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Available online 25 November 2022 exert a paracrine effect in the myocardium. However, few studies have assessed its role in the risk of

atrial fibrillation (AF) recurrence. This study aimed to evaluate the association between EAT volume, and
Keywords: its attenuation, with the risk of AF recurrence after AF ablation.
gtflal g,brllllzt,mn i Methods: A total of 350 consecutive patients who underwent AF ablation were included. The median age
Cglr;futl: diolrﬁz;a;f;e was 57 [IQR 48-65] years and 21% had persistent AF. Epicardial fat was quantified by multidetector
Catheter ablation computed tomography using Syngo.via Frontier-Cardiac Risk Assessment software, measuring pericardial
fat volume (PATV), EAT volume, and attenuation of EAT posterior to the left atrium. AF recurrence was

defined as any documented episode of AF, atrial flutter, or atrial tachycardia more than 3 months after
the procedure.
Results: After a median follow-up of 34 [range, 12-57] months, 114 patients (33%) had AF recurrence.
Univariable Cox regression showed that patients with an EAT volume > 80 mL had an increased risk of AF
recurrence (HR, 1.65; 95%CI, 1.14-2.39; P=.007). However, after multivariable adjustment, EAT volume
did not remain an independent predictor of AF recurrence (HR, 1.24; 95%CI, 0.83-1.87; P =.3). Similar
results were observed with PATV. Patients with lower attenuation of EAT did not have a higher risk of AF
recurrence (log-rank test, P=.75).
Conclusions: EAT parameters including the evaluation of EAT volume, PATV and EAT attenuation were
not independent predictors of AF recurrence after catheter ablation.

© 2022 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

El tejido adiposo epicardico no es un predictor independiente de recurrencia de
fibrilacion auricular tras ablacion con cateter

RESUMEN
Palabras clave: Introduccion y objetivos: Estudios previos han sugerido que el tejido adiposo epicardico (TAE) podria
Fibrilacion auricular ejercer un efecto paracrino en el miocardio. Sin embargo, pocos estudios han evaluado su papel en el

Tejido adiposo epicardico
Tomografia computarizada
Ablacién con catéter

riesgo de recurrencia de la fibrilacion auricular (FA). El objetivo de ese estudio fue evaluar la asociaci6n
entre el volumen de TAE y su atenuacién con el riesgo de recurrencia de FA tras la ablacién de FA.
Meétodos: Se incluy6 un total de 350 pacientes consecutivos sometidos a ablaciéon de FA - mediana de
edad 57 afios [RIC 48-65], 21% FA persistente. La grasa epicardica se cuantific6 mediante tomografia
computarizada multidetector utilizando el software Syngo.via Frontier-Cardiac Risk Assessment, midiendo
el volumen tejido adiposo pericardico (VTAP), el volumen de TAE y la atenuacion de TAE posterior a la
auricula izquierda. La recurrencia de FA se definié como cualquier episodio documentado de FA, aleteo
auricular, o taquicardia auricular mas de 3 meses después del procedimiento.

Resultados: Tras una mediana de seguimiento de 34 meses [rango de 12 a 57 meses], 114 pacientes (33%)
tuvieron recurrencia de FA. La regresion de Cox univariable mostrd que los pacientes con un volumen de
TAE > 80 ml tenian un mayor riesgo de recurrencia de FA (HR = 1,65; 1C95%, 1,14-2,39; p = 0,007). Sin
embargo, después del ajuste multivariable, el volumen de TAE no fue un predictor independiente de
recurrencia de FA (HR = 1,24; 1C95%, 0,83-1,87; p = 0,3). Se observaron resultados similares con VTAP. Los
pacientes con menor atenuacion de TAE no tenian un mayor riesgo de recurrencia de FA (prueba de rango
logaritmico p = 0,75).
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Conclusiones: Los parametros de TAE, incluida la evaluacion del volumen de TAE, VTAP y la atenuacion de
TAE, no fueron predictores independientes de recurrencia de FA después de la ablacién con catéter.
© 2022 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

AF: atrial fibrillation

CT: computed tomography

EAT: epicardial adipose tissue

EATV: epicardial adipose tissue volume
LA: left atrium

PATV: pericardial adipose tissue volume

INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia in adults and carries substantial morbidity and
mortality." In addition, it represents a major clinical challenge
due to its predisposition to relapse even after AF ablation.!

It is known that obesity is one of the most important risk factors
for the development of AF.? Several pathophysiological mecha-
nisms can be responsible for this association including a systemic,
endocrine, or paracrine (local) effect.>* Epicardial adipose tissue
(EAT), defined as fat between the myocardium and pericardium, is
a metabolically active tissue that produces several proinflamma-
tory cytokines that can have a direct effect on the myocardium.*

Previous studies have shown that EAT is independently
associated with a higher coronary atherosclerotic burden>® and
can adversely influence cardiac remodeling, causing left atrial (LA)
dilation, left ventricular hypertrophy and diastolic dysfunction,
and increasing risk of heart failure with preserved ejection
fraction.”®

However, few large studies have evaluated the influence of EAT
with the risk of AF or its recurrence.'®!! Moreover, there are
several methods to quantify the amount of EAT, which might affect
results. For example, previous studies have suggested that the
amount of EAT posterior to the LA could be associated with AF
burden and recurrence, but, in these studies, EAT thickness was
measured as the shortest distance between the mid-LA and
esophagus.'?!3 The quantification of total EAT volume could be a
more reliable measurement of EAT, because arrhythmogenesis can
be mediated by shared pathways.* Volumetric assessment is the
most accurate EAT volume measurement since thickness varies
across cardiac regions.*

Mechanistic studies have suggested that an inflammatory
process related to EAT can contribute to arrhythmogenesis.” Earlier
studies have shown that fat attenuation measured by computed
tomography (CT) correlates with inflammation detected by
histologic examination and positron emission tomography scan,'*
being a potential marker of EAT local inflammation. This
measurement has been linked to acute coronary syndrome'#'®
and more recently some authors have explored its role in AF
ablation outcomes.'®!”

In this study, we aimed to evaluate the association between EAT
and the risk of AF. Specifically, we aimed to assess if EAT volume
could be a predictor of AF recurrence after AF catheter ablation, and
if the attenuation of EAT posterior to the LA (a possible biomarker
of local inflammation) could be involved in this association.

METHODS
Study population

Between January 2017 and December 2019, all consecutive
patients with symptomatic AF who underwent CT for procedure
planning were included in this retrospective cohort study. Patients
were excluded if they had coronary artery disease or moderate-
severe valvular heart disease. Baseline demographic, clinical and
outcome data were gathered from medical records. The definition
of the different variables is listed in table 1 of the supplementary
data.

The study was conducted following the principles outlined in
the Declaration of Helsinki and was approved by the local ethics
committee (internal reference 191-21). Informed consent for the
use of clinical data were obtained before the performance of the CT
scan.

Cardiac adipose tissue measurements

A multidetector CT scan was performed in all patients on the
day of the procedure using a 384-slice (2x192) multidetector CT
(SOMATOM Force Siemens) according to a standardized protocol
(summarized in the supplementary data). All data were processed
using a dedicated workstation (Syngo.via Frontier-Cardiac Risk
Assessment, Siemens Medical Solutions).

Cardiac adipose tissue measurements were determined by
investigators who were blinded to patient outcomes. Noncontrast
acquisition was used for all measurements. Adipose tissue was
defined in the range of — 150 and — 50 Hounsfield units (HU).

Cardiac adipose tissue was measured with 3 methods, as
detailed in figure 1:

e Epicardial adipose tissue volume (EATV) was defined as fat
between the outer wall of the myocardium and pericardium.
For its assessment, the pericardium was manually contoured
every 10 mm from the pulmonary artery bifurcation to the level
of the mitral valve and for every 20 mm from there to the
diaphragm, and then, was semiautomatically reconstructed as
the sum of all slices, as illustrated in figure 1A-C. Manual
adjustment was performed when necessary.

Pericardial adipose tissue volume (PATV) was defined as fat
internal and external to pericardium.” Its value was automati-
cally estimated by the validated software Syngo.via Frontier—
Cardiac Risk Assessment (Siemens Medical Solutions).
Attenuation of EAT posterior to the LA was measured in a single
slice, in short-view axis, between the mid-LA and esophagus. For
this selected area, values of attenuation for each point were
displayed in a graph and attenuation was defined as the mean
value, as illustrated in figure 1D-F.

Interobserver variability was assessed in 20 randomly selected
patients. The interclass correlation coefficient obtained was 0.991
(P=<.001) for EATV measurement and 0.884 (P=<.001) for
attenuation of EAT posterior to LA measurement.
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Figure 1. Example of measurement of epicardial adipose tissue volume by CT (A-C). A: pericardium contour from the axial view. The pericardium was manually
contoured from the pulmonary artery bifurcation to the diaphragm. Final volume was semiautomatically calculated as the sum of all slices. B and C: the red color
indicates total EATV from the axial and sagittal vieww, respectively. Example of measurement of attenuation of fat posterior to the left atrium by CT (D-F). D: in 4-
chamber view, the mid-LA was identified. E: in short-view axis, on a single slice, an area between the LA and esophagus was contoured. F: for the selected area,
values of attenuation for each point were displayed on a graph. Attenuation was defined as the mean value.

Catheter ablation procedure

All procedures were performed under intravenous sedation
with blood pressure, oxygen saturation, and electrocardiogram
monitoring, with anesthesiologic assistance. Femoral venous
access was used for all procedures. A decapolar catheter was
placed in the coronary sinus. Transseptal puncture was performed
under fluoroscopy guidance.

Catheter ablation procedures included pulmonary vein isola-
tion with point-by-point radiofrequency ablation and second-
generation cryoablation. Point-by-point radiofrequency ablation
was performed using an irrigated 3.5-mm ablation catheter
(Thermocool SmartTouch or Thermocool SmartTouch SF) guided
by a 3D electroanatomic mapping system (CARTO-3, Biosense
Webster Inc, USA).

An extensive encircling pulmonary vein isolation was per-
formed. Concomitantly, cavotricuspid isthmus ablation was
performed in selected patients with documented typical atrial
flutter. Additional ablation, such as posterior wall isolation, linear
lesions, nonpulmonary vein triggers, and low-voltage zone
ablation, was also performed at the operator’s discretion.

When cryoablation was performed, the Arctic Front Cardiac
CryoAblation Catheter System, the second-generation Arctic Front
Advance and the FlexCath Steerable Sheath (Medtronic, USA) were
used; a 28-mm balloon was used for all patients.

The mapping catheter was positioned at the pulmonary veins
ostium, where baseline potentials were documented. The
balloon was inflated in the LA. Contrast was injected to assess
balloon occlusion and, when achieved, cryothermal energy was
applied. Freezing cycles were applied to each pulmonary vein
for a minimum of 240seconds. Using decapolar catheter,
diaphragmatic stimulation was performed to avoid phrenic
nerve palsy.

The type of energy employed was chosen at the operator’s
discretion. The procedural endpoint was electrical isolation of all
pulmonary veins from the LA. Electrical cardioversion was
performed when AF persisted at the end of the ablation procedure.

Follow-up

The standard follow-up protocol used in our institution includes a
first clinical evaluation and a 12-lead electrocardiogram performed
1 month after discharge. Then the patient is evaluated at 3 and
6 months with a 12-lead electrocardiogram and a telephone-based
consultation with a cardiologist. Between 9 and 12 months after the
ablation procedure, 24-hour ambulatory electrocardiogram moni-
toring is performed, followed by electrocardiogram and clinical
evaluation at 12, 18, and 24 months, and then every 12 months. At
each visit, patients are evaluated for the recurrence of arrhythmias
with a standardized questionnaire for arrhythmia-related symptoms
(palpitations, chest discomfort, fatigue, and dizziness), physical
examination, and a 12-lead electrocardiogram. Additional patient
visits may be needed according to clinical status.

Study endpoints

The primary outcome was defined as AF recurrence after the
blanking period (more than 3 months after the procedure).'®
Recurrence was defined as any documented (electrocardiogram/
Holter) episode of AF, atrial flutter, or atrial tachycardia lasting
more than 30 seconds.'® Information about AF recurrence was
collected by reviewing medical records and was censored in
November 2021. We also collected information on total recurrence
rate (secondary endpoint), defined as any documented episode
after the ablation, including the blanking period.

Statistical analysis

Categorical variables are expressed as absolute values and
percentages. Continuous variables are expressed as mean =+ stan-
standard deviation (SD) for normally distributed data or median and
interquartile range [IQR], for nonnormally distributed data. Patients’
characteristics were compared between patients with and without
recurrence using the chi-square test or the Fisher exact test t-test or
the Mann-Whitney U test, as appropriate.
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Initial data exploration encompassed logistic regression with
restricted cubic polynomial transformation to account for nonlinear
relationships between AF recurrence and adipose tissue measure-
ments (figure 1A-C of the supplementary data). Inspection of the
logistic regression partial effect curves suggested that patients at risk
of recurrence could potentially be stratified by a cutoff of 80 mL for
EAT volume, 150 mL for PAT volume and — 75 HU for EAT posterior to
LA attenuation (figure 1A-C of the supplementary data). Cox
proportional hazard models were used to estimate the effect of
EAT measurements following 2 strategies. As a dichotomous variable
(defined by the data-driven cutoffs defined above) and as a
continuous value indexed to total body surface area. Both models
were adjusted to clinically relevant covariates, age, sex, hypertension,
diabetes, obesity, AF subtype, and dilated LA. Proportional hazards
assumptions were assessed using Schoenfeld residuals. Hazard ratios
(HR) with 95% confidence intervals (95%Cl) and P values are reported
and considered statistically significant if P < .05.

Cumulative recurrence-free survival for dichotomous EAT was
estimated using the Kaplan-Meier method and were compared
using the log-rank test.

All statistical tests and plots were done using R statistical
software, version 4.1.2,'° together with the “rms”,2° “survival”,!

“survminer”,?? and “gtsummary”,>®> packages.

RESULTS
Population characterization

During the study period, 531 patients underwent AF ablation. Of
these, 125 patients were excluded because they had coronary artery
disease or moderate-severe valvular heart disease and 56 were lost
to follow-up. The clinical, echocardiographic and ablation proce-
dure characteristics of the study population are listed in table 1.

Table 1
Patient characteristics
Overall population No AF recurrence, AF recurrence, P
N=350 n=236 n=114
Sex, female 119 (34) 71 (30) 48 (42) .026
Age, y 57 [48-65] 55 [47-63.75] 61 [51.75-67] .001
BMI, kg/m? 27.4+3.83 27.3+3.82 27.5+3.87 .599
BSA, m? 1.93 [1.80-2.05] 1.92 [1.81-2.05] 1.94 [1.79-2.07] 814
Comorbidities
Hypertension 166 (47) 110 (47) 56 (49) .659
Diabetes mellitus 41 (12) 23 (10) 18 (16) .099
Dyslipidemia 153 (44) 99 (42) 54 (47) 338
Smoking: active 40 (12) 27 (12) 13 (12) 994
Heart failure 15 (6) 10 (6) 5(7) >.9
Cerebrovascular disease 6 (2) 3 (1) 3(3) 394
Thyroid dysfunction 66 (19) 36 (15) 30 (26) .013
Chronic renal disease 34 (10) 22 (9) 12 (11) 721
0SA 35(10) 26 (11) 9 (8) 362
Pulmonary disease 13 (4) 9 (4) 4 (4) >.9
Persistent AF 75 (21) 36 (15) 39 (34) <.001
AF duration, y 3[1-6] 2 [1-5] 3 [2-6.5] .031
CHA2DS2-VASc .043
0 98 (28) 74 (32) 24 (22)
1 118 (34) 80 (34) 38 (34)
2 79 (23) 55 (24) 24 (22)
>2 50 (15) 25 (11) 25 (23)
Previous cardioversion 119 (36) 72 (32) 47 (44) .042
Previous pulmonary vein isolation 41 (12) 24 (10) 17 (15) .196
Anticoagulation 214 (65) 139 (61) 75 (73) .041
Antiarrhythmic drugs 169 (59) 113 (57) 56 (62) 474
Beta-blockers 214 (61) 137 (58) 77 (68) .088
Echocardiography parameters
LA volume, mL/m? 35 [30-40] 33 [30-39] 37 [30-42] .001
LA diameter, mm 40 [36-43] 39 [36-42] 41 [37-45] .001
Dilated LA 194 (60) 121 (55) 73 (72) .005
LVEF 60+4.6 60+4.6 60+4.5 .829
Procedural characteristics
Ablation energy: radiofrequency 254 (73) 169 (72) 85 (75) 562
Follow-up
Early recurrence 43 (13) 9(4) 34 (30) <.001
Mortality 1(0.3) 0 1(0.9) 326

AF, atrial fibrillation; BMI, body mass index; BSA, body surface area; LA, left atrium; LVEF, left ventricle ejection fraction; OSA, obstructive sleep apnoea.
The data are expressed as No. (%), mean + standard deviation, or median [interquartile range].
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Figure 2. Kaplan-Meier curves for survival free from AF recurrence in patients with A) EATV stratified at 80 mL; B) PATV stratified at 150 mL; and C) attenuation of
EAT posterior to LA stratified at -75 HU. The time axis starts after the blanking period (Time O corresponds to 3 months after the procedure). EATV, epicardial adipose

tissue volume; HU, Hounsfield units; PATV, pericardial adipose tissue volume.

Among the 350 patients included, 34% were female with a
median age of 57 [IQR 48-65] years. Persistent AF was present in
21% and 12% had undergone a previous AF catheter ablation
procedure.

During follow-up, 43 patients (13%) had AF recurrence within
the first 3-month period. After the 3-month blanking period,
114 patients (33%) developed AF recurrence with a median follow-
up of 34 months within the range of 12 to 57 months. Compared
with those without recurrence, patients with AF recurrence were
older, more frequently female, had significantly more thyroid
dysfunction, persistent AF, longer disease duration, and a greater
LA volume (table 1).

Relationship between EAT volume and AF recurrence

Patients with an EATV > 80 mL had a higher risk of AF
recurrence than patients with lower EATV (log-rank test P =.007),
as shown in the Kaplan-Meir curves (figure 2A). Moreover, in the
univariable Cox proportional hazards regression, patients with
EATV > 80 mL were at higher risk of recurrence (HR, 1.65; 95%ClI,
1.14-2.39; P=.007), as detailed in table 2. However, after
multivariable adjustment (age, sex, hypertension, diabetes, obesi-
ty, AF subtype, and dilated LA), EATV > 80 mL did not remain an
independent predictor of AF recurrence (HR, 1.24; 95%CI, 0.83-
1.87; P=.3).

We also assessed the association between EATV and total AF
recurrence, including the blanking period. In this analysis, patients

Table 2

with EATV > 80 mL were also at higher risk of total recurrence (HR,
1.59; 95%Cl, 1.12-2.27; P=.01)], but after multivariable adjust-
ment, EATV > 80 mL did not persist as an independent predictor
(HR, 1.17; 95%CI, 0.79-1.73; P=.4)] (detailed in table 2 of the
supplementary data).

Similar results were observed after the indexation of EATV to
total body surface area (table 2 and table 2 of the supplementary
data).

Relationship between PAT volume and AF recurrence

We found that patients with PATV > 150 mL had a higher risk of
AF recurrence than patients with lower PATV (log-rank test
P=.018), as shown in the Kaplan-Meir curves (figure 2B). This
trend was observed in the Cox proportional hazards model, which
showed that patients with PATV > 150 mL had a higher risk of
recurrence (HR, 1.55; 95%CI, 1.07-2.24; P=.019], as detailed in
table 2. After multivariable adjustment, PATV did not remain an
independent predictor of AF recurrence (HR, 1.10; 95%CI, 0.71-
1.69; P=.17).

In total recurrence analysis, patients with PATV > 150 mL were
at higher risk of total recurrence (HR, 1.51; 95%Cl, 1.06-2.15;
P=.023), but after multivariate adjustment, PATV > 150 mL did
not remain an independent predictor (HR, 1.03; 95%CI, 0.68-1.55;
P=.9) (table 2 of the supplementary data).

Similar results were observed after the indexation of PATV to
body surface area (table 2 and table 2 of the supplementary data).

Uni- and multivariable Cox regression of adipose tissue measurements as dichotomous variable and as a continuous value indexed to BSA for AF recurrence

AT measurement No. of events /no. at risk

Univariable model

No. of events /no. at risk Multivariable model *

HR (95%CI) P

HR (95%CI) P

EATV > 80 mL 114/350 1.65 (1.14-2.39) .007 102/317 1.24 (0.83-1.87) 3
EATVI 90/280 1.02 (1.01-1.03) .001 86/267 1.01 (0.99-1.02) 4
PATV > 150 mL 114/350 1.55 (1.07-2.24) .019 102/317 1.10 (0.71-1.69) 17
PATVI 90/280 1.01 (1.00-1.01) .004 86/267 1.00 (1.00-1.01) 6
Attenuation EAT posterior to LA <-75 HU 111/338 1.06 (0.73-1.56) 7

95%Cl, 95% confidence interval; AF, atrial fibrillation; EATV, epicardial adipose tissue volume; EATVI, epicardial adipose tissue volume indexed to body surface area; HR,
hazard ratio; HU, Hounsfield units; LA, left atrium; PATV, pericardial adipose tissue volume; PATVI, pericardial adipose tissue volume indexed to body surface area.

" Adjusted for age, sex, hypertension, diabetes, obesity, AF subtype and dilated LA.

Seventy patients had missing information on BSA measurement, which is why the number at risk was 280 patients for EATVI and PATVI.
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Association between attenuation of EAT posterior to the LA and
AF recurrence

Assessment of the attenuation of EAT posterior to the LA
was not possible in 12 patients (out of 350), as there was no
tissue in range of — 150 and — 50 HU between the LA and the
esophagus.

We did not observe a significant difference in AF recurrence
between patients with attenuation of EAT posterior to the
LA higher or lower than — 75 HU (figure 2C, log-rank test
P=.75). The same was observed in the univariable Cox
proportional hazards regression (table 2, HR, 1.06; 95%CI,
0.73-1.56; P=.7).

Association between EAT volume and AF recurrence according
to AF subtype

In all multivariable Cox proportional hazards models,
persistent AF was identified as the only independent predictor
of AF recurrence (table 3 of the supplementary data, all HR
ranging from 1.89 to 2.19, and P-values below .011). Since AF
subtype could have influenced our results, we performed an
additional subanalysis to evaluate the effect of AF subtype on
the primary outcome. In patients with paroxysmal AF, EATV >
80 mL was associated with an increased risk of recurrence,
but not after adjustment to other covariates (HR, 1.31; 95%CI,
0.79-2.16; P=.3)], as shown in table 4 of the supplementary
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Q|ﬂ and its attenuation with the risk of AF recurrence
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data. For patients with persistent AF, no association was found
for EATV > 80 mL and AF recurrence (HR, 0.92; 95%CI, 0.48-1.75;
P=.8)].

DISCUSSION

This is the largest study evaluating the relationship between
various EAT parameters and AF recurrence after catheter ablation.
We found that patients with an EATV > 80 mL had an increased risk
of AF recurrence. Subgroup analyses according to the subtype of AF
suggested that this association was only observed in patients with
paroxysmal AF. However, after multivariable adjustment, EATV
was not an independent predictor of AF recurrence, suggesting that
this previously reported association was caused by confounding
factors. In addition, the pattern of EAT attenuation posterior to the
LA (which could be a marker of EAT inflammation) was not
associated with AF recurrence in any analysis (figure 3).

The association between EAT and AF recurrence

Several studies have shown that obesity (evaluated by body
mass index) is an independent risk factor for AF development.?
However, it is known that body mass index is an inaccurate way to
evaluate the presence of excess adiposity* and that heterogeneous
distribution of adipose tissue largely explains different cardiome-
tabolic risks seen in individuals with similar degrees of overall

EATV 2 80 mL

== EATV<80mL EATV 280 mL

fatve foedom from recurence

Number at risk

{211 201 194 18¢ 176 170 156 137 115 101 82 71 59 48 U

Time in mons

Not an independent predictor of AF recurrence

P=1.3

Attenuation <-75 HU

4= Attenuation 2-75 HU Attenuation <75 HU

1 B

Cumuabve roedom rom recurence

Number at risk

213 197 187 178 163 155 141 116 97 80 66 6 43 0 18

Time in monis.

Figure 3. Central illustration. Association between EAT parameters and the risk of AF recurrence. Of 350 patients included, 114 developed AF recurrence. Patients
with an EATV > 80 mL had an increased risk of AF recurrence; however, after multivariable adjustment, EATV was not an independent predictor (HR, 1.24; 95%CI,
0.83-1.87; P=.3). The pattern of EAT attenuation posterior to the LA was not associated with AF recurrence. AF, atrial fibrillation; EAT, epicardial adipose tissue;
EATV, epicardial adipose tissue volume; HU, Hounsfield units; IQR, interquartile range; LA, left atrium; PATV, pericardial adipose tissue volume.
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adiposity,® due to distinct metabolic activity and proinflammatory
mediators secreted by various fat depots.?* Previous studies have
shown that EAT, a form of visceral adipose tissue, is correlated with
cardiovascular disease risk factors,?> with an increased risk of
coronary atherosclerotic burden®® and heart failure with pre-
served ejection fraction.” Moreover, it is also known that EAT can
induce cardiac remodeling, being associated with LA dilation, left
ventricular hypertrophy, and diastolic dysfunction.”®

Several pathophysiologic mechanisms might contribute to an
ensuing association between EAT and AF. First, it is known that
EAT is a local source of several proinflammatory adipokines (such
as interleukin-1[3 and tumor necrosis factor-a.), which can have a
paracrine effect on myocardium and cardiac vessels.>*2¢ In
addition, inflammation may promote atrial fibrosis and AF
onset.?® The effect of EAT is facilitated by its proximity to cardiac
structures, the absence of fascial barriers between fat and the
myocardium, and by its shared blood supply.>*?% Moreover,
inflammation could also impact the ablation procedure as edema
could hamper proper ablation lesions formation.?’” Secondly,
several pathological studies have shown that EAT caninfiltrate the
myocardium and cause microe-entry circuits, possibly contribut-
ing to AF onset.>° Finally, autonomic dysfunction may also be
involved, as the ganglionated plexus is located in epicardial fat
and its inflammatory activation can cause shortening of action
potentials.*?8

Although EAT was associated with AF recurrence in the
univariable analysis, in our study, EAT was not an independent
predictor of this outcome, suggesting the contribution of
confounding factors. A Cox regression model including EAT plus
each individual variable used for adjustment showed that dilated
LA had the greatest impact. We also evaluated other parameters of
EAT, such as PATV, showing similar findings. The first study that
reported a possible association between EATV and AF recurrence,
showed that large EATV was associated with postablation
recurrence  of AF (239.0+902cm? vs 153.5+42.7 cm?,
P=.0002). Nevertheless, neither a recurrence-free survival nor a
multivariable analysis was done to assess whether this was an
independent predictor.?® There are other studies either support-
ing>%3! or contradicting®>> these findings on EATV. Nakatani et al.>°
did not find an association between EATV and AF recurrence but they
evaluated a very small population (n =44). Maeda et al.>?> showed
that, in 218 Asian Japanese patients, EATV indexed to body surface
area was a predictor of AF recurrence, independently of other risk
factors (HR, 1.02; 95%CI, 1.00-1.03; P=.012). The discordance
between our study and that by Maeda et al.>> might be explained
by racial differences, since individuals from Asia have greater
cardiovascular morbidity with lower amounts of overall adiposity
and studies have shown that EAT effect estimates are stronger in
these populations than in those from North America or Europe.’
Moreover, in our multivariable adjustment model, we included
clinically relevant predictors of AF recurrence, whereas Maeda et al.>?
only adjusted for variables that, on univariate analysis, had a P-value
<.10.

The relationship between EAT and AF recurrence according to
AF subtype (paroxysmal vs persistent AF)

Our study suggests that EATV had a greater impact on AF
recurrence in patients with paroxysmal vs persistent AF. Persistent
AF is associated with more structural and electrical remodeling,
which can impose a higher risk of recurrence.®* It is possible that,
in paroxysmal AF cases, the proarrhythmogenic mechanisms of
EATV could influence the risk of AF recurrence although this
association might be mediated by confounding factors.

The impact of several EAT parameters and the risk of AF
recurrence

The measurement of EAT volume can be theoretically consid-
ered the most reliable parameter to measure epicardial fat.*
However, we chose to also evaluate the effect of other parameters
(such as PATV and attenuation of EAT posterior to the LA as
detailed in figure 1) on AF recurrence. It is known that, whereas
EAT is within the pericardial sac, PAT corresponds to all fat in and
outside the pericardium. PAT measurement does not require
pericardium identification, allowing a quicker assessment, and
does not require excellent image quality,* which may contribute to
an easier clinical implementation. Indeed, we found that effect
estimates were smaller than EATV, in line with previous studies,’
since anatomical proximity to myocardium facilitates pathophys-
iological mechanisms in arrhythmogenesis.

Since inflammation of EAT could play a role in AF recurrence,
and quality of adipose tissue, more than quantity, could be a more
relevant predictor of AF recurrence, we also collected data on the
attenuation of EAT measured posterior to the LA. It is known that
inflammation shifts the attenuation of the adipose tissue toward a
more positive value.!” Previous studies have associated the
attenuation of EAT with culprit coronary lesions in acute coronary
syndrome and cardiac mortality.!® Ciuffo et al.'® found that
increased attenuation of periatrial adipose tissue measured from a
single CT slice was a predictor of AF recurrence; whereas another
study'” showed that increased attenuation of adipose tissue
posterior to the LA, by volumetric assessment, was not a predictor
after adjustment (HR, 1.26; 95%CI, 0.90-1.76; P=.181). In our
study, we did not find any association between this parameter and
the risk of AF recurrence. Therefore, our data support that
attenuation of adipose tissue posterior to the LA is not useful in
this setting, although EAT thickness and characteristics can vary
across different myocardial regions.

Strengths and limitations

To the best of our knowledge, this is one of the most detailed
studies investigating the association between AF recurrence and
various cardiac adipose tissue measurements and including a long-
term follow-up. EAT was assessed mainly by calculating EATV,
which requires individual and detailed pericardium manual
tracing for each patient. The interclass correlation coefficient of
this measurement was excellent. On multivariable analysis, we
adjusted for several important clinical risk factors involved in AF
recurrence to mitigate confounding.

There are some limitations that should be addressed. First,
patient follow-up did not include continuous electric monitoring,
via event or loop recorders, and therefore this study could not
evaluate subclinical AF recurrence or AF burden. Second, this study
excluded patients with coronary artery disease and valvular heart
disease, and consequently, these conclusions cannot be extrapo-
lated to these populations. Third, we did not evaluate if waist
circumference, waist-to-hip ratio or CT-derived parameters of
abdominal fat could have added more information on the effects of
local vs overall adiposity.>”’

CONCLUSIONS

EAT parameters including the evaluation of EAT volume, PAT
volume and the attenuation of EAT are not independent predictors
of AF recurrence after catheter ablation.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Obesity is a known risk factor for AF development.
However, body mass index is an inaccurate way to
evaluate excess adiposity.

- Previous studies have shown that EAT, a form of visceral
fat, is correlated with cardiovascular diseases.

- Few large studies have evaluated the influence of EAT on
the risk of AF recurrence, focusing only on one method
to quantify EAT.

WHAT DOES THIS STUDY ADD?

- This is one of the largest and most detailed studies
investigating the association between AF recurrence
and various cardiac adipose tissue measurements.

- Both EATV and PATV were associated with AF recur-
rence in the univariable analysis; however, they did not
remain independent predictors after adjustment for
other clinical risk factors.

- The pattern of EAT attenuation posterior to the LA (a
possible biomarker of local inflammation) was not
associated with AF recurrence.

FUNDING

This study was financed by a) national funds through FCT
Fundacdo para a Ciéncia e Tecnologia, 1.P., under the scope of the
Cardiovascular R&D Center — UnIC (UIDB/00051/2020 and UIDP/
00051/2020) and b) European Regional Development Fund (ERDF),
through the North Regional Operational Program in the framework
of the project HEALTH-UNORTE: Setting-up biobanks and regen-
erative medicine strategies to boost research in cardiovascular,
musculoskeletal, neurological, oncological, immunological and
infectious diseases (NORTE-01-0145-FEDER-000039).

The sponsor was not involved in the study design, data
collection, analysis or interpretation of the results, the writing
of the manuscript, or the decision to publish.

AUTHORS’ CONTRIBUTIONS

All authors meet the following 4 criteria: a) contributed
substantially to the conception and design, acquisition of data, or
its analysis and interpretation; b) drafted the article or critically
reviewed it; c) gave final approval to the version to be published; d)
agreed to take responsibility for the accuracy and integrity of the
manuscript. . Cruz and S. Lopes Fernandes contributed equally to
this article.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of interest.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in
the online version, at https://doi.org/10.1016/j.rec.2022.11.006

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Hindricks G, Potpara T, Dagres N, et al.2020 ESC Guidelines for the diagnosis and

management of atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS) The Task Force for the diagnosis
and management of atrial fibrillation of the European Society of Cardiology (ESC)
Developed with the special contribution of the European Heart Rhythm Associa-
tion (EHRA) of the ESC. Eur Heart J. 2021;42:373-498.

. Nalliah CJ, Sanders P, Kottkamp H, Kalman JM. The role of obesity in atrial

fibrillation. Eur Heart J. 2016;37:1565-1572.

. Wong CX, Sun MT, Odutayo A, et al. Associations of epicardial, abdominal, and

overall adiposity with atrial fibrillation.

2016;9:e004378.

Circ  Arrhythm  Electrophysiol.

. Wong CX, Ganesan AN, Selvanayagam ]B. Epicardial fat and atrial fibrillation:

current evidence, potential mechanisms, clinical implications, and future direc-
tions. Eur Heart J. 2017;38:1294-1302.

. Mahabadi AA, Reinsch N, Lehmann N, et al. Association of pericoronary fat volume

with atherosclerotic plaque burden in the underlying coronary artery: a segment
analysis. Atherosclerosis. 2010;211:195-199.

. Bettencourt N, Toschke AM, Leite D, et al. Epicardial adipose tissue is an indepen-

dent predictor of coronary atherosclerotic burden. Int J Cardiol. 2012;158:26-32.

. Fontes-Carvalho R, Fontes-Oliveira M, Sampaio F, et al. Influence of Epicardial and

Visceral Fat on Left Ventricular Diastolic and Systolic Functions in Patients After
Myocardial Infarction. Am J Cardiol. 2014;114:1663-1669.

. Mancio J, Azevedo D, Fragao-Marques M, et al. Meta-Analysis of Relation of

Epicardial Adipose Tissue Volume to Left Atrial Dilation and to Left Ventricular
Hypertrophy and Functions. Am J Cardiol. 2019;123:523-531.

. Kenchaiah S, Ding ], Carr JJ, et al. Pericardial Fat and the Risk of Heart Failure. ] Am

Coll Cardiol. 2021;77:2638-2652.

Shamloo AS, Dagres N, Dinov B, et al. Is epicardial fat tissue associated with atrial
fibrillation recurrence after ablation?. A systematic review and meta-analysis. Int |
Cardiol Heart Vasc. 2019;22:132-138.

Gaeta M, Bandera F, Tassinari F, et al. Is epicardial fat depot associated with atrial
fibrillation?. A systematic review and meta-analysis. EP Europace. 2017;19:747-
752.

Batal O, Schoenhagen P, Shao M, et al. Left atrial epicardial adiposity and atrial
fibrillation. Circ Arrhythm Electrophysiol. 2010;3:230-236.

Kocyigit D, Gurses KM, Yalcin MU, et al. Periatrial epicardial adipose tissue
thickness is an independent predictor of atrial fibrillation recurrence after cryo-
balloon-based pulmonary vein isolation. ] Cardiovasc Comput Tomogr. 2015;9:295-
302.

Antonopoulos AS, Sanna F, Sabharwal N, et al. Detecting human coronary inflam-
mation by imaging perivascular fat. Sci Transl Med. 2017;9:eaal2658.

Goeller M, Achenbach S, Cadet S, et al. Pericoronary adipose tissue computed
tomography attenuation and high-risk plaque characteristics in acute coronary
syndrome compared with stable coronary artery disease. JAMA Cardiology.
2018;3:858-863.

Ciuffo L, Nguyen H, Marques MD, et al. Periatrial fat quality predicts atrial
fibrillation ablation outcome. Circ Cardiovasc Imaging. 2019;12:e008764.

El Mahdiui M, Simon ], Smit JM, et al. Posterior left atrial adipose tissue attenuation
assessed by computed tomography and recurrence of atrial fibrillation after
catheter ablation. Circ Arrhythm Electrophysiol. 2021;14:e009135.

Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE
expert consensus statement on catheter and surgical ablation of atrial. Heart
Rhythm. 2017;14:e275-e444.

R Core Team. R: A language and environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria. 2021. Available at: https://www.r-
project.org/. Accessed 7 Nov 2022.

Harrell F. rms: Regression Modeling Strategies. R package version 6.2-0. 2021 Avail-
able at: https://cran.r-project.org/package=rms. Accessed 7 Nov 2022.

Therneau T. A package for survival analysis in S. R package version 32-13. 2021.
Available at: https://cran.r-project.org/package=survival. Accessed 7 Nov 2022.
Kassambara A, Kosinski M, Biecek P. survminer: Drawing Survival Curves using’-
ggplot2’. R package version 0.4.9. 2021. Available at: https://cran.r-project.org/
package=survminer23. Accessed 7 Nov 2022.

Sjoberg DD, Whiting K, Curry M, Lavery JA, Larmarange ]. Reproducible Summary
Tables with the gtsummary Package. R Journal. 2021;13:570-580.

Chatterjee TK, Stoll LL, Denning GM, et al. Proinflammatory phenotype of peri-
vascular adipocytes: influence of high-fat feeding. Circ Res. 2009;104:541-549.
Rosito GA, Massaro JM, Hoffmann U, et al. Pericardial fat, visceral abdominal fat,
cardiovascular disease risk factors, and vascular calcification in a community-
based sample: the Framingham Heart Study. Circulation. 2008;117:605-613.
Lau DH, Schotten U, Mahajan R, et al. Novel mechanisms in the
pathogenesis of atrial fibrillation: practical applications. Eur Heart ]J.
2016;37:1573-1581.

Taclas JE, Nezafat R, Wylie ]V, et al. Relationship between intended sites of RF
ablation and post-procedural scar in AF patients, using late gadolinium enhance-
ment cardiovascular magnetic resonance. Heart Rhythm. 2010;7:489-496.
Masuda M, Mizuno H, Enchi Y, et al. Abundant epicardial adipose tissue surround-
ing the left atrium predicts early rather than late recurrence of atrial fibrillation
after catheter ablation. J Interv Card Electrophysiol. 2015;44:31-37.

. Nagashima K, Okumura Y, Watanabe I, et al. Association between epicardial

adipose tissue volumes on 3-dimensional reconstructed CT images and recurrence
of atrial fibrillation after catheter ablation. Circ J. 2011. 1108231382-1108231382.


http://dx.doi.org/10.1016/j.rec.2022.11.006
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0175
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0180
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0180
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0185
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0185
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0185
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0190
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0190
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0190
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0195
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0195
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0195
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0200
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0200
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0205
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0205
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0205
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0210
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0210
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0210
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0215
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0215
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0230
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0230
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0240
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0240
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0260
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0260
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0260
https://cran.r-project.org/package=survival
https://cran.r-project.org/package=survminer23
https://cran.r-project.org/package=survminer23
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0285
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0285
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0290
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0290
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0295
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0295
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0295
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0300
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0300
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0300
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0305
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0305
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0305
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0310
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0310
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0310
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0315
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0315
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0315

30.

31.

32.

I. Cruz et al./Rev Esp Cardiol. 2023;76(7):539-547 547

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.

Wong CX, Abed HS, Molaee P, et al. Pericardial fat is associated with atrial
fibrillation severity and ablation outcome. ] Am Coll Cardiol. 2011;57:1745-1751.
Maeda M, Oba K, Yamaguchi S, et al. Usefulness of epicardial adipose tissue volume
to predict recurrent atrial fibrillation after radiofrequency catheter ablation. Am J
Cardiol. 2018;122:1694-1700.

33.

34,

Kim T-H, Park J, Park J-K, et al. Pericardial fat volume is associated with clinical
recurrence after catheter ablation for persistent atrial fibrillation, but not parox-
ysmal atrial fibrillation: an analysis of over 600-patients. Int | Cardiol.
2014;176:841-846.

Kim YG, Choi J-I, Boo KY, et al. Clinical and echocardiographic risk factors predict
late recurrence after radiofrequency catheter ablation of atrial fibrillation. Sci Rep.
2019;9:1-9.


http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0320
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0320
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0320
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0325
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0325
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0330
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0330
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0330
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0335
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0335
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0335
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0335
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0340
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0340
http://refhub.elsevier.com/S1885-5857(22)00315-2/sbref0340

	Epicardial adipose tissue volume is not an independent predictor of atrial fibrillation recurrence after catheter ablation
	INTRODUCTION
	METHODS
	Study population
	Cardiac adipose tissue measurements
	Catheter ablation procedure
	Follow-up
	Study endpoints
	Statistical analysis

	RESULTS
	Population characterization
	Relationship between EAT volume and AF recurrence
	Relationship between PAT volume and AF recurrence
	Association between attenuation of EAT posterior to the LA and AF recurrence
	Association between EAT volume and AF recurrence according to AF subtype

	DISCUSSION
	The association between EAT and AF recurrence
	The relationship between EAT and AF recurrence according to AF subtype (paroxysmal vs persistent AF)
	The impact of several EAT parameters and the risk of AF recurrence
	Strengths and limitations

	CONCLUSIONS
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?

	FUNDING
	AUTHORS’ CONTRIBUTIONS
	CONFLICTS OF INTEREST
	Appendix A APPENDIX. SUPPLEMENTARY DATA
	References


