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BACKGROUND More than 40% of left atrial appendage closure (LAAC) procedures were combined with atrial

fibrillation (AF) ablation in China.

OBJECTIVES This study aimed to assess the sex differences in the combined radiofrequency catheter ablation and

LAAC procedures.

METHODS Data from the LAACablation (Left Atrial Appendage Closure in Combination With Catheter Ablation) registry,

which enrolled AF patients who underwent the combined procedure between 2018 and 2021, were analyzed. Procedural

complications, long-term outcomes, and quality of life (QoL) were compared between sexes.

RESULTS Of 931 patients, 402 (43.2%) were women. Compared with men, women were older (age 71.3 � 7.4 years vs

68.7 � 8.1 years; P < 0.001), presented more often with paroxysmal AF (52.5% vs 42.7%; P < 0.003), and had higher

CHA2DS2-VASc scores (4.1 � 1.5 vs 3.1 � 1.5; P < 0.001), but received less often linear ablation and had shorter total

procedural times and radiofrequency catheter ablation times. Women had similar rates of total and major procedural

complications but presented with a higher incidence of minor complications than men (3.7% vs 1.3%; P ¼ 0.027). Follow-

up over 1,812 patient-years revealed similar adverse events between women and men, including all-cause death (HR:

0.89; 95% CI: 0.43-1.85; P ¼ 0.754), thromboembolic events (HR: 1.17; 95% CI: 0.54-2.52; P ¼ 0.697), major bleeding

(HR: 0.96; 95% CI: 0.38-2.44; P ¼ 0.935), and their composite (HR: 0.85; 95% CI: 0.56-1.28; P ¼ 0.434). The recurrence

rates of atrial tachyarrhythmia were also comparable between sexes presenting either paroxysmal or persistent AF.

Women were seen with greater QoL impairment at baseline, but the sex gap narrowed at 1-year follow-up.

CONCLUSIONS In AF patients who underwent the combined procedure, women had similar procedural safety and

long-term efficacy to men and presented greater QoL improvement. (Left Atrial Appendage Closure in Combination With

Catheter Ablation [LAACablation]; NCT03788941) (JACC: Asia 2023;3:138–149) © 2023 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A trial fibrillation (AF) has become a growing
problem worldwide, especially in the aging
society. Sex differences exist in almost all as-

pects of AF, including mechanism, epidemiology,
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management, and prognosis.1 AF is more prevalent
in men than women in most countries.2 By contrast,
the prevalence of AF is similar between sexes in
China, or even higher in women than men in regions
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ABB R E V I A T I O N S

AND ACRONYMS

AF = atrial fibrillation

AFEQT = Atrial Fibrillation

Effect on Quality-of-Life

questionnaire

DRT = device-related thrombus

LAA = left atrial appendage

LAAC = left atrial appendage

closure

PDL = peridevice leak

PVI = pulmonary vein isolation

QoL = quality of life

RFCA = radiofrequency

catheter ablation

SE = systemic embolism

TEE = transesophageal

echocardiography

TIA = transient ischemic attack
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with more severe aging, such as Shanghai.2,3 Mean-
while, women with AF are known to be associated
with more prominent symptoms, poorer quality of
life (QoL), and higher risks of stroke and mortality.1

However, women were less likely to receive standard-
ized treatment of stroke prevention and symptom
control, especially for the interventional strategies
including left atrial appendage (LAA) closure (LAAC)
and radiofrequency catheter ablation (RFCA).1-4

Both medical and socioeconomic factors contributed
to the undertreatment in women with AF.4,5

In China, more than 40% of LAAC procedures were
combined with AF ablation, which is known as the
combined or “one-stop” procedure.6 The 2 left atrial
interventions, aiming to achieve stroke prophylaxis
and rhythm control simultaneously, have been shown
to be feasible and effective in previous small-scale
studies.7 However, the sex differences in the com-
bined procedure have not been investigated yet. Here
for the first time, we reported the sex differentiated
outcomes of the combined procedure of RFCA and
LAAC from a large, prospective cohort.

METHODS

STUDY POPULATION. A total of 931 AF patients who
were enrolled in the LAACablation (Left Atrial
Appendage Closure in Combination With Catheter
Ablation) registry between 2018 and 2021 were
screened. The LAACablation registry (NCT03788941)
is a physician-initiated, non–company-sponsored,
prospective observational study recruiting patients
undergoing the combined RFCA and LAAC proced-
ures in Shanghai Xinhua Hospital, one of the largest
electrophysiological centers in China. The LAACa-
blation registry was approved by the ethics board of
Xinhua Hospital and complies with the Declaration of
Helsinki. Written informed consent was provided by
all participants.

COMBINED PROCEDURE OF CATHETER ABLATION

AND LAAC. The information of medical history, de-
mographic characteristics, and socioeconomic status
were collected at baseline. Within 48 hours before
the procedure, transesophageal echocardiography
(TEE) was performed to exclude intracardiac
thrombus.

AF patients underwent successive RFCA and LAAC.
The procedure was conducted under conscious
sedation with intravenous midazolam (0.02 mg/kg/h)
and fentanyl (0.001 mg/kg). The CARTO (Biosense
Webster) or ENSITE (St. Jude Medical) navigation
system was used for the guidance of AF ablation by
the irrigated catheter with contact force. Pulmonary
vein isolation (PVI) was routinely performed.
Additional ablation, including left atrial roof,
anterior septal, posterior and inferior lines,
mitral isthmus, and cavotricuspid isthmus
lines, complex fractionated electrograms
modification, and ablation of ganglionated
plexi and extrapulmonary vein triggers, as
well as vein of Marshall ethanol infusion,
were performed at the operators’ discretion.
Intracardiac cardioversion up to 15 J was
conducted if AF was persistent at the end of
the ablation phase. LAAC with the
WATCHMAN device (Boston Scientific) was
subsequently performed. Because patients
were under light sedation, the LAAC device
implantation was guided only by fluoroscopy
without intraprocedural TEE. Such a TEE-free
procedure was commonly performed in
China, which achieved comparable proce-
dural success and outcomes with those with

TEE guidance.6,8

POSTPROCEDURE MANAGEMENT AND FOLLOW-UP.

Patients were generally followed every 3 months. For
the initial 3 months, oral anticoagulant agents were
prescribed if there were no contraindications. TEE
was performed at 3 months to detect any peridevice
leaks (PDLs) and device-related thrombi (DRT). If
there was no or minimal PDL (#5 mm) or DRT, anti-
coagulant agents were switched to dual antiplatelet
agents (aspirin 100 mg þ clopidogrel 75 mg) until
6 months. Otherwise, anticoagulant agents were
prescribed until the repeated TEE. In patients with
low TEE compliance, cardiac computed tomography
served as the alternative modality. After 6 months, an
indefinite single antiplatelet agent was recom-
mended. In addition, electrocardiogram and/or Hol-
ter monitoring were advised at every follow-up visit
to detect recurrence of atrial tachyarrhythmias. In
patients with recurrent atrial tachyarrhythmia, redo
ablation might be considered in patients refractory to
antiarrhythmic drugs after the 3-month blanking
period. The approach for the redo ablation was similar
to the index procedure, except with greater care
when manipulating the catheters around the LAAC
device.

EVENTS DEFINITION. Major procedural complica-
tions were defined as cardiac tamponade, device
embolism, thromboembolism (stroke, transient
ischemic attack [TIA], and systemic embolism [SE]),
major bleeding, and death within 7 days. Minor pro-
cedural complications included pericardial effusion
not requiring pericardiocentesis, transient air

https://www.clinicaltrials.gov/ct2/show/NCT03788941


TABLE 1 Clinical Characteristics by Sex

Women
(n ¼ 402)

Men
(n ¼ 529) P Value

Age, y 71.3 � 7.4 68.7 � 8.1 <0.001

<65 69 (17.2) 145 (27.4) <0.001

$65–<75 188 (46.8) 258 (48.8) 0.544

$75 145 (36.1) 126 (23.8) <0.001

Height, cm 159 � 5 171 � 6 <0.001

Weight, kg 64.0 � 9.7 74.6 � 11.3 <0.001

BMI, kg/m2 25.1 � 3.5 25.3 � 3.4 0.433

AF types

Paroxysmal 211 (52.5) 226 (42.7) 0.003

Persistent/long-standing persistent 191 (47.5) 303 (57.3) 0.003

CHA2DS2-VASc score 4.1 � 1.5 3.1 � 1.5 <0.001

HAS-BLED score 2.3 � 1.0 2.4 � 1.0 0.140

Hypertension 308 (76.6) 398 (75.2) 0.626

Diabetes mellitus 97 (24.1) 137 (25.9) 0.538

Myocardial infarction 10 (2.5) 15 (2.8) 0.745

Cardiac revascularization 42 (10.4) 56 (10.6) 0.946

Congestive heart failure 66 (16.4) 92 (17.4) 0.695

Hypertrophic cardiomyopathy 14 (3.5) 26 (4.9) 0.286

Obstructive sleep apnea 7 (1.7) 28 (5.3) 0.005

Chronic obstructive pulmonary disease 9 (2.2) 33 (6.2) 0.004

History of strokes/TIAs/SE 131 (32.6) 248 (46.9) <0.001

History of LAA thrombus 23 (5.7) 16 (3.0) 0.041

History of major bleeding 26 (6.5) 38 (7.2) 0.669

History of malignant tumor 28 (6.9) 53 (10.0) 0.102

History of chemotherapy 24 (6.0) 46 (8.7) 0.118

Pacemaker implantation 16 (4.0) 17 (3.2) 0.531

Current smoker 45 (11.2) 235 (44.4) <0.001

Echocardiographic parameters

LVEF, % 62.9 � 5.5 61.5 � 7.2 0.001

Left atrial diameter, mm 41.8 � 5.6 43.3 � 5.9 <0.001

LVEDD, mm 47.9 � 4.2 50.9 � 5.0 <0.001

LVESD, mm 31.3 � 3.8 33.8 � 5.2 <0.001

Estimated PASP, mm Hg 33.2 � 9.2 31.3 � 7.5 0.003

NT-proBNP, pg/mL 631 (215-1,472) 593 (210-1,078) 0.066

Troponin I, ng/mL 0.010
(0.004-0.020)

0.009
(0.004-0.018)

0.164

Antithrombotic therapy before admission

Anticoagulant agents 240 (59.7) 402 (76.0) <0.001

Warfarin 64 (15.9) 73 (13.8) 0.366

Dabigatran 67 (16.6) 128 (24.2) 0.005

Factor Xa inhibitor 109 (27.1) 201 (38.0) <0.001

Antiplatelet agent 68 (16.9) 84 (15.9) 0.424

None 97 (24.1) 43 (8.1) <0.001

Drug therapy before admission

Rate control antiarrhythmic agents only 221 (55.0) 251 (47.4) 0.023

Rhythm control antiarrhythmic agents only 113 (28.1) 191 (36.1) 0.010

Rate and rhythm antiarrhythmic agents 68 (16.9) 87 (16.4) 0.849

ACE inhibitor/ARB/ARNi 196 (48.8) 252 (47.6) 0.735

Diuretic agents 114 (28.4) 135 (25.5) 0.333

Statin 168 (41.8) 258 (48.8) 0.034

Values are mean � SD, n (%), or median (IQR).

ACE ¼ angiotensin-converting enzyme; AF ¼ atrial fibrillation; ARNi ¼ angiotensin receptor-neprilysin inhib-
itor; ARB ¼ angiotensin II receptor blocker; BMI ¼ body mass index; LAA ¼ left atrial appendage; LVEDD ¼ left
ventricular end-diastolic diameter; LVEF ¼ left ventricular ejection fraction; LVESD ¼ left ventricular end-systolic
diameter; NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide; PASP ¼ pulmonary artery systolic pressure;
SE ¼ systemic embolism; TIA ¼ transient ischemic attack.
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embolism, and femoral access complications. End-
points of the long-term follow-ups included all-cause
death, thromboembolic events (strokes, TIAs, and
SE), and major bleeding. In addition, recurrence of
arrhythmias was evaluated and reported indepen-
dently of other outcomes. The recurrence of atrial
tachyarrhythmias was defined as AF, atrial flutter, or
atrial tachycardia lasting more than 30 seconds after
the 90-day blanking period.

QUALITY OF LIFE ASSESSMENT. At baseline and at
the 1-year follow-up visit, patients were required to
complete a 20-item questionnaire based on the Atrial
Fibrillation Effect on Quality-of-Life questionnaire
(AFEQT) measure.9 The 20-item AFEQT survey eval-
uated 4 domains regarding the QoL assessment and
the perception of treatment, that is, symptoms, daily
activities, treatment-related concerns, and treatment
satisfaction. The first 3 domains constituted the
global score. The scores of each individual domain
and the global score ranged between 0 and 100, with
100 representing the best health status and 0 being
the worst health status possible. A validated cultur-
ally and linguistically translated version of the AFEQT
for China was used.

STATISTICS. Continuous variables are presented as
mean � SD, or median [25th-75th percentile], and
categorical variables as counts and percentages, un-
less specifically stated otherwise. Student’s t-tests,
Mann-Whitney U tests, Pearson chi-square, and
Fisher exact tests were used for comparisons between
sexes as appropriate. Unadjusted and adjusted
multivariable logistic regression was used to obtain
ORs with a 95% CI for women vs men for total, major,
and minor procedural complications. Cumulative
event probabilities were estimated using the Kaplan-
Meier method and the log-rank test to calculate the
P value. Observed rates of thromboembolic events
and major bleeding were compared with predicted
thromboembolism and bleeding rates derived from
historical cohorts according to CHA2DS2-VASc and
HAS-BLED scores.10 A 2-sided P value <0.05 was
considered statistically significant. Statistics were
performed using SPSS 23.0 (IBM).

RESULTS

BASELINE CHARACTERISTICS. Among 931 AF pa-
tients who enrolled in the LAACablation registry,
there were 402 women (43.1%) and 529 men (56.8%).
The demographic characteristics are shown in Table 1.
Women were older (age 71.3 � 7.4 years vs 68.7 �
8.1 years; P < 0.001) and presented a higher propor-
tion in age group $75 years than men (36.1% vs 23.8%;



TABLE 2 Socioeconomic Characteristics by Sex

Women
(n ¼ 402)

Men
(n ¼ 529) P Value

Marital status

Married 332 (82.6) 403 (76.2) 0.018

Divorced/separated 29 (7.2) 59 (11.2) 0.042

Single/widowed 41 (10.2) 67 (12.7) 0.244

Employment status

Working full-time or part-time 11 (2.7) 65 (12.3) <0.001

Retired 377 (93.8) 433 (81.9) <0.001

Unknown and unemployed 14 (3.5) 31 (5.8) 0.094

Education level

High school or less than high school 373 (92.8) 446 (84.3) <0.001

Some college or college 26 (6.5) 72 (13.6) <0.001

Some graduate school or graduate school 3 (0.7) 11 (2.1) 0.111

Type of health insurance

Governmenta 379 (94.2) 502 (94.8) 0.679

Private or additional private 19 (4.7) 46 (8.7) 0.019

None 5 (1.3) 9 (1.7) 0.787

Residency

Shanghai resident 370 (92.0) 448 (84.7) <0.001

Nonlocal 32 (8.0) 81 (15.3) <0.001

Values are n (%). aIncluding the Urban Residents’ Basic Medical Insurance (URBMI), the Urban-Employ Based
Medical Insurance (UEBMI), and the New Rural Cooperative Medical Scheme (NRCMS).
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P < 0.001). Compared with men, women were more
likely to present paroxysmal AF (52.5% vs 42.7%;
P ¼ 0.003), higher CHA2DS2-VASc scores (4.1 � 1.5 vs
3.1 � 1.5; P < 0.001), but similar HAS-BLED scores (2.3
� 1.0 vs 2.4 � 1.0; P ¼ 0.140). AF-related comorbid-
ities were comparable between sexes, except the
history of stroke/TIA/SE, obstructive sleep apnea, and
chronic obstructive pulmonary disease were higher in
men (46.9% vs 32.6%; P < 0.001; 5.3% vs 1.7;
P ¼ 0.005; and 6.2% vs 2.2%; P ¼ 0.004, respectively).
Echocardiography revealed a higher incidence of
previous LAA thrombus (5.7% vs 3.0%; P ¼ 0.041) and
slightly higher left ventricular ejection fraction
(62.9% � 5.5% vs 61.5% � 7.2%; P ¼ 0.001), but
smaller atrial and ventricular sizes in women than
men. The medication use prior to the admission was
also significantly different between sexes, that men
were more often on oral anticoagulant agents (76.0%
vs 59.7%; P < 0.001) and rhythm control antiar-
rhythmic agents (36.1% vs 28.1%; P ¼ 0.010), but less
often on no-antithrombotic regimen (8.1% vs 24.1%;
P < 0.001) and rate control drugs (47.4% vs 55.0%;
P ¼ 0.023).

The socioeconomic status showed differences be-
tween sexes (Table 2). Compared with men, women
were more likely to be in a marriage (82.6% vs 76.2%;
P ¼ 0.018). At the time of enrollment, women were
less often employed (2.7% vs 12.3%; P < 0.001) and
more often retired (93.8% vs 81.9%; P < 0.001).
Women had lower education levels, because fewer
women received higher education (6.5% vs 13.6%; P <

0.001). The proportions of the government-issued
universal health insurance were comparable be-
tween sexes (94.2% vs 94.8%; P ¼ 0.679), but men
were more often insured by private or additional
commercial insurance than women (8.7% vs 4.7%;
P ¼ 0.019). There were more nonlocals seeking for
the procedure in men than women (15.3% vs 8.1%; P <

0.001).

PROCEDURAL CHARACTERISTICS. For the ablation
phase, all patients underwent PVI. Additional abla-
tion other than PVI were more often performed in
men than women (61.4% vs 52.5%; P ¼ 0.006). How-
ever, the proportions for specific ablation lines were
comparable between sexes, despite the nonsignifi-
cant trend toward men receiving more often left atrial
roof, mitral, and cavotricuspid ablation (29.3% vs
23.8; P ¼ 0.065; 27.6% vs 22.1%; P ¼ 0.057; 38.8% vs
32.8%; P ¼ 0.062; respectively). The rates of intra-
procedural sinus rhythm restoration were similar
between sexes (99.6% vs 99.8%; P > 0.999). For the
subsequent LAAC phase, the LAA morphology, as well
as the size selection for WATCHMAN devices, was
also comparable between women and men. Compared
with women, men had longer procedural times
(178 [151-186] minutes vs 148 [138-172] minutes;
P < 0.001), which was attributed to longer procedural
times during the RFCA phase (156 [120-164] minutes
vs 127 [118-143] minutes; P < 0.001). The procedural
times during the LAAC phase were comparable be-
tween sexes (25 [20-30] minutes vs 24 [20-29] mi-
nutes; P ¼ 0.156).

There was a nonsignificant trend toward higher
procedural complications in women over men (6.0%
vs 3.4%; P ¼ 0.062). This was attributed to higher
minor complications, including pericardial effusion
not requiring pericardiocentesis, transient air embo-
lism, and femoral complications, in women than men
(3.7% vs 1.3%; P ¼ 0.027). The major complications
were similar between sexes (2.2% vs 2.1%; P ¼ 0.868)
(Table 3). The unadjusted and adjusted rates of pro-
cedural complications are further shown in Supple-
mental Figure 1. After multivariable adjustment,
women had statistically comparable odds with men of
total (OR: 1.63: 95% CI: 0.85-3.12: P ¼ 0.143), major
(OR: 1.04; 95% CI: 0.41-2.62; P ¼ 0.937), and minor
(OR: 2.45; 95% CI: 0.96-6.26; P ¼ 0.062) procedural
events.

POSTPROCEDURAL IMAGING EVALUATION. At 3 months
after the procedure, women were less likely to receive

https://doi.org/10.1016/j.jacasi.2022.10.011
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TABLE 3 Procedural Characteristics and Follow-Up Parameters by Sex

Women
(n ¼ 402)

Men
(n ¼ 529) P Value

Ablation phase

PVI (total) 402 (100) 529 (100) >0.999

PVI only 191 (47.5) 204 (38.6) 0.006

LA roof line 96 (23.8) 155 (29.3) 0.065

LA posterior and/or inferior lines 51 (12.7) 87 (16.4) 0.114

Posterior wall isolation 21 (5.2) 36 (6.8) 0.338

Anterior septal line 45 (11.2) 71 (13.2) 0.308

Mitral isthmus line 89 (22.1) 146 (27.6) 0.057

CS and GCV musculature ablation 31 (7.7) 52 (9.8) 0.261

VOM ethanol infusion 22 (5.5) 36 (6.0) 0.405

LAA isolation 8 (2.0) 20 (3.8) 0.125

Cavotricuspid line 132 (32.8) 205 (38.8) 0.062

Superior vena cava isolation 29 (7.2) 51 (9.6) 0.191

CFAE ablation 75 (18.6) 116 (21.9) 0.214

Ganglionated plexi ablation 3 (0.7) 7 (1.3) 0.528

Intracardiac cardioversion 97 (24.1) 151 (28.5) 0.131

Intraprocedural sinus rhythm restoration 401 (99.8) 527 (99.6) >0.999

LAAC phase

LAA morphology types

Chicken wing 64 (15.9) 102 (19.2) 0.184

Windsock 27 (6.7) 26 (4.9) 0.240

Cauliflower 303 (75.4) 382 (72.2) 0.278

Cactus 8 (2.0) 19 (3.6) 0.171

LAA ostium, mm 22.4 � 3.4 22.9 � 3.7 0.057

Device size for WATCHMAN, mm

21 35 (8.7) 44 (8.3) 0.833

24 94 (23.4) 101 (19.1) 0.111

27 117 (29.1) 151 (28.5) 0.852

30 87 (21.6) 115 (21.7) 0.971

33 69 (17.2) 118 (22.3) 0.052

Procedural characteristics

Total procedural time, min 148 (138-172) 178 (151-186) <0.001

Procedural time of RFCA phase, min 127 (118-143) 156 (120-164) <0.001

Procedural time of LAAC phase, min 24 (20-29) 25 (20-30) 0.156

Heparin dosage, unit 7,994 � 1,167 9,282 � 1,367 <0.001

Average ACT level, s 286 (275-295) 288 (275-297) 0.096

Procedural complications, total 24 (6.0) 18 (3.4) 0.062

Major complications 9 (2.2) 11 (2.1) 0.868

Cardiac tamponade 6 (1.5) 5 (0.9) 0.545

Cardiac tamponade during RFCA phase 1 (0.3) 1 (0.2) >0.999

Cardiac tamponade during LAAC phase 5 (1.2) 4 (0.7) 0.511

Stroke/TIA/SE 2 (0.5) 2 (0.4) >0.999

Device embolism 0 (0) 1 (0.2) >0.999

Major bleeding 1 (0.2) 3 (0.6) 0.462

Death 0 (0) 0 (0) >0.999

Minor complications 15 (3.7) 7 (1.3) 0.027

Pericardial effusions 4 (1.0) 2 (0.4) 0.412

Pericardial effusions during RFCA phase 1 (0.3) 0 (0) 0.432

Pericardial effusions during LAAC phase 3 (0.7) 2 (0.4) 0.657

Transient air embolism 2 (0.5) 1 (0.2) 0.582

Transient air embolism during RFCA phase 0 (0) 0 (0) >0.999

Transient air embolism during LAAC phase 2 (0.5) 1 (0.2) 0.582

Femoral complications 9 (2.2) 4 (0.8) 0.087

Continued on the next page
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TEE evaluation than men (61.2% vs 69.9%; P ¼ 0.005),
but might show a nonsignificant preference to receive
cardiac computed tomography evaluation, the less
invasive imaging modality (37.5% vs 31.6%;
P ¼ 0.056). The results of the postprocedural imaging
evaluation, including the rates of DRT, PDL, satis-
factory sealing, and LAA contrast filling, were uni-
formly similar between sexes (Table 4).

EVENTS FOLLOW-UP. During follow-up over 1,812
patient-years (median [25th-75th percentile]: 22.9
[11.6-33.8] months), a total of 74 events (34 in women
and 40 in men) were observed, including 29 deaths
(12 in women and 17 in men), 27 stroke/TIA/SE events
(14 in women and 13 in men), and 18 major bleeding
events (8 in women and 10 in men). At the end of
follow-up, the cumulative event rates of death,
thromboembolic events, and major bleedings were
8.56% (6.71% for women and 9.98% for men), 7.02%
(8.26% for women and 5.82% for men), and 5.47%
(2.66% for women and 8.03% for men), respectively.
The annual event rates of death, thromboembolic
events, and major bleedings were 1.59% (1.46% for
women and 1.73% for men), 1.48% (1.70% for women
and 1.32% for men), and 0.99% (0.97% for women and
1.01% for men), respectively. As shown in Figure 1,
women had comparable rates of adverse events to
men, including all-cause death (HR: 0.89; 95% CI:
0.43-1.85; P ¼ 0.754), thromboembolic events (HR:
1.17; 95% CI: 0.54-2.52; P ¼ 0.697), major bleeding
(HR: 0.96; 95% CI: 0.38-2.44; P ¼ 0.935). and the
composite of death, thromboembolic events, major
bleeding, and procedural complications (HR: 0.85;
95% CI: 0.56-1.28; P ¼ 0.434). Additional subgroup
analyses showed the rates of adverse events were also
comparable between sexes in patients undergoing the
procedure for primary stroke/TIA/SE prevention
(Supplemental Figure 2) and for secondary stroke/
TIA/SE prevention (Supplemental Figure 3).
Compared with the rates predicted by the CHA2DS2-
VASc score, the observed annual rates of thrombo-
embolic events in the current cohort showed 79% and
76% relative risk reduction in women and men,
respectively. Similarly, compared with the rates pre-
dicted by the HAS-BLED score, the observed rates of
major bleeding showed 77% and 76% relative risk
reduction in women and men, respectively (Figure 2).
After the 3-month blanking period, the recurrences of
atrial tachyarrhythmias were also comparable be-
tween women and men, for either paroxysmal AF
(HR: 1.42; 95% CI: 0.91-2.22; P ¼ 0.123) or persistent
AF (HR: 1.30; 95% CI: 0.95-1.77; P ¼ 0.096) (Figure 3).

https://doi.org/10.1016/j.jacasi.2022.10.011
https://doi.org/10.1016/j.jacasi.2022.10.011


TABLE 3 Continued

Women
(n ¼ 402)

Men
(n ¼ 529) P Value

Duration of hospitalization, d 8 (6-10) 7 (6-9) 0.073

Follow-up parameters

12-lead surface ECG performed per patient 5.9 � 2.9 5.7 � 3.3 0.353

Holter monitoring performed per patient 4.6 � 1.8 4.7 � 1.7 0.464

Redo ablation 35 (8.7) 45 (8.5) 0.907

Values are n (%), mean � SD, or median (IQR).

ACT ¼ activated clotting time; CFAE ¼ complex fractionated atrial electrogram; CTI ¼ cavotricuspid isthmus;
CS ¼ coronary sinus; ECG ¼ electrocardiogram; GCV ¼ great cardiac vein; LA ¼ left atrial; LAAC ¼ left atrial
appendage closure; PVI ¼ pulmonary vein isolation; PW ¼ posterior wall; SVC ¼ superior vena cava; VOM ¼ vein
of Marshall; other abbreviations as in Table 1.

TABLE 4 Postprocedural Imaging Evaluation by Sex

Postprocedural Imaginga
Women

(n ¼ 402)
Men

(n ¼ 529) P Value

TEE evaluation, n 246 (61.2) 370 (69.9) 0.005

DRT 4 (1.6) 6 (1.6) >0.999

No PDLb 182 (74.0) 292 (78.9) 0.154

PDL #5 mm 64 (26.0) 76 (14.3) 0.112

PDL >5 mm 0 (0) 2 (0.5) 0.248

Satisfactory seal 246 (100) 368 (99.5) 0.519

Cardiac CT evaluation, n 151 (37.5) 167 (31.6) 0.056

LAA, no contrast fillingc 79 (52.3) 91 (54.5) 0.698

LAA, contrast filling 72 (47.7) 76 (45.5) 0.698

Contrast filling with visible PDL 61 (40.4) 62 (37.1) 0.550

Contrast filling without PDL 11 (7.3) 14 (8.4) 0.716

Values are n (%). a102 patients underwent both evaluations. bAlso known as complete seal. cSuggesting a
complete endothelialization.

CT ¼ computed tomography; DRT ¼ device-related thrombus; LAA ¼ left atrial appendage; PDL ¼ peridevice
leak; TEE ¼ transesophageal echocardiography.
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QoL ASSESSMENT. A total of 244 women (60.6%) and
308 men (58.2%) completed AFEQT questionnaires,
both at baseline and at 1-year follow-up (Figure 4). At
baseline, women had lower AFEQT global scores than
men (69.4 [65.7-72.2] vs 75.9 [74.1-78.7]; P < 0.001), as
well as all 4 individual domain scores (symptom 75.0
[66.7-79.2] vs 79.2 [70.8-83.3]; P < 0.001; daily ac-
tivities 70.8 [66.7-75.0] vs 77.1 [75.0-79.2]; P < 0.001);
treatment concern 63.9 [55.6-72.2] vs 75.0 [69.4-77.8];
P < 0.001; treatment satisfaction 58.3 [52.1-66.7] vs
66.7 [58.3-75.0]; P < 0.001). At 1-year follow-up, the
AFEQT global scores remained lower in women than
men (89.5 [88.0-91.0] vs 90.7 [88.0-92.6]; P < 0.001),
as well as the domains of symptom (87.5 [83.3-95.8]
vs 91.7 [83.3-95.8]; P ¼ 0.020) and daily activities
(89.6 [85.9-91.7] vs 91.7 [87.5-93.8]; P < 0.001).
However, the scores of treatment concern and treat-
ment satisfaction in women became comparable be-
tween sexes (89.0 [86.1-94.0] vs 91.7 [88.9-94.4];
P ¼ 0.095 and 91.7 [83.3-91.7] vs 91.7 [83.3-91.7];
P ¼ 0.168, respectively). Consequently, the sex gap
in QoL was prominently narrowed, as the improve-
ment of AFEQT global score was significantly larger in
women than men (20.4 [16.7-24.1] vs 14.8 [12.0-18.3];
P < 0.001).

DISCUSSION

This study reported sex-specific outcomes in a pro-
spective cohort of 931 AF hospitalizations for the
combined procedure of RFCA and LAAC. Women
comprised approximately 43% of patients. Despite
various disparities existed in demographic and so-
cioeconomic chrematistics, women and men had
comparably high procedural safety and low long-term
adverse event rates, including death, thromboem-
bolic events, major bleeding, and AF recurrence. The
combined procedure significantly improved QoL of
AF patients in both sexes, whereas the extent of
improvement appeared greater in women than men
(Central Illustration). Therefore, sex should not be
used as a basis when making the decision of whether
to perform the combined procedure of RFCA and
LAAC in patients with AF.

In general, women were less vulnerable to AF
development than men.2 However, with population
aging, the gap of AF prevalence between sexes might
be narrowed due to higher life expectancy in
women.2,3 In specific regions, such as Shanghai where
the current study was conducted, the prevalence of
AF was even higher in women.3 Compared with men,
women with AF were exposed to significantly greater
risks to all-cause and cardiovascular death.11 Women
also reported worse symptoms and QoL, suggesting
more severe AF-related functional impairment.1

However, women were less likely to receive invasive
procedures of AF, including the 2 components of the
combined procedure. Women were more prone to
adopting rate control rather than rhythm control
strategies (including RFCA), and such treatment
preferences were uniformly observed in the United
States, Europe, and China.3,11,12 Similarly, women
were less likely to receive LAAC, as observed in
the EWOLUTION (Evaluating Real-Life Clinical Out-
comes in Atrial Fibrillation Patients Receiving the
Watchman Left Atrial Appendage Closure Technol-
ogy; 40.1% women) registry,13 the U.S. National
Inpatient Sample database (39.9% women),14

Shanghai medical insurance database (43.0%
women),3 and the national registries in China (42.4%
women).6 The sex proportion of a current single-
center registry (43.2%) was similar with that in the
abovementioned multicenter studies in both the
United States and China, suggesting a certain real-
world representativeness of the current cohort.



FIGURE 1 Time-to-Event Curves by Sex

(A) Cumulative incidence of the composite of death, thromboembolic events, major bleeding, and major procedural complications. (B) Cumulative incidence of all-cause

death. (C) Cumulative incidence of thromboembolic events (non–procedure-related strokes, transient ischemic attacks [TIA], and systemic embolism). (D) Cumulative

incidence of major bleeding. Tick marks indicate censored data. The comparison was made between sexes.
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The reasons for the sex-differentiated treatment
preference of RFCA and LAAC might be comprehen-
sive. The prevalence of AF in the population raises
the possibility of potential referral bias, because
women were 3 times less often to be referred to a
specialized arrhythmia clinic than men.15 Procedural
safety and efficacy might be another concern. Previ-
ous studies reported higher rates of AF recurrence
and procedural complications following RFCA or
LAAC in women,4,14,16 whereas such phenomenon
was not observed by others.17,18 Nevertheless, the
decision-making of AF management was compre-
hensive, and socioeconomic status might also
contribute.19
Knowledge gaps regarding the sex-specific out-
comes existed when considering performing these 2
left atrial interventions simultaneously. Investigating
the sex differences of the combined RFCA and LAAC
is of high clinical importance because more than 40%
of LAAC procedures were combined with RFCA in
China.6 Despite the general safety and feasibility
having been validated,20 the increased intracardiac
maneuver and prolonged procedure time might raise
concern of procedural safety and patients’ tolerance
especially in women. In the current study, highly
individualized ablation strategies, including multiple
liner ablation, substrate modification, vein of
Marshall ethanol infusion, and non-pulmonary vein



FIGURE 2 Relative Risk Reduction Comparing With the Expected Rates

(A) Thromboembolic events (strokes, transient ischemic attacks, and systemic embolism) rate per 100 patient-years in the cohort of the

combined procedure compared with expected rates when taking warfarin according to CHA2DS2-VASc score. (B)Major bleeding rates per 100

patient-years in the cohort of the combined procedure compared with expected rates according to HAS-BLED score. RRR ¼ relative risk

reduction.
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foci elimination, were adopted considering a high
proportion of persistent AF. Such a complex intra-
cardiac catheter manipulation, in addition to subse-
quent LAAC device implantation, still achieved
equally low procedural complications in both women
and men. However, the minor procedural complica-
tions were higher in women, which was largely driven
by vascular complications. This was in line with pre-
vious studies reporting higher hematomas and
FIGURE 3 Recurrence of Atrial Tachyarrhythmias by Sex

Recurrence of atrial tachyarrhythmia over time after the combined proc

Shown are Kaplan-Meier estimates of the recurrence of any atrial tachy

lasting at least 30 seconds. A 90-day blanking period was adopted. Tick

sexes.
pseudoaneurysms in women when performing RFCA
alone.1

The event rates of the combined procedure during
the long-term follow-up were comparable or even
lower than the previous studies of LAAC alone, sug-
gesting combining RFCA might bring extra benefit or
at least do no harm to the patients undergoing
LAAC.21,22 The long-term outcomes, as well as the
imaging evaluation, were also comparable between
edure for paroxysmal AF (A) and persistent atrial fibrillation (B).

arrhythmia (atrial fibrillation, atrial flutter, or atrial tachycardia)

marks indicate censored data. The comparison was made between



FIGURE 4 Results of AFEQT Questionnaires by Sex

(A) Atrial Fibrillation Effect on Quality-of-Life questionnaire (AFEQT) global score at baseline and 1-year follow-up. The AFEQT global score

includes symptoms, daily activities, treatment concern domains only. Dots and error bars represent median and 25th and 75th percentiles.

(B) The improvement of AFEQT global score between baseline and 1-year follow-up. Dots and error bars represent median and 25th and 75th

percentiles. (C) AFEQT individual domain score at baseline. (D) AFEQT individual domain score at 1-year follow-up. The P values indicate

differences between sexes.
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sexes. When compared with predicted risks by
CHA2DS2-VASc and HAS-BLED scores, women might
even achieve slightly greater relative risk reduction in
thromboembolic events and major bleeding due to
their higher baseline risks. This might be explained by
more advanced left atrial remodeling and LAA con-
tractile dysfunction in women than men, which yiel-
ded the higher risks of LAA thrombus formation and
subsequent cardiogenic stroke in women.23 Conse-
quently, the “local” therapy of LAA might lead to the
accentuated benefit in stroke risk reduction in
women. Previous largescale cohorts of patients un-
dergoing RFCA alone reported a higher AF recurrence
in women than men.24-26 In this cohort of combined
procedure, trends toward women having higher AF
recurrence for both paroxysmal and persistent AF
were also noticed despite statistical significance was
not achieved yet. Taken together, combining LAAC
with RFCA might potentially be of greater benefit in
women for reducing residual strokes, which was
supported by meta-analysis showing higher stroke
risk after RFCA in women than men.26

RFCA markedly improves the QoL of AF patients by
reducing the arrhythmia recurrence and burden,
autonomic neuromodulation, and reversing
arrhythmia-induced or -aggravated heart failure.27

The impact of LAAC on QoL, on the other hand, might
be indirect but still positive. Compared with subjects
who taking long-term warfarin, patients who under-
went LAAC had improved QoL, which was attributed
to the freedom from the frequent blood tests, the
concerns regarding dietary issues and bleeding haz-
ard, and the restriction of daily activities.28 The cur-
rent study indicated that the combined procedure of
RFCA and LAAC could largely improve the QoL in
both sexes. Consistent with previous studies, women
with AF presented with greater QoL impairment at
baseline, which may be attributed to the sex-specific
physical and emotional functioning.29 Despite the
QoL remaining lower in women after the procedure,



CENTRAL ILLUSTRATION Sex Differences in Atrial Fibrillation Patients Who Underwent Combined Radiofrequency
Catheter Ablation and Left Atrial Appendage Closure
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A total of 931 atrial fibrillation patients were enrolled in the LAACablation registry and underwent the combined procedure of radiofrequency catheter ablation and left

atrial appendage closure, including 529 men (56.8%) and 402 women (43.2%). Follow-up over 1,812 patient-years revealed that women had similar composite

adverse events to men, including procedural complications, all-cause death, thromboembolic events, and major bleeding. Women were seen with greater quality of life

impairment at baseline, but the sex gap narrowed at 1-year follow-up. AFEQT ¼ Atrial Fibrillation Effect on Quality-of-Life questionnaire.
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the extent of improvement was larger in women than
men. Consequently, the sex gap of QoL was markedly
narrowed especially in the treatment-related sub-
domains, that is, treatment concern and treatment
satisfaction. Considering similar outcomes between
sexes in the hard endpoint such as mortality, throm-
boembolic events, and major bleeding, larger QoL
improvement might serve as an increasingly
important metric supporting the performing of the
combined RFCA and LAAC in women.

In addition, socioeconomic status also influenced
the decision-making, safety, and efficacy of AF
treatment.14,19 Previous studies reported that AF pa-
tients with higher levels of education and incomes
were more frequently treated with RFCA or LAAC.14,19

As for the current cohort, the higher proportion of



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Compared with men, women with AF had comparable

procedural safety and long-term efficacy, and even

greater QoL improvement when receiving the com-

bined procedure of RFCA and LAAC. The results of this

study support performing the combined RFCA and

LAAC in both sexes.

TRANSLATIONAL OUTLOOK: Efforts should be

made to minimize the impact of non-medical factors

leading to the sex bias in decision making of the

combined procedure of RFCA and LAAC.

Chen et al J A C C : A S I A , V O L . 3 , N O . 1 , 2 0 2 3

Sex Differences in Combined RFCA and LAAC F E B R U A R Y 2 0 2 3 : 1 3 8 – 1 4 9

148
male participants might also be correlated with higher
educational and economic levels in men. Despite be-
ing covered by the government-issued universal
health insurance, the copay part of the combined
procedure was still considerable. Nevertheless,
despite higher payment in a lump sum, combining
LAAC may be more cost-effective in patients who
were planned for RFCA compared with long-term oral
anticoagulation.30

STUDY LIMITATIONS. Despite a large sample size and
prospective evaluation, the generalizability of the
study results might be limited due to the nature of the
current cohort, that is, single-center, nonrandomized,
and all Chinese participants. The ablation approach
was highly individualized without unified procedural
flow, which might have lead to bias in procedural
characteristics analyses. However, the proportions of
patients undergoing specific ablation lines or sub-
strate modification were comparable between sexes,
which could partially reduce the impact. The
Watchman device was the only LAAC device
included. Whether sex disparities existed when RFCA
combined with other LAAC devices, especially the
devices with dual-seal mechanisms, remains unclear.

CONCLUSIONS

This study represents a comprehensive appraisal of
sex-related differences and outcomes following the
combined procedure of RFCA and LAAC. In AF pa-
tients who underwent the combined procedure of
RFCA and LAAC, women had similar procedural
safety and long-term efficacy with men. QoL
improvement was prominent in both sexes after the
procedure, which was greater in women. Therefore,
there is no need to use sex as a basis on decision-
making for the combined procedure of RFCA and
LAAC for AF patients.
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