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Abstract

Objective: Our study aimed to investigate the association between epicardial adipose tissue (EAT) and atrial fibrilla-
tion (AF) recurrence risk after catheter ablation.

Methods: We searched PubMed, Embase, and Cochrane Library databases up to November 30, 2021 without lan-
guage restrictions. Outcome was the relative risk (RR) of EAT contributes to AF recurrence after catheter ablation. The
RR and 95% confidence interval (Cl) was pooled by the random-effect model.

Results: 10 studies that contained 1840 AF patients were included in our study. The result of this study showed that
EAT amount was associated with higher risk of AF recurrence after catheter ablation (RR=1.06, 95% Cl 1.02-1.11,

P =0.005) and EAT related thickness was a risk factor for AF recurrence after catheter ablation (RR=1.73, 95% Cl 1.04—
2.87,P=0.040). Sub-analysis showed that EAT was strongly associated with higher risk of AF recurrence common in

predicting AF recurrent before catheter ablation.

Asian population (RR=1.25,95% CI 1.10-1.43, P <0.001), patients aged <60 years old (RR=2.01, 95% ClI 1.18-3.44,
P=0.010), and follow-up more than 1 year (RR=1.06,95% Cl 1.01-1.11, P=10.020).

Conclusion: The meta-analysis demonstrated that EAT related thickness seems to be the marker most strongly
associated with a greater risk of AF recurrences after catheter ablation. It should be included into risk stratification for
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Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia worldwide, it has been estimated that approx-
imately 6—12 million people will develop AF in the US by
2050 and 17.9 million people will develop AF in Europe
by 2060 [1], which contributes to the increased cardiovas-
cular and cerebrovascular disorder, lead to huge health
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care costs and public health burden worldwide [2]. It is
widely recognized that AF ablation is effective in control-
ling AF and its associated symptoms [3]. Recently, Poole
JE et al. reported that compared with drug therapy, cath-
eter ablation was effective in reducing recurrence of any
AF by 48% and symptomatic AF by 51% over a 5-years
follow-up [4]. However, from another point of view, there
was still a high recurrence risk after catheter ablation
(49.9%) over 5 years of follow-up [4]. It was reported that
the success rate of catheter ablation was only 70% for par-
oxysmal AF and 50% for persistent AF [5]. Early identifi-
cation of such AF patients with high recurrence risk after
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ablation has implications for improving the prognosis of
AF patients.

Epicardial adipose tissue (EAT), also referred to epicar-
dial fat tissue (EFT), is located between the myocardium
and the visceral pericardium and is commonly found
in the atrioventricular and inter-ventricular grooves of
the adult human heart (i.e. pericardial fat, perivascu-
lar fat, and myocardial steatosis) [6]. Previous studies
reported that the increase of EAT amount was associ-
ated with higher occurrence of AF [7-11]. Gaeta M et al.
conducted a meta-analysis comparing EAT volume in
healthy subjects and AF patients, which confirmed that a
statistical difference of EAT volume among persistent AF,
paroxysmal AF, and healthy subjects [12].

Several previous retrospective studies reported that
EAT was also associated with higher recurrence risk in
AF patients after catheter ablation [13-16]. However,
recently, El Mahdiui M et al. study showed that there was
no significant association between the posterior left atrial
adipose tissue amount and AF recurrence risk after cath-
eter ablation (HR=1.01, 95% CI 0.97-1.01, P=0.759)
[17]. This find was similar to the result of Romanov et al.
study that no statistically significant association between
either total or peri-atrial EAT volumes and AF recur-
rence risk after a 12 months follow-up (HR=1.02, 95%
CI 0.99-1.05, P=0.11) [18]. These results were still con-
troversial to date. To clarify this question, we conducted
a systematic review and meta-analysis to investigate the
association between EAT and AF recurrence after cath-
eter ablation.

Material & methods

This systematic review was conducted following the rec-
ommendations of the Cochrane Collaboration Hand-
book, observational studies in epidemiology statement
[19], Meta-Analysis and Systemic Reviews of Obser-
vational Studies (MOOSE) [20], and Preferred Report-
ing Items for Systematic Review and Meta-Analysis
(PRISMA) [20]. The Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis Protocols (PRISMA-
P) were showed in Additional file 1.

Search strategy

We searched the databases PubMed, Embase, and
Cochrane Library until November 30, 2021. Search key-
words were “atrial fibrillation,” “AF “epicardial adipose
tissue,” “epicardial fat,” “catheter ablation,” and “radi-
ofrequency ablation,” We also searched two clinical tri-
als registers as well as previous systematic reviews and
reference lists of included studies. No language restric-
tions were applied. Our search strategy combined text
words and subject headings, with details presented in
Additional file 2. This study was completed in accordance
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with the guidelines of Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [20], the
study selection process is shown in Fig. 1.

Inclusion and exclusion criteria

We included studies of all designs that produce estimates
of test accuracy or provide data from which we can com-
pute estimates, including the following: (1) Reported
relevant EAT parameter (e.g., EAT volume, EAT area,
EAT thickness) or with other statistical indexes (e.g.,
EAT volume index, Left-atrial EAT index, peri-atrial
EAT thickness/Total EAT thickness); (2) Available data
of relative risk (RR), or hazard ratio (HR) and their 95%
confidence intervals (CI) for EAT contribute to AF recur-
rence risk after catheter ablation; (3) Follow-up more
than 6 months; Exclusion criteria including the following:
(1) For duplicated reports, the last published study was
included; (2) Conference papers without available data;
(3) Not catheter ablation for AF.

Study selection and data extraction

Three independent reviewers (MZW, YY, and WYM)
screened titles, abstracts for potential eligible studies,
and assessed full-text articles against the eligibility crite-
ria. Disagreements were resolved through consensus with
the fourth reviewer (LQ). Data was extracted including
author, study type, region, study size, the measurement of
EAT, the interesting indicator (eg., adjusted relative risk,
or adjusted hazard ratio) of each study included as the
main outcomes. The baseline characteristic of each study
population was also documented.

Study quality assessment

The quality of observational studies were evaluate by
the Newcastle Ottawa quality assessment scale (NOS)
[21]. The assessment elements included the study groups
selection, comparability of groups, and ascertainment of
the exposure and outcomes. Seven scores or more was

regarded as high-quality study.

Data synthesis and analysis

We used relative risk (RR) and their associated 95% con-
fidence intervals (Cl) to evaluate the association between
EAT amount and AF recurrence after catheter ablation,
and considered a P value <0.05 to be statistically signifi-
cant. The effect size conduction was merged by fixed-
effect models or random-effect models according to the
heterogeneity (fixed-effect models for low heterogene-
ity: P>0.05 or I><50%; and random-effect models for
high heterogeneity: P <0.05 or 2> 50%). We performed
subgroup analysis to further explore the effect of differ-
ent factors on the final results. First subgroup analysis
investigate which EAT parameters (EAT related volume,
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Fig. 1 The process of study selection

EAT related thickness, and EAT related index) were sig-
nificantly associated with AF recurrence after catheter
ablation, other subgroup analysis mainly investigate the
source of heterogeneity according to population average
age (=60 years old vs.<60 years old), ethnicity (Asian
vs non-Asian), follow-up duration of study (>1 year
vs.<1 year) and the study sample size (>200 patients
vs. <200 patients). Sensitivity analysis was conducted
to assess the impact of each study on the final results by
eliminating one study and meta-merged the left ones.
Sequentially deleting the later study and then meta-
merged the left ones to investigate every study’s effect on
the final results. Publication bias was resented by a fun-
nel plot. Stata 15.0 (StataCorp, College Station, TX, USA)

and Review Manager version 5.4 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen) were
used to conduct our data and pool the meta-analysis.

Results

Inclusion of studies and quality assessment

Our study included 206 articles in the searching process.
Ten articles were included in the current meta-analysis
after removing unrelated articles. The specific screening
process is demonstrated in Fig. 1. All of these included
studies were retrospective cohort studies. Of the ten
retrospective cohort studies, nine were regarded as
high-quality due to their low risk of bias and representa-
tiveness of the exposed cohort. The general information
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and quality assessment results of included studies were
summarized in Table 1. For additional details, please refer
to Additional file 3. Among the 1840 AF patients, 1322
(71.8%) patients presented with paroxysmal atrial fibril-
lation; 518 (28.2%) patients presented with persistent AF.
Totally, 630 patients (34.2%) have experienced AF recur-
rent after catheter ablation. The AF recurrent rate range
from 20 to 67.9% among these studies. Almost all these
studies measured the EAT with computed tomography
(CT), only one study based on echocardiography.

Results of the meta-analysis

Totally, 1840 AF patients from the included studies were
pooled together for the meta-analysis to investigate the
association between EAT amount and AF recurrence
after catheter ablation. The result showed that EAT was
associated with higher recurrence risk in AF patients
after catheter ablation with statistic difference (RR=1.06,
95% CI 1.02-1.11, P=0.005, forest plot shown in Fig. 2).
Further subgroup analysis result suggested that EAT
related thickness was the risk factor for AF recurrent
after catheter ablation (RR=1.73, 95% CI 1.04-2.87,
P =0.040, forest plot shown in Fig. 3), however, we did
not confirm EAT related volume (RR=1.04, 95% CI
0.99-1.09, P =0.160, forest plot shown in Fig. 3) and EAT
related index (RR=1.60, 95% CI 0.58-4.46, P=0.370,
forest plot shown in Fig. 3) were significant associated
with higher recurrence risk in AF patients after catheter
ablation.

For further investigating the effect of inter-study clini-
cal heterogeneity on the final results, we performed four
subgroup analysis according to the above methodologi-
cal description. Subgroup meta-analysis demonstrated
that EAT amount was associated with more significant
higher-recurrence risk in the study with population aver-
age age under 60 years old (RR=2.01, 95% CI 1.18-3.44,
P=0.010) compared with those population average age
over 60 years old study (RR=1.03, 95% CI 1.00-1.05,
P=0.070), as shown in Additional file 4: Fig. S1. These
results suggested that EAT amount may play an impor-
tant role in the AF recurrent after catheter ablation in
younger AF patients. In the subgroup analysis of differ-
ent regions, we found that the association between EAT
and AF recurrence was significantly stronger in the Asian
region group (RR=1.25, 95% CI 1.10-1.43, P<0.001)
compared with Non-Asian region group (RR=1.02, 95%
CI 0.99-1.06, P=0.210), as shown in Additional file 5:
Fig. S2. In contrast to the studies with short-term follow-
up (RR=2.96, 95% CI 0.99-8.85, P=0.050), studies with
long-term follow-up (>1 year) tend to observed a signifi-
cant result (RR=1.06, 95% CI 1.01-1.11, P=0.020), as
shown in Additional file 6: Fig. S3. Compared to the stud-
ies with small sample size (RR=1.04, 95% CI 0.99-1.11,
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P=0.150), large sample size studies were easier to obtain
a result with significant differences (RR=1.25, 95%
CI 1.09-1.43, P=0.001), as shown in Additional file 7:
Fig. S4. We also made a sensitivity analysis to test the
robustness of our final results and it’s statistically reli-
able, as shown in Fig. 4. Finally, we pooled the publica-
tion bias analysis by Egger’s test, as shown in Fig. 5. The
results showed that there was a publication bias in the
meta-analysis.

Discussion

Our meta-analysis based on observational retrospec-
tive studies that pooled together 10 studies with 1840
AF patients. The result showed that EAT was associated
with higher risk of AF recurrence after catheter abla-
tion. Further analysis demonstrated that this association
was more common in Asian AF population, younger AF
patients (age<60 years old), and long-term follow-up
(>1 year).

Previous meta-analysis have reported the association
between EAT and AF recurrence after ablation based
on comparing the relevant epicardial fat parameters
(total EFT volume, LA-EFT volume, and EFT thickness)
between the AF recurrence group and non-recurrence
group. The results of previous meta-analysis showed that
LA-EFT, EFT thickness, and total EFT volumes were
increased in AF recurrent subjects [26]. Since their study
did not adjust for other risk factors which would affect
AF recurrence after catheter ablation, the association
between EAT and AF recurrence risk was still not exact.
However, our study merge the RR or HR of relevant epi-
cardial fat parameters, which were fully adjusted by mul-
tivariable analysis in their study. Therefore, our research
may provide more intuitive and convincing pieces of evi-
dences for EAT contribute to AF recurrence after cathe-
ter ablation. Moreover, we confirmed that this association
was more common in Asian population, younger AF
patients. This will provide evidence for further stratifica-
tion of AF patient who preparing for catheter ablation.

Obesity is a worldwide healthcare problem, which
affected 670 million adults in 2016 around the world [27].
Globally, the prevalence of obesity in adults has almost
tripled since 1975, and the prevalence of obesity by more
than ten times in some middle-income countries [28].
Obesity proved to be an independent risk factor for AF
[29]. Specifically, every 5-unit increment in body mass
index was found to confer an additional 19% to 29% risk
of AF incident, a 10% risk of post-operative AF, and a 13%
risk of post-ablation AF [30]. However, the relationship
between obesity and AF was not clear until the further
exploration of EAT [31].
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Fig. 2 The forest plot of the association between the EAT amount and recurrence risk after catheter ablation in atrial fibrillation patients. The risk
ratio (RR) is used to evaluate the association
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Fig. 3 The forest plot of subgroup analysis (EAT related parameters) for the association between the EAT amount and recurrence risk after catheter
ablation in atrial fibrillation patients. The risk ratio (RR) is used to evaluate the association

EAT was unique fat tissue that distinguishes from other
depots of visceral fat. Epicardium shares an unobstructed
microcirculation with the underlying myocardium with-
out distinct boundaries, and produces cytokines that

nourish the heart in healthy conditions [31]. However,
in the states of systemic inflammation, the inflamma-
tion of EAT can act in a paracrine manner to influence
the structure and function of neighboring myocardium
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Fig. 5 A funnel plot for the results of publish bias

tissues [31]. Currently, the mechanisms of EAT on AF
are still under early exploration, potential mechanisms
could be summarized as myocardial fatty infiltration,
paracrine-associated pro-myocardial fibrosis, and inflam-
mation. Mahajan R et al. reported that sustained obesity
contribute to atrial remodeling characterized by left atrial
enlargement, conduction abnormalities, fractionated
electrograms, interstitial atrial fibrosis, and increased
propensity for AF [32]. Further study detected that sus-
tained obesity were associated with EAT infiltration of
contiguous atrial myocardium [32, 33]. Such direct fatty
infiltration separating myocytes could directly result in
conduction slowing, promoting conduction heteroge-
neity that contribute to AF [34]. The paracrine of EAT
is another important mechanism for AF formation. The
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increase in body weight was paralleled by an increase in
aldosterone production, which was synthesized exces-
sively both by adrenal gland and by adipocytes in obese
people [35, 36]. Increased mineralogical corticosteroid
signaling plays a key role in the transition of adipose tis-
sue from a nourishing to pro-inflammatory state and
was accompanied by the secretion of proinflammatory
cytokines and by increased traffic of profibrotic mesen-
chymal stem cells from the epicardium [37, 38]. More
important, Abe I et al. detected fibrotic remodeling and
cytokines/chemokines (interleukin-6, monocyte chem-
oattractant protein-1, tumor necrosis factor-a, vascular
endothelial growth factor, and matrix metalloprotein-
ase-2 and matrix metalloproteinase-9) in peri-left atrial
EAT were associated with atrial myocardial fibrosis [39].
EAT maybe a tool for identify those individuals more
susceptible to recurrent after catheter ablation. How-
ever, the evaluation indexes of EAT in current stud-
ies are not uniform, EAT volume, EAT thickness, EAT
volume index or LA EAT volume/thickness are com-
mon in present studies. Early studies (published before
2015 years) were focused on the volume or thick-
ness of EAT, while subsequent studies (published after
2015 years) were turn to the index parameter related to
EAT. In terms of the thickness of EAT, Chao et al. and
Canpolat et al. indicated that 6.9 mm may be a good
cut-off value for predicting the recurrence after abla-
tion [13, 14]. Maeda et al. introduced the concept of
EAT volume index, which is calculated as EAT volume/
body surface area, this parameter can be effectively
adjusted for individual size differences (BMI, or con-
genital difference) [25]. Another approach was meas-
uring the relative amount of periatrial left atrium EAT,
rather than the total EAT related parameters. Kawasaki
et al. included three EAT related parameters (total EAT
volume, periatrial EAT volume, periatrial to total EAT
volume ratio) and found that periatrial to total EAT
volume ratio>17.1% was of higher value for predict-
ing AF recurrence after ablation than other indicators
[16]. However, it seems that the effect of individual
differences on EAT has not been considered based on
this parameter (periatrial to total EAT volume ratio).
Our study found that EAT related thickness (RR=1.73,
95% CI 1.04-2.87, P=0.040) was strongly associated
with high recurrence risk after catheter ablation with
statistical difference. EAT related thickness seems to
be the marker most strongly associated with a greater
risk of AF recurrences after catheter ablation, we hope
more evidences will be provided in further prospective
observational studies. In contrast to the EAT related
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thickness, EAT related volume (RR =1.04, 95% CI 0.99-
1.09, P=0.160) and EAT related index (RR=1.60, 95%
CI 0.58-4.46, P=0.370) have not showed a significant
association with high recurrence risk. Due to the lim-
ited number of studies on EAT related index, there is
still lack of full confirmation for the significant effect
of EAT related index and EAT related volume on AF
recurrence risk. Future researches need to effectively
evaluate the existing EAT related parameters to deter-
mine the best indicators. Furthermore, making unified
standard for EAT evaluation, and including it in risk
stratification for clinical practice.

Study limitation

Some limitations should be taken into account in our
study. First, all included studies for meta-analysis were
retrospective studies, which may exist some bias com-
pared with prospective cohort studies. Our study con-
firmed that there was a certain publication bias in the
present study. Future prospective cohort studies are
needed to provide more convincing evidence on this
topic. Second, the sample size was not large enough
among each study, and a total of 1840 AF subjects were
included in the present meta-analysis, however, it’s the
largest study for investigating the association between
EAT and AF recurrence after catheter ablation. Third,
although we have made subgroup analysis across EAT
related parameters, population average age, region, fol-
low-up duration, and the study sample size, however, the
result of our meta-analysis remained a high heterogene-
ity. We refer to previous two meta-analysis of this area,
there were also a nonnegligible heterogeneity in their
studies [12, 26]. We speculated that the greater clinical
heterogeneity among each study may account for this
result.

Conclusion

Our study demonstrated that EAT was associated with a
higher risk of AF recurrence after catheter ablation. EAT
related thickness seems to be the marker most strongly
associated with a greater risk of AF recurrences after
catheter ablation. It is necessary to perform an evalua-
tion of EAT for AF individuals before catheter ablation.
In addition, we hope future researches will provide more
evidence for making a unified standard for EAT evalua-
tion, and include it in risk stratification for predicting AF
recurrence after catheter ablation.
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