Effect of obesity and epicardial fat/fatty infiltration on
electrical and structural remodeling associated with atrial
fibrillation in a novel canine model of obesity and atrial

fibrillation: A comparative study

HAKZER A BB At Fe i L3RR
MR R SR AR RS BRI

K&K EA
ETHE 202 34F

EECES = WY DN



'.) Check for updates

Received: 16 October 2020 Revised: 22 December 2020 Accepted: 2 January 2021

DOI: 10.1111/jce.14955

FEATURED ARTICLES WILEY

Effect of obesity and epicardial fat/fatty infiltration on
electrical and structural remodeling associated with atrial
fibrillation in a novel canine model of obesity and atrial
fibrillation: A comparative study

Naoto Otsuka MD'® |
Sayaka Kurokawa MD?! |
Yuji Wakamatsu MD*® |
Toshiko Nakai MD* ® |
Yoshiki Taniguchi RA® |

Yasuo Okumura MD*® | Masaru Arai MD? |
Koichi Nagashima MD*? | Ryuta Watanabe MD?! |
Seina Yagyu MD'® | Kimie Ohkubo MD?! |
Hiroyuki Hao MD? | Rie Takahashi RA® |
Yxin Li MD*

1Department of Medicine, Division of
Cardiology, Nihon University School of
Medicine, Tokyo, Japan

2Department of Pathology and Microbiology,
Division of Human Pathology, Nihon
University School of Medicine, Tokyo, Japan

3Institute of Medical Science, Medical
Research Support Center, Section of
Laboratory for Animal Experiments, Nihon
University School of Medicine, Tokyo, Japan

“Division of Cell Regeneration and
Transplantation, Department of Functional
Morphology, Nihon University School of
Medicine, Tokyo, Japan

Correspondence

Yasuo Okumura, MD, Division of Cardiology,
Department of Medicine, Nihon University
School of Medicine, Ohyaguchi-kamicho,
Itabashi-ku, Tokyo 173-8610, Japan.

Email: okumura.yasuo@nihon-u.ac.jp

Disclosures: Yasuo Okumura belongs to the
endowed departments of Boston Scientific
Japan, Abbott Medical Japan, Japan Lifeline,
Medtronic Japan, and Nihon Kohden.

Funding information

Grant-in-Aid for Scientific Research
(KAKENHI) from the Ministry of Education,
Culture, Sports, Science and Technology of
Japan, Grant/Award Number: 18K08117

Abstract

Background: How obesity and epicardial fat influence atrial fibrillation (AF) is
unknown.

Methods: To investigate the effect of obesity/epicardial fat on the AF substrate, we
divided 20 beagle dogs of normal weight into four groups (n =5 each): one of the four
groups (Obese-rapid atrial pacing [RAP] group) served as a novel canine model of
obesity and AF. The other three groups comprised dogs fed a standard diet without
RAP (Control group), dogs fed a high-fat diet without RAP (Obese group), or dogs fed a
standard diet with RAP (RAP group). All underwent electrophysiology study, and hearts
were excised for histopathologic and fibrosis-related gene expression analyses.
Results: Left atrial (LA) pressure was significantly higher in the Obese group than in
the Control, RAP, and Obese-RAP groups (23.4+6.9 vs. 11.4+2.1, 11.9 + 6.4, and
13.5+2.9 mmHg; p =.005). The effective refractory period of the inferior PV was
significantly shorter in the RAP and Obese-RAP groups than in the Control group
(b =.043). Short-duration AF was induced at greatest frequency in the Obese-RAP
and Obese groups (p<.05). Epicardial fat/Fatty infiltration was greatest in the
Obese-RAP group, and greater in the Obese and RAP groups than in the Control
group. %interstitial fibrosis/fibrosis-related gene expression was significantly
greater in the Obese-RAP and RAP groups (p < .05).

Conclusions: Vulnerability to AF was associated with increased LA pressure and
increased epicardial fat/fatty infiltration in our Obese group, and with increased
epicardial fat/fibrofatty infiltration in the RAP and Obese-RAP groups. These may

explain the role of obesity/epicardial fat in the pathogenesis of AF.
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1 | INTRODUCTION

Visceral adiposity, specifically, is associated with obesity/metabolic
syndrome (MetS), and increased epicardial fat is an important re-
flection of such adiposity.' * The systemic pro-inflammatory states
related to obesity/MetS?® and to epicardial fat itself have been
linked to the pathogenesis of atrial fibrillation (AF).*° In fact, nu-
merous studies have shown an association between obesity/MetS
and/or epicardial fat and both new-onset AF and progression of
AF.>”"7 Nonetheless, the precise role played by obesity/epicardial fat
in left atrial (LA) substrate remodeling and thereby in the progres-
sion of AF is not fully understood. In seeking to elucidate the me-
chanistic link, we investigated the electrophysiologic and structural
properties of the LA and vulnerability to AF in a novel canine model
of obesity and AF (induced by rapid atrial pacing [RAP]) against those
in dogs subjected to one of three other experimental conditions that
differed in terms of the presence versus absence of obesity and

presence versus absence of RAP.

2 | METHODS

2.1 | Animals used and division of the animals into
experimental groups

The experimental protocol was approved by the Institutional Animal
Care and Use Committee of the Nihon University School of
Medicine.

Twenty beagle dogs aged 3 years and of normal weight
(8.4-13.7 kg) were used for the study. After 1 week of adaptive
feeding, 10 of the dogs were provided a standard diet (300 g/day of
adult dog food plus vitamin/mineral supplements [840 kcal/day]) for
at least 20 weeks, and, to simulate obesity, the other 10 dogs were
provided a high-fat diet (standard diet plus 235 g/day of white rice
and 400 g/day of high-calorie dog food [2210 kcal/day]) for at least
20 weeks (median, 33 weeks). Five of the ten dogs fed a standard
diet were not subjected to any further experimental manipulation
(Control group), and the other five dogs underwent RAP for induc-
tion of AF (RAP group). RAP was performed continuously during the
last 6 weeks of the dietary period. Five of the ten dogs fed a high-fat
diet were not subjected to any further experimental manipulation
(Obese group), and the other five dogs underwent RAP for induction
of AF (Obese-RAP group). RAP was performed continuously in these
five dogs (Obese-AF model dogs) during the last 6 weeks of the
dietary period. The RAP procedure was as follows: a single pace-
maker lead was placed at the right ventricular (RV) apex, and two
leads were placed in the right atrium (RA): one at the right atrial
appendage (RAA) and the other at the lateral wall. RAP was per-
formed by delivery of double paces via the two leads. Pacing was
performed in VVI mode from the RV apex at 40 bpm, and AV block
was created by delivery of radiofrequency current from an ablation
catheter the had been advanced through a short sheath placed in the

femoral vein. Thereafter, two pacemakers were implanted in the

neck: one for pacing from the RV apex in VOO mode pacemaker
Nuance SR RF PM1214 (St. Jude Medical Inc.) and at a pacing cycle
length of 750 ms [80 bpm], and the other for RAP from Activia SC
37602 (Medtronic Inc.) (at a pacing cycle length of 177 ms
[340 bpm]).

2.2 | Baseline study

Baseline characteristics of the individual dogs were assessed before
electrophysiologic study (EPS) and histologic study, both of which
were performed in all dogs. The assessment covered the body
weight, body condition score (BCS), which is a quantitative and
subjective method for evaluating body fat in dogs,’® and hemody-
namic status (i.e., systolic blood pressure [BP], diastolic BP, and left
atrial [LA] pressure). The BCS evaluation is based on a visual as-
sessment and palpation adopting a nine-point scale system, and four
classes of BCS are classified: 1-3=Ilean, 4 and 5 =ideal, 6 and
7 = overweight, = 8 = obese dogs.10 The systolic BP, diastolic BP, and
LA pressure were each measured three times and averaged for the

analysis. Values were then calculated for the four study groups.

2.3 | Intracardiac echocardiography

All dogs also underwent intracardiac echocardiography (ICE) by a
phased-array 8 French, 4.5-11.5 MHz catheter (e.g., AcuNav Ultra-
sound Catheter, Biosense Webster Inc.) which works with the Vivid 7
system (GE Healthcare Technologies) before EPS. Two-dimensional
(2D) long-axis ICE images were used to obtain the following mea-
surements: width and length of the LA for calculation of the LA area,
left ventricular (LV) ejection fraction, LV end-systolic and diastolic
dimensions, and interventricular septum and posterior wall thick-
nesses. For the four group dogs, all recordings were obtained in sinus
rhythm (SR).

2.4 | Preparation for EPS

In preparation for EPS, the dogs were anesthetized by intramuscular
injection of 0.1 mg/kg midazolam, followed by inhalation of 2%-3%
sevoflurane, and the anesthesia was maintained by continuous in-
fusion of 7 mg/kg/h propofol. A tracheal cannula was inserted, and
intermittent positive-pressure ventilation (tidal volume of 10 ml/kg,
respiratory rate of 20 breaths/min) was applied by delivery of room
air through a respirator. After deep anesthesia was established,
vascular access was percutaneously achieved via the right external
jugular vein and the right and left femoral veins and artery. Blood
samples were then obtained, and plasma insulin, leptin, and von
Willebrand factor levels and serum b-dimer concentrations were
assessed between the four groups. Continuous surface electro-
cardiographic (ECG) and BP monitoring were begun. A 7F catheter
was positioned in the distal coronary sinus (CS) for anatomic
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guidance and to provide a reference for the timing of data acquisi-
tion. The ICE catheter was advanced to the level of the tricuspid
annulus to measure the dimensions of each chamber and to guide

transseptal catheterization.

2.5 | Electrophysiologic study

For EPS, transseptal catheterization was performed under fluoro-
scopic and ICE guidance. After transseptal puncture, an SL O long
sheath (Abbott Inc.) was inserted into the LA. Upon termination of the
burst RAP, spontaneous restoration of SR occurred in all RAP group
and Obese-RAP group dogs. The 3D geometry of the RA, LA, and
three pulmonary veins (PVs) was reconstructed with the use of En-
SiteNavX 8.0 (Abbott Inc.). An eight-pole mapping catheter with 4-mm
interelectrode spacing (Snake; Japan Lifeline Inc.) was used for map-
ping and the 3D reconstruction. A 3D activation map was created
during acquisition of bipolar signals (filter setting, 30-500 Hz) from
the mapping catheter. Electrograms recorded during SR were stored
and analyzed off-line with the EnSiteNavX mapping system. Bipolar
voltage amplitudes derived from three mapping points were averaged
for each of eight LA/PV segments: the LA septum, the roof and pos-
terior wall of the LA, the LA appendage (LAA), the CS, and the right
and left superior PVs at the venoatrial junctions, and the common
inferior PV ostium. Potentials with amplitudes > 0.5 mV were deemed
normal-voltage potentials and coded in purple, and potentials < 0.2 mV
were deemed low-voltage potentials and coded in red or gray.’® The
effective refractory period (ERP) (i.e., the longest premature coupling
interval [S1-S2] that failed to result in atrial capture) was measured
from the LA and from the venoatrial junctions (2 x threshold-current,
2-ms pulses) at basic cycle lengths of 400 ms with eight basic stimuli
(S1), followed by a premature (S2) stimulus delivered in 10-ms
decrements. ERPs were obtained at five different sites: the LAA, the
posterior LA, the right and left superior PVs at their venoatrial junc-
tions, and the common inferior PV ostium. At each site, the ERP was
measured three times and averaged. AF was induced by 2-, 4-, 6-, 8-,
and 10-s bursts of RAP (5V) from the LAA, and the duration of AF

(with AF defined as the arrythmia lasting > 1's) was measured.

2.6 | Histologic examination of the dogs’ hearts

After EPS, the animals were immediately euthanized with injection of
KCL after experiment, and their hearts were removed, fixed in 10%
formalin, and subjected to histologic analysis. Paraffin-embedded
specimens were serially sectioned at 4-um thickness and stained with
hematoxylin-eosin or Masson's Trichrome. Tissue from the LAA, the
right and left venoatrial junctions, and the common inferior PV ostium
was examined for fibrotic change, inflammatory change, and myocyte
hypertrophy. The RA was not included in the analysis because of the
potential effects of pacemaker lead implantation and AV node abla-
tion. Masson's Trichrome-stained sections were used to evaluate
interstitial fibrosis and fatty infiltration within the tissues, and

hematoxylin-eosin-stained sections were used to measure atrial
myocytes. Images were acquired and digitized on the standard light
microscope (Olympus, CX41; Olympus Corp.) with an attached digital
camera (DP 27) and CellSens Entry software (Olympus Corp.). LA/PV
tissues were examined at x40 magnification for quantification of
epicardial fat, fatty infiltration, and fibrotic changes and at x 400
magnification for measurement of myocytes size. Quantification was
based on pixel counts and was facilitated by the use of software ca-
lipers in Adobe Photoshop (Adobe Systems Inc.). To quantify epicardial
fat and fatty infiltration within the tissues, three sites on sections of
LAA tissue and of tissue from the three venotrial junctions were
randomly selected, the extent of epicardial fat (which was defined by
the adipose tissue located between the visceral pericardium [epi-
cardium] and myocardium) was measured, and fatty infiltration was
quantified as the ratio of the extent of fatty infiltration to wall
thickness and reported as a percentage. Interstitial fibrosis was
quantified as the ratio of the area of fibrotic myocardial tissue to that
of normal myocardial tissue and reported as a percentage. Myocytes
were measured at three randomly selected sites. Measurements were
performed three times and averaged for the five individual animals in
each group, and then mean group epicardial fat values, %fatty in-
filtration, %interstitial fibrosis, and myocyte size were determined.

2.7 | Gene expression analysis

Total RNA was extracted from the LA and venoatrial junction tissues
with the use of TRIzol Reagent (Invitrogen; Thermo Fisher Scientific
Inc.). Genomic DNA was removed from total RNA with use of gDNA
Remover (Toyobo Co. Ltd.). Complementary DNA was synthesized
from the resulting genomic DNA using ReverTra Ace gPCR RT Master
Mix (Toyobo Co. Ltd.). All processes were performed according to the
manufacturer's protocol. Fibronectin, collagen |, collagen Ill, and
transforming growth factor (TGF)-f1 gene expression levels were
assessed by quantitative polymerase chain reaction (QPCR) with the
QuantStudio 3 Real-Time PCR System (Thermo Fisher Scientific Inc.)
as follows: the mixtures were heated to 95°C for 30, followed by 45
cycles at 95°C for 3s and 60°C for 30s. The PCR primers used to
amplify fibronectin, collagen |, collagen Ill, and TGF-f1 messenger
RNA (mRNA) are shown in Table S1. Amplification of GAPDH served
as an internal positive control and allowed normalization of the var-

ious mRNA levels against the total mMRNA content in the samples.

2.8 | Statistical analysis

Continuous variables are shown as mean+SD or median and inter-
quartile range, and categorical variables are shown as the percentage of
animals per group. Between-group differences in study variables were
subjected to one-way analysis of variance (one-way ANOVA) and Tukey
post-hoc HSD test or to Kruskal-Wallis test and Wilcoxon post-hoc
test. Mixed-effect models were fitted to the data to compare voltages,
ERPs, and histologic findings (extent of epicardial fat, %fatty infiltration,
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%interstitial fibrosis, and myocyte size) between the LA and venoatrial
junction sites and between the study groups (Control, RAP, Obese, and
Obese-RAP groups). Fixed effects of group, LA sites, and venoatrial
junction sites were entered into the statistical model. Main effects and
their interactions were tested. Animal IDs were entered as a random
factor to account for nested data. Because epicardial fat, %fatty in-
filtration, %interstitial fibrosis were of skewed distribution, values were
log-transformed for the mixed-effect models. If a significant interaction
was found, post-hoc p values were obtained by Tukey HSD test.
Relations between histologic findings and electrophysiologic variables
(voltage and ERP) at the corresponding LA/PV sites was assessed on
the basis of Spearman's correlation coefficient. All statistical analyses
were performed with SAS 9.3 (SAS Institute Inc.), and p <.050 was

considered statistically significant.

3 | RESULTS

3.1 | Baseline body weight and hemodynamics,
ICE measurements, and biomarker concentrations

Baseline body weight and hemodynamic variables, ICE measure-

ments, and biomarker concentrations are shown per group in

TABLE 1
Control group RAP group
Body weight (kg) 11.7+1.9 10.7+14
Gained body weight (kg) by +2.6+1.1 +1.1+1.9
normal or high-fat diet
Body condition score 52+0.8 51+15
Systolic BP (mmHg) 111.0+18.8 1140+ 15.5
Diastolic BP (mmHg) 65.8+94 67.4+115
LA pressure (mmHg) 114+2.1 119+ 6.4
ICE measurements
LA area (cm?) 56+1.3 3.8+20
IVSd (mm) 5.9+0.5 70+1.1
PWd (mm) 68+1.3 7.7+1.0
LVDd (mm) 25.7+4.0 24.1+5.8
LVEF (%) 70.2+5.6 63.6+14.7
Biomarker concentrations
Insulin (mU/L) 6.9 (3.6-9.8) 5.7 (3.9-9.2)
Leptin (ng/ml) 09+04 0.7+0.2
VWF (%) 107 + 38 80+ 36

p-Dimer (pg/ml) 0.27 (0.13-0.36)

0.35 (0.26-0.79)

Table 1. A high-fat diet significantly increased the body weight in
the Obese and Obese-RAP groups (p <.05 vs. Control and RAP
groups), resulting in significantly greater body weight and BCS in
the Obese and Obese-RAP groups than in the Control and RAP
groups (p <.001). Diastolic BP and LA pressure were significantly
higher in the Obese group than in the Control, RAP, and Obese-
RAP groups (p=.02 and p=.005, respectively). There was no
between-group difference in systolic BP or ICE measurements.
Insulin  concentrations differed significantly between groups
(p =.012), being significantly higher in the Obese group than in the
Control and RAP groups and significantly higher in the Obese-RAP
group than in the RAP group. There were no other between-group

differences in biomarker levels.

3.2 | EPS findings

LA conduction velocity, which was calculated on the basis of
distance between the proximal electrodes and the distal CS
electrodes, did not differ between the Control, RAP, Obese, and
Obese-RAP groups (at 0.81+0.14 vs. 0.68 £0.08 vs. 0.68+0.11
vs. 0.68 £0.08 m/s, respectively; p=.16). A representative 3D
voltage map is shown for each group in Figure 1A. There was no

Baseline body weight, hemodynamic variables, ICE measurements, and biomarker levels, per study group

Obese group Obese-RAP group p value
18.2+4.6* 17.6 +1.5* <.001
+7.1+£3.5" +6.6+15" .001
8.1+1.0* 7.5+1.0* <.001
109.0+14.3 125.6+21.1 47
88.2+13.3" 73.2+9.6 .02
234+6.9° 135+29 .005
54+13 57+15 .23
6017 7.2+20 .36
72+12 85+0.6 .09
262+44 20.8+4.4 .30
60.6+6.1 69.6+13.7 46
14.4 (12.3-34.4)* 15.8 (9.1-55.4)* .012
1.0+0.2 0.8+0.3 .35
65+ 38 88+ 16 .30
0.25 (0.12-0.61) 0.48 (0.40-0.56) .09

Note: Values are mean = SD or median (interquartile range). p value by analysis of variance (ANOVA) or Kruskal-Wallis test.

Abbreviations: BP, blood pressure; ICE, intracardiac echocardiography; IVS, interventricular septal dimension at diastole; LA, left atrial; LVDd, left
ventricular diastole dimension; LVEF, left ventricular ejection fraction; PW, posterior wall dimension at diastole; RAP, rapid atrial pacing; vVWF, von

Willebrand factor.

*p < .05 versus Control group and RAP groups; **p < .05 versus Control group, RAP group, and Obese-RAP group; ***p < .05 versus RAP group by

Tukey-Kramer post-hoc HSD test or Wilcoxon t test.
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FIGURE 1

Electrophysiology findings. (A) Representative 3D voltage maps of the LA and PVs. (B) Bar graph showing average bipolar

voltage in each segment of the LA and venoatrial junction for the Control group, RAP group, Obese group, and Obese-RAP group. AP, anterior
posterior view; CS, coronary sinus; IPV, venoatrial junction of the common inferior pulmonary vein; LA, left atrium; LAA, left atrial appendage;
LAPW, LA posterior wall; LSPV, venoatrial junction of the left superior pulmonary vein; PV, pulmonary vein; RAP, rapid atrial pacing; RSPV,

right superior pulmonary vein; PA, posterior anterior view

electrical impulse interference indicative of scarring in any re-
gion in any group, but bipolar voltage amplitudes from the five LA
sites and three venoatrial junctions differed significantly
groups (Control, 5.3+2.3mV; RAP,
5.7+2.6mV; Obese, 6.9+£3.1mV; Obese-RAP, 4.2+2.2mV;
p=.041) and between the LA and venoatrial junction sites

between the four

(p <.001) (Figure 1B). Global voltage amplitude was significantly
lower in the Obese-RAP group than in the Obese group (p <.05).
The reduced voltage in the Obese-RAP group was consistent
across the LA sites and the venoatrial junction sites (interaction
p =.99). Overall mean ERPs from the two LA and three venoatrial
junction sites did not differ between groups (p=.28), but the
ERPs measured in the LA and at the venoatrial junctions differed
between the groups (interaction p=.020). This was due to a
significantly shorter ERP in the common inferior PV in the RAP
and Obese-RAP groups (121.0+47.2 and 122.0+37.0 ms, re-
spectively) than in the Control group (182.0 £ 31.1 ms) (p =.043)
(Figure 2A). Burst pacing-induced AF was significantly more
prevalent in the Obese and Obese-RAP groups than in the RAP
and Control groups (63% and 68%, respectively, vs. 32% and
16%, respectively; p <.001). The AF lasted longer in the Obese-
RAP and Obese groups than in the RAP and Control groups
(Obese-RAP, 3 [0-5.5] s; Obese, 2 [0.5-2.8] s; RAP, 0 [0-4.5] s;
Control, 0 [0-0] s; p<.001) (Figure 2B).

3.3 | Results of histopathologic analysis

Representative histopathology slides from the four groups are
shown in Figures 3 and 4. In the Control group, a few adipocytes
were seen in the epicardium, whereas in the RAP, Obese, and
Obese-RAP groups, abundant adipose tissue was seen in the
epicardium, and fatty infiltration of the atrial tissues was evident
(Figure 3A). The extent of epicardial fat and %fatty infiltration in
the LAA and at the three venoatrial junction sites differed sig-
nificantly between the four groups (extent of epicardial fat:
Control, 93 [41-179] um; RAP, 249 [178-355] um; Obese, 233
[136-329] um; Obese-RAP, 334 [243-550] um; p =.006; %fatty
infiltration: Control, 7.3 [0.7-17.1] %; RAP, 29.3 [21.4-47.6] %;
Obese, 27.9 [12.5-31.7] %; Obese-RAP, 43.1 [38.6-48.6] %;
p <.001). In particular, the extent of epicardial fat was sig-
nificantly greater in the RAP, Obese, and Obese-RAP groups than
in the Control group (p<.05 for RAP, Obese, and Obese-RAP
groups vs. Control group) (Figure 3B). The %fatty infiltration was
also significantly greater in RAP, Obese, and Obese-RAP groups
than in Control groups (p <.05 for RAP, Obese, and Obese-RAP
groups vs. Control group; p <.05 for RAP and Obese groups vs.
Obese-RAP group) (Figure 3C). The % interstitial fibrosis at
the LAA and three venoatrial junction sites also differed between
the four groups (Control 1.5 [0.6-1.9] %; RAP 5.1 [2.4-6.7] %;
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P (between the groups) = 0.28

P (interaction) = 0.020

100

FIGURE 2

P (between the LA and venoatrial junction sites) = <0.001
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*P<0.05 by Wilcoxon test

Further electrophysiology findings. (A) Effective refractory periods in each segment of the LA and venoatrial junctions, per study

group, and (B) duration of AF induced by rapid atrial pacing, per study group. AF, atrial fibrillation; other abbreviations are as in Figure 1

Obese 1.4 [0.8-2.6] %; Obese-RAP 4.1 [2.8-6.2] %, p =.002), with
%interstitial fibrosis being significantly greater in the Obese-AF
and RAP groups than in the other two groups (p < .05 for Control
and Obese groups vs. RAP and Obese-RAP groups) (Figure 3D,E).
The size of atrial myocytes at the LAA and the three venoatrial
junction sites also differed between the groups (Control
12.4+0.1um; RAP 17.6+2.4um; Obese 16.8+ 2.8 um; Obese-
RAP 17.1+ 2.3 um, respectively; p <.001), with the atrial myo-
cytes being significantly larger in the RAP, Obese, and Obese-
RAP groups than in the Control group (p <.05) (Figure 3F,G).

The extent of epicardial fat and %fatty infiltration correlated
modestly with %interstitial fibrosis at the corresponding LA/PV
sites (r=.39, p=.001; r=.40, p <.001, respectively) (Figure 4A).
No correlation was found between epicardial fat extent/%fatty
infiltration and voltages and ERP at the corresponding LA/PV
sites (Figure 4B, C). Correlation was also not found between %
interstitial fibrosis and voltage, but significant correlation was
found between %interstitial fibrosis and ERP (r=-0.33; p =.004)
(Figure 4D).

3.4 | Gene expression

Between-group differences were found in the fibronectin, collagen |,
collagen 1ll, and TGF-81 mRNA expression levels (p<.05 for all)
(Figure 5). Fibronectin, collagen |, collagen Ill, and TGF-f1 mRNA
expression levels were significantly increased in the Obese-RAP
group compared to levels in the Control group (p<.05). The
fibronectin 1 mRNA expression level in the Obese-RAP group was
significantly greater than that in the Obese group (p <.05), and the
collagen Il mRNA expression level in the Obese-RAP and RAP
groups was significantly greater than that in the Obese

group (p <.05).

4 | DISCUSSION

This study revealed mechanistic details of atrial remodeling
promoted by RAP-induced AF alone, obesity alone, and obesity
with RAP-induced AF. Bipolar voltage amplitudes within the LA
and at the venoatrial junctions were highest in the Obese group
and lowest in the Obese-RAP group. Globally, ERPs of the LA and
venoatrial junctions did not differ, but the common inferior PV
ERP was significantly shorter in the RAP and Obese-RAP groups
than in the other two groups. Duration of AF induced by burst
pacing was slightly longer in the Obese-RAP and Obese groups
than in the other two groups. The extent of epicardial fat and %
fatty infiltration were greatest in the Obese-RAP group, and
these two variables tended to be increased in the RAP and Obese
groups. The %interstitial fibrosis was significantly greater in the
Obese-RAP and RAP groups than in the Obese and Control
groups. Expression levels of fibronectin 1, collagen |, collagen Il
and TGF-1 mRNA were upregulated in the Obese-RAP group

and RAP group in comparison to levels in the other two groups.

41 | Effect of obesity and RAP-induced AF on
atrial hemodynamic, electrical, and structural
properties

In this study, a sustained high-fat diet during a median of
33-week successfully created obese dogs, as represented by a
significantly higher body weight and BCS in the Obese and
Obese-RAP models than in the Control and RAP models. In par-
ticular, the Obese-RAP model is a novel canine model of obesity
and AF by means of RAP. Regarding the electrical properties, the
ERP in the common inferior PV was significantly decreased only
in the Obese-RAP and RAP group dogs. Wiffel used RAP to create
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FIGURE 3 Histopathologic findings in each of the four study groups. (A) Representative Masson's staining of the sections of the
venoatrial junction of pulmonary vein for evaluation of the extent of epicardial fat (adipose tissue located between the epicardium and
myocardium) and %fatty infiltration (A). (B) Bar graph showing the extent of epicardial fat in each segment of the LA and at the
venoatrial junctions. (C) Bar graph showing %fatty infiltration. (D) Representative Masson's staining of the sections of the venoatrial
junction tissues showing the interstitial fibrosis (/\). (E) Bar graph showing %interstitial fibrosis. (F) Representative hematoxylin-eosin
staining of venoatrial junction tissues for evaluation of the size of myocytes (magnified images). (G) Bar graph showing myocyte size in
each segment of the LA and at the venoatrial junctions. Values in panel A indicate the extent of epicardial fat and %fatty infiltration.

Abbreviations are as in Figure 1

a swine model of AF and found the electrophysiologic properties
relevant to the development and maintenance of AF to be a
shortened atrial ERP and prolonged atrial conduction time.'*
Such so-called “electrical remodeling” has been reported to re-
present the early stage of AF progression.'**? Our results point
to the presence of electrical remodeling that promotes suscept-
ibility to AF in the Obese-RAP group, with similar susceptibility
promoted in the RAP group.

We found that voltages were lowest in Obese-RAP group de-
spite no apparent low-voltage area in any of the four groups. Further,
a modest interstitial fibrotic change in the LA supported by the
increased expression of collagen-related fibronectin 1, collagen |,
collagen IIl, and TGF-B1 genes**>** was observed in the Obese-RAP
and RAP groups. Perpetual AF causes atrial electrical remodeling in
the early stage, leading to structural remodeling, which is accom-
panied by a progressive increase in atrial interstitial fibrosis,
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Control group

FIGURE 3 Continued

hypertrophy, and/or dilatation.** Therefore, those data indicate that
the RAP-induced AF produced interstitial fibrosis. Regarding the AF
inducibility, AF was most frequently induced in the Obese-RAP group
than in the other groups, and the duration of AF was greatest in this
group. Short-duration AF was also induced frequently in our Obese
group. There would be several mechanistic factors promoting

23,15

AF substrates by obesity including inflammation, autonomic

disturbances,'®'” and atrial stretch due to increased atrial
pressure.’® 2! Although the Obese and Obese-RAP models
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potentially had insulin resistance (as reflected by elevated insulin
levels), this study did not have any apparent observations supporting
inflammation or an autonomic disturbance produced by obesity.
Nonetheless, the systemic diastolic BP and LA pressure were
significantly increased in the Obese group, and marginally more in-
creased in the Obese-RAP group than in the RAP and Control
groups. These underlying conditions might have produced atrial and
PV stretch. Acute atrial stretch reduces the atrial ERP and depresses

atrial conduction velocity, potentially through a reduction in cellular
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Scatter plots showing correlation (A) between the extent of epicardial fat and %fatty infiltration and extent of epicardial fat and

%interstitial fibrosis and (B) between the extent of epicardial fat and %fatty infiltration and extent of epicardial fat and voltage, and (C) between
the extent of epicardial fat and fatty infiltration extent of epicardial fat and ERP and (D) between %interstitial fibrosis and voltage and %

interstitial fibrosis and ERP
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FIGURE 5 Bar graphs showing results of real-time RT-PCR analysis of fibronectin 1, collagen |, collagen Ill, and TGF-1 mRNA expression
levels in LA and venoatrial junction tissues in the four study groups. Abbreviations are as in Figure 1

excitability by the opening of stretch-activated channels.”?° In an
optical mapping study conducted by Kalifa et al.>* AF was induced by
gradual increases in atrial pressure. In a clinical study regarding the
electrophysiologic characteristics conferred by obesity,*® the ERPs in
the PV were substantially shorter in patients with a normal body
mass index (BMI) than in those with an increased BMI. These
hemodynamic conditions may lead to atrial hypertrophy,???> which
might explain the highest bipolar voltage reflecting hypertrophied
myocytes seen in our Obese group. Both the RAP and Obese-RAP
dogs also had hypertrophied myocytes but the high bipolar voltages
were not observed. This is due possibly to the fact that the fibrotic
change in these two groups might have lessened the increase in
bipolar voltages from hypertrophied myocytes. Taken together, our
findings suggest that obesity alone promotes vulnerability to AF by
electrical remodeling due to an increased LA pressure. Further, the
greater histological changes and gene expression in the Obese-RAP
group than in the RAP group implicated that obesity may foster
vulnerability to AF and interstitial fibrosis via a modest increased LA
pressure. In the clinical situation, the Obese group characteristics
may be representative of early-stage AF remodeling in obese pa-
tients, while the Obese-RAP group characteristics represent that
structural remodeling may be augmented once AF is maintained
under an obese condition.

4.2 | Effect of epicardial fat on atrial remodeling

We found significant fatty infiltration and epicardial fat in the RAP,
Obese, and Obese-RAP groups. Our canine model of Obese and AF

indicated that both epicardial fat and fatty infiltration are produced
not only by obesity but also by sustained AF. Multiple mechanisms by
which epicardial fat leads to AF have been considered: (1) activation
of the pro-inflammatory cytokines released from the epicardial fat,
leading to fibrosis of the neighboring atrial myocardium; (2) direct
infiltration of adipocytes contained in the abundant epicardial fat
into the underlying atrial tissue; (3) firing of ganglionated plexi in the
epicardial fat; and (4) compression due to the increased epicardial fat
around the heart, leading to restrictive LV diastolic filling and sub-
sequent atrial dilation.””

Among the total 20 animals in our study, epicardial fat and %
fatty infiltration correlated modestly with %interstitial fibrosis, sug-
gesting that fatty deposits in the tissues produces fibrosis. None-
theless, significant fibrotic change and upregulated collagen-related
mMRNAs were observed in the RAP and Obese-RAP groups but not in
the Obese group. In contrast, in an ovine model of obesity, produced
by feeding the animals a high-fat diet for 1 year, significant fatty
infiltration and fibrotic change matched those seen in sheep fed a
normal diet.?® Therefore, fibrotic change due simply to obesity might
require longer-term administration of a high-fat diet. Studies have
indicated that fatty infiltration itself may contribute to the main-
tenance of AF. For example, fatty infiltration itself may be the un-
derlying factor characterizing the substrate of conduction
heterogeneity during AF.?° In a human study, the locations or volume
of epicardial fat correlated well with electrically fractionated po-
tentials recorded during AF.*>?° We did not find any direct asso-
ciation between fatty infiltration and electrical variables such as
ERPs and voltages. Rather, %interstitial fibrosis correlated modestly
with a shortened ERP, which can be the substrate for conduction
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heterogeneity. Therefore, neither epicardial fat nor fatty infiltration
may be the culprit factor in vulnerability to AF. Rather, each might
act as a promotor for fibrotic change, which serves as a critical
substrate for AF. The role of epicardial fat and fatty infiltration in the
pathogenesis of AF may be multifactorial. Thus, further studies are
needed to clarify this point.

5 | LIMITATIONS

Our findings must be considered in light of our study limitations, the
first of which is its size. Only a small number of animals were in-
cluded in each group, and this might have led to the absence of
statistically significant differences in several crucial variables.
Second, the optimal duration to create obesity/MetS in beagle dogs
has not been fully established yet. The 33-week-exposure to a
high-fat diet in 3-year-old beagle dogs would be sufficient to induce
obesity because the body weight (17-18 kg) and BCS (7-8) in our
obese models was as high as or rather higher than that in an obese
model reported previously.’® Finally, because of the difficulty in
obtaining male adult dogs for research in Japan, we only included
female beagles. It has been reported that the female sex is associated
with overweight/obese dogs,”’ so female sex may affect the

increased body weight in our obese model.

6 | CONCLUSIONS

Vulnerability to AF was associated with increased LA pressure, in-
creased epicardial fat, and fatty infiltration in the heart in our Obese
group, and with increased epicardial fat and fibrofatty infiltration in
the RAP and Obese-RAP groups. These observations provide me-
chanistic insight into the role played by obesity, and epicardial fat in
particular, in the pathogenesis of AF.

ACKNOWLEDGMENTS
The author thanks Ms Wendy Alexander-Adams and Mr John Martin
for their encouragement and assistance in the preparation of this

commentary in English.

FUNDING INFORMATION

This study was supported in part by a Grant-in-Aid for Scientific
Research (KAKENHI) from the Ministry of Education, Culture,
Sports, Science and Technology of Japan (18K08117).

ORCID
Naoto Otsuka

Yasuo Okumura

http://orcid.org/0000-0002-6931-8522
https://orcid.org/0000-0002-2960-4241
http://orcid.org/0000-0003-2326-225X
http://orcid.org/0000-0002-1540-8514
http://orcid.org/0000-0002-6115-1860
http://orcid.org/0000-0002-7346-6085

Koichi Nagashima
Yuji Wakamatsu
Seina Yagyu
Toshiko Nakai

REFERENCES

1. 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.

2. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the
metabolic syndrome, and risk of incident cardiovascular events: an
8-year follow-up of 14719 initially healthy American women.
Circulation. 2003;107:391-397.

3. Cho DH, Joo HJ, Kim MN, Lim DS, Shim WJ, Park SM. Associa-
tion between epicardial adipose tissue, high-sensitivity C-
reactive protein and myocardial dysfunction in middle-aged
men with suspected metabolic syndrome. Cardiovasc Diabetol.
2018;17:95.

4. Monno K, Okumura Y, Saito VY, et al. Effect of epicardial fat and
metabolic syndrome on reverse atrial remodeling after ablation for
atrial fibrillation. J Arrhythm. 2018;34:607-616.

5. Nagashima K, Okumura Y, Watanabe |, et al. Association between
epicardial adipose tissue volumes on 3-dimensional reconstructed
CT images and recurrence of atrial fibrillation after catheter abla-
tion. Circ J. 2011;75:2559-2565.

6. Chung MK, Martin DO, Sprecher D, et al. C-reactive protein ele-
vation in patients with atrial arrhythmias: inflammatory mechanisms
and persistence of atrial fibrillation. Circulation. 2001;104:
2886-2891.

7. Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ,
Wolf PA. Independent risk factors for atrial fibrillation in a
population-based cohort. The Framingham Heart Study. JAMA.
1994,271:840-844.

8. Wang TJ, Parise H, Levy D, et al. Obesity and the risk of new-onset
atrial fibrillation. JAMA. 2004;292:2471-2477.

9. Watanabe H, Tanabe N, Watanabe T, et al. Metabolic syndrome and
risk of development of atrial fibrillation: the Niigata preventive
medicine study. Circulation. 2008;117:1255-1260.

10. Liu DJX, Stock E, Broeckx BJG, et al. Weight-gain induced changes in
renal perfusion assessed by contrast-enhanced ultrasound precede
increases in urinary protein excretion suggestive of glomerular and
tubular injury and normalize after weight-loss in dogs. PLoS One.
2020;15:e0231662.

11.  Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation
begets atrial fibrillation. A study in awake chronically instrumented
goats. Circulation. 1995;92:1954-1968.

12. Allessie M, Ausma J, Schotten U. Electrical, contractile and struc-
tural remodeling during atrial fibrillation. Cardiovasc Res. 2002;54:
230-246.

13. Lijnen PJ, Petrov VV, Fagard RH. Induction of cardiac fibrosis by
transforming growth factor-beta(1). Mol Genet Metab. 2000;71:
418-435.

14. Boldt A, Wetzel U, Lauschke J, et al. Fibrosis in left atrial tissue of
patients with atrial fibrillation with and without underlying mitral
valve disease. Heart. 2004;90:400-405.

15. Mahajan R, Nelson A, Pathak RK, et al. Electroanatomical re-
modeling of the atria in obesity: impact of adjacent epicardial fat.
JACC Clin Electrophysiol. 2018;4:1529-1540.

16. Guarino D, Nannipieri M, lervasi G, Taddei S, Bruno RM. The role of
autonomic nervous system in pathophysiology of obesity. Front
Physiol. 2017;8:665.

17. Iso K, Okumura Y, Watanabe |, et al. Is vagal response during left
atrial ganglionated plexi stimulation a normal phenomenon? com-
parison between patients with and without atrial fibrillation. Circ
Arrhythm Electrophysiol. 2019;12:e007281.

18. Munger TM, Dong YX, Masaki M, et al. Electrophysiological and
hemodynamic characteristics associated with obesity in patients
with atrial fibrillation. J Am Coll Cardiol. 2012;60:851-860.


http://orcid.org/0000-0002-6931-8522
https://orcid.org/0000-0002-2960-4241
http://orcid.org/0000-0003-2326-225X
http://orcid.org/0000-0002-1540-8514
http://orcid.org/0000-0002-6115-1860
http://orcid.org/0000-0002-7346-6085

OTSUKA ET AL

19.

20.

21.

22.

23.

24.

25.

Ravelli F, Allessie M. Effects of atrial dilatation on refractory period
and vulnerability to atrial fibrillation in the isolated Langendorff-
perfused rabbit heart. Circulation. 1997;96:1686-1695.

Bode F, Katchman A, Woosley RL, Franz MR. Gadolinium decreases
stretch-induced vulnerability to atrial fibrillation. Circulation. 2000;
101:2200-2205.

Kalifa J, Jalife J, Zaitsev AV, et al. Intra-atrial pressure increases rate
and organization of waves emanating from the superior pulmonary
veins during atrial fibrillation. Circulation. 2003;108:668-671.
Kume O, Takahashi N, Wakisaka O, et al. Pioglitazone attenuates
inflammatory atrial fibrosis and vulnerability to atrial fibrillation
induced by pressure overload in rats. Heart Rhythm. 2011;8:
278-285.

De Jong AM, Van Gelder IC, Vreeswijk-Baudoin I, Cannon MV,
Van Gilst WH, Maass AH. Atrial remodeling is directly related to
end-diastolic left ventricular pressure in a mouse model of
ventricular pressure overload. PLoS One. 2013;8:72651.

Hatem SN, Redheuil A, Gandjbakhch E. Cardiac adipose tissue and
atrial fibrillation: the perils of adiposity. Cardiovasc Res. 2014;102:
205-213.

Mahajan R, Lau DH, Brooks AG, et al. Electrophysiological,
Electroanatomical, and Structural Remodeling of the Atria as
Consequences of Sustained Obesity. J Am Coll Cardiol. 2015;66:
1-11.

26.

27.

899
Wi LEY—‘—

Nagashima K, Okumura Y, Watanabe |, et al. Does location of epi-
cardial adipose tissue correspond to endocardial high dominant
frequency or complex fractionated atrial electrogram sites during
atrial fibrillation? Circ Arrhythm Electrophysiol. 2012;5:676-683.
Usui S, Yasuda H, Koketsu Y. Characteristics of obese or overweight
dogs visiting private Japanese veterinary clinics. Asian Pac J Trop
Biomed. 2016;6:338-343.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Otsuka N, Okumura Y, Arai M, et al.
Effect of obesity and epicardial fat/fatty infiltration on
electrical and structural remodeling associated with atrial
fibrillation in a novel canine model of obesity and atrial
fibrillation: A comparative study. J Cardiovasc Electrophysiol.
2021;32:889-899. https://doi.org/10.1111/jce. 14955


https://doi.org/10.1111/jce.14955

OEMEIDESR ., HER Y €7 ) v 7ics T 2 B & OIMERRNT D&
— B O EMIE) A X' T I X B R —

#k
(&
BERRR. WIE, 2 & A72 A 2R Y v ZHEGRT. 28 O RIEOEL % E L CLREM
B (Atrial Fibrillation: AF) OMEfTICHE5$ 2%, 72, A XK v ZIEEHORIMTH 3
DAMERERG & DEH O BLAR, BEN ) 7 ) v ZICEBRLRBEER S 5 2 L ixdlE a T
Who L L7 o, Il & DAHMERERG 23O MEN ) £ 7 Y v 7 ICFH 53 287 1350 1 i
XN CTwhv, KR TR, Db L ZEmMAF 4 XET L0, Bis L0
OAMERENT D AF R ICHF ST 2y 2o Ic3 5 2 L2 HINE L7,

(77%]
=7 VR 20 BHEZ RIS, 248 E A v ) —BEEE L. #E0 4~8 BN SO
% (Rapid atrial pacing: RAP) % {7 \WEFIRIY 7 AF % 155t L 720G & 0F RAP # (Obese-
RAP #f : 5 5H), @HEEICFHEKD RAP 217 5% (RAP# : 580), mEiR0 A% 5 2 5
ittt (Obese #f : 58H), WHEED L% 5 2 25 8HE (Control #f : 5 8H) (C4r1), B
SRR, MERER . T AV R 1T o 72,

(5]

{AH X, Obese-RAP #, Obese B TZ N Z 4 17.6E1.5kg, 18.2+4,6kg TH Y, Control
#F 11.7+£1.9kg. RAP B 10.7+t1.4kg XV mfEz 2 L. G4 X €T A OIERICEIIL 72,
EFEHEZ, Control # 11.4+2.1mmHg, RAP #f 11.9+6.4mmHg, Obese-RAP #f 13.5=*
2.9mmHg, Obese #f 23.4+6.9mmHg T&® V., Obese #EHBHFEIC LA L Tz, EXAAEH
Pt E (Electrophysiologic study: EPS) Tlx, Control #-° Obese #f & [L#Z L € RAP #f
B, LEBOREEY KT 2 KR - EIRO G A)ICH (Effective refractory period: ERP)
3% <. Obese-RAP BECIL & ST L T\ 7z, mBHELEHRIEIC X 2 AF FEfeRe 1L,
Control # 0(0-1)F>, RAP £ 0(0-4.5)f>. Obese #f 2(0-3.5)F>, Obese-RAP #f 3(0-3.5)#
& BRPERICIER U 72, AHAR AR 1. DAV A3 Control #. RAP #£, Obese #f. Obese-
RAP #ECEFERICHEIM L. LEH~DIENIRE S FtkoMm 2380 72, S LORE D 4
HHECTHEELZRD. RAP #E. Obese-RAP #IZfthd 2 BE L B L TR E o7z, 72, M
ki 72 DAMERE N O JE X 35 X VLB~ D IEINRIE O 2s, SR L R L h & O
MBI A b7 COLAMERRN § 1=0.39. LEAI~DEHRE : r1=0.40), OHMERE D& X
B X OLEGH~DNEINZE ORI - iE IR G o FfE & IZHBER R bk d 5 7
23 BRHE(L DFREE (XA IGHA 0 il & A RICHBI L T 7z (r=-0.33) . 73 T AW A RIRREE T U



ML E~—A —CdH 5 1B, A= 5 —4"v, TGF-B1 ® mRNA ©%8lix, Control
£ Obese#E X D 3 RAP £, Obese-RAP BETHENL TH Y I Obese-RAP ¢ 13 Control
BIVvEETHo7- (P<0.05),

(%]

KIFGE & DAIMERRN DR X I X LEAT~ DB RE X, I FH o Ak 63 AF §
MWOFETH AL, T oICIC AF 22 &0F 3 2 & UAHMENERTCIaiRiE ORRE 2 X & I
HEXNDE LD DT o7, MREERVRME X, 24 H[E DL HAE D Obese T35
%3, RAP Bf. Obese-RAP FECiR® . 7 FAVARIBEEIC 351 T b MR EE ~ — 7 — 1%
[FRR DT %2 2 U T 7z, RHERER . 201 AEPER I BRHE(L 25 7T L Ty 72 RAP #EL Obese-
RAP #Cl3 A - Miifflk > ERP %225 & 41, Obese-RAP #EA3 i b Fffi L T 7z, 72,
ERENTIC B VT, IS O FHE & FHEL DR & MBI R bz, L ED S| fiEkD
Wik & RIS DIFAEDS LIE I O RNICH Z BUE S 2 ETH h . Obese-RAP HEIC 3517
LHGEN Y 2T ) v BIRDEREL TWD Z ERB I N, RIFFETiX, DIMERRRG. O
B~ D NERHEE O EE SR HEL DFRIE & DB Z D 72 Z L BFHA TH v, 2 it O
SLRERE I <2 B I = B | X ARAE L 2 8 3 2 R IR 1T H 2 AlREME 2 SR 2 B i L °H
5L E2x5, —J7. Obese HETIX. SHHERIKIC X 2 AF FrilRifi] 28 Control #5° RAP #f
IVIERLTEY, PR AFOREXEHL TS L F x5, M2 0oMNERR 08 X
B L OLEBH~DNENRIED AF 878 Z8UE L T 2 AJREE D H 5 23, ERP %4 1< RAP #f
% Obese-RAP BRI E R ONT Wi o722 &2 6, MATHREMN R EED ER-23ESH L <
Wz Db Litian,

(f5EE
AWFFEclt. IEiEMD Obese BEICHEWC AF B2 IEH L TH Y., THIFEEED
R OINERENG/NENHRIE OB AEE L T3 2 ARB I NI, —J5. AF Hjho
RAP #3 X OB A BE AF €7 A TH % Obese-RAP #ECld, A ZIIC UM, FE
Wi, B DMERE 2SR & 1, K7 iC Obese-RAP BECIZELAEH M), #iEM Y 7Y
VBT LT, A S, . AF Mi# i AF R %2 70 & &, DAMERS 2 5
iz % AF 488 O FIRTH 2 ML 2 23 2 HEER T TH 2 AlREME RE X 7z,



Fhraw (H AEEN)

[(#E]

PRI, I, % A 7Z A 2R Y v 7 iEGERIT. 28 O RIEDOER %8 L C.LE
) (AF) OMETICHEG T2V, £/, 22X v 7ERFEORKA TH 3 LI EEI

(Epicardial Fat: EAT) (%, {UCEAOESW)., #E ) €7 Y v 7 L B BE k2 Rme &
NTEH, EFRICEAT & AF 4B X OET L BEEMEDLH 5 2 L 3%  DEFIRITSE TR
INTWDB 2 DIFTIcbFHAZlZ, e FTOEAT ERAFSREICHERZ 523 2 L 2HE L
THk Y 2, EAT LLEMENCOWTOWFEZ{T> T\ %, EAT 23 AF %522 JHF &
LT, UTD3 o0t In s, $—& LTEAT 2ol T3 RAEWED A +
HhAvTHs, EAT 25 TNFa, IL-6 R QRIS A + 14 v 2350 & v, EAT 2%
B9 2 LR E R RIT LI L2 5 &2 2 3, Fric, EAT IC% K fEET % Activin A D
I XY, RO LEMRHEILICEG L Tw3 2 e MEINTWw3, B ic, EAT A
ICF7E T % Ganglionated Plexus(GP) & M XL % DA P o B g o%kElcd 5, GP
2> b O REIEN, FiEIRD b OO AN Z S S & AF FIEMER 2 (et X ¢ 59,
=, DEEL D EAT ¥EINIC X 2 DEEER L HBE~ O EHEAR, LFE. LEDILRE
HIRT 2 7=, LEBEREO FR%K7- L AF 888 %P T % 6 Sh b DF B fEFE I LTn
205, KHEE DD %, TN DRTFEDRRERHEL T B 23O 2 Tld e v, 72,
HE 2 EAT D07 i~ O TEHI 725708 % B XVE R0, A Ml 2> & . 2RIV ICEE
AL 72851340 v, S ity FE W72 2-4 38D rapid pacing €7 vy YV EH
W7z JEE TV T OEBRITITO TV 225 mENELZES L B4 XETvic, XY R
W o .0 EAME) % L 72 rapid pacing %17 - 72, AW O AF 4 X €7 v 2 L7z, £
ZCAME T, A 3 FFE L 2R PI ML AF 4 X272 v, s L 2 oK
B<dH 5 EAT © AF #RICHG T 28 2 ZERIVICGEERAT 2 2 L 2 HIV & L 72,

(75]

A, HAKRZEA TN COMBEZERDOEREZZIT T,
20 HO B — 7V REMRIC, 248/MEA v ) —B2ia5 L. &0 6 AR &L E R
¥ (rapid atrial pacing: RAP) % {TWEGIRI 7 AF % 85t L 72 0 & 0F RAP #f (Obese-RAP
B 05 50, WEBICHEMRO &HEOERMEZIT O (RAPHE 58, mlEMiROA %252
% e (Obese #f 1 5 56), WHF RO A% 5 2 2 0 i8#E (Control #f : 5 5H) 1ICH#EIL 72,
RAP 7., Obese-RAP #D RAP €713, 2 RO R—=A XA —Hh =V — FE2ALH & fIEE I,
1 RKOR=ZAAXA—=H =V = FEEZELRTICHBEL., BE7 0 v 2 2 ER%, ODEREE
340 /5. LEHEE 80 [H/5THRE L 7z, 2. UTOFIET, ERAHAIMA,



MR TR FRIRGEE 21T > 7.

- UREE, PRRSER
AAEBE A IMAATIC . REEHIE 21TV, R DOHEWEE (X body condition score (BCS) score
AL, RENFHEZIT-72 7,

- DRERB
TR I B < DREPR 0% F o B O Jpsee, /PR, J2 U,
BRI, BRI HE L 7.

- HEffi b X O, AT E)REETf

IR TL, kR TINT Y, TaRT =AML, FE - N TR E FE T I FH
IR, feta RBREIR, A RIREIRIC S — R 2 -E L7, SIZTw», A4 v =2l v, LY
FU. 7V T ANT TV FRT, DEXA~—DHIEZIT - 72, BHIFH, EXREED 72
DTS A 7 — T A ZFAL 7z, DENEE R T ICLERRER 21T, EE~D 7T
a—FE{To7%, ME. ERFEDOHEIEZIT-> 72

- AR A

DEFMREZER%, B~ SL-0 long > —A%ZHEL 7z, RAP 2T L 7zE%ic, RAP Bf.
Obese-RAP #3 ~T HARICAFF~EIRF L 72, Ensite NavX ¥ 257 AL [T, S8mEMRS T
—7 T hlE, iha Tifko =Xt 2 L. [/ - gk o R Esz
% F0#k L voltage map ZE L 7z, EfE - Mgk RATEN X, KB HRE. #EE, AO0H,
TEARE, 24 EREIR. THiEIRCHlE L 72, ER%REE, L0, A, L. THigkik
B WT, FEARLEREE 400ms 1< 35 1F 3 H A ICH (Effective refractory period: ERP)
ZRGE L 7z, B5007 3 BT OMIE 217\, I Z TR L7, E0E 25 2, 4. 6.
8. 10 B cEME LERMZ T, AF OFehiRii] (1 HLAE) Z2HIE L, &R D AF ##i
IREf] % T Ic i L 72,

- AR HIREE

BB ERER TR, LA Y v L DRG0 X 3 REFLZIT . DI M7 IBEE
%1T o 7z, Hematoxylin-Eosin 4%t&, Masson’s Trichrome et % 17> 72, HGE 1T — A X —
A=Y —FEHEL TV L, BEMIICHIZMA 7 &2 oA BEEIX T D 7%
7> o 7z, Masson’s Trichrome Yt CHEAfEL, IEIIZE DOFEE %, Hematoxylin-Eosin J4 8 C
FelE U ARG D IR % 5l U 72, & DOFR. OOMERRI 12 OAME & 0 & DfFIC & 2 itk
ELTEREL 2o LEMH~DIENIEE L. OIMED b R DR £ < Oz HIE L.
DEEEEIC N3 2 R 2 HIE L%l & L7z, WML is, LEMEEICES T 286 %



FHAIL 720 DEAMIEO R E T REERICGERL 2 3 >o.0EHMllOEREZHE L., F
BfEEMITIC 72,

- ERHIRREE
R B X O -k &R X 0 TRIzol 3% T total RNA ol %17 5 72,
Z47arrFv, as—=4,v1, as—4 VI, TGF-B1 Q%17 - 7=,

[ 2R]

{AHE X, Obese-RAP #f, Obese #f CZ N %1 17.6E1.5kg, 18.2£4,6kg TH V. Control
#E11.7+1.9kg, RAP £ 10.7t1.4kg X Y EfE%Z £ L 7z, BCS | Obese-RAP ff, Obese ff
TENZN81£1.0/9, 7.5+1.0/9 TH Y., Control # 5.2+£0.8/9, RAP ¥ 5.1£1.5/9 X
WEBICEMTDH > 72, IERMIME X, Control £ 65.8+9.4 mmHg, RAP #f 67.4+11.5
mmHg, Obese-RAP #f 73.2+9.6 mmHg, Obese #f 88.2+13.3mmHg & Obese #H THE
I EAFLCwiz, EFEFEIX, Control #f 11.4£2.1mmHg, RAP #f 11.94+6.4mmHg, Obese-
RAP #f 13.5£2.9mmHg, Obese #f 23.4£6.9mmHg TH V., Obese HELHEIC LF L TWw»
Too LPENABE HIEEIC I, A BFRICEZ 2520 7> 5 7253, Obese #f. Obese-RAP #fC A4
YAV VigED Control Bf, RAPHFX Y &ifix 2 L7z, (R 1) @& CRP, HEfER 1w
Thoffcd LAZHRD R o7,

- SRR R A

E A 7 — T v DA MR & ek FRIRE A AR o PR I B D W CEHR S L e R R
HFE 1 Control B, RAP £, Obese #f. Obese-RAP FECHEEIIR bNad o 72, kD
AL X Obese Bf & [Liit L, Obese-RAP Bf CHEICK2> 5 72 (K 1), ERP 13, &k Tt
#HBAL T Control #f, Obese #E. RAP Bf& Hlt L, Obese-RAP #0340 3 2 M3 H b |
THEHIR <13 A EIC Control # X Y RAP . Obese-RAP #E2M A L T\ 72 (RAP #f 121.0
+47.2m1 . Obese-RAP #f 122.0+37.0ms vs. =¥ F 27— L8 182.0=31.1ms, P=0.043),
EE A ERIEC X B AF iR X, Control ££ 0(0-0)F>. RAP #f 0(0-4.5)f>, Obese £t
2(0.5-2.8)F», Obese-RAP #f 3(0-5.5)F & BRSIICIER L 72 (1K 2),

o

- R R A

FHAR AR 1X. O AMEERERG 23 Control BE. RAP #f. Obese #f. Obese-RAP #f CEFEHY
N L DB~ D REHRAE b RIRR O] % 728 72 CLAMERERT D FEEE: Control #f 93[41-
79] pm, RAP #f 249[178-355] u m, Obese Ff 233[136-329] u m, Obese-RAP # 334[243-
550] um, P<0.001; %A&HARE: Control # 7.3[0.7-17.1]%. RAP #f 29.3[21.4-47.6]%.
Obese #f 27.9[12.5-31.7]%. Obese-RAP #f 43.1[38.6-48.6]%. P<0.001) (Xl 3)., %#gif



b {EH»Tldd 2 23 4 FEE CHE A % 2 (Control #f 1.5[0.6-1.9]% . RAP # 5.1[2.4-6.7]%.
Obese % 1.4[0.8-2.6]%. Obese-RAP #£ 4.1[2.8-6.2]%. P=0.002). RAP #f. Obese-RAP
Frlftho 2B L TRk E o2 (K4), LEMMIED Y 4 Xix, Control # 12.4+0.1
pum, RAP # 17.6+2.4um, Obese #f 16.8+2.8um, Obese-RAP # 17.1£23um T
Control #£X » & RAP, Obese, Obese-RAP B CHEICK&E o7 (K 3C), LAMERER]
DL L NIRRT A E . iR © oM & B 2o 72 (r=0.39, P=0001; r =
0.40,P<0.001), LHMENERTDJE X, B & ARIAICEH O RICAHBI X & & 4175 22 o 72 23,
PrAEL O EI & & ARG ORI A E 2 HB 2580 72 (r=-0.33.) P=0.004) (X 5),

- SRR ERIRRELE

DFAEYFIREICE VT, BB E~Y - —Th 74 Tu R rF v TR M2
7 —7 v, TGF- 1 ® mRNA ¥ &%, Control #., Obese # TI3{K 1223 RAP #£. Obese-
RAP #CIIIEM L T3 Y | FFic Obese-RAP #£ T3 Control # X W AEICHEIH L Tniz, 7
4 78u% 25 v ImRNA OFHH Obese Bf &t L, Obese-RAP B CHEICEETH -
72o LT, 27— 11 mRNA #3H|Z Obese-RAP & RAP £ T Obese #f & i L
FREICEETH -7 (K6),

(%]
AWFFEIE. AF Bpl, Bk, ARG A OF AF I X o et & L 2 AR RY. REEr
VETY VORI AEHDS I L 72 EFE S X CIifEREN (X Obese # T d & < L Obese-
RAP ¥ Cix b KM CTH o 7e, KfE - MiF#ko ERP £, TH#EIR ERP 1B \»Cfho 2 X
Y 3 RAP £ & Obese-RAP #ECHEICHMI L Tz, EHEERIC X - THEH I AF
FrfelRf] i, Obese-RAP #fd X Uf Obese #ifCfhd 2 # & LI L, Ev2o 72,

BB L RAP IC X 2 AF E7vicE T 2 0FEMY 7Y v 7 (I8 & 05 B o B8)
AR TR E T A DIERK % 34 72 25, KR IC Control Bl X NRAP#£ X U % Obese
3 X U Obese-RAP #E23{AHE T BCS AmfH%Z 2 LAMVAMIC O L CcH 2 2 Lo, B
WRETNVOMERICHEIIL 2L X 5, X HICHEEEE D AF A0f 2 Bt L 72 Obese-RAP
ETVE, HRTHDTCOETATH Y, AL TRIT R E R TH 5, EPS Tl THlik
Ak ERP 25 RAP #f & Obese-RAP #£2° Control #, Obese I kb LG4 L T3 b . Obese-
RAP 23fw/IME% 2 L 7z, ERP %iffild. OEInERE D IER & i &8 R AR 70 B i Y
ETVVIERKMT 28, CoOX)RBRANY T Y v IR LEMBIOPIABRE > S A b
LEbNTWS 8, LizpdioT, BXWIETY v 27k, AF §iliz i L 72 RAP #f.

Obese-RAP #fili& TA b, A0t AF ETARRDITEL TW3 2 EARB I N,
BALEE X, Obese-RAP fECHEEFICLHIRL . &BKMETH o7, = 5T, #MELEE~ —
71— DFHD Obese-RAP #f, RAP #fCAh L7z, AFRIEOWIHEFETA LN S ELMN



VETY V73, AF B> HICHHR S 2 L. LEMHEIL, DEMOIEKRE X CHEREZ XL
DL LIMEE)VET ) v %G| Z T8, L7z23> T, RAP #f. Obese-RAP Hifi& 1T X
BEN Y ET Y v 7B ELTW R 2RI n g, AKX o ThlElEC &
NERIEF 72 1 TARMRESEZEZMNT 2 X5 aHL 2R RITA bR o 7253, LRI
MEFS X O FEE T Obese BECHEICHM L T\ 7z, X 51T Obese T li3LJ7E AL D AL
KBRS, AF OFREDErICHA LN, Tt EEED EFICHE S LE K OHiiERIR
DALy FHEEL TV EEZbNS, ERIC, StOREERIC XY LFED ERP 2
AL, DEOEERE KT I &, 2 Ly FIEHEEF v A L OFIUC X 2 Mol E oK
ToALNE EMEIN TS 0, F 7 JlIC X o THl i I3 B ENRE
B3 2 ERRIFZE <l B B3 Ok ® ERP & 5iE 3 2 HA3H 5 2 L ARSI LT
% 12, Obese HECHR.O 7= 26 OFT R, BRIRIVIC 4 & 2 il B VIR O Y €7
VY 7 NMELT Wb EEZHNS, Obese-RAP #£Tld, XN, HEY) €7 Y v 7'H
WRRTHDL Lo, IS MITHREMN AZLB S LERHY €T ) v 72 Es
LH[REMR BB EEZRLTWD,

- B & O R o BEE

AigECld, ORI RO & | JEHHRE X control #F & HE L. Obese #f. Obese-
RAP B CHEICKE S b7z, HikD@# Y, Control B L U RAP #£ X » 3 Obese ff ¥
X O Obese-RAP BE23EfAE € BCS 2imfEZ 2 LANRMIC I CTH 5 2 &2 6, AR
ETNADIERICEIIL 72 & 5 2 %, M, OIMVERRI & & . DEF~D BRI
Obese, Obese-RAP FET& %I Control, RAP FfL WL, K& olzy AXFRY v
e —LBHEOLHNERERIIIEAZR) vy 7o v Fe—LBHEIVARICKRE W
EHRHLNTEY B, KR CTHFRORRZG 2 2 L3 TE 72, B EE Il EE~
RIE~V—A = EF7T 2 2L BAON T B0, SREIOIFFE TR THORETD FERRR.
B CRP o LR IE A b N h oz, SO Z &k, e T AERICE T 2 SR &S
HEe, = Al EREZ LN,

LEYET Y v ICE T B 0AMERRT O E] COIMENER & O E A8 o BE)
AWFZECiE, DIMENENG & 515813 Obese . Obese-RAP D &7 63" RAP #EC b
Hbidz, BT BRI 2 DEHYIER%Z 1T - 72 DB B T oif5E < b OAMERR G 230
BOM~DREEZRD - PMEINT L Y, Lo T, AF FMoOFEICL > TD
OHMENGEIT & RG] 2 SN2 ATHEMED D 5 Z & 20 TR L 7z, (DAMENERG 23
AF 5| & THF & L <, DAMERERI 2> OB S 2 RIEMES 4 b A vic X BB L
DR~ DR, DAVERER ICEENS GP 25 @ BETE 2 LA 0 DAMERGR]
BT X 2 EEHEIC X 2 IRRIEE O et E O R[REER TR I LT B S, AR Tk,
OHMERG A & B L E O i b L MBI Z 20 T B 2 &0 b LB RE~ DR



DL 2 3 —EH K TH 5 Z LRI N, Lo L., FRHEALEHE O mRNA 8
73 RAP ¥ X U Obese-RAP B CIIHIZE I 17225, Obese HETIER o NG d o7z, BV V%
A 7-8EBRIcs <, SEiEL 1 £S5 2 7-EHE 7 v cld, BEREZ 5 2 7251
REC IR L. BERIENNRE & ARAEEZARD 5N TnE B, 2D &hb, AiFFETD
BN R D EEAT AR 235 0> o - FTREE 23 B 5 L HE 2 b5, DAATICER 4 2335 L 72 EfUR
Wr9Ecld. e RPICHE S 2 DAMENENT D JS7E1x AF #ERHICBhE LRG0 A — 2R3
AF O3 WEN O JHTE & B L Ty 7z 10, 5B JEITRE L ARG O —PE % )3 2 ERP
G & OENCEZN ZREE I R o206 70 o 7223, MR ORRHEL o EI & 1% ERP %44 & 48
Bz, 2o ehb LIMERRN. LEB~DRENEREIZ. #RAECFBL O HER 1 &
LCERT 2 REME S 5 2 & B L T\ %, AF RIEHERF O BT I 351 2 OAMERERG D
JEX B X CEMRBEOKENIRA R REELRDH 2720, COMEHLPICT 577201013 X
L bRV ETH L EEZ LN,

(e o A

F—ICKHE 5 /NI C oI D70 HEHICHEZE 2 720> o 72 REED S 5,
B, B A X BTN RS % 72 © O Foi A HARNIE L S T Tr v, AR Z L &
Lo Bicit, LICRHOMIMETANLETSH ZA[HEMNLH 5, F =i, HAR T
FKHOEDO -V REAFT LI LHBRETH 72720, Mfoshove -7V RE[MHL
2o M e — 2 RIZAOGE A % 23 2 WEEMEAEE OWRE TRINT VB & h b, KR
DT 7 DREIEINCHEE % 5.2 T nfglEdr d 2 7, 7z, Mo FHiiic BCS %
L 7228, HRMNERCOF T EBcOHEETH Y, BCS O A TILHERE 7 M o i
VR WATREMED D B, FHPUIC, S5 T-AARIMENTIC 1 mRNA O 21T o 7228, X
VR LNV TOERMBITI, €=V RERGZERCERETH Y, FHliE{Tx R0 -
7z

(it
i 4 X7V OREFEER EA L, ERAEHANICKEE - MEkO B &2 & EZ 2 L,

REIRF[E] 72 2% O DB BN A FE M 2 A L oo AR RY 1 I3 OAMIENR NG IERG R o323 4 &
Tzo THH I, MEETFHAIC A & 0 2 B AT ERY, MARARVREZ S L T 3 ATRENEDS &
%, LEMB EE 7V RS GHOEMBIE T vIc s TiE, BAEBERICK RS - i
k> ERP 3% L Fric B Aot 0EMEE 7 v cld, OREMEIFERMESRARTH o 72,

SNSRI I T 2 0AMERENG ., IEMHRE ML TE Y. S0 oA FRAEL D
BEINCBERE L Tz, 2O T &6, Al il ) 72 D AMERE G R IR i3 O B
wmHZHUET 2 ML 2Rt 2 HUEK 1 CH 2 iReE 2 XFF T 2 HEARFTRTH B L F
Z%e L Lad o KRR L L CUAMNERENT 250 BB IC 5 2 2 52838k~ 7 nRETE DS % 2
b, LA LMANEEN 2, EKICEW T, LEMEIOEFICMA, HEEEZE



0 7z AEEE O EH A LEMETGRICE W TEELR K L 23 s E L 6N D,



[References)

1. Watanabe R, Nagashima K, Wakamatsu Y, Otsuka N, et al. Different Determinants
of the Recurrence of Atrial Fibrillation and Adverse Clinical Events in the Mid-
Term Period After Atrial Fibrillation Ablation. Circulation journal. 2021 Jul
3.doi:10.1253.

2. Monno K, Okumura Y, Saito Y, Aizawa Y, Nagashima K, Arai M, Watanabe R,
Wakamatsu Y, Otsuka N, Yoda S, Hiro T, Watanabe I, Hirayama A. Effect of
epicardial fat and metabolic syndrome on reverse atrial remodeling after ablation
for atrial fibrillation. J Arrhythm. 2018;34:607-616.

3. 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.

4. Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA, Bauer JA,
Tchou PJ, Niebauer MJ, Natale A, Van Wagoner DR. C-reactive protein elevation
in patients with atrial arrhythmias: inflammatory mechanisms and persistence of
atrial fibrillation. Circulation.2001;104:2886-2891.

5. Iso K, Okumura Y, Watanabe I, Nagashima K, Takahashi K, Arai M, Watanabe R,
Wakamatsu Y, Otsuka N, Yagyu S, Kurokawa S, Nakai T, Ohkubo K, Hirayama A.
Is vagal response during left atrial ganglionated plexi stimulation a normal
phenomenon?: comparison between patients with and without atrial fibrillation.

Circ Arrhythm Electrophysiol. 2019;12:¢007281.

6. Hatem SN, Redheuil A, Gandjbakhch E. Cardiac adipose tissue and atrial
fibrillation: the perils of adiposity. Cardiovasc Res. 2014;102:205-213.
7. Liu DJX, Stock E, Broeckx BJG, Daminet S, Meyer E, Delanghe JR, Croubels S,


https://pubmed.ncbi.nlm.nih.gov/30555604/
https://pubmed.ncbi.nlm.nih.gov/30555604/
https://pubmed.ncbi.nlm.nih.gov/30555604/
http://www.ncbi.nlm.nih.gov/pubmed/21869533
http://www.ncbi.nlm.nih.gov/pubmed/21869533
http://www.ncbi.nlm.nih.gov/pubmed/21869533
https://www.ncbi.nlm.nih.gov/pubmed/31610720
https://www.ncbi.nlm.nih.gov/pubmed/31610720
https://www.ncbi.nlm.nih.gov/pubmed/26790475
https://www.ncbi.nlm.nih.gov/pubmed/26790475

10.

11.

12.

13.

14.

15.

Devreese M, Nguyen P, Bogaerts E, Hesta M, Vanderperren K. Weight-gain
induced changes in renal perfusion assessed by contrast-enhanced ultrasound
precede increases in urinary protein excretion suggestive of glomerular and tubular
injury and normalize after weight-loss in dogs. PLoS One. 2020;15:€0231662.
Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation begets atrial
fibrillation. A study in awake chronically instrumented goats. Circulation.
1995;92:1954-1968.

Allessie M, Ausma J, Schotten U. Electrical, contractile and structural remodeling
during atrial fibrillation. Cardiovasc Res. 2002;54:230-246. Review.

Ravelli F, Allessie M. Effects of atrial dilatation on refractory period and
vulnerability to atrial fibrillation in the isolated Langendorff-perfused rabbit heart.
Circulation. 1997;96:1686—-1695.

Bode F, Katchman A, Woosley RL, Franz MR. Gadolinium decreases stretch-
induced vulnerability to atrial fibrillation. Circulation. 2000;101:2200-2205.
Munger TM, Dong Y X, Masaki M, Oh JK, Mankad SV, Borlaug BA, Asirvatham
SJ, Shen WK, Lee HC, Bielinski SJ, Hodge DO, Herges RM, Buescher TL, Wu JH,
Ma C, Zhang Y, Chen PS, Packer DL, Cha YM. Electrophysiological and
hemodynamic characteristics associated with obesity in patients with atrial
fibrillation. J Am Coll Cardiol. 2012;60:851-860.

Balcioglu AS, Durakoglugil ME ,Cicek D, Bal UA, Boyaci B, Muderrisoglu H.
Epicardial adipose tissue and normal coronary arteries. Diabetol Metab Syndr.
2014;6:62.

I Abe et al. Association of fibrotic remodeling and cytokines/chemokines content in
epicardial adipose tissue with atrial myocardial fibrosis in patients with atrial
fibrillation. Heart Rhythm. 2018:15:1717-727.

Mahajan R, Lau DH, Brooks AG, Shipp NJ, Manavis J, Wood JP, Finnie JW,

Samuel CS, Royce SG, Twomey DJ, Thanigaimani S, Kalman JM, Sanders P.


http://www.ncbi.nlm.nih.gov/pubmed/7671380
http://www.ncbi.nlm.nih.gov/pubmed/7671380
http://www.ncbi.nlm.nih.gov/pubmed/12062329
http://www.ncbi.nlm.nih.gov/pubmed/12062329
http://www.ncbi.nlm.nih.gov/pubmed/10801762
http://www.ncbi.nlm.nih.gov/pubmed/10801762
http://www.ncbi.nlm.nih.gov/pubmed/22726633
http://www.ncbi.nlm.nih.gov/pubmed/22726633
http://www.ncbi.nlm.nih.gov/pubmed/22726633

16. Electrophysiological, Electroanatomical, and Structural Remodeling of the Atria as

Consequences of Sustained Obesity. J Am Coll Cardiol. 2015;66:1-11.

17. Nagashima K, Okumura Y, Watanabe I, Nakai T, Ohkubo K, Kofune M, Mano H,

Sonoda K, Hiro T, Nikaido M, Hirayama A. Does location of epicardial adipose

tissue correspond to endocardial high dominant frequency or complex fractionated

atrial electrogram sites during atrial fibrillation? Circ Arrhythm Electrophysiol.

2012;5:676-683.

18. Usui S, Yasuda H, Koketsu Y. Characteristics of obese or overweight dogs visiting

private Japanese veterinary clinics. Asian Pac J Trop Biomed. 2016;6:338-343.

#1
P
Control Group RAP Group Obese Group Obese-RAP Group
Value
Body weight (kg) 11.7£1.9 10.7+1.4 18.24+4.6* 17.6+1.5* <0.001
Gained body weight (kg) by
+2.6x1.1 +1.1£1.9 +7.1+3.5% +6.6+1.5% 0.001
normal or high-fat diet
Body condition score 5.2+0.8/9 5.1£1.5/9 8.1£1.0/9 7.5+1.0/9 <0.001
Systolic BP (mmHg) 111.0+18.8 114.0+15.5 109.0+14.3 125.6+21.1 0.47
Diastolic BP (mmHg) 65.8+9.4 67.4+11.5 88.2+13.3%* 73.249.6 0.02
LA pressure (mmHg) 11.4+2.1 11.9+6.4 23.4+6.9t 13.5£2.9 0.005
ICE measurements
LA area (cm?) 5.6+1.3 3.8+2.0 5.4+1.3 5.7+1.5 0.23
IVSd (mm) 5.9£0.5 7.0+1.1 6.0+1.7 7.242.0 0.36
PWd (mm) 6.8+1.3 7.7+1.0 7.2+1.2 8.5+0.6 0.09
LVDd (mm) 25.7+4.0 24.1+5.8 26.2+4.4 20.8+4.4 0.30
LVEF (%) 70.2+5.6 63.6+14.7 60.6+6.1 69.6+13.7 0.46
Biomarker concentrations
Insulin (mU/L) 6.9 (3.6-9.8) 5.7(3.99.2) 14.4 (12.3-34.4)* 15.8(9.1-55.4) 1 0.012
Leptin (ng/mL) 0.9+0.4 0.7£0.2 1.0£0.2 0.8+0.3 0.35
vWF (%) 107+£38 80+36 65+38 88+16 0.30

D-dimer (ng/mL)

0.27 (0.13-0.36)

0.35 (0.26-0.79)

0.25 (0.12-0.61)

0.48 (0.40-0.56) 0.09
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