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Background: This study examined the safety and efficacy of different anticoagulation regimens in patients
with atrial fibrillation (AF) after left atrial appendage occlusion (LAAC) using the Watchman closure device.
Methods: AF patients who underwent LAAC using the Watchman closure device in the Department
of Cardiology, Jiangsu Taizhou People’s Hospital between March 2018 and November 2019 were
retrospectively enrolled in this study. Patients were divided into two groups according to different
postoperative anticoagulant regimens. One group was treated with anticoagulant therapy alone [oral
anticoagulant (OAC)/new OAC (NOAC) group] and the other was given NOACs combined with single
antiplatelet therapy (SPAT) (NOAC + SAPT group). The incidences of ischemic stroke/transient ischemic
attack (TTA), major bleeding events, all-cause mortality, and device-related thrombosis (DRT) were recorded.
Furthermore, multivariate regression was used to analyze the factors associated with the occurrence of early
DRT.

Results: A total of 160 patients, including 42 (51%) females, with a mean age of 69.13+6.14 years were
enrolled in this study. The mean CHA,DS,-VASc score was 3.66£1.11 and the mean HAS-BLED score was
4.16+0.82. During the postoperative follow-up period, there were no significant differences in the incidence
of ischemic stroke/TTA [hazard ratio (HR) =0.616; 95% confidence interval (CI): 0.056 to 6.818; P=0.693],
major bleeding events (HR =0.520; 95% CI: 0.047 to 5.764; P=0.594) nor all-cause mortality (HR =0.579;
95% CI: 0.052 to 6.394; P=0.656) between the two groups. However, the incidence of early DRT was higher
in the OAC/NOAC group compared to the NOAC + SAPT group [odds ratio (OR) =0.120; 95% CI: 0.015
to 0.984; P=0.048]. Multivariate regression confirmed that atrial blood stasis (OR =11.367; 95% CI: 1.394
to 92.687; P=0.023) and peri-device leak (OR =9.337; 95% CI: 1.623 to 53.727; P=0.012) were independent
predictors of early DRT.

Conclusions: Short-term NOAC + SAPT after LAAC did not significantly increase the incidence of major
bleeding events, ischemic stroke/TTA, nor all-cause mortality compared to OAC/NOAC therapy. Not only
was NOAC + SAPT therapy found to be safe and effective in short-term follow-up, but it also lowered the
risk of early DRT.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia, with
more than 33 million patients affected worldwide (1). AF
patients are at risk of thrombus and stroke, and the left atrial
appendage (LAA) is the most common site of thrombosis.
If untreated, AF patients have a 4-5 fold increased risk
of ischemic stroke in all age groups. Transesophageal
echocardiography (TEE) shows that atrial thrombus is
present in about 5-15% of AF patients, and 91% of these
thrombi are located in the LAA of patients with non-
rheumatic AF (2). As the population ages, the incidence
of AF continues to rise, accompanied by an increase in
stroke and thromboembolic events. The CHA,DS,-VASc
score is commonly used to assess the risk of a thrombotic
event in patients with AF. Although oral anticoagulants
(OACs) can be used for preventing stroke in patients
with a high CHA,DS,-VASc score, the long-term use of
OAC has the disadvantages of high bleeding risk, poor
patient compliance, and heavy economic burden. A large
proportion of patients are unable to adhere to anticoagulant
therapy for a long time, and some patients with high-
risk of bleeding are considered unsuitable for this therapy.
Recently, the novel LAA closure device was introduced to
prevent thromboembolisms in patients who are not suitable
for OAC therapy. The PREVAIL and PROTECT-AF trials
demonstrated that in patients with non-valvular AF (NVAF),
LAA occlusion (LAAC) was comparable to OAC for stroke
prevention. It was shown to be safe and effective and is
now an alternative for preventing stroke in such patients
(3-5). The 2016 European Society of Cardiology (ESC)
guidelines for the management of AF (6) and the 2019
American Heart Association (AHA)/American College of
Cardiology (ACC)/American Heart Rhythm Society (HRS)
guidelines for the management of AF (7) have now included
LAAC in the Class IIb recommendation for preventing
stroke in patients with NVAF who have contraindications
to long-term anticoagulation. Clinically, the Watchman
closure device (Boston, USA) is currently used to occlude
the LAA, and its efficacy has been verified (8). After LAAC,
anticoagulant drugs are still required for device-related
thrombosis (DRT) and potential stroke events. However, it
remains inconclusive as to which anticoagulation regimen
can minimize the incidence of DRT and stroke, while also
minimizing bleeding events.

The recommended anticoagulation regimen in the
PROTECT-AF (9) trial is warfarin and aspirin for 45 days,
followed by aspirin and clopidogrel up to 6 months, and
finally, lifelong use of aspirin. However, the anticoagulant
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effect of warfarin is vulnerable to drugs and food, and
patients treated with warfarin need to be frequently
monitored for their international normalized ratio (INR)
due to the high risk of bleeding and low compliance in
such patients. At present, non-vitamin K antagonist (non-
VKA) OACs [also known as new OACs (NOACs)] are
an alternative to VKAs in the prevention of stroke in AF
patients. Indeed, NOACs have gradually become the first-
choice treatment, especially for patients just beginning
anticoagulant therapy (10). Recently, NOACs combined
with single antiplatelet therapy (SAPT) was found to be safe
and effective for the treatment of thrombotic events (11)
and is used for the secondary prevention of cardiovascular
disease. A meta-analysis including 36 study groups and
4,474 patients after LAAC shows that for patients with
nonabsolute anticoagulant contraindications, anticoagulant
therapy rather than dual antiplatelet therapy (DAPT)
should be actively selected. NOACs displayed potential
for further development (12). However, there are few
studies on which anticoagulant drug is the optimal choice
after LAAC. Therefore, this current study evaluated the
safety and efficacy of different anticoagulants used after
LAAC by comparing two regimens, namely, anticoagulant
therapy alone (OAC/NOAC) and NOAC combined with
SPAT (NOAC + SAPT). This study aimed to provide a safe
and effective rehabilitation program for AF patients after
LAAC and to improve patient outcomes. We present the
following article in accordance with the STROBE reporting
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-21-3654/rc).

Methods
Study subjects

AF patients who underwent LAAC in the Department of
Cardiology, Jiangsu Taizhou People’s Hospital between
March 2018 and November 2019 were retrospectively
enrolled. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by ethics board of Taizhou People’s Hospital (No. KY
202008001) and informed consent was taken from all the
patients.

Patients were included if they satisfied the following: (I)
aged 18 years and older with NVAF; (II) had CHA,DS,-
VASc score >2; (III) could not tolerate anticoagulation for
a long period or had contraindications to anticoagulation;
and (IV) had indications for LAAC which was successfully
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performed using a Watchman closure device. The
device must be stable, as confirmed by a tug test, and be
successfully released, with a peri-device leak <5 mm after
release, and a compression ratio of 8-30%. The device is
positioned slightly distal to or just at the LAA ostium.

Patients were excluded if they presented with the
following: (I) valvular AF; (II) left atrial diameter >65 mmy;
(III) atrial thrombus detected by preoperative TEE or
cardiac computed tomography angiography (CCTA); (IV)
a history of stroke within 1 month; (V) pericardial effusion
or massive hemorrhage during surgery; or (VI) LAAC was
performed with a closure device other than the Watchman
closure device.

Postoperative treatment rvegimens

Postoperatively, patients were treated with anticoagulants
for 3 months, which included anticoagulant therapy alone
(OAC/NOAC) or NOAC combined with antiplatelet
medications (NOAC + SAPT). Specifically, the OAC/
NOAC therapy referred to warfarin (INR maintained
at 2-3), rivaroxaban (15 mg once a day), and dabigatran
(110 mg twice a day). The NOAC+SAPT therapy referred
to rivaroxaban (15 mg once a day) + aspirin (0.1 g once a
day)/clopidogrel (75 mg once a day), and dabigatran (110 mg
twice a day) + aspirin (0.1 g once a day)/clopidogrel
(75 mg once a day). TEE or CCTA was repeated 3 months
later. If there was no DRT and the peri-device leak was
<5 mm, these 2 regimens were changed to aspirin (0.1 g,
once a day) + clopidogrel (75 mg, once a day) for 3 months,
followed by aspirin (0.1 g, once a day) or clopidogrel
(75 mg, once a day) for life-long treatment.

The patients were divided into the OAC/NOAC
and NOAC + SAPT groups according to different
anticoagulation regimens in the first 3 months after surgery.
Their baseline data were recorded, including gender, age,
smoking history, type of AF, glomerular filtration rate
(GFR), hypertension, diabetes, history of previous stroke/
transient ischemic attack (TIA), coronary heart disease, left
ventricular ejection fraction (LVEF), AF stroke risk (assessed
using the CHA,DS,-VASc score) and bleeding risk (assessed
using the HAS-BLED score).

Postoperative follow-up

The median follow-up period was 14.5 months (interquartile
range, 9-21 months). During follow-up, the following
information of the study subjects was recorded: incidence of
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ischemic stroke/TTA, major bleeding events (13), all-cause
mortality, and early DRT (defined as blood clots attached to
the closure device on the left atrial side detected by TEE or
CCTA 3 months after LAAC).

Statistical analysis

All data were statistically analyzed using SPSS 24.0 software.
The measurement data conforming to normal distribution
was expressed as mean = standard deviation (SD), and the
comparison between the two groups was analyzed by #-test.
Enumeration data were expressed as n (%), and the chi-
square test was used for comparison between two groups.
A univariate Cox regression model was used for analyzing
the prognosis of different anticoagulant regimens, and
multivariate logistics regression was performed to determine
the factors influencing early DRT. A P value <0.05 was
considered statistically significant.

Results
Baseline data of patients

A total of 160 patients, including 42 (51%) females, with
a mean age of 69.13+6.14 years were enrolled in this
study. The mean CHA,DS,-VASc score was 3.66x1.11
and the mean HAS-BLED score was 4.16+0.82. Patients
received either OAC/NOAC regimen (n=82) or NOAC +
SAPT regimen (n=78) in the first 3 months after LAAC.
Specifically, warfarin was administrated in 27 cases (17%),
dabigatran in 28 cases (18%), rivaroxaban in 27 cases (17 %),
and dabigatran + SAPT in 39 cases (24%). As shown in
Table 1, there were no significant differences between the
two groups in terms of gender, age, smoking history, type of
AF, GFR, hypertension, diabetes, previous history of stroke/
TIA, coronary heart disease, LVEF, CHA,DS,-VASc, nor
HAS-BLED scores, indicating that the two groups were
comparable.

Effects of different anticoagulation regimens on the
incidence of postoperative adverse reactions

After 14.5 months of follow-up, the incidence of ischemic
stroke/TIA, major bleeding events, all-cause mortality,
and DRT was recorded. The annual incidence of ischemic
stroke/TTA, major bleeding, and all-cause mortality in
the OAC/NOAC group was 1.8%, 2.1%, and 1.9%,
respectively, while in the NOAC + SAPT group, it was
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Table 1 Baseline characteristic of the patients

Li et al. NOAC + SAPT therapy lowered the risk of early DRT after LAAC

Characteristics OAC/NOAC group (n=82) NOAC + SAPT group (n=78) P value
Gender, n [%)] 0.877
Male 40 [49] 39 [50]
Female 42 [51] 39 [50]
Age (year), mean + SD 68.55+6.40 69.44+6.74 0.241
Smoking, n [%] 24 [29] 16 [21] 0.137
Type of AF, n [%)] 0.158
PAF 35 [43] 42 [54]
CAF 47 [57] 36 [46]
GFR (mL/min), mean + SD 84.83+14.75 86.80+14.79 0.399
Hypertension, n [%] 44 [54] 43 [55] 0.489
Diabetes, n [%] 17 [21] 11 [14] 0.186
Previous stroke/TIA, n [%)] 12 [15] 16 [21] 0.221
Coronary heart disease, n [%] 43 [52] 33[42] 0.130
LVEF (%), mean + SD 64.34+6.92 63.59+5.34 0.437
CHA,DS,-VASc, mean = SD 3.60+1.14 3.72+1.09 0.497
HAS-BLED, mean + SD 4.11+0.90 4.21+0.73 0.464

OAC, oral anticoagulant; NOAC, new OAC; SAPT, single antiplatelet therapy; SD, standard deviation; AF, atrial fibrillation; PAF, paroxysmal
atrial fibrillation; CAF, chronic atrial fibrillation; GFR, glomerular filtration rate; TIA, transient ischemic attack; LVEF, left ventricular ejection

fraction.

1.1%, 1.1%, and 1.1%, respectively (1able 2). There were
no significant differences in the incidence of stroke/TIA
[hazard ratio (HR) =0.616; 95% confidence interval (CI):
0.056 to 6.818; P=0.693], major bleeding (HR =0.520; 95%
CI: 0.047 to 5.764; P=0.594), nor all-cause mortality (HR
=0.579; 95% CI: 0.052 to 6.394; P=0.656) between the two
groups.

All patients underwent at least one TEE or CCTA
examination during the follow-up period (Figure 14-1F).
During the first follow-up at 3 months after LAAC, a total
of 8 patients (5%) experienced DRT, and 2 of 8 patients
had early DRT with stroke. One patient with DRT was
found at the 12-month of follow-up. The incidence of
early DRT was 9.8% in the OAC/NOAC group, including
3 cases of warfarin, 3 cases of dabigatran, and 2 cases of
rivaroxaban. The incidence of early DRT was 1.3% in
the NOAC + SAPT group, including 1 case of dabigatran
+ SAPT and 0 case of rivaroxaban + SAPT. There was a
significant difference in the incidence of DRT between the
two treatment groups (HR =0.120; 95% CI: 0.012 to 0.984;
P=0.048; Table 2), suggesting that different anticoagulation
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regimens could affect the incidence of postoperative DRT.

Multivariate logistic vegression analysis of factors
influencing early DRT

A multivariate logistics regression model was used to
further analyze the risk factors affecting the occurrence of
early DRT. The results revealed no significant correlation
between the occurrence of early DRT and age, gender,
smoking history, hypertension, diabetes, coronary heart
disease, history of previous stroke/TIA, types of AF, nor
LVEEF. However, left atrial blood stasis [odds ratio (OR)
=11.367; 95% CI: 1.394 to 92.687; P=0.023] and peri-device
leak (OR =9.337; 95% CI: 1.623 to 53.727; P=0.012) were
significantly associated with the occurrence of early DRT
and may be independent predictors of early DRT (1able 3).

Discussion

AF occurs most frequently among sustained arrhythmias,
affecting more than 33 million patients worldwide (1).
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Table 2 Univariate regression analysis of the relationship between postoperative clinical adverse events and anticoagulation regimens
Endpoint events Total (n=160) OAC/I;lnoz/gCZJ)group NOAC ?niégr group HR 95% Cl P value
Ischemic stroke/TIA

Total patient-years 197 110 87

Number of events (patient-year) 3 2 1

Incidence of events (%) 1.5 1.8 1.1 0.616  0.056-6.818 0.693
Major bleeding events

Total patient-years 196 101 95

Number of events (patient-year) 3 2 1

Incidence of events (%) 15 2.0 11 0.520 0.047-5.764 0.594
All-cause mortality

Total patient-years 200 105 95

Number of events (patient-year) 3 2 1

Incidence of events (patient-year) 15 1.9 11 0.579 0.052-6.394 0.656
DRT 9 8 1 0.120 0.015-0.984 0.048*

*, P<0.05. OAC, oral anticoagulant; NOAC, new OAC; SAPT, single antiplatelet therapy; HR, hazard ratio; Cl, confidence interval; TIA,

transient ischemic attack; DRT, device-related thrombosis.

Thromboembolic events are well-known complications
of AF, especially in ischemic stroke. The risk of ischemic
stroke is 4-5 times higher in AF patients compared to
patients with sinus arrhythmias, but OACs can significantly
reduce the risk (14). Indeed, OAC therapy is recommended
for the prevention of thromboembolic events in NVAF
patients (15).

AF patients with contraindications to anticoagulants
have increased likelihood of bleeding. Conversely, it is not
recommended that patients at high risk of stroke stop their
anticoagulation therapy. LAAC is a device-based alternative
to OACs for preventing stroke in patients who are not
candidates for long-term OAC therapy. After LAAC, the
risk of thrombosis on the surface of the implanted device
is high, and thus, anticoagulant or antiplatelet therapy
is required until the epithelialization is finally achieved.
Such postoperative therapy can decrease the incidence of
adverse events in patients (16). However, the optimal type
of treatment and the optimal duration of therapy remains
unclear. Propensity-matched comparison in 2,812 NVAF
patients by Sendergaard et /. found that after LAAC
using the Watchman closure device, 92% of patients who
were treated with 45-day anticoagulant therapy (including
warfarin and NOAC + SAPT) had lower incidence of
DRT compared to patients treated with SAPT therapy.
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However, the incidence of bleeding events was similar
between the two groups (17). The Pioneer-AF PCI (18)
and AUGUSTUS (19) trials confirmed that patients with
AF and coronary heart disease who undergo percutaneous
coronary intervention have fewer adverse reactions after
6-12 months of NOAC + SAPT therapy. In addition,
another AUGUSTUS trial (19) showed that the risk of
bleeding in patients receiving apixaban + clopidogrel was
significantly lower than that patients who were administered
warfarin + aspirin. This suggested that the combination
regimen of “NOAC + SAPT” for anticoagulation
management after LAAC may be an effective alternative to
“warfarin + SAPT”. This current study compared OAC/
NOAC therapy with NOAC + SAPT regimen. There was
no significant difference between the two treatments in
the annual incidence rate of ischemic stroke/TIA, major
bleeding events, nor all-cause mortality after LAAC.
However, the incidence of early DRT was significantly
lower in the NOAC + SAPT group compared to the OAC/
NOAC group. Contrary to the AUGUTUS trial (19),
we found that NOAC + SAPT therapy achieved a lower
incidence of major bleeding events, and this may be related
to the shorter duration of combined anticoagulation in our
study. Collectively, LAAC followed by a 3-month NOAC
+ SAPT regimen was safe and effective in patients without
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Figure 1 CCTA images of patients with DRT. (A,B) Padents with complete endothelialization of the LAA closure device. (C,D) Patients
with thrombus attached to the closure device on the left atrial side, accompanied by with incomplete endothelialization of the device (leakage
of contrast agent across the fabric on the device surface). (E,F) Patients with thrombus attached to the closure device on the left atrial side,
accompanied by peri-device leak. CCTA, cardiac computed tomography angiography; DRT, device-related thrombosis; LAA, left atrial
appendage.

Table 3 Multivariate logistic regression analysis of factors influencing early DRT

Variables OR 95% Cl P value
Age 0.968 0.851-1.099 0.612
Gender 1.539 0.270-8.781 0.627
Smoking history 0.338 0.034-3.343 0.354
Hypertension 1.359 0.260-7.090 0.716
Diabetes 1.044 0.131-8.308 0.968
Coronary heart disease 4.793 0.686-33.480 0.114
Left atrial blood stasis 11.367 1.394-92.687 0.023*
Previous stroke/TIA 0.778 0.119-5.072 0.793
CAF 0.524 0.098-2.809 0.451
LVEF (%) 0.935 0.820-1.066 0.317
Peri-device leak 9.337 1.623-53.727 0.012*

*, P<0.05. DRT, device-related thrombosis; OR, odds ratio; Cl confidence interval; TIA, transient ischemic attack; CAF, chronic atrial
fibrillation; LVEF, left ventricular ejection fraction.
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contraindications to NOACs. However, future studies with
larger sample size and longer follow-up periods are still
warranted to confirm the clinical advantage of NOAC +
SAPT regimen compared to OAC alone.

Several meta-analyses have shown that the overall
incidence of DRT after LAAC with different closure devices
varies significantly, ranging from 1.7% to 7.2% (20-23). In
this study, the overall incidence of DRT was 5.6 %, with
a total of 9 cases. Eight of 9 cases were found at the first
follow-up at 3 months after LAAC. After the occurrence of
DRT, the time of anticoagulation therapy was prolonged
and8 of the 10 DRT cases resolved by 3—6 months, and the
other 2 patients remained on continuous anticoagulation.
Among the patients with early DRT, 2 experienced stroke
events.

There are many risk factors leading to DRT, including
smoking, advanced age, permanent AF, history of stroke
or TTA, vascular disease, platelet count, LVEF <40%,
LAA enlargement, history of LAA thrombus, and left
atrial spontaneous echo contrast (21,24-26). In this study,
multivariate logistic regression analysis confirmed that left
atrial blood stasis and peri-device leak were independent
predictors of early DRT. Left atrial blood stasis, also known
as left atrial spontaneous echo contrast, is characterized
by dynamic smoke-like echoes in the left atrium on TEE.
By contrast, left atrial blood stasis is characterized by
uneven filling of left atrial memory in the arterial phase on
CCTA, and homogeneous diffusion of contrast agent after
delayed scanning. Left atrial blood stasis is considered to
be a manifestation of prothrombosis and may lead to DRT.
Additionally, in patients with peri-device leak, the blood
will enter the LAA through the leak, resulting in disordered
blood flow within the LAA, delayed endothelialization,
and increased risk of DRT (27). For the above-mentioned
population with peri-device leak, intensive anticoagulation
and close follow-up are particularly important during early
endothelialization of the device. Whether DRT is associated
with an increased risk of stroke or systemic embolism
remains controversial. Dukkipati ez #/. demonstrated that
DRT, if present, was associated with the incidence of stroke
and systemic embolism after LAA occlusion using the
Watchman device (20). However, in the EWOLUTION
trial, the increased incidence of DRT did not increase the
incidence of ischemic stroke events (28). The current study
showed that the annual stroke rate of DRT patients (9.8%)
was significantly higher than that of non-DRT patients
(1.0%). However, the two groups could not be statistically
compared as the sample size was too small, and there was a
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difference in the baseline data between the two groups.

Conclusions

After LAAC, 3-month NOAC + SAPT therapy did not
increase the incidence of major bleeding events nor the
incidence of ischemic stroke/TIA and all-cause mortality
compared to 3-month OAC/NOAC therapy. Interestingly,
not only was NOAC + SAPT therapy safe and effective in
short-term follow-up, but it was also associated with a lower
risk of early DRT. This study is a single-center retrospective
study with a relatively small sample size and short follow-up
time, which is likely to cause some deviations in the results.
Therefore, longer-term follow-up studies with larger
patient cohorts and multi-center clinical trials are warranted
to further verify these conclusions.
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