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Abstract

Background: The optimal anesthesia strategy during
catheter ablation of atrial fibrillation (AF) remains contro-
versial. This meta-analysis compared general anesthesia,
deep sedation, and conscious sedation in terms of procedu-
ral time and complications. Methods: Literature searches
were conducted in PubMed, EMBASE, and Web of Sci-
ence databases. Mean differences (MDs) and odds ratios
(ORs) with 95% confidence intervals (CIs) were calculated
using fixed- and random-effect models on the basis of the
heterogeneity among studies, as assessed by I2 statistics.
The random-effect model was used when the heterogene-
ity was high (I2 > 50%). Publication bias was evaluated
through funnel plots and Egger’s tests. Results: Sixteen
studies were included in this study. No significant differ-
ence was observed in procedural time between the general
anesthesia and conscious sedation groups (MD: –8.1479
minutes, 95% CI: from –27.6836 to 11.3878, seven stud-
ies). Deep sedation was associated with procedural time
(MD: 131.8436 minutes, 95% CI: 99.6540–164.0332, eight
studies). The rate of serious intraprocedural complications
was 1.5% (95% CI: 1.2%–1.9%) with deep sedation (seven
studies). Conscious/analog sedation had 26%–29% higher
odds of perioperative complications than general anesthesia
(OR: 1.2622, 95% CI: 1.0273–1.5507, nine studies). Sig-
nificant heterogeneity was present across studies. Conclu-
sions: This meta-analysis found no significant difference in
procedural time between general anesthesia and conscious
sedation for AF ablation. Deep sedation was associated
with longer procedural time. Conscious sedation appeared
to have a higher risk of perioperative complications than
general anesthesia. Further randomized trials are warranted
to determine the optimal anesthesia strategy.
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Introduction

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia, affecting over 30 million individuals
worldwide. Catheter ablation has emerged as an effec-
tive treatment strategy to electrically isolate the pulmonary
veins, which are the predominant triggers of AF. The pri-
mary catheter ablation procedures employed are radiofre-
quency ablation and cryoablation techniques [1,2]. Ra-
diofrequency ablation utilizes a catheter delivering high-
frequency electrical energy for localized thermal tissue de-
struction, whereas cryoablation involves a catheter deliv-
ering freezing temperatures to induce tissue necrosis [3,4].
Specifically, a 4 mm-tip catheter is used for radiofrequency
ablation under fluoroscopic guidance, with energy delivery
adjusted on the basis of impedance and temperature mon-
itoring for optimal lesion formation [5]. Cryoablation uti-
lizes a 6 mm-tip cryoablation catheter guided to the target
site to achieve controlled tissue freezing [3]. While the sur-
gical procedure is crucial, the choice of anesthesia admin-
istered during the operation can remarkable influence a pa-
tient’s recovery process [6].

The optimal anesthesia strategy during AF ablation re-
mains controversial. Recent studies have compared general
anesthesia, deep sedation, and conscious sedation in terms
of efficacy and safety outcomes [7]. They are different lev-
els of anesthesia that affect the patient’s consciousness, pain
perception, and respiratory function. General anesthesia is
the most profound level of anesthesia, in which the patient
is completely unconscious, does not feel any pain, and re-
quires mechanical ventilation [8]. Deep sedation is a level
of anesthesia in which the patient is nearly unconscious, has
a reduced response to painful stimuli, and may need assis-
tance with breathing [9]. Conscious sedation is a level of
anesthesia in which patients are awake but relaxed, can re-
spond to verbal commands, and can breathe on their own
[10]. The choice of anesthesia for AF ablation depends on
various factors, such as the patient’s preference, medical
condition, procedural complexity, and the operator’s expe-
rience [11]. Each level of anesthesia has its advantages and
disadvantages and may affect the procedural time and com-
plications of AF ablation differently. Therefore, comparing
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the outcomes of different anesthesia strategies for AF abla-
tion is important.

Grimaldi et al. [12], 2022 reported no difference in
fluoroscopy time, radiofrequency time, or long-term suc-
cess between deep sedation and general anesthesia. Wutzler
et al. [13], 2013 found similar complication rates between
deep sedation and general anesthesia groups. However, re-
sults have been conflicting. Some studies reported shorter
procedure time with general anesthesia than with conscious
sedation, whereas others found no difference.

Given the inconsistent results, a systematic review and
meta-analysis was performed to compare general anesthe-
sia, deep sedation, and conscious sedation for catheter abla-
tion of AF in terms of procedural time and complications to
provide evidence on the optimal anesthesia strategy during
AF ablation.

Methods

Search Strategy and Study Selection

A systematic literature search was conducted in
PubMed, EMBASE, andWeb of Science databases to iden-
tify relevant studies comparing different sedation methods
for catheter ablation of AF. The search terms included var-
ious combinations of keywords such as “atrial fibrillation”,
“catheter ablation”, “anesthesia”, and “sedation”. No lim-
its were applied to publication date nor language. The study
selection process is outlined in a PRISMA flow diagram.

Inclusion and Exclusion Criteria

In this systematic review and meta-analysis of studies
investigating the effect of different methods of sedation or
anesthesia on the outcomes of catheter ablation of AF, the
following inclusion and exclusion criteria were applied to
select relevant studies for analysis.

Inclusion Criteria

(1) Studies published in peer-reviewed journals.
(2) Studies that focused on catheter ablation proce-

dures for symptomatic AF.
(3) Studies that reported data on the sedation or anes-

thesia strategy used during catheter ablation (e.g., general
anesthesia, conscious sedation, and deep sedation).

(4) Studies with a sample size of at least 10 patients.
(5) Studies that provided sufficient data for analysis.
(6) Studies conducted on human subjects.

Exclusion Criteria

(1) Reviews, meta-analyses, conference abstracts, or
case reports.

(2) Studies with a sample size of less than 10 patients.

(3) Studies lacking information on the sedation or
anesthesia strategy.

(4) Studies with insufficient data for analysis.
(5) Studies conducted on animal subjects.
(6) Non-English language studies, if translation re-

sources were not available.
(7) Duplicate publications from the same study.
(8) Studies with incomplete or inadequately reported

outcomes.
(9) Studies that were not randomized controlled trials

(RCTs) or retrospective/prospective studies because these
were the least common study types among the eligible stud-
ies.

Statistical Methods

(1) Effect sizes (e.g., risk ratio and standardized mean
difference) were computed for each study.

(2) A meta-analysis was conducted by amalgamating
the effect sizes from the studies to derive the pooled effect
size and confidence intervals (CIs).

(3) Inter-study heterogeneity was evaluated. For in-
stance, heterogeneity was detected using methods like Q-
test or I2 statistic.

(4) Subgroup or sensitivity analyseswere conducted to
investigate the resilience and coherence of the study find-
ings.

Data Extraction and Quality Assessment

Data extraction and quality assessment were con-
ducted systematically and rigorously to ensure the validity
and reliability of the meta-analysis. This section outlines
the process of data extraction and quality evaluation for the
16 selected studies, and any additional sources of potential
bias specific to each study.

Quality assessment aimed to determine the overall risk
of bias for each study, and it was carried out independently
by two assessors. Discrepancies were resolved through dis-
cussion, and a third assessor was consulted when consensus
could not be reached. The results of the quality assessment
were taken into consideration when interpreting the find-
ings of the meta-analysis and assessing the overall strength
of the evidence. This systematic approach to data extraction
and quality assessment ensures the reliability and credibil-
ity of the meta-analysis results.

Group Assignment and Comparison

The studies included in this meta-analysis assigned
the patients to different groups on the basis of sedation
or anesthesia strategy used during catheter ablation of AF.
The control group received general anesthesia, which is the
most profound level of anesthesia, in which the patient is
completely unconscious, does not feel any pain, and re-
quires mechanical ventilation. The test group received ei-
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ther conscious sedation, analgosedation, or local anesthesia,
which are different levels of sedation that affect the patient’s
consciousness, pain perception, and respiratory function to
varying degrees.

Statistical Analysis

This study is based solely on the PRISMA
(Supplementary Materials) guidelines. We analyzed all
data using R software 4.3.3 (R Foundation for Statistical
Computing, Vienna, Austria). The meta-analysis was
performed using R packages meta, dmetar, and metaphor
[14]. Mean differences (MD) and odds ratios (OR) with
95% CIs were calculated for continuous and dichotomous
outcomes, respectively. Heterogeneity was assessed using
I2 statistic. Publication bias was evaluated through funnel
plots, Begg’s test, and Egger’s test. Influence analysis was
conducted to determine the effect of excluding individual
studies. Leave-one-out analysis assessed the effect on the
pooled effect size. Baujat and Galbraith plots were used
to visually examine heterogeneity. P-curve analysis was
conducted to evaluate the evidential value and statistical
power. GOSH diagnostics was applied to identify potential
outlier studies.

Results

Search Results and Study Characteristics

The results of the systematic literature search and
meta-analysis of the effect of different methods of seda-
tion or anesthesia on the outcomes of catheter ablation of
AF are presented. The literature search was conducted
in three databases: PubMed, EMBASE, and Web of Sci-
ence. A total of 667 records were identified through the
database search. After 513 duplicates were removed, 154
records were screened by title and abstract. Among them,
78 records were excluded for not meeting the inclusion cri-
teria. The remaining 76 records were assessed for eligibil-
ity by full-text articles. Among them, 60 records were ex-
cluded for various reasons such as being reviews or meta-
analyses, having a sample size of less than 10, or having
insufficient data. Finally, 16 studies were included in the
meta-analysis (Fig. 1). The characteristics of the 16 studies
are summarized in Table 1 (Ref. [12,13,15–27]).

Procedural Time of Deep Sedation for Catheter Ablation
of AF

This meta-analysis of eight studies compared the pro-
cedural time of deep sedation for catheter ablation of AF,
as shown in Fig. 2A. The total number of patients in the
deep sedation group was 4474. The results showed that the
pooled MD = 131.8436 minutes, the 95% CI = 99.6540–
164.0332, z = 8.0277, the p value < 0.0001. The hetero-

Fig. 1. Flow diagram for study identification and inclusion.

geneity was moderate, tau2 = 841.4662, tau = 29.0080, I2
= 42.63%, H2 = 1.74, Q = 11.1638, df = 7, and p = 0.1316.
This finding indicated some variation between the studies
but not sufficient to reject the null hypothesis of homogene-
ity (p > 0.05). The funnel plot showed a roughly inverted
funnel shape, with a symmetrical distribution of studies on
both sides (Fig. 2B).

Meta-Analysis of Procedural Time for General Anesthesia
and Conscious/Analgosedation Groups

A meta-analysis of seven studies was conducted to
compare the procedural time of catheter ablation of AF
between the general anesthesia (control) group and the
conscious sedation/analgosedation/local anesthesia (test)
groups. The total numbers of patients in the control and
test groups were 730 and 752, respectively. The mean and
standard deviation of the procedural time for each study
and each group were entered as input data. The results
showed that the pooled MD = –8.1479 minutes, the 95%
CI [–27.6836; –11.3878], z = –0.82, and p = 0.41 under the
random-effect model. This finding indicated no significant
difference between the control and test groups in procedural
time across all studies (p > 0.05).

The heterogeneity was high, tau2 = 636.565, tau =
25.2302, I2 = 94%, H2 = 1.74, Q = 105.80, the degree of
freedom was 6, indicating considerably variation in proce-
dural time between the studies (shown in Fig. 3A).

The meta-analysis used three graphical and statisti-
cal tools to assess the presence of publication bias or other
sources of heterogeneity among the studies: funnel plot,
Begg’s rank correlation test, and Egger’s linear regression
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Fig. 2. Illustrations of procedural time plot and funnel plot. (A) Plot of procedural time (in minutes). (B) Funnel plot of procedural
time (in minutes).

test. The funnel plot in Fig. 3B shows that the studies are
roughly distributed in an inverted funnel shape, with a sym-
metrical pattern on both sides. This finding suggested no
significant publication bias nor heterogeneity among the

studies. The Begg’s rank correlation test in Fig. 3C shows
that z = –0.75 and p = 0.45, indicating no significant corre-
lation between the effect size and its variance rank, hence
no publication bias nor heterogeneity. The Egger’s linear
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Fig. 3. Comparing procedural time under different sedation methods. (A) Forest plot of mean difference in procedural time between
general anesthesia and deep sedation groups. (B) Funnel plot of effect estimates and standard errors for procedural time. (C) Begg’s test
for funnel plot asymmetry. (D) Egger’s test for funnel plot asymmetry. SD, Standard Deviation; CI, Confidence Interval; IV, inverse-
variance weighting.

regression test in Fig. 3D shows that t = –1.13, df = 5, and
p = 0.31, indicating that the intercept was not significantly
different from zero, which implied no publication bias.

The influence analysis results, presented in Table 2
(Ref. [15–19,26]) and corresponding to Fig. 4B, provide

insights into the effect of individual studies on the meta-
analysis of procedural time for the two groups. The results
showed that four studies had negative rstudent values, in-
dicating lower effect sizes than the pooled effect size, and
three studies had positive rstudent values, indicating higher

E818 Heart Surgery Forum

https://journal.hsforum.com/


Table 1. Summary of included studies.
Study Region Study type Sample size Mean age Anesthesia strategy

Chikata et al. [15], 2017 Japan Retrospective study 176 66.2 General anesthesia | Conscious sedation
Wang et al. [16], 2021 China Retrospective study 351 62.4 General anesthesia | Conscious sedation
Xu et al. [17], 2017 China Retrospective study 498 60.6 General anesthesia | Conscious sedation
Moravec et al. [18], 2021 Czech RCT 150 56.6 General anesthesia | Conscious sedation
Traykov et al. [19], 2021 Bulgaria Retrospective study 167 57.5 General anesthesia | Conscious sedation
Wutzler et al. [13], 2013 Germany Retrospective study 316 59.0 Deep sedation
Grimaldi et al. [12], 2022 USA Retrospective study 401 61.4 Deep sedation
Iacopino et al. [20], 2023 Italy Retrospective study 29 55.0 Deep sedation
Kottkamp et al. [21], 2011 Greece Retrospective study 650 60.0 Deep sedation
Foerschner et al. [22], 2022 Germany Retrospective study 3211 65.8 Deep sedation
Narui et al. [23], 2017 Japan Retrospective study 255 56.5 Deep sedation | Conscious sedation
Bun et al. [24], 2015 Monaco Retrospective study 90 60.5 General anesthesia | Local anesthesia
Martin et al. [25], 2018 UK Retrospective study 292 59.2 General anesthesia | Conscious sedation
Hama et al. [26], 2017 Japan Retrospective study 389 67.0 General anesthesia | Conscious sedation | Deep sedation
Stašková et al. [27], 2017 Czech RCT 50 59.8 General anesthesia | Conscious sedation
RCT, randomized controlled trial.

Table 2. Influence diagnostics of procedural time for general anesthesia and deep sedation groups.
Study Labels rstudent dffits cook.d cov.r QE.del hat weight infl

Chikata et al., 2017 [15] CS versus GA −6.692 −2.317 5.370 1.120 256.646 0.107 10.709 *
Wang et al., 2021 [16] CS versus GA.1 2.227 0.781 0.609 1.123 296.465 0.109 10.941 *
Hama et al., 2017 [26] AS versus GA −5.295 −1.378 1.898 1.068 273.384 0.063 6.340 *
Xu et al., 2017 [17] CS versus GA.2 15.674 13.444 180.74 1.736 55.763 0.424 42.387 *
Moravec et al., 2021 [18] CS versus GA.3 −5.774 −2.294 5.264 1.158 268.086 0.136 13.637 *
Traykov et al., 2021 [19] CS versus GA.4 −7.402 −2.921 8.531 1.156 246.640 0.135 13.474 *
Abbreviation: rstudent, studentized residual, measuring the effect of omitting a specific study on the overall results; dffits, DFFITS
statistic, assessing the influence of individual studies on the overall fit; cook.d, Cook’s distance, evaluating the influence of each
study on the model; cov.r, The covariance ratio, comparing the covariance matrix with and without the specific study; QE.del,
change in Q statistic when the study is omitted; hat, Hat value, assessing the leverage of individual studies; infl, influence statistic,
providing an overall assessment of the study’s effect; CS, conscious sedation; GA, general anesthesia; AS, analgosedation. *: It
indicates that the impact of the study’s results on the overall outcome is significant.

Table 3. Leave-one-out analysis (sorted by I2) of procedural time for general anesthesia and deep sedation groups.
Study Labels Effect LLCI ULCI I2

Xu et al., 2017 [17] CS versus GA.2 47.619 33.072 62.166 0.910
Traykov et al., 2021 [19] CS versus GA.4 139.812 127.941 151.682 0.980
Chikata et al., 2017 [15] CS versus GA 136.412 124.727 148.097 0.981
Moravec et al., 2021 [18] CS versus GA.3 136.283 124.401 148.164 0.981
Hama et al., 2017 [26] AS versus GA 131.119 119.709 142.528 0.982
Wang et al., 2021 [16] CS versus GA.1 118.960 107.259 130.660 0.983
Bun et al., 2015 [24] LA versus GA 126.664 115.481 137.847 0.983
Abbreviation: LA, local anesthetics. LLCI stands for the lower limit of the confidence
interval. It is the lower bound of the confidence interval for the pooled effect size. ULCI
stands for the upper limit of the confidence interval. It is the upper bound of the confidence
interval for the pooled effect size. I2 stands for heterogeneity index.

effect sizes than the pooled effect size. The results also
showed that six studies had large absolute values of dffits
and cook.d, suggesting their large effect on the pooled ef-
fect size and its CI, and one study had small absolute values
of dffits and cook.d, indicating its small effect on the pooled
effect size and its CI. Meanwhile, six studies had infl flags,

indicating that they are influential according to some crite-
ria. The study of Bun et al. [24], 2015 did not show any infl
flag, indicating that it is not influential according to some
criteria.

Leave-one-out analysis was conducted to assess the
influence of each study on the pooled effect size and hetero-

Heart Surgery Forum E819

https://journal.hsforum.com/


Table 4. Baujat diagnostics (sorted by heterogeneity contribution) of procedural time for general anesthesia and deep sedation
groups.

Study Labels HetContrib InfluenceEffectSize

Xu et al., 2017 [17] CS versus GA.2 141.532 104.129
Traykov et al., 2021 [19] CS versus GA.4 47.402 7.381
Chikata et al., 2017 [15] CS versus GA 39.983 4.795
Moravec et al., 2021 [18] CS versus GA.3 28.792 4.546
Hama et al., 2017 [26] AS versus GA 26.262 1.778
Bun et al., 2015 [24] LA versus GA 13.037 0.336
Wang et al., 2021 [16] CS versus GA.1 4.416 0.543
Abbreviation: HetContrib stands for heterogeneity contribution. It is a measure of
the extent to which a study contributes to the overall heterogeneity in a meta-analysis.
InfluenceEffectSize stands for influence effect size. It is a measure of the extent to
which a study affects the pooled effect size in a meta-analysis.

Fig. 4. Insights into influence, leave-one-out analysis, effect size, and heterogeneity. (A) Leave-one-out analysis results. (B) Influence
analysis results. (C) Baujat diagnostics for effect size. (D) Baujat diagnostics for heterogeneity.

geneity of the meta-analysis, as shown in Table 3 (Ref. [15–
19,24,26]) and Fig. 4A. The results showed that the pooled
effect size and its CI varied depending on which study was
excluded. The effect size ranged from 47.619 minutes to
139.812 minutes, and the CI ranged from 28.094 minutes
to 23.741 minutes. The heterogeneity among the remain-
ing studies similarly varied depending on which study was
excluded. The heterogeneity index (I2) ranged from 0.910
to 0.983, indicating high to very high heterogeneity. The
study by Xu et al. [17], 2017 had the lowest effect size
and the lowest heterogeneity when excluded, suggesting its
large influence on the overall results and contribution to the
heterogeneity among the studies. The study by Traykov et
al. [19], 2021 had the highest effect size and the second
highest heterogeneity when excluded, suggesting its large
influence on the overall results and contribution to the het-
erogeneity among the studies.

Baujat diagnostics was performed to assess the influ-
ence of each study on the heterogeneity and the effect size of
themeta-analysis, as shown in Table 4 (Ref. [15–19,24,26])
and Fig. 4C (sorted by effect size) and Fig. 4D (sorted by
heterogeneity). The study by Xu et al. [17], 2017 had the
highest heterogeneity contribution and the highest influence

effect size, indicating its largest effect on the heterogeneity
and pooled effect size in the meta-analysis. The study by
Traykov et al. [19], 2021 had the second-highest hetero-
geneity contribution and the third-highest influence effect
size, suggesting its large effect on the heterogeneity and
pooled effect size. The studies by Chikata et al. [15], 2017
and Moravec et al. [18], 2021 demonstrated moderate het-
erogeneity contributions and influence effect sizes, indicat-
ing some effect on the heterogeneity and pooled effect size.
The studies by Hama et al. [26], 2017, Bun et al. [24],
2015, andWang et al. [16], 2021 exhibited low heterogene-
ity contributions and influence effect sizes, indicating their
slight effect on the heterogeneity and pooled effect size in
the meta-analysis.

We performed a p-curve analysis to assess the evi-
dential value and statistical power of the meta-analysis as
shown in Fig. 5A shows the summary statistics of the p-
curve analysis. The total number of studies provided for
the meta-analysis was seven, but only three of them were
statistically significant (p < 0.05) and included in the p-
curve analysis. The right-skewness test had a pBinomial
= 0.125, which means that the proportion of studies with
p < 0.025 was not significantly higher than expected by
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chance (p > 0.05). The right-skewness test had a zFull =
–9.604 and a pFull = 0, indicating that the distribution of
p-values was significantly right skewed (p < 0.001). The
right-skewness test had a zHalf = –9.223 and a pHalf = 0,
suggesting that the distribution of half p-values was signif-
icantly right skewed (p < 0.001). These results demon-
strated the evidential value present in the studies, mean-
ing that they were not likely to be false positives or due
to selective reporting. The flatness test had a pBinomial
= 1.000, indicating that the proportion of studies with p <

0.025 was not significantly lower than expected by chance
(p> 0.05). The flatness test had a zFull = 9.346 and a pFull
= 1, demonstrating that the distribution of p-values was not
significantly different from flat (p > 0.05). The flatness
test had a zHalf = 9.744 and a pHalf = 1, exhibiting that the
distribution of half p-values was not significantly different
from flat (p > 0.05). These results indicated inadequate or
no evidential value in the studies, meaning that they were
not likely to be underpowered or due to p-hacking. The
power estimate was 99%, indicating that the studies had a
high probability of detecting a true effect if it exists.

GOSHdiagnostics was performed to assess the hetero-
geneity and clustering of the studies in the meta-analysis.
The results are shown in Fig. 5B for the K-means model,
Fig. 5C for the DBSCAN model, and Fig. 5D for the Gaus-
sian mixture model. The K-means, DBSCAN, and GMM
algorithms identified two potential outliers: Xu et al. [17],
2017 and Wang et al. [16], 2021. They also identified two
potential outliers: Study 2 (Wang et al. [16], 2021) and
Study 5 (Xu et al. [17], 2017). These results indicated that
some studies had more heterogeneity and influence than the
others on the meta-analysis results and that removing them
may change the pooled effect size and its CI remarkable .

The studies were divided into three subgroups on the
basis of comparison among general anesthesia (GA), con-
scious sedation (CS), local anesthesia (LA), and analgose-
dation (AS). The results showed that in the CS versus GA
subgroup, the pooled MD = –12.3103 minutes, the 95% CI
[–38.6095; –13.9889], Q = 104.33, and I2 = 96%. This
finding demonstrated no significant difference between the
CS and GA groups in procedural time across the five stud-
ies (p > 0.05), but a very high heterogeneity was present
among the studies. Therefore, different methods of seda-
tion or anesthesia for catheter ablation of AF had similar
effects on procedural time, but variation was found among
the studies that compared CS and GA (shown in Fig. 6A).

The studies were divided into two subgroups on the
basis of whether they were outliers or non-outliers accord-
ing to GOSH diagnostics. The results showed that in the
non-outlier subgroup, the pooled MD was –18.9129 min-
utes, the 95% CI [–39.4534; –1.6277], Q = 36.34, and I2 =
89%. This finding indicated a marginally significant differ-
ence between the groups in procedural time across the five
studies (p = 0.06) and a high heterogeneity among the stud-
ies. In the outlier subgroup, the pooled MD was 16.8627

Fig. 5. P-curve analysis and GOSH diagnostics with K-means,
DBSCAN, and Gaussian mixture models. (A) P-curve analysis.
(B) GOSHDiagnostics - K-means Model. (C) GOSHDiagnostics
- DBSCAN Model. (D) GOSH Diagnostics - Gaussian Mixture
Model.

minutes, the 95% CI [–11.6835; –45.4089], Q = 21.18, and
I2 = 95%. This finding demonstrated no significant differ-
ence between the groups in procedural time across the two
studies (p > 0.05) and a very high heterogeneity among
the studies. In conclusion, different methods of sedation
or anesthesia for catheter ablation of AF had different ef-
fects on procedural time depending on whether they were
outliers or not, and that variation existed among the studies
in both subgroups (shown in Fig. 6B).

Serious Intraprocedural Complications for Deep Sedation
for Catheter Ablation of AF

A meta-analysis was conducted on the rate of serious
intraprocedural complications for deep sedation for catheter
ablation of AF, as shown in Fig. 7A. The meta-analysis in-
cluded seven studies with a total of 4713 patients, of whom
72 had serious intraprocedural complications. The results
showed that the pooled proportion of serious intraprocedu-
ral complications for deep sedation was 0.0153, indicating
that about 1.5% of the patients had serious intraprocedu-
ral complications. The 95% CI of the pooled proportion
was [0.0121; 0.0192], indicating a 95% chance that the true
proportion of serious intraprocedural complications was be-
tween 1.2% and 1.9%. The fixed- and random-effect mod-
els showed the same results, suggesting no significant dif-
ference between them. The heterogeneity among the stud-
ies was very low, as indicated by tau2 = 0, tau = 0, I2 = 0%,
and Q = 2.37 (p = 0.8826). Therefore, the studies had sim-
ilar effect sizes and no evidence of inconsistency nor vari-
ation among them was found. The serious intraprocedural
complications included cardiac tamponade, severe allergic
reaction, coronary air embolism, transient ischemic attack,
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Fig. 6. Subgroup analysis of mean difference in sedation methods. (A) Forest plot of the mean difference between general anesthesia
and conscious sedation/analgosedation groups by a subgroup of non-outlier and outlier. (B) Forest plot of the mean difference between
general anesthesia and conscious sedation/analgosedation groups by a subgroup of general anesthesia (GA) and conscious sedation (CS),
local anesthesia (LA), or analgosedation (AS).

myocardial infarction, pericardial effusion, pericardial tam-
ponade, endotracheal intubation, and noninvasive ventila-
tion. The most common complication was cardiac tampon-
ade, which occurred in six patients in one study. The most
severe complicationwas endotracheal intubation, which oc-
curred in one patient in one study. No procedural compli-
cations were documented in one study. The funnel plot in
Fig. 7B shows that the studies were roughly distributed in an
inverted funnel shape, with a symmetrical pattern on both
sides. This finding suggested no significant publication bias
nor heterogeneity among the studies.

Meta-Analysis of the Effect of Sedation or Anesthe-
sia Methods on Total Perioperative Complications for
Catheter Ablation of AF

Ameta-analysis was conducted on the rate of total pe-
rioperative complications for conscious/analgosedation and
general anesthesia for catheter ablation of AF, as shown
in Fig. 8A. The meta-analysis included nine studies with

a total of 2221 patients, of whom 567 had total peri-
operative complications. The results demonstrated that
the fixed-effect model showed a significant difference be-
tween the groups in the rate of total perioperative compli-
cations across nine studies (p = 0.0266). The pooled OR
= 1.2622, indicating that the patients who received con-
scious/analgosedation had 26% higher odds of having to-
tal perioperative complications than those who received
general anesthesia. The 95% CI of the pooled OR was
[1.0273; 1.5507], which indicated a 95% chance that the
true OR was between 1.03 and 1.55. The random-effect
model showed a marginally significant difference between
the groups in the rate of total perioperative complications
across the nine studies (p = 0.0730). The pooled OR =
1.2887, indicating that the patients who received conscious
sedation/analgosedation had 29% higher odds of having
total perioperative complications than those who received
general anesthesia. The 95% CI of the pooled OR was
[0.9766; 1.7006], indicating a 95% chance that the true OR
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Fig. 7. Adverse events in deep sedation. (A) Forest plot of the pooled proportion of adverse events for deep sedation with fixed-
and random-effect models. (B) Funnel plot of the effect size and standard error of the studies included in the meta-analysis. GLMM,
Generalized Linear Mixed Model.

was between 0.98 and 1.70. The heterogeneity among the
studies was moderate, as indicated by tau2 = 0.0678, tau =
0.2604, I2 = 40.3%, and Q = 13.41 (p = 0.0986). Therefore,
the studies had some variation in their effect sizes and some
evidence of inconsistency or diversity was observed among
them.

The funnel plot in Fig. 8B shows that the studies were
roughly distributed in an inverted funnel shape, with a sym-
metrical pattern on both sides, suggesting no significant
publication bias nor heterogeneity among the studies. The
studies were mainly concentrated at the top of the inverted
funnel, indicating small standard errors and high precision.
The studies at the bottom of the inverted funnel had larger
standard errors and lower precision, and they were more
likely to be affected by random sampling errors or other
sources of variation.

Begg’s rank correlation test of the funnel plot asym-
metry was conducted for the meta-analysis of the effect of
different methods of sedation or anesthesia on the proce-
dural time for catheter ablation of AF. The results showed

that the ks = 1.0000, indicating a perfect positive correlation
between the effect size and its variance. The ks = 9.5917,
showing a large standard error of the ks value. The z value
= 0.10, indicating a very small difference between the ob-
served ks value and the expected ks value under the null
hypothesis of no correlation. The p = 0.9170, which indi-
cated a very high probability of obtaining the observed ks
value or more extreme by chance if the null hypothesis was
true. These results exhibited no significant evidence of fun-
nel plot asymmetry nor publication bias among the studies
included in the meta-analysis (p > 0.05, Fig. 8C).

The meta-analysis used two graphical methods to ex-
plore the heterogeneity and influence of the studies in-
cluded: the Baujat plot (Fig. 8D) and the Galbraith plot
(Fig. 8E). The results showed that in the Baujat plot, the
study of Martin et al. [25], 2018 was located at the top right
corner, which indicating that it had a high contribution to
heterogeneity and a high influence on the pooled estimate.
The study of Martin et al. [25], 2018 exhibited the highest
1/SE value, indicating its smallest standard error and the
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Fig. 8. Comparative analysis of sedation/anesthesia methods and perioperative complications. (A) Forest plot of the odds ratios and
95% confidence intervals for total perioperative complications by sedation or anesthesia methods. (B) Funnel plot of the standard error
versus the log odds ratio for total perioperative complications by sedation or anesthesia methods. (C) Begg’s rank correlation test for
funnel plot asymmetry. (D) Baujat plot of the contribution to heterogeneity and influence on the pooled estimate by study. (E) Galbraith
plot of z-statistic versus the standard normal deviate by study. (F) Forest plot of the odds ratios and 95% confidence intervals for total
perioperative complications by region/country. MH, Mantel-Haenszel.
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highest precision among all studies. In the Galbraith plot,
all studies were distributed in four quadrants, suggesting
that they had different directions and magnitudes of devi-
ation from the pooled estimate. The study of Martin et al.
[25], 2018 was located at the upper quadrant, suggesting its
positive deviation and large z-statistic. No study was lo-
cated at the lower quadrant, indicating that no study had a
negative deviation and a large z-statistic. The other studies
were located in the middle quadrants. Thus, they had ei-
ther a positive or a negative deviation but a small z-statistic.
These results indicated that the study of Martin et al. [25],
2018 was an outlier and an influential study in both plots,
and that it may have caused some heterogeneity and bias in
the meta-analysis. The other studies were more consistent
and less influential in both plots.

Themeta-analysis results for each subgroup are shown
in Fig. 8F, suggesting some variation in the ORs across dif-
ferent regions, but none of themwere significantly different
from one another or the overall effect size.

Discussion

This meta-analysis compared general anesthesia, deep
sedation, and conscious sedation for catheter ablation of
AF. The results showed no significant difference in pro-
cedural time between the general anesthesia and con-
scious/analgo sedation groups across seven studies, despite
the high heterogeneity (I2 = 94%). This discovery was sub-
stantiated by a study conducted by Stašková et al. [27],
2017 in a randomized trial involving 50 patients, reveal-
ing no significant difference in procedural time between
patients subjected to general anesthesia and those undergo-
ing conscious sedation. The significant heterogeneity ob-
served in the seven studies may be attributed to the varying
study designs and the wide range of sample sizes used in
each study. Factors, such as gender and the original health
status of the patients, may have contributed to this hetero-
geneity. Deep sedation was associated with longer proce-
dural time than conscious sedation based on eight studies,
although the heterogeneity was moderate (I2 = 43%). This
finding contrasts with those of Narui et al. [23], 2017, who
found no difference in procedural time between deep and
conscious sedation groups among 255 patients. The het-
erogeneity observed in these eight studies was likely a re-
sult of the wide variation in sample sizes, with the largest
sample size differing from the smallest by nearly a factor
of 100. A notable detail that all eight studies were con-
ducted in different regions of the country, and the differ-
ences in the level of healthcare provided in each region
may have contributed to the observed heterogeneity. The
rate of serious intraprocedural complications with deep se-
dation was 1.5% based on seven studies, consistent with
prior reports of major complication rates around 1%–3%.
Conscious sedation/analgosedation had 26%–29% higher

odds of perioperative complications than general anesthesia
across nine studies, although the heterogeneity was moder-
ate (I2 = 40%). This finding contrasts with those of Wut-
zler et al. [13], 2013, who found no difference in com-
plication rates between deep sedation and general anesthe-
sia groups among 316 ablation procedures. In these nine
studies, where the differences in sample size were rela-
tively small, a noticeable reduction in heterogeneitywas ob-
served. However, the remaining heterogeneity in the study
results may have arisen from differences in study design,
variations in participant age, and variances in the level of
healthcare across the countries/regions where the studies
were conducted.

Deep sedation may lead to longer operative times due
to increased monitoring and regulation requirements, pos-
sibly attributed to the effects of anesthetic drugs and stricter
control over the patient’s physiological state [28]. By con-
trast, conscious sedation showed no significant difference
compared with general anesthesia, likely because it still
offers sufficient sedation and comfort while avoiding ad-
ditional risks and costs associated with general anesthesia
[29]. However, conscious sedation is linked to a higher
risk of postoperative complications, possibly attributed to
its unique characteristics such as increased psychological
stress from the patient’s awareness during the procedure and
a heightened vulnerability to postoperative side effects of
sedatives [30].

The limitations of this meta-analysis should be ac-
knowledged. First, the significant heterogeneity observed
in some of the outcomes, particularly procedural time and
complication rates, may have introduced uncertainty into
the findings. This heterogeneity may have arisen from
variations in patient populations, ablation techniques, and
operator expertise across the included studies. Second,
most studies in this meta-analysis were retrospective, which
could introduce selection bias and potential confounding
variables that were not controlled for. Third, publication
bias may be a concern, because studies with negative or
null findings may be less likely to be published. Addition-
ally, the relatively small sample sizes in some of the in-
cluded studies may limit the generalizability of the findings
to broader populations. Ultimately, as a result of the vari-
ability in the description of relevant study characteristics
within the original articles, challenges in effectively distill-
ing these attributes as grouping variables were encountered.
This inconsistency in the content of the original articles lim-
ited the utilization of these characteristics for the purpose of
grouping variables in the analysis.

Despite these limitations, this meta-analysis provides
valuable insights into the comparative effectiveness of dif-
ferent sedation methods for catheter ablation of AF. How-
ever, caution should be exercised when interpreting and ap-
plying these findings in clinical practice, and individual pa-
tient factors and local expertise should continue to guide
sedation or anesthesia choices for these procedures. Future
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well-designed prospective studies with larger sample sizes
and standardized protocols are warranted to further eluci-
date these issues and refine our understanding of the opti-
mal sedation approach for AF ablation.

Conclusions

This meta-analysis found no significant difference in
procedural time between general anesthesia and conscious
sedation for AF ablation. However, deep sedation was as-
sociated with longer procedural time. The rate of com-
plications was low with deep sedation. Conscious seda-
tion had a higher risk of perioperative complications than
general anesthesia. Significant heterogeneity was observed
among the studies. Additional randomized controlled tri-
als are warranted to clarify the optimal anesthesia strategy
during AF ablation.
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