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OPUT'MHAJIBHAA CTATHA

EPICARDIAL ADIPOSE TISSUE VOLUME AND DISTRIBUTION IN CHRONIC HEART FAILURE
PATIENTS WITH ATRIAL FIBRILLATION AND PRESERVED LEFT VENTRICULAR EJECTION
FRACTION
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urpose. Epicardial adipose tissue (EAT) is thought to play an important role in the devel-

opment and progression of cardiovascular diseases. However, the diagnostic and prognostic

role of EAT measurement in patients with atrial fibrillation (AF) and heart failure (HF) coex-

istence is still unclear. The aim of the present study was to investigate the volume and dis-
tribution of EAT and their correlation with level of B-type natriuretic peptide (BNP) as well-
established HF biomarker.

Material and methods. 69 patients with symptomatic HF and AF underwent cardiac com-
puted tomography (CT) before catheter ablation (CA). The BNP levels, total and peri-atrial EAT vol-
umes were evaluated. The study cohort was divided into two groups according to the BNP level:
BNP2105 pg/ml, n = 37 («AF with HF») and BNP<105 pg/ml, n=32 («AF without HF»).

Results. The median peri-atrial EAT volume was higher in the «AF with HF» group compared
with «AF without HF» group (52.1 [40;59] ml vs 45.6 [35;56] ml, respectively). Twenty-one (57%) out
of 37 patients with BNP 2105 pg/ml had HF with preserved ejection fraction (HFpEF). In this cohort,
total and peri-atrial EAT was associated with BNP 2105 pg/ml (coefficient 0.33 [95% CI, 0.08 to
0.57], p=10.011 and 0.16 [95% CI, 0.09 to 0.22], p < 0.001).

Conclusions. Cardiac CT for EAT assessment may be useful as an additional diagnostic tool of
HFpEF in patients with AF. In patients with AF and HFpEF the EAT volume is associated with an
increase of BNP level.
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OBbEM U PACTPEAEAEHUE ?HVIKAPAVIAAbHOﬁ XXUPOBOM TKAHU Y MALMEHTOB C
XPOHUYECKOW CEPAEYHON HEAOCTATOYHOCTbIO C COXPAHEHHOW $®PAKLLUEN
BbIBPOCA U PUBPUAAALLUENA NPEACEPAUN

PomaHoB A.B.!, MrHUH C.M1, HUkmtmH H.A.2, Aocrk A.B.T,
PuLep E.B.1, Mmuxeernko N.A.
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eJIb HUCCJIeJOBaHUA. YCTAHOBAEHO, UTO SIIMKapAnasbHad kupoBas TKaHb (92KT) urpaer

Ba’KHYIO POAb B Pa3BUTHH H IIPOrPECCHPOBAHUU CEPAEYHO-COCYAUCTBIX 3aboseBaHui. Of-

HaKoO, IMarHOCTHYeCKasd U IIPOTHOCTHYeCKas poab n3MepeHus O2KT y nmanyeHToB ¢ HaAUdH-

eMm pubpussanuu npencepauii (PII) u xpoHHdecKoil cepaedHoii HegocTaTogyHOCTHIO (XCH)
BCe ellle He siCHAa. lleAbl0 HaCTOLIIero HCCAeNOBAHUS CTAAO0 H3ydeHHe oO0beMma u pacnpeneseHud OXKT
U X KOPPEAdIIMM C YPOBHEM MO3TOBOro HaTpuiiyperwdeckoro nenrtuzaa B-tuna (MHYII) kak xoporro
nsydeHHoro bnomapkepa XCH.

Marepuasnel u meroabl. 69 maimeHTaMm c cumirroMatudeckoit XCH u &PII OGrirna mmpoBemeHa
KoMmnbioTepHada ToMorpaduda (KT) cepana nepen karerepHoii abaarnueii (KA). Brian olleHEHEI YPOBEHb
MHYVYTI, obumit 1 oKoaompeacepaHbiii oobembl I2KT. Mccaemyemass koropra Oblaa paszmescHa Ha OBE
rpynnsl B cooTBeTCTBHH C¢ ypoBHeM MHVYII = 105 nr/ma, n = 37 («@I1 ¢ XCH») u MHVYII < 105 nr/wma,
n=32 («®I1 6e3 XCHp).

Pesynwratel. Cpenauii 06bem okosonpencepaHoit O2XKT Obia Brimte B rpymme «@II ¢ XCH» mo
cpaBHeHUIO ¢ rpymnmoi «PIl 6e3 XCH» (52,1 [40;59] ma rpotuB 45,6 [35;56] MA COOTBETCTBEHHO). Y 21
u3 37 (57%) namuenToB ¢ MHYII 2105 nor/ma nmeao mectro XCH ¢ coxpaneHHo dpakmnueii BbiOpoca
(CHc®B). B atoit koropte 60ABHBIX 00BeMEI 0011Ie U oKoaonpencepanHoit 92KT 6viau cBa3anbl ¢ MHYII
2105 nr/Ma (yraosoi#t kKoadpduruent 0,33 [95% AU or 0,08 mo 0,57], p = 0,011 u 0,16 [95% AU ot
0,09 mo 0,22], p < 0,001 coOoTBETCTBEHHO).

BeiBoari. Onienka oobema u pacupeneserHusa I2KT o mauaeiM KT cepana moxkeT OBITH moA€3HA
B Ka4eCTBE OOIIOAHUTEABHOIO AuarHocTudeckoro vHcrpyMeHTa CHc®B y nanuenTos ¢ PII. Y namues-
T0B ¢ ®Il 1 CHcdB obbem O2KT cBg3aH c noseiieHueM ypoBHa MHVII.

KaroueBbie caoBa: KT cepama, snukapanasbHas KHUpoBasi TKaHb, CepAedHad HEeJOCTaTOYHOCTD,
ubpuAsdaIig Ipeacepanii, MO3TOBOM HATPHUHYPTHYIECKUN METITH/I.
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ntroduction.

Chronic heart failure (HF) is one of the

main health care problems worldwide.

According to the Framingham study, the

incidence of HF increases with the age [1].
At the same time, other factors may also affect
the development of HF, especially in patients
with preserved left ventricular ejection fraction
(HFpEF) and HF. A common precipitant of
HFpEF is atrial fibrillation (AF) [2].

For many years, HF was defined as sys-
tolic dysfunction (reduced ventricular ejection
fraction), which was determined by echocardi-
ography or cardiac magnetic resonance imaging
(CMR). The diagnosis of HF is facilitated by de-
termination of biomarkers, such as B-type na-
triuretic peptide (BNP) and N-terminal pro B-
type natriuretic peptide (NT-proBNP) [3]. Pa-
tients with clinically HF symptoms and AF but
with BNP levels < 105 pg/ml do not ‘officially’
have a diagnosis of HF, and physicians are ad-
vised to actively seek an alternative tool for HF
diagnosis [4]. However, BNP levels may in-
crease in multiple clinical scenarios such as
renal failure, right ventricular dysfunction due
to pulmonary diseases, and diastolic ventricu-
lar dysfunction with hypertrophy [5]. Thus,
other markers of HF to facilitate initial assess-
ment and future progression would be valuable
for initiation of targeting appropriate treatment
in this population. Recently published studies
provided provocative findings regarding the re-
lationship between epicardial adipose tissue
(EAT) volumes in patients with a variety of car-
diac conditions and in the prognosis for cardio-
vascular events [0, 7, 8].

Therefore, the aim of the present study
was to define the association between EAT vol-
umes as a new marker of HF and BNP level in
patients with AF, HF clinical phenotype and
preserved or reduced left ventricular systolic
function.

Methods.

The present study was single-center and
observational in design. The protocol of the
study was reviewed and approved by the E.
Meshalkin National Medical Research Center
institutional review board and ethical commit-
tee and was conducted according to the Decla-
ration of Helsinki. All included patients signed
an informed consent form for participation in
this study.

Sixty-nine consecutive patients with
symptomatic, drug refractory AF and clinical
findings of HF at least New York Heart Associa-
tion (NYHA) II, who were scheduled for catheter
ablation according to published guidelines,
were included [3]. Patients with previous histo-
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ry of ablation or cardiac surgery procedure, se-
vere comorbidities, valvular heart disease, my-
ocardial infarction or revascularization proce-
dure < 12 months prior to enrollment, NYHA
class IV congestive HF were not included. The
AF type was defined as paroxysmal if the pa-
tient had ECG with sinus rhythm during one
week before including in the study with the his-
tory of AF episodes less than one week, all oth-
er types AF were defined as non-paroxysmal
and included persistent and long-standing per-
sistent AF. All patients underwent clinical ex-
amination, including echocardiography and
cardiac computed tomography (CT). The natriu-
retic peptide BNP level was analyzed as an es-
tablished marker of HF.

Echocardiography.

The assessment of the key echocardio-
graphic parameters included: right and left
ventricular systolic function, left atrium diame-
ter and valvular functions.

Patients with left ventricular ejection
fraction (LVEF) = 50% were defined as HF with
preserved ejection fraction (HFpEF) and LVEF <
50% as HF with systolic dysfunction [5].

CT scanning protocol.

For all patients, cardiac CT (320-row de-
tector CT system Aquilion One, Toshiba, Japan)
was performed with 3D reconstructed images
as described previously in details [8]. In brief,
images were acquired in volume acquisition
mode with 120 kV tube voltage, 0.35-s gantry
rotation time and tube current from 40 to 580
mAs depending on automatic tube current
modulation. Iodinated contrast medium with a
350 mgl/ml iodine concentration was injected
in antecubital vein using the biphasic protocol
(70-85 ml contrast agent followed by a 30-35
ml mixture consisting of 30% contrast agent
and 70% normal saline, respectively) at 5-6
ml/s rate. All CT data sets were reconstructed
in the mid-diastolic phase (70-80% R-R inter-
val) with a section thickness of 1.0 mm (recon-
struction increment, 1.0 mm) using an iterative
reconstruction algorithm.

EAT volume measurements.

EAT volume measurements were per-
formed on a dedicated workstation (GE Ad-
vantage 4.7, US) by a single observer (NN) with
S years of experience in cardiac CT blinded to
clinical data. The fat between the visceral layer
of the pericardium and the surface of the heart
was defined as EAT [9]. EAT was separated
from pericardial fat by manually tracing peri-
cardial contour every 5-10 slices below the
start point and software automatically tracing
out the segments in between selected slices.
The start point for pericardial tracing was set
at the bifurcation of the pulmonary trunk and
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the inferior point at the end of the pericardial
sac. Adipose tissue voxels within the traced ar-
eas were identified using a threshold attenua-
tion value range from - 190 to O Hounsfield
units, according to the previously published
study [10]. The voxels in each slice were
summed to determine the total EAT volume.
Thereafter, the peri-atrial EAT volume was
manually segmented from the total EAT that
was obtained by deleting EAT volume off the
ventricular side anterior to the mitral annulus
and the right atrial side anterior to the right
superior pulmonary vein, and then from the
lower side of the coronary sinus from the total
EAT, leaving the EAT surrounding the left atri-
um (LA) [11]. The peri-atrial to total EAT vol-
ume ratio (P/T) was calculated. The intra-
observer variability was calculated using intra-
class correlation coefficient (ICC).

B-type natriuretic peptide.

BNP sampling was performed on the
same day of the CT scan. BNP concentration
was measured using an immunochemical anal-
ysis (ARHITECT i1000SR, ABBOTT LTD, US).
According to HF guidelines BNP cut-off point
for sinus rhythm is 35 pg/mL and for patients
with AF - 105 pg/mL, below these levels the
probability of having HF was extremely low [3].
In the present study the BNP > 105 pg/ml was
a cut-off for “AF with HF” group and BNP<105
was defined as “AF without HF”.

Catheter ablation procedure.

Eligible patients underwent CA using 3D
non-fluoroscopic navigation system (CARTO,
Biosense Webster, Inc., Diamond Bar, CA,
USA) targeting circumferential pulmonary vein
isolation with conformation of the exit and en-
trance block at the end of the procedure.

Statistical analysis.

Normally distributed data are presented
as means (standard deviation). Variables with
skewed distributions were expressed as medi-
ans (interquartile range, IQR). Differences be-
tween two groups were compared with un-
paired t-test or Wilcoxon signed-rank test. Cat-
egorical data are presented as absolute values
(percent). Fisher exact test was used to com-
pare categorical data between groups.

Linear regression was used to assess as-
sociations between two continuous variables
and results are presented as regression coeffi-
cients (95% confidence interval, CI) with asso-
ciated p values. Logistic regression was used to
demonstrate an association between EAT vol-
umes and dichotomized BNP, with the cut-off of
105 pg/ml.

The BNP level, EAT volumes, LVEF and
LA diameter were tested in the univariable and
multivariable Cox proportional hazards regres-
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sion model as potential predictors of AF recur-
rence during the 6-month follow-up. A p value
< 0.05 was considered statistically significant.
All analyses were done using STATA (Stata/IC
12.1, Statacorp, USA. URL
https://www.stata.com/) and R statistical
software (R Core Team (2019). R: A language
and environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org).

Results.

Sixty-nine patients (30 females, median
age of 62 [57; 66] years) with AF and HF corre-
sponding to NYHA II functional class or higher
were included. The median BNP level was
114.1 [48; 181] pg/ml in the entire cohort. 37
(54%) out of 69 patients had BNP > 105 pg/ml
(so called “AF with HF” patients). The number
of patients with coronary artery disease (CAD)
and non-paroxysmal AF was higher in “AF with
HF” group compared with “AF without HF”
group. Patients in “AF with HF” group had
larger mean LA diameter than patient from “AF
without HF” group (5.940.6 vs 5.6+0.6, p=0.04).
The median peri-atrial EAT volume was higher
in “AF with HF” group compared with “AF with-
out HF” group (52.1 [40; 59] ml vs 45.6 [35;
56], p=0.007, respectively). The intra-observer
measurements for total EAT volume and peri-
atrial EAT volume were highly reliable (ICC =
0.96, p < 0.01 and 0.89, p < 0.01, respectively).
45 (65.2%) patients had LVEF>50%, 8 (11.6%)
patients - 49-40% and 16 (23.2%) patients
<40%. Patients with heart failure with middle
reduced ejection fraction (HFmrEF) and re-
duced ejection fraction (HFrEF) were merged as
systolic dysfunction due to small sample size.
The detailed baseline characteristics of the
study cohort are presented in Table 1.

Association between EAT volumes and
BNP levels in the entire cohort Neither total
EAT nor peri-atrial EAT was significantly asso-
ciated with BNP levels (coefficient 0.06 [95% CI,
-0.02 to 0.14], p=0.1 and 0.02 [95% CI, -0.006
to 0.06], p=0.1 respectively). Also, there was no
significant association between total EAT or
peri-atrial EAT and BNP levels = 105 pg/ml (co-
efficient- 0.006 [95% CI, -0.12 to 0.11], p=0.92
and 0.003 [95% CI, -0.04 to 0.05], p=0.9 re-
spectively).

Association between EAT volumes and
BNP levels > 105 pg/ml in patients with pre-
served and reduced LVEF.

Twenty-one (57%) out of 37 patients with
BNP = 105 pg/ml had HFpEF. In this cohort,
total and peri-atrial EAT was statistically signif-
icant associated with BNP = 105 pg/ml (coeffi-
cient 0.33 [95% CI, 0.08 to 0.57], p=0.011 and
0.16 [95% CI, 0.09 to 0.22], p < 0.001 respec-
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Table Nel. Baseline characteristics of the study cohort.
Characteristic All patients Patients with BNP > [ Patients with BNP < 105 p value *
n=69 105 pg/ml pg/ml
n=37 (“AF with HF”) [ n=32 (“AF without HF”)
Age, years 62 [57;66] 62 [58;65] 62 [56;67] 0.72
Male, n (%) 39 (56.5) 22 (59.5) 17 (53.1) 0.63
BMI, kg/m? 30.1+4.1 30.2+3.92 30+4.43 0.88
Hypertension, n (%) 57 (82.6) 29 (78.4) 28 (87.5) 0.36
Diabetes, n (%) 5(7.2) 4 (10.8) 1(3.1) 0.36
CAD, n (%) 29 (42) 17 (46) 12 (37.5) 0.62
AF duration, months 49 [18;94] 32 [15;94] 57.5[27;92] 0.27
Paroxysmal AF, n (%) 31 (45) 10 (27) 21 (65.6) 0.002
Non-paroxysmal AF, 38 (55) 27 (73) 11 (34.4) 0.002
n (%)
NYHA Il FC, n (%) 58 (84) 30 (81.1) 28 (87.5) 0.52
NYHA 11l FC, n (%) 11 (16) 7 (18.9) 4 (12.5) 0.52
CHADS2VASC2> 2, 62 (89.8) 33(89.2) 29 (90.6) >0.99
n (%)
LA diameter, cm 5.8+£0.6 5.9+0.6 5.6+0.6 0.04
LVEF, % 58 [41;65] 57 [36;65] 61 [50,65] 0.14
LVEF > 50%, 45 (65.2) 21 (56.8) 24 (75) 0.13
n (%)
LVEF < 50%, 24 (34.8) 16 (43.2) 8 (25) 0.13
n (%)
BNP, pg/ml 114.1[48;181] 170.7 [133;276] 46.4 [27;59] <0.001
Total EAT, ml 155 [124;183] 159 [142;203] 139 [116;181] 0.06
Peri-atrial EAT, ml 52.1[40;59] 52.2 [46;62] 45.6 [35;56] 0.007
P/T EAT ratio 0.34[0.29;0.37] 0.35[0.31;0.38] 0.31[0.28;0.37] 0.11

Legend of abbreviation: BNP - B-type natriuretic peptide; HF - heart failure; BMI - body
mass index; CAD - coronary artery disease; AF - atrial fibrillation; NYHA - New York Heart
Association; FC - functional class; LA - left atrium; LVEF - left ventricular ejection fraction;
EAT - epicardial adipose tissue; P/T — peri-atrial/total.
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tively) (Fig. 1). No statistically significant asso-
ciation was observed between EAT volumes and
BNP level = 105 pg/ml in patients with systolic
dysfunction (n=16).

Association between EAT volumes and
LVEF.

In the entire cohort, both total and peri-
atrial EAT volume were statistically significant-
ly associated with LVEF (coefficient -0.39 [95%
CI, -0.74 to -0.03], p=0.031 and coefficient -
1.02 [95% CI, -1.9 to -0.16], p=0.02). No signif-
icant association was found between any EAT
volume and any LVEF in patients (n=37) with
BNP > 105 pg/ml. Neither total EAT nor peri-
atrial EAT was statistically significant associat-
ed with systolic dysfunction (n=16). Two typical
cases are presented in Figure 2.

Association between EAT volumes and
BNP > 105 pg/ml in patients with preserved
LVEF.

Each ml increase in total and peri-atrial
EAT volumes was associated with 1.03 (95%
CI, 1.01 to 1.06, p=0.007) and 1.13 (95% CI,
1.04 to 1.23, p=0.002) odds of increased BNP
(i.e., BNP = 105 pg/ml). Discriminatory abilities
of the total and peri-atrial EAT for BNP = 105
pg/ml were not statistically different (p=0.52).

Predictors of AF recurrences.

Fifty-three (77%) patients underwent CA.

In the 16 (23%) patients, CA was rescheduled
or declined due to contraindications. The medi-
an follow-up was 6 [4;6] months. AF recurrenc-
es occurred in 13 patients (24.5%). In the uni-
variable analysis for the entire cohort, no pre-
dictors of the AF recurrences were identified.
25 (47.2%) out of 53 with BNP > 105 pg/ml
with all LVEF underwent CA. There were no
any AF predictors in this subgroup, irrespec-
tively to LVEF.

Discussion.

The main findings of this study are the
following: 1) the median peri-atrial EAT volume
was higher in AF patients with BNP = 105
pg/ml; 2) neither total EAT nor peri-atrial EAT
was significantly associated with all BNP levels
in HFpEF and patients with systolic dysfunc-
tion; 3) total and peri-atrial EAT volumes were
significantly associated with BNP > 105 pg/m
in HFpEF patients with no association in pa-
tients with systolic dysfunction.

AF and HF are widespread cardiovascular
conditions, which prevalence increases globally
[1, 3]. Both diseases potentiate each other that
results in worse outcome. AF can be a cause or
consequence of HF and vice versa. Smit et al.
demonstrated that patients, who developed AF
first, had better prognosis rather than patients
with first signs of HF [12]. The existing plasma

Total EAT, ml
200
M

100 200 300 400
BNP > 105 pg/ml

Fig. 1 a(Puc. 1 q)

Peri-atrial EAT, ml

60

100

80

100 200 300 400
BNP > 105 pg/mi

Fig. 16 (Puc. 1 b)

Fig. 1. Diagrams.

A — Association between total EAT volume and BNP level = 105 pg/ml. Each unit increase of BNP is associat-
ed with 0.33 in change increase in 1 ml of total EAT volume. B — Association between peri-atrial EAT volume
and BNP level = 105 pg/ml. Each unit increase of BNP is associated with 0.16 in change increase in 1 ml of
peri-atrial EAT volume.

Puc. 1. Auarpammel.

A — CBa3p Mexnay obobeMoM obmieit 92KT u ypoBHem MHVYII > 105 nr/ma. Kaxxnoe yBeandenue ypoBHS MHVYII
Ha 1 MA CBg3aHO C yBeandeHHeM oobema obieit O2KT Ha 0,33 Ma. B — CBA3b MexRAy 06EMOM OKOAOIIPEACEPA-
Ho#t OXKT u ypoBHeM MHYII = 105 nr/ma. Kaxxmoe yBeandeHue ypoBHd MHYIT Ha 1 MA CBA3aHO C YBEAUYEHU-
eM obbema okoaomrpencepaHoi KT Ha 0,16 MA.
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Fig. 2 a (Puc. 2 a)

Fig. 2 6 (Puc. 2 b)

Fig. 2. Contrast-enhanced cardiac computed tomography (CT) in axial plane. Two representative
cases of epicardial adipose tissue (EAT) total volume measurements (areas in yellow depict traced
EAT) in correlation with B-type natriuretic peptide (BNP) level and left ventricular ejection fraction

(LVEF).

A — A 67-year-old male patient with total EAT volume = 234 ml, BNP level = 185 pg/ml and LVEF = 66%.

B - A 46-year-old male patient with total EAT volume = 110 ml, BNP level = 447 pg/ml and LVEF = 35%.
KT cepALa C KOHTPACTUPOBAHUEM, B AKCUAABHOU MAOCKOCTHU, AEMOHCTPUPYIOLLUE ABO
penpeseHTaTUBHbIX CAy4Yas KoppeAsuun obbema obuier IXKT (o6AacTb MHTEpeca BblAEAEHd

Puc. 2.

XEATbIM LLBETOM), YPOBHA MHYT 1 PBAX.

A - Y MyzK4IUHEI 67 AeT o6beM ob1reit O2KT = 234 ma, MHVII = 185 nr/ma, PBAXK = 66%.
B — ¥ myzkuuHbI 46 AeT 06beMm obmieit 92KT = 110 ma, MHYII = 447 ur/ma, ®PBAXK = 35%.

biomarkers, such as BNP and NT-proBNP are
not a strong tool for HF early progression as-
sessment due to influence of concomitant
comorbidities [1, 5, 13]. Therefore, revealing
additional early predictors of HF development
or progression in AF patients is unmet needed,
especially in HFpEF cohort.

Reduction of EAT volume as back-
ground of HF progression.

Ejection fraction is an established pa-
rameter for assessment of the LV systolic func-
tion that can be also a surrogate characteristic
of the HF status. In our study, the EAT volume
was significantly reduced in patients with LV
systolic dysfunction compared with HFpEF.
However, no significant linear association was
found between any EAT volume and HFpEF or
LV systolic dysfunction with BNP = 105 pg/ml.

In the study of Doesch et al., the EAT
volume in HFrEF patients was lower compared
with healthy controls [14]. Another study, fo-
cused on patients with HFpEF and HFmrEF,
demonstrated higher EAT volume in those pa-
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tients who developed AF with an increase of
myocardial biomarkers [15]. Controversially,
Wu et al. demonstrated that EAT volume in pa-
tients with systolic dysfunction was significant-
ly higher in patients with ventricular arrhyth-
mias compared without no arrhythmias [16].
These data suggest potential EAT involvement
in the progression of LV systolic dysfunction
and arrhythmia disturbances, possibly due to
the paracrine effect of EAT on HF compensa-
tion: adipocytes have recently been identified to
be a major source of circulating miRNA via exo-
somal release [17].

Natriuretic peptides in HFpEF and AF.

Natriuretic peptides are the best bi-
omarkers for predicting outcome in patients
with HF and sinus rhythm. Plasma natriuretic
peptide concentration assessment is recom-
mended as an initial diagnostic test for screen-
ing for HF in patients with clinical symptoms of
HF [4, 5]. However, it should be noted that
there may be many causes of BNP elevations
(eg, older age, renal dysfunction, atrial and
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ventricular tachycardia) that lead to a decrease
in their diagnostic accuracy.

Merino-Merino et al. showed that the
threshold value of natriuretic peptides in pa-
tients with HF and AF should be higher than
without AF [18]. Thus, an additional tool is
needed to diagnose HFpEF in patients with AF.
During the last decade, the influence of EAT
volume on the pathogenesis of AF has been ac-
tively studied. Wong et al. evaluated EAT vol-
ume in 130 patients with AF prior to CA using
MRI and showed that an increase in EAT vol-
ume was associated with the severity of AF and
a high rate of arrhythmia recurrence after the
CA procedure [19].

In our study, we did not find any predic-
tors of AF recurrence after CA, including EAT,
which may be due to the small sample size and
relatively short follow-up period. However, we
found a significant association between BNP
and EAT volumes before the ablation proce-
dure, and these data should be tested for fur-
ther clinical application.

On the other hand, the level of BNP may
be directly related to the type of AF. In a study
by Plitt et al. it has been shown that the severi-
ty of AF, assessed using continuous outpatient
rhythm monitoring for 1 week, is directly relat-
ed to the level of natriuretic peptide [20]. In our
study, the entire cohort of patients differed sig-
nificantly in the type of AF. There were more
patients with non-paroxysmal "AF with HF"
group.

In addition, our group also found a rela-
tionship between sympathetic activity and EAT
volume in the left atrium in patients with vari-
ous types of “AF without HF” [8]. It is well
known that AF and HF have the same patho-
genesis with increased sympathetic activity,
and EAT may play an important role in this
process.

Thus, EAT volume estimation may be a
good diagnostic tool in patients with AF and
HF, in addition to other biomarkers.

The role EAT in different aspects of
cardiovascular diseases.

The cardiac CT is a widely used imaging
modality for preprocedural cardiac function
assessment [21]. In several studies, cardiac CT
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