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Abstract

IMPORTANCE The optimal strategy of combining left atrial appendage occlusion (LAAO) with
catheter ablation (CA) in patients with atrial fibrillation (AF) during a single procedure
remains unclear.

OBJECTIVE To determine the effects of ablation-first vs occlusion-first strategies on long-term
clinical outcomes among patients with atrial fibrillation undergoing a combined LAAO and CA
procedure.

DESIGN, SETTING, AND PARTICIPANTS The prospective, multicenter COMBINATION randomized
clinical trial was conducted in 14 high-volume centers in China. Enrollment of patients with
nonvalvular AF referred for the combined procedure began on July 24, 2020, and concluded on
January 20, 2022.

INTERVENTIONS Patients were randomly assigned to either the ablation-first group or the
occlusion-first group. Outcomes of LAAO using an occlusion device and CA using a contact force–
sensing catheter following different combination strategies during long-term follow-up were
evaluated.

MAIN OUTCOMES AND MEASURES The primary end point was a composite of thromboembolic
events including stroke or transient ischemic attack, device-related thrombus (DRT), clinically
relevant bleeding, and cardiovascular rehospitalization or death. Freedom from AF or atrial
tachyarrhythmia (ATA) after a single procedure without antiarrhythmic drugs, at both 1 year and
long-term follow-up, was also evaluated.

RESULTS Of the 202 patients enrolled, 194 (96.0%) completed the trial (97 in the ablation-first
group and 97 in the occlusion-first group). The mean (SD) age of the cohort was 67.3 (9.2) years, and
110 patients (56.7%) were male. All procedures achieved acute successful LAAO and restoration of
sinus rhythm, with similar incidences of periprocedural complications. Compared with the ablation-
first group, the occlusion-first group exhibited significantly higher event-free survival of the primary
end point (83.5% vs 71.1%; hazard ratio [HR], 0.53 [95% CI, 0.29-0.95]; log-rank P = .04) during the
median 2.5 (IQR, 2.3-2.8) years of follow-up. Subgroup analysis indicated that male patients and
those with higher CHA2DS2-VASc scores (a composite of factors associated with stroke risk; higher
scores indicate higher risk) were at lower risk of thromboembolic events. Rates of long-term freedom
from AF (77.3% vs 63.5%; HR, 0.58 [95% CI, 0.34-0.97]; log-rank P = .04) and from ATA (70.1% vs
55.7%; HR, 0.62 [95% CI, 0.39-0.99]; log-rank P = .04) were higher in the occlusion-first group vs
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Abstract (continued)

the ablation-first group. Additionally, a higher incidence of chronic peridevice leak (15 [15.5%] vs 5
[5.2%]; P = .03) and DRT (8 [8.2%] vs 1 [1.0%]; P = .04) was observed in the ablation-first group vs
the occlusion-first group.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, the occlusion-first approach was
superior due to its higher event-free survival of the primary end point and long-term freedom from
ATA. These findings suggest that the occlusion-first approach should be recommended for combined
procedures with plug-like device implantation.

TRIAL REGISTRATION Chinese Clinical Trial Registry Identifier: ChiCTR2000031486

JAMA Network Open. 2024;7(11):e2445084. doi:10.1001/jamanetworkopen.2024.45084

Introduction

The combination of catheter ablation (CA) with left atrial appendage occlusion (LAAO) in a single
procedure to treat atrial fibrillation (AF) offers improved symptom control and stroke prevention.1-3

The long-term efficacy and safety of the combined approach have been previously established.4,5

However, newly identified peridevice leaks (PDLs) have been noted during follow-up, particularly in
cases involving plug-like occlusion devices.5,6 The occlusion-first strategy may reduce PDL
occurrence, but its superiority over the ablation-first strategy remains unproven. Long-term clinical
outcomes also require investigation.1 This study aimed to determine of the effects of ablation-first vs
occlusion-first strategies on long-term clinical outcomes among patients with AF undergoing a
combined LAAO and CA procedure.

Methods

Trial Design and Setting
Strategy Optimization for the Combined Procedure of Left Atrial Appendage Occlusion and Catheter
Ablation in Patients With Atrial Fibrillation (COMBINATION) was an investigator-initiated,
multicenter, prospective, open-label, nonblinded randomized clinical trial conducted at 14 high-
volume centers in China. Patient enrollment began on July 24, 2020, and concluded on January 20,
2022. Eligible patients were randomized (1:1) to either the ablation-first group or the occlusion-first
group. The trial protocol complied with the Declaration of Helsinki7 and is presented in Supplement 1.
The trial was approved by the principal ethics committee at the First Affiliated Hospital of Ningbo
University and by the local ethics committees at participating centers. All participants provided
written informed consent. The study followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

Eligibility Criteria
Patients with nonvalvular AF and high thromboembolic risk, bleeding risk, or both were eligible for
inclusion. The main inclusion criteria were as follows: age older than 18 years, symptomatic AF
refractory to at least 1 antiarrhythmic agent, and meeting at least 1 of the following indications for
LAAO: (1) CHA2DS2-VASc (congestive heart failure, hypertension, age 65 [doubled �75] years,
diabetes, prior thromboembolism [doubled], vascular disease, female sex) score of 3 or greater
(higher scores indicate higher stroke risk) with a HAS-BLED (hypertension, kidney or liver disease,
stroke history, prior bleeding, unstable international normalized ratio, older age [>65 years], and drug
or alcohol use) score of 3 or greater (higher scores indicate higher stroke risk); (2) history of
thromboembolic events, including ischemic stroke or transient ischemic attack (TIA), even while
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receiving anticoagulation; (3) intolerance to chronic anticoagulation; and (4) preference for
concomitant LAAO as an alternative to long-term anticoagulation despite adequate information.3,8

Patients with intolerance to short-term (�3 months) anticoagulation due to major bleeding or other
contraindications were excluded. Key exclusion criteria included the presence of a thrombus in the
left atrial appendage (LAA) or left atrium (LA), an LA diameter of 55 mm or greater, a maximum
ostium diameter of the LAA of greater than 30 mm, or insufficient working depth for occlusion device
implantation detected by preprocedure transesophageal echocardiography (TEE) or cardiac
computed tomography angiography (CCTA).

Combined Procedure
The absence of thrombus in the LAA or LA was confirmed with TEE within 48 hours before the
procedure. Procedures were performed under local anesthesia and deep sedation. Intravenous
heparin was given after femoral venous access to maintain an intraprocedural activated clotting time
of 250 to 350 seconds.

Atrial fibrillation ablations were guided by a 3-dimensional electroanatomic mapping system
(CARTO, version 7; Biosense Webster) using an open irrigated-tip contact force–sensing catheter
(Thermocool SmartTouch; Biosense Webster). Pulmonary vein isolation (PVI) plus non–pulmonary
vein trigger elimination was achieved in patients with paroxysmal AF (PAF). Additional ablations,
including linear ablations, substrate modification, or ethanol infusion into the vein of Marshall, were
performed in patients without PAF. The CLOSE protocol (which aims to enclose the pulmonary vein
with contiguous and optimized radiofrequency lesions by targeting an interlesion distance �6 mm
and an ablation index �400 at the posterior wall and �550 at the anterior wall) during the
quantitative ablation was followed.9 Restoration of sinus rhythm was achieved by either ablation or
electric cardioversion.

LAAO with an occlusion device (Watchman 2.5; Boston Scientific) was performed under TEE
and fluoroscopy guidance. The ostial diameter and depth were measured once a mean left atrial
pressure greater than 10 mm Hg was confirmed. The sizing was performed after the ablation in the
ablation-first group, and upsizing 1 additional postablation was recommended when considering the
potential effect of the edematous ridge on the device sizing. When deploying an occlusion device,
the PASS criteria (position, anchor, size, and seal)8 should be met. A tugging test confirmed the
device stability, and the sealing effect was evaluated with TEE, angiography, or both. Partial or
complete recapture and redeployment could be performed if the positioning was not satisfactory
before release.

In the ablation-first group, LAAO was performed immediately after the ablation. One of the 2
supporting sheaths for ablation could be switched to the delivery sheath for LAAO.

In the occlusion-first group, AF ablation following LAAO was performed without a second
transseptal puncture. A multipolar mapping catheter (Pentaray; Biosense Webster) was introduced
through the delivery sheath with an 8F short access sheath inserted into the proximal end of the
delivery sheath to prevent back bleeding or air entrapment. Then the ablation catheter could be
cautiously advanced through the passage created by the delivery sheath after its retraction back to
the right atrium.

All patients routinely underwent transthoracic echocardiography within 48 hours before the
procedure and within 24 hours after the procedure. Newly detected pericardial effusion (PE) or
procedure-related PE was defined as (1) the presence of newly developed PE compared with
preoperative echocardiographic findings or (2) a substantial increase in PE postoperatively. For
patients who had a maximum PE exceeding 2 cm during or after the procedure or for who exhibited
signs of cardiac tamponade, pericardiocentesis with catheter drainage was performed. If ineffective,
surgical intervention was considered.
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Postprocedural Antithromboembolic Treatment and Follow-Up
Patients were prescribed an oral anticoagulant for at least 3 months following the combined
procedure. Subsequently, a 3-month dual antiplatelet therapy regimen consisting of aspirin (100 mg
once daily) plus clopidogrel (75 mg once daily) was initiated if TEE or CCTA confirmed a satisfactory
LAA occlusion at 6 to 8 weeks post procedure. Satisfactory occlusion was defined as full coverage of
the LAA ostium with a PDL measuring less than 5 mm.10 Further TEE or CCTA assessments were
recommended at a 6-month interval if any PDL was documented. Chronic PDL was defined as
unresolved leakage from implantation to reassessment. Patients without documented device-
related thrombus (DRT) or chronic PDL of 5 mm or greater were prescribed lifelong aspirin or
clopidogrel.1,8

For postprocedural arrhythmia assessment, Holter monitor recordings were obtained at 3, 6,
and 12 months, followed by a 6-month interval recommendation. Antiarrhythmic agents were
discontinued after the 3-month blanking period.3 Recurrence of AF or atrial tachyarrhythmia (ATA)
(including AF, atrial tachycardia, or both) was defined as any documented arrhythmia lasting longer
than 30 seconds after the blanking period without antiarrhythmic agents.3

Study Outcomes
Outcomes at 1 year and long-term follow-up were analyzed. The primary end point was defined at the
time of data analysis, and it was a composite of the following: (1) thromboembolic events including
stroke or TIA, (2) DRT, (3) clinically significant bleeding, and (4) cardiovascular death or
rehospitalization. Clinically significant bleeding encompassed major bleeding as per the International
Society on Thrombosis and Hemostasis (ISTH) criteria and nonmajor bleeding, defined as bleeding
necessitating hospitalization or an invasive procedure but not meeting ISTH major criteria.11,12

Nuisance bleeding refers to minor bleeding events that do not pose a serious threat to health but can
affect a patient’s quality of life and adherence to medication, including minor and easily controlled
epistaxis, gingival bleeding, bruising, menorrhagia, hematuria, and rectal bleeding. Left atrial
structural remodeling was defined as an increase of posterior-anterior diameter of 3 mm or greater
during follow-up transthoracic echocardiography compared with the baseline value, whereas reverse
remodeling indicated a decrease in LA posterior-anterior diameter of 3 mm or greater during
follow-up. All assessing outcomes were nonblinded to all investigators and patients.

Statistical Analysis
The sample size was calculated using PASS software, version 11.0.7 (Datamine Software), based on a
previous study.1 The random allocation sequence was generated using SPSS, version 26.0 (SPSS Inc).
Continuous variables are presented as the mean (SD) or median (IQR) for nonnormally distributed
data, whereas categorical variables are reported as frequencies. Parametric (t test) or nonparametric
(Mann-Whitney U test and χ2 test or Fisher exact test) tests were used to compare differences in
clinical and procedural parameters between groups. Kaplan-Meier analyses with log-rank tests were
used to calculate and compare the primary end point and AF or ATA recurrence-free survival
between groups. Subgroup analysis of the primary end point was conducted using Cox proportional
hazards regression analysis and is presented with forest plots. P < .05 (2-sided) was considered
statistically significant. Statistical analyses were conducted using SPSS, version 26.0.

Results

Baseline Characteristics
A total of 202 eligible patients with nonvalvular AF were enrolled in the COMBINATION trial and
randomized (1:1) to the ablation-first group (n = 101) or the occlusion-first group (n = 101). Four
patients in each group were lost to follow-up, leaving data from 194 patients (97 patients in each
group) for analysis (Figure 1). The mean (SD) age of the cohort was 67.3 (9.2) years, 110 patients
(56.7%) were male and 84 (43.3%) were female, and 74 patients (38.1%) had PAF. The median
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CHA2DS2-VASc and HAS-BLED scores were 4 (IQR, 3-5) and 2 (IQR, 2-3), respectively. A total of 96
patients (49.5%) had a history of cerebrovascular accident, and 22 (11.3%) experienced bleeding
events while taking anticoagulants. Baseline characteristics were comparable between groups
(Table 1). Most patients in both the ablation-first (86 [88.7%]) and occlusion-first (88 [90.7%])
groups had a CHA2DS2-VASc score of 3 or greater.

LAA Occlusion and Intraprocedural Assessment
The majority of LAAs exhibited cauliflower-shaped and chicken wing–shaped morphologic profiles.
The mean (SD) diameter of the LAA ostium was larger in the ablation-first group compared with the
occlusion-first group (22.4 [3.7] vs 21.3 [3.0] mm; P = .04). Other morphologic profiles of the LAA
were comparable between groups (Table 2).

All occlusion devices were successfully implanted, with 1 case in the occlusion-first group
involving double devices (a 2-lobe, cauliflower-shaped LAA with a 21-mm plus a 27-mm device
implanted using a kissing technique). The 27-mm and 30-mm devices were predominantly used
(eFigure 1 in Supplement 2). Acute complete sealing was 84.5% in the ablation-first group and 92.8%
in the occlusion-first group, respectively. The maximum widths of acute PDL were similar between
groups (Table 2). Obvious ridge edema was observed for most case patients in the ablation-first
group during intraprocedural TEE. There were no statistically significant differences in mean LAAO
time and fluoroscopic exposure between groups.

Primary End Point and Long-Term Clinical Outcomes
During a median 2.5 (IQR, 2.3-2.8) years of follow-up, both groups experienced 5 and 1 stroke or TIA
events, respectively. The event-free survival rate of the primary end point was significantly higher in
the occlusion-first group (83.5% vs 71.1%; hazard ratio [HR], 0.53 [95% CI, 0.29-0.95]; log-rank
P = .04) (Figure 2). The ablation-first strategy, cauliflower-shaped LAA, and lower compression ratio
were associated with a higher risk of the primary end point in the univariate Cox proportional hazards
regression analysis. However, only the compression ratio was independently associated with the
incidence of the primary end point when multivariate Cox proportional hazards regression analysis
was applied (HR, 1.10 [95% CI, 1.02-1.18]; P = .01) (eTable 1 in Supplement 2).

Both groups demonstrated substantially decreased thromboembolic risk compared with that
expected based on their CHA2DS2-VASc scores (−70% in the ablation-first group and −95% in the
occlusion-first group) (eFigure 2 in Supplement 2). Additionally, 4 and 5 bleeding events were
recorded in the ablation-first and occlusion-first groups, respectively, with observed bleeding rates

Figure 1. Flow Diagram of the COMBINATION Trial

217 Patients with AF and high thromboembolic risk, 
bleeding risk, or both assessed for eligibility

15 Excluded
6 With LAA ostium diameter >30 mm

2 With prior cardiac catheter ablation
2 Unwilling to participate

3 With thrombi detected in the LAA
2 With LA diameter ≥55 mm

202 Randomized

101 Randomized to receive ablation first 101 Randomized to receive occlusion first

4 Lost to follow-up

97 Included in the analysis 97 Included in the analysis

4 Lost to follow-up
Groups were followed up for a median (IQR) of 2.5
(2.3-2.8) years. AF indicates atrial fibrillation; LA, left
atrium; LAA, left atrial appendage.
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lower than the expected bleeding risk calculated based on their HAD-BLED scores (−65% in the
ablation-first group and −60% in the occlusion-first group) (eFigure 2 in Supplement 2).

In the ablation-first and occlusion-first groups, LA remodeling was observed in 12 (12.4%) and 7
(7.2%) patients, whereas LA reverse remodeling was recorded in 17 (17.5%) and 21 (21.6%) patients,
respectively (eTable 2 in Supplement 2). The majority of participants in the ablation-first and
occlusion-first groups completed TEE (82 [84.5%] vs 77 [79.4%]) or CCTA (14 [14.4%] vs 18 [18.6%])

Table 1. Patient Characteristics at Baseline

Characteristic

Patients, No. (%)
Ablation-first group
(n = 97)

Occlusion-first group
(n = 97)

Sex

Female 43 (44.3) 41 (42.3)

Male 54 (55.7) 56 (57.7)

Age, mean (SD), y 66.3 (9.6) 68.2 (8.8)

History of AF, median (IQR) 12 (1.5-25) 12 (4-24)

AF type

PAF 34 (36.2) 40 (41.7)

Persistent AF 42 (43.3) 32 (33.0)

Long-standing PAF 21 (21.6) 25 (25.8)

EHRA score, median (IQR)a 3 (2-3) 3 (2-3)

BMI, mean (SD) 24.8 (4.2) 24.8 (4.3)

Overweight 43 (44.3) 43 (44.3)

Obese 13 (13.4) 15 (15.5)

Hypertension 58 (59.8) 58 (59.8)

Diabetes 25 (25.8) 28 (28.9)

Chronic heart failure 20 (20.6) 17 (17.5)

Coronary artery disease 11 (11.3) 14 (14.4)

History of CVA 45 (46.4) 51 (52.6)

Previous stroke 42 (43.8) 46 (50.5)

Previous TIA 4 (4.1) 5 (5.2)

History of thromboembolism 1 (1.0) 5 (5.2)

History of bleeding 15 (15.5) 7 (7.2)

CHA2DS2-VASc score

Median (IQR) 4 (3-5) 4 (3-5)

≥3 86 (88.7) 88 (90.7)

HAS-BLED scoreb

Median (IQR) 2 (2-3) 3 (2-3)

≥3 45 (46.4) 50 (51.5)

Both CHA2DS2-VASc and HAS-BLED scores ≥3 41 (42.3) 49 (50.5)

Intolerance to chronic anticoagulation 8 (8.2) 6 (6.2)

Preference to LAAO to long-term anticoagulation 6 (6.2) 4 (4.1)

LA diameter, mean (SD), mm 41.1 (6.3) 40.8 (5.9)

LVEF, mean (SD), % 59.3 (7.4) 60.8 (8.3)

Patent foramen ovale 5 (5.2) 4 (4.2)

Hemodynamics of LA/LAA

SEC in LA 8 (8.2) 7 (7.2)

SEC in LAA 10 (10.3) 9 (9.3)

Flow rate of LAA, mean (SD), m/s 0.44 (0.15) 0.44 (0.19)

Low flow rate of LAA (<0.4 m/s) 43 (44.3) 43 (44.3)

Oral anticoagulant

Rivaroxaban 58 (59.8) 52 (53.6)

Dabigatran 25 (25.8) 29 (29.9)

Warfarin 14 (14.4) 16 (16.5)

Abbreviations: AF, atrial fibrillation; BMI, body mass
index (calculated as weight in kilograms divided by
height in meters squared); CHA2DS2-VASc, congestive
heart failure, hypertension, age 65 (doubled �75)
years, diabetes, prior thromboembolism (doubled),
vascular disease, female sex; CVA, cerebrovascular
accident (including ischemic stroke and TIA); EHRA,
European Heart Rhythm Association; HAS-BLED,
hypertension, kidney or liver disease, stroke history,
prior bleeding, unstable international normalized ratio,
older age (>65 years), and drug or alcohol use; LA, left
atrium; LAA, left atrial appendage; LAAO, left atrial
appendage occlusion; LVEF, left ventricular ejection
fraction; PAF, paroxysmal AF; SEC, spontaneous echo
contrast; TIA, transient ischemic attack.
a Higher scores indicate more severe symptoms of AF.
b Higher scores indicate higher stroke risk.
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during follow-up. The ablation-first group exhibited a higher incidence of chronic PDL (15 [15.5%] vs
5 [5.2%]; P = .03) and DRT (8 [8.2%] vs 1 [1.0%]; P = .04). One patient in the occlusion-first group
died of gallbladder cancer.

Ablation Strategies and Arrhythmic Outcomes
All patients underwent PVI, with more linear ablations applied in the ablation-first group compared
with the occlusion-first group (57 [58.8%] vs 35 [36.1%]; P = .002) (Table 2). Other ablation
strategies, times, and first-pass isolation rates of ipsilateral pulmonary veins were similar
between groups.

After a median 2.5 years of follow-up, freedom from AF and freedom from ATA were
significantly higher in the occlusion-first group than in the ablation-first group (77.3% vs 63.5%; HR,
0.58 [95% CI, 0.34-0.97]; and 70.1% vs 55.7%; HR, 0.62 [95% CI, 0.39-0.99]; both log-rank P = .04)

Table 2. Procedure-Related Outcomes

Variable

Patients, No. (%)

P value
Ablation-first group
(n = 97)

Occlusion-first group
(n = 97)

AF ablation strategy

PVI 97 (100) 97 (100) >.99

Linear ablation 57 (58.8) 35 (36.1) .002

CFAE ablation 8 (8.2) 5 (5.2) .39

Rotor ablation 3 (3.1) 0 .25

SVC isolation 0 1 (1.0) >.99

Epicardial ablation 1 (1.0) 0 >.99

VOM-EI 1 (1.0) 0 >.99

First-pass isolation

LPV 78 (80.4) 75 (77.3) .60

RPV 79 (81.4) 76 (78.4) .59

Sinus rhythm restoration manner

By ablation 18 (18.6) 28 (28.9) .09

By DCCV 42 (43.3) 36 (37.1) .38

LAA morphologic profile

Cauliflower-shaped 58 (59.8) 57 (58.8) .88

Chicken wing–shaped 24 (24.7) 27 (27.8) .63

Windsock-shaped 7 (7.2) 3 (3.1) .33

Cactus-shaped 8 (8.2) 10 (10.3) .62

Lobes, median (IQR) 2 (1-3) 2 (1-2) .17

Complex PM 78 (80.4) 80 (82.5) .71

Ostium diameter, mean (SD), mm 22.4 (3.7) 21.3 (3.0) .04

Depth, mean (SD), mm 28.6 (6.4) 27.3 (5.5) .23

Coaxial alignment 89 (91.8) 92 (95.8) .24

Double devices 0 1 (1.0) >.99

Deployments, median (IQR) 1 (1-2) 1 (1-2) .40

Successful implantation 97 (100) 97 (100) >.99

Acute PDL 15 (15.5) 7 (7.2) .11

PDL width, mean (SD), mm 2.4 (0.7) 2.4 (0.6) .93

Ridge edema 90 (92.8) 0 <.001

Edema thickness, mean (SD), mm 3.0 (1.4) NA NA

Compression ratio, mean (SD), % 22.4 (6.0) 23.3 (6.7) .34

Procedure time, mean (SD), min 182.0 (52.6) 187.2 (57.3) .51

Ablation time, mean (SD), min 86.1 (34.8) 85.8 (42.2) .96

LAAO time, mean (SD), min 31.2 (20.5) 30.8 (21.4) .89

Fluoroscopy time, mean (SD), min 13.3 (8.1) 12.6 (6.9) .56

Fluoroscopy dose, mean (SD), mGy 307.9 (241.4) 329.3 (291.2) .58

Abbreviations: AF, atrial fibrillation; CFAE, complex
fractionated atrial electrogram; DCCV, direct current
cardioversion; LAA, left atrial appendage; LAAO, left
atrial appendage occlusion; LPV, left pulmonary vein;
NA, not available; PDL, peridevice leak; PM, pectinate
muscle; PVI, pulmonary vein isolation; RPV, right
pulmonary vein; SVC, superior vena cava; VOM-EI,
vein of Marshall ethanol infusion.
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(Figure 3), respectively. However, 1-year survival rates for the ablation-first group did not differ
significantly from those of the occlusion-first group for AF-free survival (81.4% vs 85.6%; HR, 0.76
[95% CI, 0.38-1.52]; log-rank P = .43) and ATA-free survival (77.3% vs 81.4%; HR, 0.80 [95% CI, 0.43-
1.48]; log-rank P = .47) (eFigure 3 in Supplement 2), respectively.

The ablation-first strategy, large LA diameter greater than 45 mm, and LA reverse remodeling
were associated with lower long-term AF recurrence either in the univariate or multivariate Cox
proportional hazards regression analyses (eTable 3 in Supplement 2). Similarly, the ablation-first
strategy, large LA diameter greater than 45 mm, LA reverse remodeling, and chronic PDL were
associated with lower long-term ATA recurrence in the univariate Cox proportional hazards
regression analysis, whereas the large LA diameter was independently associated with lower ATA
recurrence in the multivariate regression analysis (eTable 4 in Supplement 2). Although more linear
ablations were observed in the ablation-first group, neither the univariate nor the multivariate Cox
proportional hazards regression analysis indicated any potential association of linear ablation with
higher long-term AF or ATA recurrence. A small number of patients (7 [7.2%] and 3 [3.1%] in the
ablation-first and occlusion-first groups; P = .33) underwent a redo ablation procedure after the
recurrence.

Figure 2. Kaplan-Meier Estimates of Incidence of the Primary End Point
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Figure 3. Freedom From Atrial Fibrillation (AF) or Atrial Tachyarrhythmia (ATA) During Long-Term Follow-Up
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Antithrombotic Therapy During Follow-Up
Oral anticoagulants were prescribed post procedure for all patients and were discontinued for 89
(91.8%) and 94 (96.9%) patients in the ablation-first and occlusion-first groups after the follow-up
TEE or CCTA assessments, respectively (eTable 5 in Supplement 2). A total of 8 (8.2%) and 3 (3.1%)
patients had anticoagulation prolonged for detection of DRT or progressive PDL. Lifelong single
antiplatelet therapy was recommended for the majority of patients.

Subgroup Analysis
In the subgroup analysis, male patients (HR, 0.40 [95% CI, 0.17-0.92]; P = .04 for interaction) and
patients with a CHA2DS2-VASc score of 3 or greater (HR, 0.44 [95% CI, 0.23-0.85]; P = .01 for
interaction) had a lower risk of thromboembolic events, as illustrated in eFigure 4 in Supplement 2.
However, other examinations of prespecified subgroups based on clinical and demographic
characteristics did not reveal clinically meaningful variations in the combination strategy.

Periprocedural Safety Assessment
The most common adverse event observed in the combined procedure was acute PE, experienced
by 4 patients (4.1%) in the ablation-first group and 7 (7.2%) in the occlusion-first group. However,
only a small percentage of acute PEs (1 in each group [1.0%]) required pericardiocentesis.
Additionally, most of the periprocedural bleeding events were classified as nuisance bleeding.
Notably, there were no recorded instances of catheter entrapment, acute device dislodgement, or
embolization. Furthermore, incidences of periprocedural complications did not demonstrate
significant differences between groups (eTable 6 in Supplement 2).

Discussion

This prospective, multicenter randomized clinical trial investigated long-term outcomes of different
combination strategies in patients with nonvalvular AF undergoing CA plus LAAO with an occlusion
device. After a median follow-up of 2.5 years, the occlusion-first group demonstrated (1) lower
incidence of the primary end point, (2) lower incidence of chronic PDL and DRT, (3) greater long-term
freedom from AF and ATA, and (4) comparable periprocedural safety outcomes. A higher
compression ratio was associated with lower risk of thromboembolic events. Subgroup analysis
revealed that male gender and higher CHA2DS2-VASc score were associated with lower risk of
thromboembolic events, suggesting that these factors may influence outcomes.

Necessity and Feasibility of the Combined Procedure for Patients With AF
Despite satisfactory outcomes, CA has a long-term recurrence rate of AF and other ATAs, posing risk
of stroke or thromboembolism.13 Management guidelines for AF recommend anticoagulation based
on thromboembolic risk, but long-term anticoagulation carries bleeding risk and compliance
issues.3,14 LAAO is a promising alternative, potentially reducing risk of thromboembolism, bleeding,
and mortality.15 Moreover, although techniques such as LAA electrical isolation may improve success
rates in patients with persistent or long-standing persistent AF, they also carry an increased risk of
stroke or LAA thrombosis post procedure, irrespective of LAA flow rates.16-18 The need to combine
procedures is clear, given the limitations of standalone CA or anticoagulation. Previous clinical trials
validate the feasibility of the combined approach, supporting its use in managing the care of patients
with AF.2,4,19

Advantages of the Combined Procedure
Compared with staged procedures, the combined approach offers several distinct advantages. First,
the shortened duration of hospitalization and anticoagulation reduces overall hospitalization time
and long-term anticoagulation therapy, lowering bleeding risk.5 Second, a decreased incidence of
symptomatic arrhythmic events observed with the combined approach results in fewer symptomatic
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arrhythmic events than LAAO alone or post-AF ablation.20 Third, the optimized ablation strategy
enhances ablation strategies such as LAA electrical isolation for better arrhythmia-free success
without increased stroke or thrombus risk.17,20-22 Fourth, cost-effectiveness is improved because the
combined strategy lowers total costs and increases long-term cost-effectiveness compared with CA
plus standard anticoagulation in high-risk patients with AF.23 Finally, the combined approach
enhances quality of life and compliance by streamlining treatment, especially for patients with a
CHA2DS2-VASc score of 3 or greater.23 Overall, the combined procedure offers comprehensive
advantages in managing AF, including better outcomes, cost-effectiveness, and patient satisfaction.

Optimization of the Combined Procedure Strategy and Its Mechanism
Previous studies favored the ablation-first strategy with an occlusion device, but limited research has
compared the ablation-first vs occlusion-first approaches.5,24,25 Phillips et al5 found that newly
detected PDL correlated with edema resolution post AF ablation, particularly near the ridge between
the left pulmonary vein and the LAA.5 Zhu et al6 observed that edema resolution from CA could lead
to increased residual leaks and a smaller compression ratio in combined procedures compared with
LAAO alone.6 Our single-center experience indicated a lower incidence of newly detected PDL in the
occlusion-first group, with the combination strategy being an independent risk factor for PDL.1 Thus,
patients may benefit more from the occlusion-first strategy in combined procedures.

Our study found a lower compression ratio in the ablation-first group. This lower ratio was
linked to higher primary end point incidence and more chronic PDL during follow-up.

Theoretically, in the occlusion-first group, the device’s stable positioning compresses
edematous tissue toward the atrial cavity, minimizing leaks during endothelialization (eFigure 5A and
B in Supplement 2). Conversely, in the ablation-first approach, edematous ridges push toward the
LAA ostium, potentially underestimating device sizing and causing new or chronic PDL post edema
resolution (eFigure 5C and D in Supplement 2).

During follow-up, the ablation-first group exhibited statistically significantly higher incidences
of chronic PDL and DRT, contributing primarily to primary end point events. Although univariate
analysis linked the ablation-first strategy and lower compression ratio to primary end point events,
multivariate analysis indicated that the compression ratio was independently correlated with end
point occurrence. We recommend using a larger compression ratio with the ablation-first strategy to
account for ridge swelling and prevent end point events.

More linear ablations were performed in the ablation-first group, which had lower long-term
arrhythmia-free survival rates. The Substrate and Trigger Ablation for Reduction of Atrial Fibrillation
(STAR AF II) study and a study using the 2C3L strategy (ie, PVI plus linear lesions of the LA roof, the
mitral isthmus, and the cavotricuspid isthmus) showed that linear ablation in addition to PVI does not
reduce AF recurrence or improve clinical efficacy in patients with persistent AF.26,27 Our study did
not control ablation strategies, resulting in more linear ablations in the ablation-first group. The
Substrate Ablation in the Left Atrium During Sinus Rhythm (STABLE SR) study suggested higher
iatrogenic atrial tachycardia recurrence with more linear ablations.28 Although our Cox proportional
hazards regression analyses did not show an association between linear ablation and long-term AF or
ATA recurrence (eTables 3 and 4 in Supplement 2), it is believed that more linear ablations may affect
arrhythmia-free prognosis.

Furthermore, from a safety perspective, ablation first may cause esophageal mucosal swelling,
which may worsen with subsequent TEE-guided LAAO, increasing bleeding and perforation risk.29

Starting with LAAO minimizes esophageal risk by avoiding prolonged TEE placement.

Limitations
This study has several limitations. First, it focused solely on 1 type of occlusion device, so these results
may not apply to other devices, including pacifier-like devices. Second, this study relied on
intermittent Holter monitoring instead of continuous monitoring. Third, it was conducted in China;
lack of insurance coverage for combined procedures in many countries may limit access. Fourth, this
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study was conducted at centers with experienced operators and high center volume. An occlusion-
first strategy should be performed by experienced operators in high-volume centers to reduce risk of
adverse events, such as device dislodgement. Fifth, we did not assess cost-effectiveness or impact
on quality of life or symptomatic improvement. Sixth, no endoscopic evaluation of esophageal
injuries was performed, despite TEE guidance. Seventh, enrollment was limited due to factors such
as the COVID-19 pandemic; therefore, larger-scale studies are needed. Eighth, the study lacked a
blinded design; ablation strategies were not controlled between groups, which may confound long-
term recurrence comparison; and the primary end point was chosen during analysis because none of
the individual registered outcomes was statistically significant. Finally, our results may not apply to
alternative AF ablation modalities such as pulsed-field ablation.

Conclusions

In this randomized clinical trial, the occlusion-first strategy in combined procedures for AF with an
occlusion device offered superior outcomes, reducing risk of thromboembolic events and improving
long-term arrhythmia-free success, especially for male patients and those with high stroke risk. These
findings highlight the importance of procedure sequence in combined interventions and may guide
clinical decision-making. Further research is needed to validate these results and explore their
implications in broader patient populations.
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