (0.1−2.7) 0.516 0.032− 8.255 0.64

HR: hazard ratio; LAA: left atria appendage.

 

Table 5    Bleeding events beyond 45 days post-operation to the end of follow-up.

Transcatheter LAA closure (n = 67) Thoracoscopic LAA occlusion(n = 136)
HR (thoracoscopic

group/transcatheter
group)

95% CI PEvents/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)

Events/
patient-years

Observed rate:
events per 100
patient-years

(95% CI)
Total hemorrhage events 4/124.0 3.2 (1.2−8.6) 2/258.8 0.8 (0.2−3.1) 0.246 0.074−0.819 0.022

Digestive tract hemorrhage 2/127.9 1.6 (0.4−6.3) 1/259.9 0.4 (0.1−2.7) 0.252 0.046−1.374 0.111

Hematuria 0/130.0 0 0/262.1 0 − − −
Intracranial hemorrhage 1/127.2 0.8 (0.1−5.5) 0/262.1 0 − − −
Nasal bleeding 1/132.5 0.8 (0.1−5.6) 1/261.0 0.4 (0.1−2.7) 0.5 0.031−78.003 0.625

HR: hazard ratio; LAA: left atria appendage.
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of the LAA entrance to prevent the occurrence of
the stump (prone to thrombosis). In thoracoscopic
resection, the accurate location of suture is the most
critical and even the prognostic factor. The effect of
stapler in this experiment is similar to that of Oht-
suka’s study.[19] The complete closure of the LAA is
an important prognostic factor, so we ensured that
LAA resection was performed by an experienced
cardiovascular surgeon. It is reported that our unit
leads the Asia-Pacific region in the number of oper-
ations in this field. 

Efficacy of Transcatheter LAA Closure and
Thoracoscopic LAA Occlusion

The first primary efficacy endpoint and the late
primary efficacy endpoint have no significant dif-
ference between the two groups. This may contra-
dict our hypothesis (additional risk of thrombosis
after the device implantation). The subgroup ana-
lysis of the PROTECT-AF showed that the occur-
rence of thrombus events in the LAA closure group
was independent of residual peri-implant flow.[15]

Similarly, residual peri-implant flow (11.6%) and
implant-related thrombi (4.6%) of patients with
ACP treated were observed, but these did not cause
stroke or TIA.[20] In our study, the incidence of re-
sidual peri-device flow (up to 7.04% at the first day,
5.63% at 45 days, 4.23% at 12 months) and device-
related thrombi (up to 4.23%) was significantly re-
duced. Ischemic stroke occurred in only one patient
with the peri-device flow or device-related thrombi,
which higher than the patients without peri-device
flow (20% vs. 6.06%). Interestingly, three patients
were found to have left atrial thrombosis during fol-
low-up and one of whom developed a stroke.

The success rate of thoracoscopic LAA occlusion
was 80.43% (111/138, LAA stump < 1 cm). Twelve
patients chose to continue warfarin anticoagulation
and 15 refused to use warfarin in exchange for as-
pirin among 27 (19.57%) patients who had residual
stumps. During the follow-up, stroke or SE events
and death occurred in 3 of the 27 patients with re-
sidual stumps significantly higher than 4 of 111
(11.11% vs. 3.60%) patients with complete resection,
which was also consistent with the increased incid-
ence of previous unsuccessful thoracoscopic resec-
tion of embolism events.[21] It is worth noting that
the efficacy of thoracoscopic resection was signific-

antly better than that of transcatheter closure in all
patients with successful LAA closure (significant re-
sidual leaks in 3.7% vs. 6.1%). 

Safety of Transcatheter LAA Closure and Thora-
coscopic LAA Occlusion

The higher incidence of bleeding events due to
combined antithrombotic therapy after the device
implantation were remarkable. During the follow-
up, one patient in the transcatheter closure group
had to stop warfarin because of perioperative bleed-
ing. Three patients had to discontinue due to bleed-
ing during the first 45 days warfarin combined with
aspirin therapy. These bleeding events account for
50.0% of all bleeding. In thoracoscopic resection
group, one patient stopped warfarin because of
perioperative bleeding, two patients had to discon-
tinue due to bleeding during the first three months
warfarin therapy, accounting for 75.0% of all bleed-
ing. The above data confirmed that the control of
hemorrhage was crucial, especially during shorten-
warfarin application, both in internal medicine and
surgery. Fortunately, the short-term or even no anti-
coagulation after transcatheter LAA closure were
used by many institutions, and real-world studies
suggest that the safety and efficacy are comparable
to that of long-term oral anticoagulation.[22−24] With
the improvement of postoperative anticoagulation,
the incidence of bleeding events in patients with
transcatheter LAA closure should be further re-
duced. 

Complications, Hospital Stays, the Success Rate
of LAA Intervention

Thoracoscopic and transcatheter LAA local treat-
ments have their own unique complications. The
complications of thoracoscopic group during the
first week was significantly higher than transcathet-
er group. The length of hospital stay in surgery was
significantly longer than that in internal medicine.
The success rate of transcatheter LAA closure is sig-
nificantly higher than thoracoscopic LAA occlusion.

Finally, with the further exploration of the local
treatment of left atrial appendage, cooperation
between internal medicine and surgery is expected. 

LIMITATIONS

Some limitations and strengths of the present
study have to be acknowledged. First, this study

RESEARCH ARTICLE JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 883



was only a single-center study, which might weak-
en the statistical power of the conclusions. Second,
the type of local treatment to the LAA was chosen
at the discretion of the patient with a full explana-
tion from the physician. Therefore, the results may
need to be confirmed. 

CONCLUSIONS
On the premise of similar effects in preventing

stroke, Thoracoscopic LAA occlusion has the ad-
vantage of low risk of bleeding, but it is accompan-
ied by long hospital stay. There is still plenty of
room to explore for local treatment of left atrial ap-
pendage. 
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