
1J Vasc Surg, Vol. 11 Iss. S14 No: 1000501

Research Article

Corresponding to: Biming Zhan, Department of Cardiology, The Second Affiliated Hospital of Nanchang University, Nanchang, China, E-mail: 
drzhanbiming@163.com

Received: 25-Jan-2023, Manuscript No. JVMS-23-19662; Editor assigned: 27-Jan-2023, PreQC No. JVMS-23-19662 (PQ); Reviewed: 10-Feb-2023, QC 
No. JVMS-23-19662; Revised: 17-Feb-2023, Manuscript No. JVMS-23-19662 (R); Published: 27-Feb-2023, DOI: 10.35248/2329-6925.23.S14.501.

Citation: Zheng T, Huang Q, Huang X, Huang Q, Hu J, Cheng X, et al., (2023) Is there a Link between Sex and the Ablation Outcome of Atrial 
Fibrillation?: An Updated Systematic Review and Meta-Analysis. J Vasc Surg. S14:501.

Copyright: © 2023 Zheng T, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

OPEN       ACCESS Freely available online

Is there a Link between Sex and the Ablation Outcome of Atrial 
Fibrillation?: An Updated Systematic Review and Meta-Analysis
Tian Zheng2, Qianwei Huang1, Xiao Huang1, Qianghui Huang1, Jianxin Hu1, Xiaoshu Cheng1, Bo Zhu1, 
Biming Zhan1* 
1Department of Cardiology, The Second Affiliated Hospital of Nanchang University, Nanchang, China; 2Department of Radiology, The 
Second Affiliated Hospital of Nanchang University, Nanchang, China

ABSTRACT

Aim: While females are at a higher risk of Atrial Fibrillation (AF), it is unclear whether gender differences are 
associated with AF recurrences after catheter ablation for AF. The goal of this study was to conduct a systematic 
review of the medical literature to evaluate the clinical outcomes of catheter ablation for AF in men and women.

Methods: A systematic review of databases (PubMed, World of Science, and Embase) was conducted to identify 
studies published since 2010 that reported AFCA by sex. The primary endpoints were freedom from recurrence of 
AF/Atrial Tachycardia (AT), and the procedure complications of interest were (1) vascular/groin complications; (2) 
pericardial effusion/tamponade; (3) stroke/TIA; (4) permanent phrenic nerve injury; and (5) procedural mortality. 
When the heterogeneity between studies was 50% (freedom from AF/atrial tachycardia), random effects models 
were used for meta-analysis, and fixed effects models were used for all other endpoints.

Results: 22 studies met the inclusion criteria, with 281872 patients undergoing AFCA, 34% of whom were women. 
Women were older (63.54.13 vs. 60.254.00 years), more likely to be hypertensive (46.2% vs. 44.7%), and more likely 
to be diabetic (18.6% vs. 16.7%) (P=0.0001 for all comparisons). Our analyses revealed that the rate of freedom 
from AF/AT recurrence was lower in women than men at the long year follow-up (Odds Ratio (OR): 0.67, 95% 
Confidence Interval (CI): 0.57-0.79; P=0.00001), but there were no statistically significant differences in all-cause 
mortality between men and women (OR=1.07, 95% CI 0.88-1.30, P=0.49). Other complications (pericardial 
effusion/tamponade, stroke/TIA, vascular complication, and hematoma) were significantly higher in women.

Conclusion: Women who had AF catheter ablation may have less efficacy and a higher risk of stroke/TIA and major 
complications than men. More in-depth research is required to better define the mechanisms of increased risk in 
women and to identify strategies for closing the gender gap.
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INTRODUCTION

The most common type of sustained arrhythmia in the world is 
Atrial Fibrillation (AF) [1]. This escalating epidemic is costly 
and complicates the treatment of other medical conditions. In 
addition to an increased risk of stroke, heart failure, and cognitive 
impairment, atrial fibrillation is associated with a lower quality of 
life [2]. Several studies have been conducted to investigate the role 
of gender in the etiology, presentation, and prognosis of AF [3]. 
Women with AF are more likely than men to have a stroke and 
to die. The Framingham cohort study found that AF is associated 

with an odds ratio for death of 1.5 in men and 1.9 in women [4]. As 
a result, women may benefit more from maintaining sinus rhythm.

Over the last decade, catheter ablation has become a more common 
option for rhythm control in patients who have failed medical 
therapy [5]. Women are less likely than men to be referred for 
catheter ablation, despite the well-established role of Pulmonary 
Vein (PV) isolation in the treatment of symptomatic AF [6]. 
Several clinical scoring systems include female sex as a predictor of 
procedural failure or procedure-related complications, and vascular 
injury or cardiac tamponade after catheter ablation appear to occur 
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95% Confidence Intervals (CIs), whilst continuous variables were 
analyzed using weighted mean differences. The Cochran Q test was 
used to determine whether there was study heterogeneity, and the 
Higgins I 2 tests was used to determine how much heterogeneity 
was present. These tests show that there is 0-25%, 25-50%, and 
50-75% heterogeneity, respectively. The pooled effects of our meta-
analyses were estimated using a random-effects model due to the 
inherent heterogeneity in research design and demographics [16-
20].

In order to demonstrate that our results were not significantly 
influenced by any particular study, pre-specified sensitivity analyses 
for the primary endpoints were carried out by systematically deleting 
one study at a time. To further assess the stability of our meta-
analysis, numerous subgroup analyses (based on research design, 
study quality, and patient age) were carried out. We used a random-
effects meta-regression analysis to examine how preselected factors 
affected the total effect. All statistical analyses were done with 
STATA 12.0 and the Rev Man software suite (Review Manager, 
Version 5.3). Two-tailed P-values were used, and a P-value of 0.05 
or above was regarded as statistically significant [21-25].

RESULTS

22 studies met the inclusion criteria and were included in the 
analysis out of a total of 1316 citations that were generated by 
the database searches (Figure 1). A total of 281872 patients who 
underwent AFCA were included in these trials; 33.6% of these 
patients were women (94930 women) [26-31]. Table 1 lists baseline 
characteristics broken down by sex. Women receiving ablation had 
considerably higher rates of diabetes (18.6% vs. 16.7%, p=0.0001) 
and hypertension (46.2% vs. 44.7%), as well as significantly older 
ages (63.5 ± 4.13 vs. 60.25 ± 4.00 years). As a result, women had 
significantly higher CHADS2-VASc ratings in the studies that 
reported them (n=12, respectively). Left Ventricle Ejection Fraction 
(LVEF) was normal in the great majority of patients, regardless of 
gender, when reported (n=9 studies), while women had statistically 
higher ejection fractions (60.9 ± 4.7% vs. 58.4 ± 4.8%, P＜0.0001) 
and more often had a paroxysmal AF pattern at enrollment. Men 
were more likely to have coronary artery disease, to have enlarged 
LA diameter, increased body mass index and less paroxysmal AF.

Table 2 describes the characteristics of the included studies and 
the definitions applied to each of the procedural complication 
endpoints. The majority of studies that documented the ablation 
energy source (n=17 studies) used Radio-Frequency (RF) ablation 
in their AFCA procedures. Only 4 studies reported using 
Cryoballoons (Cryo). Fifteen studies were evaluated as good quality 
(NOS ≥ 6), indicating a low risk of bias. 

Freedom from atrial fibrillation/at recurrence

Eighteen studies were included in the quantitative synthesis 
of freedom from AF/AT recurrence in women vs. men. Some 
degree of heterogeneity was present as ascertained through the 
heterogeneity test with I2>50. A random effects model was selected 
for the analysis. The sex-related difference in freedom from AF/
AT recurrence was independent of follow-up time (at 1 year, OR: 
0.98, 95% CI: 0.82-1.16; P=0.79; at 1-3 years, OR: 0.67, 95% CI: 
0.57-0.79; P<0.00001; at ≥ 3 years, OR=0.78, 95% CI: 0.66–0.92; 
P=0.003 (Figure 2).

Although the need for intervention was not specified in all studies, 
efforts were made to include only pericardial effusions that 
required intervention (Table 2). The overall incidence of AFCA-

more frequently in women [7]. However, no gender difference in 
outcome or complications after ablation was found in several other 
long-term observational studies [8]. As a result of this, we conducted 
an updated systematic review and meta-analysis to investigate the 
clinical outcomes associated with AF catheter ablation.

METHODOLOGY

Data sources and searches

We conducted a thorough online search of the literature (up to 
December 2022) in the Medline and EMBASE databases to identify 
all published clinical studies that compared the outcomes of catheter 
ablation of AF in men and women. Relevant keywords and medical 
subject heading terms such as ‘atrial fibrillation,’ ‘gender, “sex, 
“men,’ ‘women, “male,’ ‘female,’ ‘pulmonary vein isolation,’ and 
‘ablation’ were used both individually and in combination in the 
retrieval strategy. The bibliographies of the reviewed manuscripts 
were manually retrieved to avoid missing relevant data.

Studies were considered if they reported primary endpoints 
of interest in patients undergoing catheter ablation of AF and 
provided specific information on women vs. men within the main 
article or subgroup. Catheter ablation was used to describe an 
endocardial ablation procedure (radiofrequency or cryoablation). 
To determine which studies would be included, the following 
criteria were used: (i) Studies had to provide accurate information 
on at least one of the primary endpoints; (ii) All studies had to 
include at least 500 participants to reduce the risk of small-study 
effects; and (iii) Endpoints had to be reported as numerical events 
rather than just odds rates. If relevant data were not provided in the 
published papers, we made an effort to contact the corresponding 
authors to ask for more information.

Outcomes and definitions

The primary goals were to determine the incidence rates of 
freedom from AF/Atrial Tachycardia (AT) recurrence. Serious 
complications including mortality from all causes, stroke/
Transient Ischemic Attack (TIA), pericardial effusion/tamponade 
and severe hemorrhage requiring transfusion were secondary 
outcomes. Without antiarrhythmic medication, no episode of AF, 
flutter, or tachycardia lasting longer than 30 seconds after a 1-or3-
month break was regarded as being free from recurrence of AF/AT 
(AADs). All-cause mortality and the first incidence of a stroke or 
TIA were both referred to as these terms, as well as any deaths that 
happened during hospitalization or follow-up.

Data extraction and quality assessment

Data was gathered and reported in line with the preferred reporting 
items for systematic reviews and meta-analyses in order to compile 
this article. Using a specified, standardized process and a data 
gathering tool, three writers abstracted data independently. From 
the main paper, the following details about the study, the patient, 
and the operation were taken. Any discrepancies were discussed 
and settled among the authors. The Newcastle-Ottawa Quality 
Assessment Scale (NOS) for observational trials was used to rate 
the effectiveness of the included research [9,10]. The NOS scale has 
a maximum score of nine and eight questions. We assessed the data 
based on the populations we selected, how comparable the groups 
were, and how a star system represented the exposure/outcome of 
interest [11-15].

Data synthesis and analysis

Dichotomous data were analyzed using the Odds Ratio (OR) with 
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related pericardial effusion/tamponade was 2.4%, with women 
having a significantly higher incidence (2.6% vs. 2.2%, OR=1.24, 
95% CI: 1.18–1.31) See Figure 3.

Stroke/TIA

In 24 studies, 1031 periprocedural stroke/TIA events were reported 
in 276420 ablations (overall incidence 0.37%). Women had 397 
strokes/TIAs out of 93454 AFCA procedures (0.42%), while men 
had 1031 events out of 182966 procedures (0.34%), resulting in a 
27% higher relative risk of stroke/TIA in women (OR: 1.26, 95% 
CI: 1.11-1.43), P=0.0003) (Figure 4).

Other complications

10 studies reported phrenic injury, three of which included 
outcomes with both RF and Cryo, and most studies all included 
only RF (Table 2). Studies that included both energy modalities 

did not specify whether phrenic complications occurred with RF 
or Cryo. Overall, the incidence of phrenic injury was very low in 
both sexes, and there was no different between both groups (0.11% 
vs. 0.09%, OR: 1.44, 95% CI: 0.91-2.26, P=0.12) (Figure 3). Our 
analysis indicated that women undergoing catheter ablation of AF 
had an increased risk of vascular compliation (OR: 1.67, 95% CI: 
1.56–1.78; P<0.0001), Hematoma (OR: 1.52, 95% CI: 1.43–1.62; 
P<0.0001).

Procedural mortality

Mortality was reported in 12 studies, the overall mortality rate 
associated with AFCA was very low at 0.17% (443 deaths out of 
257008 patients undergoing AFCA in 12 studies). And there was 
no significant difference in the risk of in hospital mortality between 
the two groups (OR=1.07, 95%CI 0.88-1.30, P=0.49) (Figure 5).

Figure 1: Flow diagram of the study selection process.

Table 1: Baseline characteristics of the included studies.

Study
Age BMI Hypertension (%) Diabetes (%) LA area CHA2DS2‐VASc

Ejection 
fraction (%)

Female Male Female Male Female Male Fe-male Male Female Male Female Male Female Male

Alexis Her-
mida 2022, 

[10]
63 ± 9 60 ± 10 29 ± 6 29 ± 5 84 (46%)

254 
(46%)

19 (10%) 66 (12%) 23 ± 5 25 ± 5 2.5 ± 1.2 1.4 ± 1.3 58 ± 10
56 ± 
11

Andrea M. 
Russo 2021, 

[11]

69.4 
(65.3, 
74.0)

66.6 
(59.8, 
71.2)

30.0 
(26.1, 
34.9)

30.0 
(26.8, 
33.9)

338/413  
(81.8%)

538/695 
(77.4%)

NG NG NG NG
3.0 (3.0, 

4.0)
2.0 (1.0, 

3.0)
NG NG

Daniel W. 
Kaiser 2016, 

[12]

61.9 ± 
11.4

58.1 ± 
10.5

NG NG
4,061 

(66.2%)
9,246 

(61.8%)
1,400 

(22.8%)
3,097 

(20.7%)
NG NG 2.9 ± 1.5 1.6 ± 1.4 NG NG

Fahd N. 
Yunus 2021, 

[13]

66.8 ± 
9.6

63.4 ± 
10.6

31.3  ± 
7.7

30.8±6.0
1423 

(72.3%)
2449 

(72.3%)
360 

(18.3%)
707 

(20.9%)
NG NG 3.4 ± 1.5 2.4 ± 1.6

57.8 ± 
10.0

54.0 ± 
11.5

Moon-hyun 
Kim 2021, 

[14]

60.8 ± 
10.2

56.0 ± 
10.5

NG NG
1797 

(81.5%)
5320 

(76.3%)
972 

(13.9%)
315 

(14.3%)
NG NG 3.5 ± 1.7 2.0 ± 1.6 NG NG
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Jim W. 
Cheung 

2019, [15]

62.2 ± 
0.16

67.9 ± 
0.16

NG NG
12 459 
(60.4%)

19 245 
(56.6%)

4223 
(20.5%)

6854 
(20.2%)

NG NG NG NG NG NG

Claude S. 
Elayi 2018, 

[16]

65.1 ± 
10.9

59.5 ± 
10.9

NG NG
16,521 

(59.4%)
31,433 
(54%)

4705 
(16.9%)

8303 
(14.3%)

NG NG 3 (2) 1 (2) NG NG

Jonathan P. 
Piccini 2012, 

[17]
NG NG NG NG NG NG NG NG NG NG NG NG NG NG

Hee Tae Yu 
2018, [18]

50.8 ± 
8.6

49.5 ± 
7.4

23.8 ± 
3.4

25.5 ± 
3.1

58 
(26.0%)

301 
(36.0%)

11 
(4.9%)

84 
(10.0%)

39.5 ± 
7.5

41.0 ± 
6.2

1.6 ± 0.8 0.8 ± 1.0
63.8 ± 

7.3
62.1 ± 

8.5

Karl-Heinz 
Kuck 2018, 

[19]
64 ± 8 57 ± 10 28 ± 5 28 ± 4

183 
(62%)

253 
(55%)

21 (7%) 39 (9%)
39.9 ± 

6.5
41.2 ± 

5.8
NG NG 64 ± 6 62 ± 7

Dimpi Patel 
2010, [20]

59 ± 13 56 ± 19 28  ± 8 27.3 ± 9
286 

(55.2%)
1100 

(40%)
57 (11%)

414 
(15%)

NG NG NG NG 56 ± 8 49 ± 5

XIAO-
DONG 
ZHANG 
2013, [21]

62.7 ± 
10.6

61.1 ± 
10.4

24.2  ±  
2.6

24.1 ± 
2.5

31 
(42.5%)

59 
(40.1%)

6 (8.2%)
22 

(15.0%)
45.9 ± 

4.6
45.5 ± 

5.7
NG NG

59.6 ± 
4.2

58.3 ± 
6.2

Marielle 
Kloostermn 
2020, [22]

66 (60–
72)

63 (57–
69)

28.0 
(24.9–
32.7)

28.4 
(25.4–
31.2)

186 
(89.0%)

385 
(90.8%)

22 
(10.5%)

54 
(12.7%)

NG NG 3.2 ± 1.1 2.1 ± 1.1 NG NG

Danilo 
Ricciardi 
2019, [23]

62.4 ± 
9.9

58.8 ± 
10.6

27.1 ± 
5.2

27.1 ± 
3.6

298 
(50.7%)

764 
(49.6%)

29 
(4.8%)

86 
(5.6%)

40.8 ± 
12.2

42.6 ± 
5.9

NG NG NG NG

Laura 
Ueberham 
2020, [24]

69.0 ± 
8.2

62.7 ± 
10.1

NG NG NG NG 160 233 NG NG 3.9 ± 1.2 2.6 ± 1.2 NG NG

Masateru 
Takigawa 
2013, [25]

63.2 ± 
9.1

60.0 ± 
10.5

23.2 ± 
3.2

23.7 ± 
2.8

121 
(46.5%)

372 
(43.1%)

30 
(11.5%)

90 
(10.4%)

37.2 ± 
5.0

38.0 ± 
5.1

0.9 ± 1.0 0.8 ± 0.9
68.6 ± 

6.2
65.6 ± 

7.0

Maura M. 
Zylla 2016, 

[26]

63.6 ± 
9.6

59.1 ± 
10.5

NG NG
139 

(64.4%)
247 

(60.2%)
102 

(8.5%)
186 

(7.6%)
NG NG NG NG NG NG

Seung-Young 
Roh 2018, 

[27]
59 ± 10 59 ± 10 25 ± 4 25 ± 3

133 
(36%)

124 
(34%)

29 (8%) 35 (10%) 41 ± 6 41 ± 6 NG NG 55 ± 6 56 ± 6

Winkle RA 
2011, [28]

65.7 ± 
9.8

60.1 ± 
10.1

28.7 ± 
6.4

29.6 ± 
4.8

117 245 17 47 NG NG NG NG NG NG

Mihaela 
Grecu 2020, 

[29]
NG NG NG NG

709 
(62.1%)

1245 
(51.1%)

NG NG NG NG NG NG NG NG

Reed Mszar 
2022, [8]

67.5 (9.7)
64.2 

(10.4)
31.5 (9.4)

31.4 
(16.0)

1887 
(9.3%)

3294 
(8.6%)

3851 
(18.9%)

7912 
(20.6%)

NG NG 3.4 (1.5) 2.2 (1.6) NG NG

Nobuaki 
Tanaka 2020, 

[30]

67.9 ± 
8.8

63.0 ± 
10.6

23.2 ± 
3.8

24.3 ± 
3.4

753 
(55.0%)

1881 
(51.7%)

158 
(11.5%)

561 
(15.4%)

38.9  ± 
6.8

40.4  ± 
6.6

2.96 1.72
65.8  ± 

8.4
62.5 ± 

9.7

Note: Data are presented as mean ± standard deviation or %. Abbreviations: CHADS2:Congestive Heart Failure, Hypertension, Age > 75, Diabetes, 
Stroke (2 points); CHA2DS2‐VASc, Congestive Heart Failure, Hypertension, Age > 75 (2 points), Diabetes, Stroke (2 points), Vascular Disease, Age 
65–74, female sex.
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 Table 2: Baseline demographics in the included studies for the different endpoints.

Study Study character-istics
Ablation energy 

source
Follow-up months Reported primary outcomes NOS points

Alexis Hermida 2022, [10] retrospective cohort
Cryoballoon abla-

tions
26 ± 21months recurrence of ATa 5

Andrea M. Russo 2021, [11]
prospective  ran-

domized
catheter ablation 12months

death, disabling stroke, serious 
bleeding, or cardiac arrest

7

Daniel W. Kaiser 2016, [12] retrospective cohort catheter ablation 12months

vascular complications, 
hematoma or hemorrhage, 

perforation or tamponade, all-
cause hospitalization, stroke or 

TIA

7

Fahd N. Yunus 2021, [13] retrospective cohort catheter ablation NG

hemopericardium, phrenic nerve 
injury, perforation/tamponade 
requiring surgery, pulmonary 
vein stenosis, stroke/transient 

ischemic attack)

6

Moon-hyun Kim 2021, [14] retrospective cohort catheter ablation 12months - 7

Jim W. Cheung 2019, [15]
Observational 
Retrospective

RF 30days 30-day all-cause readmission 6

Claude S. Elayi 2018, [16]
Observational 

Retrospec-tivestudy
RF NG

occurrence of at least one major 
complica-tion during the index 
hospitalization for the ablation 

procedure

6

Jonathan P. Piccini 2012, [17]
Observational 
Retrospective

RF 12months
diagnosis of atrial fibrillation or 

atrial flutter
5

Hee Tae Yu 2018, [18]
Observational 
Retrospective

RF 24.5 ± 18.9months AF recurrence 6

Karl-Heinz Kuck 2018, [19] RCT secondary analysis
catheter abla-

tion+Cryoballoon 
ablations

12months

recurrence of atrial arrhythmia 
(AF >30 seconds, atrial flutter, 

or atrial tachycar-dia), (2) 
prescription of an antiarrhythmic 

drug, or (3) repeat catheter 
ablation.

7

Dimpi Patel 2010, [20]
Observational 

Prospective data 
collection

RF 24 ± 16months
freedom from AF/atrial 

tachycardia
6

XIAO-DONG ZHANG 2013, 
[21]

Observational 
Retrospective

RF 19 ± 5.0months freedom of AF/AT recurrences 5

Marielle Kloostermn 2020, [22] RCT secondary analysis
RF+cryoballon abla-

tions
3months

composite all-cause death, stroke, 
or major bleeding, Cardiac 

tamponade
7

Danilo Ricciardi 2019, [23]
Observational 

Prospective data 
collection

Cryoballoon abla-
tions

16.8 ± 13.9months
Freedom from atrial fibrillation 

(AF) recur-rence.
7

Laura Ueberham 2019, [24]
Observational 
Retrospective

catheter ablation NG Vascular access complications (%) 7

Masateru Takigawa 2013, [25]
Observational 
Retrospective

catheter ablation 1/2/3year AF-recurrence 6

Maura M. Zylla 2016, [26]
Observational 

Prospective

catheter abla-
tion+Cryoballoon 

ablations
1year AF-recurrence 5
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Seung-Young Roh 2018, [27]
Matched cohort 

Retrospective
catheter ablation 55 ± 38months recurrence of atrial arrhythmia 6

Winkle RA 2011, [28]
observational cohort 

study
catheter ablation 1/2/3yeas AF-free rates 6

Mihaela Grecu2020, [29]
Observational 

Prospective

catheter abla-
tion+Cryoballoon 

ablations
12months AF recurrence 7

Reed Mszar 2022, [8]
observational cohort 
study, prospective co-

hort study

catheter abla-
tion+Cryoballoon 

ablations
10years A-V fistula requiring intervention 6

Nobuaki Tanaka 2020, [30] observational study catheter ablation 1year/3year Atrial fibrillation recurrence 6

Figure 2: Forest plot of freedom from AF/AT in women vs. men at 1-, 1 to 3-, and ≥ 3-year follow-up after catheter ablation.

Figure 3: `Forest plot of phrenic nerve injury, vascular complications, pericardial effusion/tamponade, Hematoma in women  men after 
catheter ablation.
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Figure 4: Forest plot of stroke/TIA in women vs. men in-hospital after catheter ablation.

Figure 5: Forest plot of all-cause mortality in women vs. men after catheter ablation.
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DISCUSSION 

To the best of our knowledge this is the largest study evaluating sex 
difference in the characteristics and outcomes between females and 
males following catheter ablation of AF. (i) Females AF patients 
experienced higher AF recurrence rates after the initial RFCA 
procedures; and (ii) Females experienced more frequent incidence 
of procedure-related complications.

It is still difficult to identify people who are at risk for arrhythmia 
recurrence after AF ablation. There have been reports of several 
prediction models based on clinical, anatomical, imaging, and 
serological traits [32]. A residual non-PV arrhythmogenic substrate 
after the PVI and the restoration of isolated PV potentials were 
the two main mechanisms of recurrence following AF ablation 
[33]. The PVI techniques were not well defined in the past, and 
PV re-conduction was common. The impact of patient variables, 
particularly gender, may have been muted in earlier research 
since PV re-conduction was such a significant factor influencing 
recurrence [34]. Today, PVI is more durable and the influence of 
patient features on the success of the ablation may be revealed 
advancements in the PVI technique like 3D mapping systems, 
irrigation catheters, contact force catheters, consequently, emphasis 
is gradually being directed to sexy differences [35].

Numerous inflammatory reactions, including oxidative stress, 
calcium overload, and myofibroblast activation, are brought 
on by prolonged atrial stimulation [36]. These inflammatory 
responses, which may be more severe in women than in males, 
may result in deformation of the extracellular matrix and of the 
electrophysiological characteristics of the atria [37]. Inflammatory 
markers like high-sensitivity C-reactive protein, soluble intercellular 
adhesion molecule-1, and fibrinogen have been linked to incident 
AF in women even when established risk factors have been 
taken into account, according to the women’s health study [38]. 
Higher frequency of non-pulmonary triggered activity, longer 
action potential duration in female atria, and more pronounced 
AF-associated fibrotic remodeling result in higher AF recurrence 
in females than in males [39]. Females in this study who were 
scheduled for ablation were older, had less paroxysmal AF, and 
had more comorbid conditions; these factors were linked to more 
advance structural remodeling and resulted in poorer success rates.

Women undergoing AFCA have a higher risk of pericardial effusion 
tamponade [40]. According to previous research, tamponade is 
more common in women than in men. Our research backs up 
this finding. Pericardial effusion is a risk with both transseptal 
puncture and catheter manipulation, with left atrial perforation 
being the most common complication [41]. Despite the fact that 
routine use of ICE is associated with a significantly lower rate of 
pericardial complications, cost considerations limit its routine use 
[42]. Patients receiving continuous oral anticoagulation may be at 
increased risk of refractory bleeding despite pericardiocentesis and 
protamine administration [43]. Andexanet alfam idarucizumab can 
be used to reverse dabigatran, rivaroxaban, or apixaban in such 
cases, and to lower the danger of pericardial effusion/tamponade, 
numerous innovative catheter ablation techniques have been 
deployed, including ultra-low temperature cryoablation catheters 
and extremely high-power short-duration catheter ablation [44-46].

Vascular surgeries were relatively infrequent in this study’s reported 
vascular access problems [47]. A higher percentage of obese women, 
a known risk factor for more difficult vascular access, smaller 
vascular diameter in women than in men, and the close anatomic 

relationship between the femoral artery and its branches, which 
makes veins in women more difficult to puncture and increases the 
risk of unintentional arterial puncture [48,49]. This gap could be 
filled by using vascular ultrasonography for femoral venous access 
on a regular basis.

Even after controlling for other risk factors, females with AF have 
an increased risk of stroke compared to males. In line with previous 
findings, our study reported 0.37% in-hospital stroke/TIA. Our 
findings are consistent with a previous meta-analysis of AFCA 
outcomes stratified by gender, which found that women had 
significantly higher rates of stroke/TIA and mortality after AFCA 
[50]. However, the precise mechanism of gender and procedural 
stroke is unknown, and there are several possible explanations. First, 
it is assumed that procedural strokes/TIAs are primarily caused 
by thrombus formation, though non-thrombotic mechanisms may 
also contribute to neurologic events associated with AFCA [51]. 
Second, differences in heparin pharmacokinetics between men and 
women may contribute to the higher rate of stroke/TIA observed 
in women. More research is needed to identify optimal peri and 
intra-procedural anticoagulation strategies in women that balance 
not only thrombotic risk but also the increased risk of bleeding 
complications [52]. Third, differences in genetic, vascular biology, 
hormonal between men and women may increase the risk of 
stroke [52]. Physicians must discuss the ongoing risks and benefits 
of anticoagulant therapy, especially when combined with a high 
CHA2DS2-VASc score and a high likelihood of AF recurrence.

The risk of in-hospital mortality in the current study was extremely 
low (0.14%). These findings matched the 0.06-0.60% estimated 
death risk for AF catheter ablation. Our research looked at over 
257008 patients and discovered that there was no difference in 
in-hospital mortality between male and female patients. Campbell 
found that women had significantly higher rates of mortality after 
AFCA [52]. However, one significant difference between our 
analysis and Campbell’s is that we included five newly published 
studies totaling 75230 patients. Patients were included in a larger 
sample size, resulting in a different conclusion.

Our analysis included 22 studies from various institutions and 
countries. It is the largest study aimed at providing real-world 
information about sex-specific catheter ablation outcomes to 
physicians and their patients. This meta-analysis, however, has 
several limitations. First, the majority of the included studies are 
retrospective in nature, potentially biasing our findings. Despite 
our efforts to overcome this limitation by conducting multiple 
sensitivity and subgroup analyses, as well as meta-regression analyses, 
selection bias could not be ruled out. Second, most studies did not 
provide detailed information on AF type, ablation strategy, and 
perioperative medication use (AAD, b-blocker, platelet inhibitors, 
and anticoagulant). As a result, unmeasured confounders could 
exist in our findings. Finally, the study data did not allow for a 
separate analysis of cardiac and non-cardiac death, haemorrhagic 
and non-haemorrhagic stroke.

CONCLUSION 

In conclusion, updated analysis of our study’s data revealed that 
women may have a lower percentage of patients who experience no 
AF/AT recurrence following catheter ablation of AF. Furthermore, 
female sex was linked to a higher risk of stroke/TIA. Major 
problems also occurred more frequently in the female sex. Further 
research is required to determine the causes of these sex-related 
variations in catheter ablation of AF and more ways to reduce the 
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recurrence rate of atrial fibrillation caused by gender differences. 
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