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Abstract: (1) Introduction: Catheter ablation has become a cornerstone for the management of
patients with atrial fibrillation (AF). Nevertheless, recurrence rates remain high. Epicardial adipose
tissue (EAT) has been associated with AF pathogenesis and maintenance. However, the literature
has provided equivocal results regarding the relationship between EAT and post-ablation recurrence.
(2) Purpose: to investigate the relationship between total and peri-left atrium (peri-LA) EAT with
post-ablation AF recurrence. (3) Methods: major electronic databases were searched for articles
assessing the relationship between EAT, quantified using computed tomography, and the recurrence
of AF following catheter ablation procedures. (4) Results: Twelve studies (2179 patients) assessed
total EAT and another twelve (2879 patients) peri-LA EAT. Almost 60% of the included patients had
paroxysmal AF and recurrence was documented in 34%. Those who maintained sinus rhythm had
a significantly lower volume of peri-LA EAT (SMD: −0.37, 95%; CI: −0.58–0.16, I2: 68%). On the
contrary, no significant difference was documented for total EAT (SMD: −0.32, 95%; CI: −0.65–0.01;
I2: 92%). No differences were revealed between radiofrequency and cryoenergy pulmonary venous
isolation. No publication bias was identified. (5) Conclusions: Only peri-LA EAT seems to be
predictive of post-ablation AF recurrence. These findings may reflect different pathophysiological
roles of EAT depending on its location. Whether peri-LA EAT can be used as a predictor and target to
prevent recurrence is a matter of further research.

Keywords: atrial fibrillation; catheter ablation; recurrence; epicardial adipose tissue; epicardial fat

1. Introduction

Atrial fibrillation (AF) is the most common tachyarrhythmia in the clinical practice [1].
It affects approximately 33.5 million people worldwide and its prevalence in Europe
is expected to double in patients older than 55 years old by 2060 [2,3]. AF results in
complications, such as stroke and thromboembolism, while it is associated with high
morbidity and mortality rates [4,5].

Pulmonary venous isolation is the most acceptable targeted method for the catheter
ablation of drug-refractory AF [6]. Nevertheless, the 12-month success rates of this method
remain about 65% [7]. In an effort to increase the proportion of patients who will maintain
normal sinus rhythm, there is an ongoing effort to identify, and whenever possible treat,
factors that are associated with arrhythmia recurrence.

Epicardial adipose tissue (EAT) is an active organ, in direct contact with the my-
ocardium, which contains ganglionated plexuses and adipocytes [8]. This tissue has a
rich secretome, including proinflammatory and prothrombotic cytokines, such as tumor
necrosis factor-a and interleukin-6 [9]. Several studies have established the role of EAT in
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metabolic syndrome, diabetes mellitus and cardiovascular disease [10–12]. Furthermore, a
recent investigation supports an association between increased levels of EAT and preva-
lent AF [13,14]. The increasing body of evidence suggesting that this relationship is not
just an epiphenomenon [15] led to the investigation of the role of EAT surrounding left
atrium (peri-LA EAT), which was also found to be associated with incident and prevalent
AF [16,17].

These findings, along with the widespread use of imaging technologies to better guide
the management approach of AF patients [18], motivated several researchers to examine
the role of EAT in arrhythmia recurrence following catheter ablation. Nevertheless, their
findings have been equivocal [19,20]. Thus, in this systematic review and meta-analysis we
sought to gather the existing literature findings and investigate the predictive role of both
total and peri-LA EAT on AF recurrence after pulmonary venous isolation.

2. Methods

This systematic review and meta-analysis was performed in accordance with the
PRISMA guidelines [21]. The predefined protocol was registered in PROSPERO database
(CRD42022361738).

2.1. Search Strategy

A systematic search of the literature was performed, up to September 2022, in three
databases: Medline (via PubMed) and Scopus, using the following search strategy based on
keywords ((epicardial fat) OR (epicardial adipose) OR (epicardial adiposity) AND (atrial
fibrillation)). An additional hand search was also performed using the references of the
articles that were identified as relevant (snowball strategy). No date restriction was used.
Articles not available in English were excluded.

2.2. Study Selection

All articles obtained through the initial search were screened by two independent
reviewers (M.K. and N.P.) on title and abstract level. Potentially eligible studies were further
reviewed for inclusion in the final analysis based on the full text. Any disagreements were
resolved after consensus with an expert (G.G.). The eligibility criteria for inclusion were (a)
prospective or retrospective studies including patients with paroxysmal or/and persistent
AF who underwent endocardial pulmonary venous isolation with radiofrequency catheter
ablation or cryoballoon ablation, (b) preprocedural quantification of EAT (either total
or peri-LA) using computed tomography and (c) a follow-up of at least 6 months for the
detection of post-ablation recurrence. Recurrence was defined as AF/AT episodes, allowing
a blanking period of 3 months, in most of the studies.

2.3. Data Extraction

Data of interest were extracted in a predesigned Microsoft Office Excel 2007 form by
two independent reviewers (M.K. and N.P.) and crosschecked for any disagreements, which
were resolved after consensus with a senior (G.G.). In the case of missing data or any other
uncertainties, we contacted authors electronically (via email) to obtain the required data.

2.4. Risk of Bias

Risk of bias, concerning the outcomes of interest, was assessed in duplicate with
the National Institutes of Health Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies [22], modified to better fit our studies (Supplementary Table S1).
Disagreements were resolved by consensus. Studies with an overall score of ≥80% were
considered as high quality. Publication bias was evaluated visually using funnel plots and
statistically with the Egger’s test [23].
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2.5. Statistical Analysis

Continuous variables were summarized as the mean (standard deviation). When the
available data were summarized as the median with interquartile range, the median was
assumed as the mean and the standard deviation was obtained by dividing the interquartile
range by 1.35. Topool the outcomes of interest, the standardized mean differences (SMD)
with the corresponding 95% confidence interval (CI) in pre-ablation total and peri-LA
EAT, between patients with and without post-ablation AF recurrence, we performed a
meta-analysis based on aggregate data. To allow for expected effect size dispersion between
studies (based on intra/inter-observer variation, different methodology/software used
and different sample synthesis), a random effects (DerSimonian-Laird) model was adopted.
Heterogeneity was assessed using I2, with values between 50% and 90% representing
substantial heterogeneity [24]. To explore heterogeneity, sensitivity analysis (based on the
study’s overall quality) and subgroup analysis were performed. Moreover, meta-regression
analysis was performed to explore the confounding effect of age, body mass index and
male gender, as well as the number of patients with paroxysmal AF and hypertension. All
analyses were performed using R Foundation software, version 4.1.2.

3. Results
3.1. Search Results and Studies Characteristics

861 articles were retrieved by the electronic search. The flow of study selection is
depicted in Figure 1. Fifteen articles were considered to be eligible and were included in the
final analysis [19,20,25–37]. We analyzed 3035 patients (67% males). The mean (SD) age and
body mass index were 59.8 (10.6) years and 25.71 (3.79), respectively. Among them, almost
60% had PAF, while the main comorbidity was hypertension. For the quantification of EAT,
the vast majority of the included studies used a semi-automated protocol, recognizing adi-
pose tissue by assigning threshold attenuation values between −200 and −50 Hounsfield
units. The pooled mean pre-ablation total EAT volume was 121.81 ± 53.13 mL (assessed
in twelvestudies), while the mean peri-LA EAT was 24.6 ± 15.61 mL (assessed in twelves-
tudies). In the majority of studies, pulmonary venous isolation was performed using
radiofrequency ablation (ninestudies; used additional ablation procedures); cryoablation
only was used in threestudies, while in the rest of them both techniques were performed
based on the preference of the treating electrophysiologists. The mean follow-up ranged
from 7.6 to 19.5 months. Except two studies, all the others were performed in Asia. AF recur-
rence occurred in 34% of the patients analyzed. The studies’ characteristics are summarized
in Table 1.

Table 1. Summary table of included studies.

Study N Males
(%)

Age
(y) BMI FU

(m)
PAF
(%)

HT
(%)

DM
(%)

CT
METHOD

PVI
METHOD Comments

Nagashima
et al. 2011

[25]
40 77.5 58

(10.2)
23

(2.6) 10.2 60.0 37.5 n/a SA. HU: −50
to −200 RF+

Endpoint: AF
BP: 2 m

AADs: <6 m

Tsao H. M.
et al. 2011

[26]
64 81.3 54.6

(8.5)
25.6
(3.3) 7.6 60.9 15.6 10.9 SA. HU: −50

to −200 RF+

Endpoint:
AF/AT
BP: 3 m

AADs <8 w

Nakahara S.
et al. 2014

[27]
60 83.3 61.1

(10.4) n/a 16 35.0 78.3 n/a SA. HU: −50
to −200 RF+

Endpoint:
AF/AT
BP: 3 m

AADs: <6 m

Nakatani Y.
et al. 2015

[28]
55 74.5 64

(9)
24

(2.7) 12 47.3 52.7 12.7 SA. HU: −50
to −200 RF+

Endpoint: AF
BP: 3 m

AADs: <3 m

Masuda M
et al. 2015

[29]
53 67.9 61

(11)
24.2
(3.2) 16 41.5 49.1 18.9 SA. HU: −50

to −200 RF+
Endpoint:

AF/AT
BP: 3 m
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Table 1. Cont.

Study N Males
(%)

Age
(y) BMI FU

(m)
PAF
(%)

HT
(%)

DM
(%)

CT
METHOD

PVI
METHOD Comments

Singhal R.
et al. 2016

[30]
32 84.4 58

(10)
25
(3) 17 71.9 56.3 12.5 SA. HU: −50

to −200 RF+
Endpoint: AF

BP: 3 m
AADs <8 w

Monno K.
et al. 2018

[31]
104 72.1 63

(10)
23.9
(3.7) 22 55.8 52.9 20.2 SA. HU: −50

to −200 RF+/CRYO Endpoint: AF
BP: 3 m

Kawasaki M.
et al. 2019

[20]
64 50 70.6

(9)
23.7
(3.7) 11 100 56.3 3.1 SA. HU: −45

to −195 RF-/CRYO

Endpoint:
AF/AT
BP: 3 m

AADs: < 3 m

Nakatani Y.
et al. 2020

[32]
44 84.1 64

(10)
25
(3) 21 59.1 52.3 6.8 SA. HU: −50

to −200 RF+

Endpoint: AF
BP: 3 m

AADs: no
restriction

Hammache
N. et al. 2021

[33]
389 65.8 58.1

(11.1)
27

(4.7) 12 100 40.1 7.2 SA. HU: −50
to −250 RF-

Endpoint: AF
BP: 3 m

AADs: 3 m

Beyer C. et al.
2021 [19] 732 73.2 57.6

(10.8)
26.9
(4) 31 88.4 46.2 4.1 SA. HU: −45

to −195 RF-/CRYO Endpoint: AF
BP: 3 m

Goldenberg
G. R. et al.
2021 [34]

130 68.5 61
(5)

28.7
(4) 19.5 67.7 60.8 26.9 SA. HU: −45

to −195 CRYO
Endpoint:

AF/AT
BP: 3 m

Yang M. et al.
2022 [35] 251 59.0 62

(9)
25
(3) 12 68.9 54.2 13.9 SA. HU: −50

to −200 CRYO

Endpoint:
AF/AT
BP: 3 m

AADs: <8 w

Jian B. et al.
2022 [36] 337 53.4 55.2

(12.1)
25.3
(2.2) 12 n/a n/a 15.7

automate.
HU: −50 to

−200
RF-

Endpoint:
AF/AT
BP: 3 m

Yang M. et al.
2022 [37] 680 63.8 62.5

(9)
24.59
(3.1) 12 0 50.9 14.7 SA. HU: −30

to −190 CRYO

Endpoint:
AF/AT
BP: 3 m

AADs: <8 w

AADs: anti-arrhythmic drugs. AF: atrial fibrillation. AT: atrial tachycardia. BMI: Body Mass Index. BP: blanking
period. CRYO: cryoablation. DM: diabetes mellitus. FU: follow up. HT: hypertension. HU: Hounsfield units.
m: months. n/a: not available. PAF: paroxysmal Atrial Fibrillation. PVI: pulmonary venous isolation. RF+:
radiofrequency ablation with additional lesions beyond PVI. RF-: only PVI radiofrequency ablation. SA: semi-
automated. w: weeks. y: years. Continuous variables are summarized as mean (SD).

3.2. Bias Assessment

Five studies were classified as being high quality, while the rest presented a moderate
risk of bias (i.e., a score between 60 and 80%), mainly because of the lack of power analysis
(Supplementary Table S2). A visual assessment of funnel plots did not reveal signs of
publication bias (Supplementary Figures S1 and S2). In parallel, Egger’s test demonstrated
no significant small study effect (p = 0.82 for total EAT and p = 0.19 for peri-LA EAT).

3.3. Total EAT and AF Recurrence

Twelve studies (2179 patients) analyzed the relationship between total EAT and AF
recurrence. The mean (SD) pre-ablation total EAT was 124.28 (55.82) ml in the group of
patients who experienced arrhythmia recurrence and 120.3 (49.86) ml in the non-recurrence
group. Meta-analysis of aggregate data revealed a non-statistically significant standardized
mean difference (SMD: −0.32, 95%, CI: −0.65–0.01, 95%, I2: 92%, p = 0.07, Figure 2).
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Figure 2. Forest plot of pre-ablation total EAT standardized mean difference between patients with and
without AF recurrence. EAT: epicardial adipose tissue, AF: atrial fibrillation [19,20,25,28,29,31–37].

No significant confounding effect of body mass index, gender or the number of patients
with hypertension and paroxysmal AF was revealed in the meta-regression analysis. On
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the contrary, increasing age was found to significantly increase SMD (beta coefficient = 0.1,
p = 0.01, residual I2: 89.9%).

A sensitivity analysis including only high quality studies revealed similar results (five
studies, SMD: −0.03, 95%, CI: −0.38–0.32, I2: 75%). A subgroup analysis based on the
method used for pulmonary venous isolation (Supplementary Figure S3), the age of the
included patients (using 60 years as the cut-off) and the duration of the follow-up did not
significantly change the results above.

3.4. Peri-LA EAT and AF Recurrence

In the twelve studies (2879 patients) analyzing peri-LA EAT, the mean pre-ablation
values in the groups of patients with and without AF recurrence were 26.11 (18.22) mL and
23.93 (14.35) mL, respectively. Meta-analysis revealed a statistically significant standardized
mean difference (SMD: −0.37, 95%, CI: −0.58–−0.16, I2: 68%, p = 0.0006, Figure 3) between
the two groups.
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Figure 3. Forest plot of pre-ablation peri-LA EAT standardized mean difference between pa-
tients with and without AF recurrence. LA: left atrium, EAT: epicardial adipose tissue, AF: atrial
fibrillation [19,20,25–32,35,37].

Because only three studies were of low risk of bias, no sensitivity analysis was per-
formed based on the overall quality. A subgroup analysis based on the method used
for pulmonary venous isolation (cryoenergy versus radiofrequency) and meta-regression
analysis, using the same patients’ characteristics as above, did not reveal any significant
sources of heterogeneity. In the subgroup analysis based on the duration of follow-up, a
statistically significant difference was demonstrated only for the subgroup of studies which
followed patients for more than 12 months (Supplementary Figure S4).

Finally, because of the findings above, we performed an additional, not preplanned,
analysis, where we included only studies that provided information for both total and
peri-LA EAT. In this analysis of ninestudies with 2023 patients, again only peri-LA and not
total EAT was associated with AF recurrence (Supplementary Figures S5 and S6).



J. Clin. Med. 2023, 12, 6369 7 of 13

4. Discussion

This study is a meta-analysis assessing the relationship between EAT and AF recur-
rence following catheter ablation. We analyzed both total and peri-LA EAT, quantified
using computed tomography. The main finding is that only peri-LA, and not total, EAT is
associated with arrhythmia recurrence. Patients with higher peri-LA EAT volume seem
to have less chance atmaintaining sinus rhythm following pulmonary venous isolation.
According to the subgroup analysis, this association seems to be mainly driven by studies
that followed patients beyond 12 months, while no association with the body mass index
was documented. Interestingly, in the analysis restricted to studies that assessed both total
and peri-LA EAT, the results remained similar. Thus, the initial findings do not seem to be
attributed to discrepancies between the studies’ population and methodology. All of the
results should be interpreted with caution because of the existing heterogeneity.

Previous meta-analyses in this topic have provided equivocal results, especially re-
garding the role of total EAT. Shamloo et al. synthesized four studies and concluded that
both total and peri-LA EAT volumes differed significantly between patients with and
without recurrence [38]. On the other hand, Chen et al., in a subgroup analysis of four
studies assessing total EAT volume, did not prove a statistically significant relationship
with AF recurrence [39]. Our analysis, which incorporated a significantly higher number
of studies, comes to strengthen our knowledge regarding the role of EAT in post-ablation
recurrence.

Various researchers have examined the role of EAT in the pathogenesis of AF. Nowa-
days, it is well established that EAT is an active organwith rich secretome leading to adverse
mechanical and electrophysiological cardiac remodeling. The production of various profi-
brotic factors promotes tissue fibrosis [40,41]. This process is further enhanced by the
secretion of inflammatory cytokineswhichlead to myocardial infiltration viamacrophages
and lymphocytes [9,42,43]. Beyond this, inflammation itself seems to mediate a direct
subepicardial fibrofatty infiltration [41,44]. These mechanisms may be responsible for the
documented association between increased EAT and impaired systolic and diastolic atrial
function [45,46], which, along with the increased levels of inflammation, are known to
promote post-ablation AF recurrence [47,48].

Beyond the mechanical remodeling, EAT has been also associated with electrical
remodeling. Adipocytes seem to increase sodium and potassium depolarizing currents,
while reducing the repolarizing potassium ones, leading to a prolongation of the refractory
period [49]. Moreover, cells like fibroblasts and myofibroblastsresiding in EAT are capable
ofcoupling with myocardiocytes via gap junction formation, leading to the depolarization
of their resting membrane potential [50]. These changes, along with the abovementioned
fibrosis, increase the anisotropy of atrial tissue and impair atrial conduction. The duration
of the P wave and PR segment, as well as the P wave dispersion, have all been found
to positively correlate with the amount of EAT [51–53]. Furthermore, the studies that
used electroanatomical mapping reported that EAT volume was positively correlated with
the area of complex fractionated atrial electrograms [54]. Given these changes, it is not
surprising that people with AF present significantly higher levels of EAT compared to those
with normal sinus rhythm [55].

The strategy of early rhythm control in patients with newly diagnosed AF was as-
sociated with fewer adverse cardiovascular events when compared to the rate control
strategy in EAST-AFNET 4 trial [56]. The choice between interventional treatment and
anti-arrhythmic drugs for maintaining sinus rhythm was welladdressed in CABANA trial,
where catheter ablation reduced both arrhythmia recurrence and the composite of death or
cardiovascular hospitalization [57] Nevertheless, it is estimated that about 30% of patients
undergoing pulmonary venous isolation will experience AF recurrence [58]. Thus, it is
essential to better identifythose who will benefit more from ablation and to investigate the
reasons behind treatment failure.

Even though our findings are not sufficient to modify the current clinical practice,
they provide several interesting implications for future research. Being the largest analy-
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sis, it strengthens our knowledge regarding the role EAT in post-ablation AF recurrence,
proposing a potential role of peri-LA EAT in the pathophysiology of AF recurrence. Thus, it
could serve as a target for the so-called upstream therapies, which use non-anti-arrhythmic
agents to reverse atrial remodeling and further reduce recurrence [59]. In a population of
patients undergoing coronary artery bypass grafting, an injection of botulinum (a toxin
that suppresses gaglionated plexi activity) in EAT reduced post-operation AF [60]. Addi-
tionally, regular exercise and common anti-diabetic medications, as well as statins, have all
been found to decrease the volume of EAT [61–66]. Some of these interventions, like met-
formin [67] and regular exercise [68], have been associated with a reduced risk ofrecurrence
after catheter ablation. Whether these favorable effects can be attributedat least in part to
the reduction inEAT remains to be investigated by future well-designed proof-of-concept
studies. Similarly, whether therapies that could specifically target peri-LA EAT reduction
may influence AF ablation outcome is also subjected to future research.

On the other hand, we found that total EAT volume did not differ significantly be-
tween patients with and without recurrence. This observation may be of special interest,
as it may reflect some pathophysiological insights. Inour opinion, this finding highlights
the importance of the local role of EAT. One hypothesis may be that at least in patients
with already established AF, its maintenance might be associated mainly with the regional
alterations which peri-atrial EAT confers. Local paracrine activity, along with the remodel-
ing induced by the direct fibrofatty infiltration and the electrical connection between EAT
and myocardiac cells, as described above, may play a key role in the explanation of our
findings. This hypothesis is supported by the findings of Gaborit et al. who investigated
the genome of EAT samples collected from different places. They reported significant
differences between samples collected from the atriae when compared to those collected
from EAT surrounding the ventricles and the coronary arteries, concluding that there is a
specific transcriptomic signature of EAT which depends on its location [69].

5. Limitations

This study has also some limitations. First, most of the studies were of retrospective
nature and were judged as beingmoderate quality. Moreover, we were not able to perform
diagnostic accuracy meta-analyses due to data unavailability. Additionally, older, over-
weight, non-Asian patients, as well as those with persistent AF and those who underwent
cryoballoon ablation, were under-represented in this analysis; consequently, no robust
conclusions couldbe drawn for these subgroups. Furthermore, no details regarding the
distribution of EAT around the LA were available for additional analyses, while both anal-
yses seemed to suffer from heterogeneity, which could not be adequately explained by the
subgroup and meta-regression analyses. Finally, the included studies lacked information
about the pathophysiological background of AF. It is known that many comorbidities such
as hyperehyperthyroidism [70], as well as lifestyle factors such as smoking and physical
activity [71,72], are potentially reversible causes of AF development. On the other hand,
conditions like channelopathies [73] are not treatable. Nevertheless, the current analysis
cannot explore the confounding effect of different pathophysiological backgrounds on the
relationship between epicardial fat and AF recurrence. Thus, it is important to highlight
that common comorbidities associated with AF recurrence [74–81] should be properly
treated, irrespectively of epicardial fat.

6. Conclusions

Only peri-LA EAT seems to be associated with AF recurrence following catheter
ablation, with higher volumes decreasing the chance to maintain normal sinus rhythm.
Interestingly, total EAT does not seem to be associated with the ablation outcome. Limited
literature data, further corroborated by our findings, support that behind these observed
differences may lie the location-specific genome of the EAT, but this remains a matter
of future research. Moreover, given that cardiac computed tomography is routinely per-
formedprior to ablation for the characterization of pulmonary venous anatomy, it would
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be of clinical interest whether peri-LA EAT could play a prognostic role. More studies are
needed for the derivation of a cut-off value which might identifypatients who will benefit
more from transcatheter pulmonary venous isolation. Finally, as there is an ongoing inter-
est in therapies that target EAT reduction, it should be further investigated whether this
pathophysiological mechanism could help our effort to reduce post-ablation AF recurrence.
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assessed both total and peri left atrium epicardial adipose tissue have been included; Table S1: Quality
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Association of epicardial and peri-atrial adiposity with the presence and severity of non-valvular atrial fibrillation. Int. J.
Cardiovasc. Imaging 2015, 31, 649–657. [CrossRef] [PubMed]

18. Markman, T.M.; Khoshknab, M.; Nazarian, S. Catheter ablation of atrial fibrillation: Cardiac imaging guidance as an adjunct to
the electrophysiological guided approach. Europace 2021, 23, 520–528. [CrossRef] [PubMed]

19. Beyer, C.; Tokarska, L.; Stühlinger, M.; Feuchtner, G.; Hintringer, F.; Honold, S.; Fiedler, L.; Schönbauer, M.S.; Schönbauer, R.;
Plank, F. Structural Cardiac Remodeling in Atrial Fibrillation. JACC Cardiovasc. Imaging 2021, 14, 2199–2208. [CrossRef]

20. Kawasaki, M.; Yamada, T.; Furukawa, Y.; Morita, T.; Tamaki, S.; Kida, H.; Sakata, Y.; Fukunami, M. Are cardiac sympathetic nerve
activity and epicardial adipose tissue associated with atrial fibrillation recurrence after catheter ablation in patients without heart
failure? Int. J. Cardiol. 2020, 303, 41–48. [CrossRef]

21. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [CrossRef]

22. National Institutes of Health. Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. 2014. Available
online: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools (accessed on 26 September 2022).

23. Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple. graphical test. BMJ 1997, 315,
629–634. [CrossRef] [PubMed]

24. Ryan, R.; Cochrane Consumers and Communication Review Group. Heterogeneity and subGroup Analyses in Cochrane Con-
sumers and Communication Group Reviews: Planning the Analysis at Protocol Stage. Available online: https://cccrg.cochrane.
org/sites/cccrg.cochrane.org/files/public/uploads/heterogeneity_subgroup_analyses_revising_december_1st_2016.pdf (ac-
cessed on 26 August 2022).

25. Nagashima, K.; Okumura, Y.; Watanabe, I.; Nakai, T.; Ohkubo, K.; Kofune, T.; Kofune, M.; Mano, H.; Sonoda, K.; Hirayama,
A. Association between epicardial adipose tissue volumes on 3-dimensional reconstructed CT images and recurrence of atrial
fibrillation after catheter ablation. Circ. J. 2011, 75, 2559–2565. [CrossRef]

26. Tsao, H.M.; Hu, W.C.; Wu, M.H.; Tai, C.T.; Lin, Y.J.; Chang, S.L.; Lo, L.W.; Hu, Y.F.; Tuan, T.C.; Wu, T.J.; et al. Quantitative analysis
of quantity and distribution of epicardial adipose tissue surrounding the left atrium in patients with atrial fibrillation and effect
of recurrence after ablation. Am. J. Cardiol. 2011, 107, 1498–1503. [CrossRef] [PubMed]

27. Nakahara, S.; Hori, Y.; Kobayashi, S.; Sakai, Y.; Taguchi, I.; Takayanagi, K.; Nagashima, K.; Sonoda, K.; Kogawa, R.; Sasaki, N.; et al.
Epicardial adipose tissue-based defragmentation approach to persistent atrial fibrillation: Its impact on complex fractionated
electrograms and ablation outcome. Heart Rhythm 2014, 11, 1343–1351. [CrossRef] [PubMed]

28. Nakatani, Y.; Kumagai, K.; Minami, K.; Nakano, M.; Inoue, H.; Oshima, S. Location of epicardial adipose tissue affects the efficacy
of a combined dominant frequency and complex fractionated atrial electrogram ablation of atrial fibrillation. Heart Rhythm 2015,
12, 257–265. [CrossRef]

29. Masuda, M.; Mizuno, H.; Enchi, Y.; Minamiguchi, H.; Konishi, S.; Ohtani, T.; Yamaguchi, O.; Okuyama, Y.; Nanto, S.; Sakata, Y.
Abundant epicardial adipose tissue surrounding the left atrium predicts early rather than late recurrence of atrial fibrillation after
catheter ablation. J. Interv. Card. Electrophysiol. 2015, 44, 31–37. [CrossRef]

30. Singhal, R.; Lo, L.W.; Lin, Y.J.; Chang, S.L.; Hu, Y.F.; Chao, T.F.; Chung, F.P.; Chiou, C.W.; Tsao, H.M.; Chen, S.A. Intrinsic
Cardiac Autonomic Ganglionated Plexi within Epicardial Fats Modulate the Atrial Substrate Remodeling: Experiences with
Atrial Fibrillation Patients Receiving Catheter Ablation. Acta Cardiol. Sin. 2016, 32, 174–184. [PubMed]

https://doi.org/10.1161/01.CIR.0000099542.57313.C5
https://doi.org/10.1111/j.1365-2265.2008.03411.x
https://doi.org/10.1016/S0021-9150(00)00709-7
https://doi.org/10.1097/00004424-200502000-00007
https://www.ncbi.nlm.nih.gov/pubmed/15654254
https://doi.org/10.1161/CIRCEP.109.912055
https://www.ncbi.nlm.nih.gov/pubmed/20558845
https://doi.org/10.1016/j.jacc.2010.03.071
https://www.ncbi.nlm.nih.gov/pubmed/20797492
https://doi.org/10.1093/cvr/cvw001
https://www.ncbi.nlm.nih.gov/pubmed/26790475
https://doi.org/10.1253/circj.CJ-12-0637
https://www.ncbi.nlm.nih.gov/pubmed/22971842
https://doi.org/10.1007/s10554-014-0579-5
https://www.ncbi.nlm.nih.gov/pubmed/25466809
https://doi.org/10.1093/europace/euaa249
https://www.ncbi.nlm.nih.gov/pubmed/33555014
https://doi.org/10.1016/j.jcmg.2021.04.027
https://doi.org/10.1016/j.ijcard.2019.11.092
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1136/bmj.315.7109.629
https://www.ncbi.nlm.nih.gov/pubmed/9310563
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/heterogeneity_subgroup_analyses_revising_december_1st_2016.pdf
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/heterogeneity_subgroup_analyses_revising_december_1st_2016.pdf
https://doi.org/10.1253/circj.CJ-11-0554
https://doi.org/10.1016/j.amjcard.2011.01.027
https://www.ncbi.nlm.nih.gov/pubmed/21414593
https://doi.org/10.1016/j.hrthm.2014.04.040
https://www.ncbi.nlm.nih.gov/pubmed/24793457
https://doi.org/10.1016/j.hrthm.2014.10.020
https://doi.org/10.1007/s10840-015-0031-3
https://www.ncbi.nlm.nih.gov/pubmed/27122948


J. Clin. Med. 2023, 12, 6369 11 of 13

31. Monno, K.; Okumura, Y.; Saito, Y.; Aizawa, Y.; Nagashima, K.; Arai, M.; Watanabe, R.; Wakamatsu, Y.; Otsuka, N.; Yoda, S.; et al.
Effect of epicardial fat and metabolic syndrome on reverse atrial remodeling after ablation for atrial fibrillation. J. Arrhythm. 2018,
34, 607–616. [CrossRef] [PubMed]

32. Nakatani, Y.; Sakamoto, T.; Yamaguchi, Y.; Tsujino, Y.; Kinugawa, K. Epicardial adipose tissue affects the efficacy of left atrial
posterior wall isolation for persistent atrial fibrillation. J. Arrhythm. 2020, 36, 652–659. [CrossRef]

33. Hammache, N.; Pegorer-Sfes, H.; Benali, K.; Magnin Poull, I.; Olivier, A.; Echivard, M.; Pace, N.; Minois, D.; Sadoul, N.; Mandry,
D.; et al. Is There an Association between Epicardial Adipose Tissue and Outcomes after Paroxysmal Atrial Fibrillation Catheter
Ablation? J. Clin. Med. 2021, 10, 3037. [CrossRef]

34. Goldenberg, G.R.; Hamdan, A.; Barsheshet, A.; Neeland, I.; Kadmon, E.; Yavin, H.; Omelchenko, A.; Erez, A.; Marcuschamer, I.;
Kornowski, R.; et al. Epicardial fat and the risk of atrial tachy-arrhythmia recurrence post pulmonary vein isolation: A computed
tomography study. Int. J. Cardiovasc. Imaging 2021, 37, 2785–2790. [CrossRef]

35. Yang, M.; Cao, Q.; Xu, Z.; Ge, Y.; Li, S.; Yan, F.; Yang, W. Development and Validation of a Machine Learning-Based Radiomics
Model on Cardiac Computed Tomography of Epicardial Adipose Tissue in Predicting Characteristics and Recurrence of Atrial
Fibrillation. Front. Cardiovasc. Med. 2022, 9, 813085. [CrossRef] [PubMed]

36. Jian, B.; Li, Z.; Wang, J.; Zhang, C. Correlation analysis between heart rate variability. epicardial fat thickness. visfatin and AF
recurrence post radiofrequency ablation. BMC Cardiovasc. Disord. 2022, 22, 65. [CrossRef] [PubMed]

37. Yang, M.; Bao, W.; Xu, Z.; Qin, L.; Zhang, N.; Yan, F.; Yang, W. Association between epicardial adipose tissue and recurrence of
atrial fibrillation after ablation: A propensity score-matched analysis. Int. J. Cardiovasc. Imaging 2022, 38, 1865–1872. [CrossRef]
[PubMed]

38. Sepehri Shamloo, A.; Dagres, N.; Dinov, B.; Sommer, P.; Husser-Bollmann, D.; Bollmann, A.; Hindricks, G.; Arya, A. Is epicardial
fat tissue associated with atrial fibrillation recurrence after ablation? A systematic review and meta-analysis. Int. J. Cardiol. Heart
Vasc. 2019, 22, 132–138. [CrossRef]

39. Chen, J.; Mei, Z.; Yang, Y.; Dai, C.; Wang, Y.; Zeng, R.; Liu, Q. Epicardial adipose tissue is associated with higher recurrence risk
after catheter ablation in atrial fibrillation patients: A systematic review and meta-analysis. BMC Cardiovasc. Disord. 2022, 22, 264.
[CrossRef]

40. Venteclef, N.; Guglielmi, V.; Balse, E.; Gaborit, B.; Cotillard, A.; Atassi, F.; Amour, J.; Leprince, P.; Dutour, A.; Clément, K.; et al.
Human epicardial adipose tissue induces fibrosis of the atrial myocardium through the secretion of adipo-fibrokines. Eur. Heart J.
2015, 36, 795–805a. [CrossRef]

41. Haemers, P.; Hamdi, H.; Guedj, K.; Suffee, N.; Farahmand, P.; Popovic, N.; Claus, P.; LePrince, P.; Nicoletti, A.; Jalife, J.; et al.
Atrial fibrillation is associated with the fibrotic remodelling of adipose tissue in the subepicardium of human and sheep atria. Eur.
Heart J. 2017, 38, 53–61. [CrossRef]

42. Parisi, V.; Rengo, G.; Pagano, G.; D’Esposito, V.; Passaretti, F.; Caruso, A.; Grimaldi, M.G.; Lonobile, T.; Baldascino, F.; De Bellis,
A.; et al. Epicardial adipose tissue has an increased thickness and is a source of inflammatory mediators in patients with calcific
aortic stenosis. Int. J. Cardiol. 2015, 186, 167–169. [CrossRef]

43. Kremen, J.; Dolinkova, M.; Krajickova, J.; Blaha, J.; Anderlova, K.; Lacinova, Z.; Haluzikova, D.; Bosanska, L.; Vokurka, M.;
Svacina, S.; et al. Increased subcutaneous and epicardial adipose tissue production of proinflammatory cytokines in cardiac
surgery patients: Possible role in postoperative insulin resistance. J. Clin. Endocrinol. Metab. 2006, 91, 4620–4627. [CrossRef]
[PubMed]

44. Suffee, N.; Moore-Morris, T.; Jagla, B.; Mougenot, N.; Dilanian, G.; Berthet, M.; Proukhnitzky, J.; Le Prince, P.; Tregouet, D.A.;
Pucéat, M.; et al. Circ. Res. 2020, 126, 1330–1342.

45. Iacobellis, G.; Leonetti, F.; Singh, N.M.; Sharma, A. Relationship of epicardial adipose tissue with atrial dimensions and diastolic
function in morbidly obese subjects. Int. J. Cardiol. 2007, 115, 272–273. [CrossRef] [PubMed]

46. Zhao, L.; Harrop, D.L.; Ng, A.C.T.; Wang, W.Y.S. Epicardial Adipose Tissue Is Associated with Left Atrial Dysfunction in People
Without Obstructive Coronary Artery Disease or Atrial Fibrillation. Can. J. Cardiol. 2018, 34, 1019–1025. [CrossRef]

47. Wu, N.; Xu, B.; Xiang, Y.; Wu, L.; Zhang, Y.; Ma, X.; Tong, S.; Shu, M.; Song, Z.; Li, Y.; et al. Association of inflammatory factors
with occurrence and recurrence of atrial fibrillation: A meta-analysis. Int. J. Cardiol. 2013, 169, 62–72. [CrossRef] [PubMed]

48. Anagnostopoulos, I.; Kousta, M.; Kossyvakis, C.; Lakka, E.; Paraskevaidis, N.T.; Schizas, N.; Deftereos, S.; Giannopoulos, G. The
role of left atrial peak systolic strain in atrial fibrillation recurrence after catheter ablation. A systematic review and meta-analysis.
Acta Cardiol. 2021, 20, 1–9. [CrossRef]

49. Lin, Y.K.; Chen, Y.C.; Chen, J.H.; Chen, S.A.; Chen, Y.J. Adipocytes modulate the electrophysiology of atrial myocytes: Implications
in obesity-induced atrial fibrillation. Basic Res. Cardiol. 2012, 107, 293. [CrossRef]

50. Rook, M.B.; Jongsma, H.J.; de Jonge, B. Single channel currents of homo- and heterologous gap junctions between cardiac
fibroblasts and myocytes. Pflug. Arch. 1989, 414, 95–98. [CrossRef]

51. Miragoli, M.; Gaudesius, G.; Rohr, S. Electrotonic modulation of cardiac impulse conduction by myofibroblasts. Circ. Res. 2006,
98, 801–810. [CrossRef]

52. Friedman, D.J.; Wang, N.; Meigs, J.B.; Hoffmann, U.; Massaro, J.M.; Fox, C.S.; Magnani, J.W. Pericardial fat is associated with
atrial conduction: The Framingham Heart Study. J. Am. Heart Assoc. 2014, 3, e000477. [CrossRef]

53. Jhuo, S.J.; Hsieh, T.J.; Tang, W.H.; Tsai, W.C.; Lee, K.T.; Yen, H.W.; Lai, W.T. The association of the amounts of epicardial fat. P
wave duration. and PR interval in electrocardiogram. J. Electrocardiol. 2018, 51, 645–651. [PubMed]

https://doi.org/10.1002/joa3.12124
https://www.ncbi.nlm.nih.gov/pubmed/30555604
https://doi.org/10.1002/joa3.12359
https://doi.org/10.3390/jcm10143037
https://doi.org/10.1007/s10554-021-02244-w
https://doi.org/10.3389/fcvm.2022.813085
https://www.ncbi.nlm.nih.gov/pubmed/35310976
https://doi.org/10.1186/s12872-022-02496-x
https://www.ncbi.nlm.nih.gov/pubmed/35193492
https://doi.org/10.1007/s10554-022-02557-4
https://www.ncbi.nlm.nih.gov/pubmed/35166963
https://doi.org/10.1016/j.ijcha.2019.01.003
https://doi.org/10.1186/s12872-022-02703-9
https://doi.org/10.1093/eurheartj/eht099
https://doi.org/10.1093/eurheartj/ehv625
https://doi.org/10.1016/j.ijcard.2015.03.201
https://doi.org/10.1210/jc.2006-1044
https://www.ncbi.nlm.nih.gov/pubmed/16895955
https://doi.org/10.1016/j.ijcard.2006.04.016
https://www.ncbi.nlm.nih.gov/pubmed/16759715
https://doi.org/10.1016/j.cjca.2018.05.002
https://doi.org/10.1016/j.ijcard.2013.08.078
https://www.ncbi.nlm.nih.gov/pubmed/24095158
https://doi.org/10.1080/00015385.2021.1965747
https://doi.org/10.1007/s00395-012-0293-1
https://doi.org/10.1007/BF00585633
https://doi.org/10.1161/01.RES.0000214537.44195.a3
https://doi.org/10.1161/JAHA.113.000477
https://www.ncbi.nlm.nih.gov/pubmed/29997005


J. Clin. Med. 2023, 12, 6369 12 of 13
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