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OPUT'MHAJIBHAA CTATHA

CARDIAC CT-BASED ASSESSMENT OF EPICARDIAL ADIPOSE TISSUE DISTRIBUTION
AND VOLUME IN PATIENTS WITH ATRIAL FIBRILLATION IN COMPARISON
WITH HEALTHY INDIVIDUALS

Nikitin N., Minin S., Losik D., Mikheenko |., Romanov A.

Meshalkin National Medical Research Center. Novosibirsk, Russia.

he association between the presence of atrial fibrillation (AF) and an increased epicardial

adipose tissue (EAT) volume has been established, linking a certain amount of probable and

possible pathophysiologic mechanisms that could contribute to promoting arrhythmogene-

sis. In the present study, we aimed to assess the reliability of EAT volume measurements on
cardiac CT with adjusted thresholds for fat detection and analyze the association of EAT distribution
and volume with the clinical presentation in AF patients in comparison with healthy individuals.
Materials and methods. 45 consecutive AF patients (mean age 55.2 + 10.3 years, mean AF duration
49.0 + 38.4 months) with different AF patterns scheduled for an initial ablation for AF and 15
healthy individuals (mean age 36.2 + 12.6 years) without a history or symptoms of cardiovascular
diseases were included. The total, as well as periatrial EAT volumes, were obtained on cardiac CT
datasets with adjusted thresholds for fat detection.

Results. The mean difference (95% CI) of total EAT between healthy individuals and AF pa-
tients were 103 ml (74, 132 ml; p<0.01) and 33.6 ml (24.8, 42.4 ml; p<0.01) for periatrial EAT. Pa-
tients with persistent AF had slightly more total EAT volume but did not significantly differ from pa-
tients with paroxysmal AF or long-standing persistent AF.

Conclusion. Cardiac CT allows to reliably quantify the volume of EAT. Patients with AF have
significantly large EAT volumes compared to individuals without a history of cardiovascular diseases.
There is no significant difference in EAT volumes and distribution between patients with different
patterns of AF.
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€JIb uccileqoBaHUA. Brlaa ycTaHOBAEHA CBS3b MEXKAY HaawmdueM (PUOPHAAGIIMH IIpencep-

nuii (AF) 1 yBeandyeHreM obbeMa SIIHKapAuaAbHOHN xkupoBo# TKaHu (EAT), yauTsiBag ompe-

[OEACHHOE KOAMYECTBO BEPOSITHBIX M BO3MOXKHBIX NATO(MU3HOAOTHYECKHUX MEXaHH3MOB, KO-

TOPBbIE MOTYT CIIOCOOCTBOBATH PA3BUTHIO apUTMHUU. lleAbI0 HACTOSIIEr0 HCCA€NOBAHUS SIB-

ASIAACH OLIEHKa nocToBepHOCTH u3MepeHUd obvema EAT mpu KT cepama ¢ oOTKOPPEKTHPO-
BaHHBIMH IIOPOTaMU O0HApPYKEHUd KUPOBOH TKAHHU U aHAAW3 CBA3HU paclpeneseHud u oobvema EAT c
KAMHUYECKUMH [IPOSBACHUSMH Yy aUeHTOB ¢ pUubprasdariueii npencepauil 1o CpaBHEHUIO CO 3I0PO-
BBIMHU AIOJBMHU.

Marepuasnbsl u MeToAbl. B 1ccaemoBaHue ObIAM BKAIOYEHBI 45 MAIIMEHTOB C (PUOPHAASIIMEH
npencepauil (cpegHuit Bo3pact 55,2 + 10,3 aer, cpegHId IIPOLOAXKHUTEABHOCTH (QUOPHUAAIIINU IIpes-
cepauit 49,0 = 38,4 mecdlleB) ¢ pa3sAHNYHBIMHU €€ THIIaMM, 3alIAAHUPOBAHHBIMU [AS IIEPBOHAYaABHOHU
abaanuy, u 15 340POBBIX TOOPOBOABLEB (CpeaHME Bo3pacT 36,2 + 12,6 aet) 6€3 CHMIITOMOB CEPAEYHO-
COCYAUCTBIX 3a00A€BaHUII HA MOMEHT HCCAEIOBAHUS HAW B aHaMmHe3e. OOImil o0beM 3MUKapIUaAb-
HOH XUPOBOM TKaHH, a TakKKe O0BbEM JKHUPOBOM TKAHH B 00AACTHU IIpencepAri ObIA IIOAyYEH IIpU 00-
paborke manabIXx KT cepaiia ¢ OTKOPPEKTHPOBAHHBIMU IOPOTOBBEIMU 3HAYEHUAMH A OOHapPYKEHUd
JKUPOBOM TKaHHU.

Peayawrarel. Cpenusas paszuuna (95% CI) obirero oobemMa 3MHKApPAHAABHON KHUPOBOM TKAHU
MEXKIy 30O0POBBIMH AIOABMH M HNalleHTaMu ¢ pubpuaadrued mpeacepamnii cocraBagaa 103 ma (74,
132 ma; p <0,01) u 33,6 ma (24,8, 42,4 Ma; p <0,01) gag xxupoBoil TKaHU B obaacTu npencepauii. Ila-
IIHEHTBI C TIEPCUCTUPYIONeH ubpussdimest npemcepauii UMeAM HEMHOTO OoAbIIHil OOIIHE 00BeM
SMHUKapANaAbHOH KUPOBOM TKaHU, HO CYILIECTBEHHO HE OTAMYAAUCH OT IIAIIMEHTOB C IIapOKCH3MaAb-
HoOM PUOPUAAIITHEN TTpencepaAuit AU TAUTEABHO CTOMKOM (pUbpUAsdIiredi Ipeacepauii.

Brieoa. KT cepama mo3BoAsieT HOCTOBEPHO KOAHWYECTBEHHO OIIEHUTH OOBEM 3IMHKAPAUAABHOM
KUPOBOH TKaHU. IlaruenTs! ¢ pubpuaAdIire npeacepauii UMEIOT 3HAYHUTEABHO OOABITNE 0ObeM AITH-
KapauaAbHOM JKHUPOBOHM TKAHH II0 CPAaBHEHHUIO C AIOABMH 0e3 cepaedHO-COCYAHCTHIX 3aboaeBaHU B
aHaMmHe3e. HeT cylllecTBeHHO#l pas3HUIIBI B O0BeMax M PACIPENEeACHHU JSMIHUKAapOUAAbLHOHN KHPOBOH
TKaHU MEeXKIy IallieHTaMU C PA3HBIMH THIAMH (HGHOpHAAGITHEN Tpecepauii.

KaroueBble caoBa: sIHKapAHasbHasd KUPOBas TKaHb, 3MHKAPAHMAABLHBIN KUpP, (GUOPHAAAIINS
npencepauii, 3M0poBhIe AIOIM, KOMITBIOTEPHAsS ToMorpadHd.
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CpasHeHUI0 co 300posbimMuU auyamu Ha ocHoge daHHbix KT cepouya. REJR 2021; 11(2):122-129. DOI:
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CraTbsa monydeHa: CraTba npuHara:

trial fibrillation (AF) is the most com-
mon, sustained arrhythmia diagnosed
in clinical practice. It has been proved
that AF is associated with a 1.5-2-fold
increased risk of mortality and devel-

depot that can be readily assessed using non-
invasive imaging techniques. The association be-
tween the presence of AF and an increased EAT
volume has been established, linking a certain
amount of probable and possible pathophysiologic

opment of major cardiovascular events, which
makes it necessary to carry out a whole range of
therapeutic and cost-effective measures in each
case of the disease [1].

It seems very important to timely correct
modifiable risk factors associated with AF. Exces-
sive body weight and obesity are increasingly rec-
ognized as a major modifiable determinant of AF
[2]. Although body mass index and other clinical
measures are useful indications of general adipos-
ity, much recent interest has focused on epicardi-
al adipose tissue (EAT), a distinct adipose tissue
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mechanisms that could contribute to promoting
arrhythmogenesis [3]. EAT has been also associat-
ed with AF recurrence in patients undergoing AF
ablation [4]. Therefore, it seems reasonable to as-
sume that EAT may subsequently become a new
target and prognostic factor AF therapy, which
will require an accurate and robust assessment of.

According to recent meta-analysis which
analyzed the relationship between AF and EAT it
has been shown that there is a relevant heteroge-
neity among studies in EAT volume measure-
ments, which could be affected by acquisition and
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quantification parameters [5, 6]. For instance, it
was demonstrated that there is an overestimation
of EAT volume on non-contrast CT as well as us-
ing identical thresholds for EAT volume quantifi-
cation on contrast-enhanced CT that led to an
underestimation of EAT volume.

In the present study, we aimed to assess
EAT volumes on cardiac CT datasets, which is the
most commonly used in routine clinical practice
before ablation procedure of AF patients, with ad-
justed thresholds for fat detection. Additionally,
we analyzed the association of EAT distribution
and volume with the clinical presentation in AF
patients in comparison with healthy individuals.

Materials and Methods.

This was a single-center, observational
study. The study protocol conformed to the ethical
guidelines of the 2008 Declaration of Helsinki and
was approved by the Local Ethics Committee of
Meshalkin National Medical Research Center. All
patients and healthy individuals signed informed
consent.

Patient Selection.

The study included 2 groups of subjects.

First group — 45 consecutive AF patients
scheduled for an initial ablation for AF at our
hospital.

The main inclusion criteria for AF patients
were documented, symptomatic, drug resistant AF
and indications for CA according consensus
statement [8]. In the AF group, 15 patients had
paroxysmal AF (PAF), 15 had persistent AF (Per-
sAF) and 15 had long-standing persistent AF
(LSPers AF). The burden of pre-existing AF was
classified at the time of the index ablation proce-
dure [3 categories: paroxysmal (at least 1 day of
AF but <7 consecutive days of AF), persistent (at
least 7 consecutive days with >23 h of AF, but less
than 12 months) or long-standing persistent (>12
months of AF)]. The duration of AF was calculated
in months since symptoms onset till operation.

In the healthy individuals group were en-
rolled 15 men and women, who were subjected to
coronary angiography CT due to suspected coro-
nary artery regression. Inclusion criteria were
healthy men or women aged 18-75 years without
history of heart disease. Exclusion criteria includ-
ed any history of heart disease, hypertension, dia-
betes, chronic kidney disease, neuropathy and
any contraindication to iodinated contrast media.

Body mass index (BMI) was calculated for
each patient using their documented height and
weight at the time of the imaging using the Mos-
teller formula. 20 subjects were randomly selected
for use in the intraobserver analysis.

Cardiac CT acquisition.

CT data acquisition was performed using a
320-row detector CT system. Images were ac-
quired in volume acquisition mode with 120 kV
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tube voltage, 0.35-second gantry rotation time
and tube current from 40 to 580 mAs based on
automatic tube current modulation. Iodinated
contrast medium with a 350 mgl/ml iodine con-
centration was injected in an antecubital vein us-
ing the biphasic protocol (70-85 ml contrast agent
followed by a 30-35 ml mixture consisting of 30%
contrast agent and 70% normal saline respective-
ly) at 5-6 ml/s rate. A prospectively ECG-
triggered scan mode was applied when the heart
rate was <65 bpm. All cardiac CT data sets were
reconstructed in the mid-diastolic phase (70-80%
R-R interval) with a section thickness of 1.0 mm
(reconstruction increment, 1.0 mm) using an iter-
ative reconstruction algorithm.

Quantification of epicardial adipose tis-
sue volume.

Epicardial adipose tissue (EAT) volume
measurements were performed on a dedicated
workstation (GE Advantage 4.7) by a single ob-
server with 5 years of experience in cardiac CT
blinded to clinical data. EAT was defined as the
fat between the visceral layer of the pericardium
and the surface of the heart [7]. EAT was separat-
ed 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 (Fig. 1A). The
start point for pericardial tracing was set at the
bifurcation of the pulmonary trunk and the inferi-
or point at the end of the pericardial sac. Adipose
tissue voxels within the traced areas were identi-
fied using a threshold attenuation range from -
190 to O Hounsfield units (HU) according to a pre-
viously published study [6]. The voxels in each
slice were summed to determine the total EAT
volume. Thereafter, the periatrial EAT volume was
manually segmented from the total EAT, that was
obtained by deleting EAT volume off the left ven-
tricular side anterior to the mitral annulus and
the right atrial side anterior to the right superior
PV, and then from the lower side of the coronary
sinus from the total EAT, leaving the EAT sur-
rounding the LA (Fig. 1B) [8]. The periatrial to to-
tal EAT volume ratio (P/T) as well as total and
periatrial EAT volumes indexed to body mass in-
dex (BMI) were obtained. As for the reproducibility
of the total and periatrial EAT volumes measure-
ments the intraobserver correlations were calcu-
lated.

Statistics.

Descriptive statistics are presented as medi-
an [interquartile range| for continuous variables
and frequencies and percentages for categorical
variables. Continuous variables between groups
were assessed and compared using the Kruskal-
Wallis test (in case of more than two groups) and
by the T-test in the case of two groups. Intraob-
server measurements were calculated with intra-
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Fig. 1 a (Puc. 1 q)

Fig. 1 b (Puc.16)

Fig.1. CI.

Puc. 1. KIT.

Example of computed tomography slices depicting tracing areas of epicardial adipose tissue (EAT) depositions.
Total EAT (A, shaded in red) and periatrial EAT (B, shaded in green).

IIpuMeprl KOMIBIOTEPHBIX TOMOTPAMM, AEMOHCTPHUPYIOUINX 00AACTH OTAOKEHUS SIHUKAPAUAABHON KHUPOBOH TKAHU
(EAT). Obmmii 06BEM 3MMHUKAaPAUAABHON XKHPOBOM TKaHU (A, 3alITPUX0OBAH KPACHBIM) U 3ITHKAPAUAABLHOHN KUPOBOH
TKaHH B 00AacCTH IIpeacepausd (B, 3alITpuxoBaH 3€A€HBIM).

class correlation coefficients (ICC) with a confi-
dence interval of 95 %. All analyses were done us-
ing R (R Core Team (2019). R: A language and en-
vironment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/). All p-values were
based on a two-sided test and a p-value <0.05 was
considered statistically significant.

Results.

The main characteristics of the study partic-
ipants are presented in Table 1. Patients with AF
were older, had higher BMI and higher values for
most other cardiovascular risk factors in compari-
son with healthy individuals.

In comparison between groups of patients
with different AF patterns, there were no signifi-
cant differences in clinical variables (Table 2). No-
tably, there is no significant difference in duration
of AF between patients’ groups. Herewith, patients
with PersAF had slightly more total EAT volume
but did not significantly differ from patients with
PAF or LSPers AF (Fig. 2).

Healthy individuals had significantly lower
total and periatrial EAT volumes compared with
AF patients. The mean difference (95% CI) of total
EAT between healthy individuals and AF patients
were 103 ml (74, 132 ml; p<0.01) and 33.6 ml
(24.8, 42.4 ml; p<0.01) for periatrial EAT.

The intraobserver measurements for total
EAT volume and periatrial EAT volume were high-
ly reliable (ICC = 0.96, p<0.01 and 0.89, p<0.01,
respectively).
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The calculation of P/T EAT ratio, as well as
indexation of total and periatrial, EAT volumes to
BMI did not add any extra information in our re-
search tasks.

Discussion.

The present study has found that there are
not any significant differences in EAT volume and
distribution between patients with different pat-
terns of AF and comparable AF duration. In addi-
tion, we confirmed a known fact that patients with
AF have significantly large EAT volume compared
to individuals without a history of cardiovascular
diseases. Further, we showed that the estimation
of the total, as well as periatrial, EAT volumes us-
ing cardiac CT images and adjusted thresholds for
fat detection is highly reliable.

For many years, AF is still the main heart
rhythm disorder with an increasing number of pa-
tients due to population ageing. In the past 10
years, there has been an increased interest in EAT
and its supposed role in the development of cardi-
ovascular diseases. It was hypothesized that EAT
plays an important role in the pathophysiology
and natural history of AF. Previous studies have
shown strong relationships between EAT volume
and AF, in particular, the association of EAT vol-
ume with increased risk of AF as well as with AF
recurrence after ablation [4, 9]. Consequently,
that relationship between EAT and AF develop-
ment should be inferred from a number of pro-
posed pathophysiological mechanisms.

EAT may lead to AF via structural and elec-
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Table Nel. Characteristics of study participants.
Varizble Healthy Individuals AF Patients o-value
(n=15) (n = 45)
Age (years) 36.2+12.6 552+10.3 <0.001
Gender (% male) 8 (53.3) 25 (55.5) 0.881
BMI (kg/m?) 24.1+29 31.3+4.7 <0.001
Smokers, n (%) 4 (26.7) 0 (0) <0.001
Hypertension, n (%) 0 (0) 32 (71.1) <0.001
Diabetes, n (%) 0(0) 5(11.1) 0.178
Cardiac CT
Total EAT, ml 68.7 £22.7 171.8£54.2 <0.001
Periatrial EAT, ml 17.3+53 509 +16.6 <0.001
P/T EAT ratio, % 25.6+4.4 30.0+£6.0 0.012
BMI indexed total EAT 2.81 +£0.68 5.56 +1.68 <0.001
BMI indexed periatrial EAT 0.71+0.16 1.65+0.53 <0.001
AF — atrial fibrillation, BMI — body mass index, EAT — epicardial adipose tissue, P/T — periatrial;
to-total EAT volumes ratio.

trical remodeling of the atria by both direct (e.g.
by the infiltration of adipose tissue leading to al-
tered atrial electrophysiological properties) and
indirect mechanisms (e.g. by acting as a source
for paracrine modulators of myocardial inflamma-
tion and oxidative stress) [3]. Also, it was demon-
strated that EAT has a close relationship with
cardiac autonomic nervous system functioning,
directly modulating cardiac electrophysiological
properties and is the target of exposure for the
treatment of AF [10, 11].

The results of our study are in line with
findings of Greif et al. who also demonstrated in
their large cohort (943 patients with sinus rhythm
and 354 patients with AF) that patients without a
history of AF had significantly lower mean EAT
volumes compared to patients with AF [12]. How-
ever, according to comparison with their data, it
seems that there is a substantial underestimation
of total EAT volume in our study. One reason for

this observation could be the discrepancy in EAT
quantification methods. This fact is confirmed by
a recent meta-analysis which showed a relevant
heterogeneity in EAT volume among studies [5, 6].
The study results of Marwan et al. apparently
demonstrated the influence of acquisition parame-
ters and contrast enhancement on EAT volume
quantification. It has been shown that there is a
systematic overestimation of EAT volume in non-
contrast data sets if a low-voltage acquisition pro-
tocol was performed and the upper threshold for
fat detection was not adjusted. Moreover, it was
found that quantification of EAT volume in con-
trast-enhanced data sets underestimates EAT vol-
ume compared to non-contrast scans. As a result,
for a good accuracy for CT based assessment of
EAT volume, Marwan et al. recommended using
an upper threshold of -40 HU for 100 kV non-
contrast images and O HU for contrast-enhanced
data sets. It should be noted that the mean total
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Table Ne2. Characteristics of study subjects stratified by the atrial fibrillation pattern.
Characteristics of study subjects stratified by the atrial fibrillation pattern.
Variable All AF patients PAF PersAF LSPersAF value
(n = 45) (n = 15) (n = 15) (n = 15) P
N 45 15 15 15 NA
Age (years) 5524103 5754116 55.7+8.8 5254103 0.45
Gender, n (% male) 25 (55.6) 6 (40) 10 (66.7) 9 (60) 0.34
BMI (kg/m?) 313447 31.6+4.1 31.8+4.9 30.5+52 0.74
Smokers, n (%) 0(0) 0(0) 0(0) 0(0) NA
Hypertension, n (%) 32 (71) 11 (73.3) 12 (80) 9 (60) 0.51
Diabetes, n (%) 5 (11) 2 (13.3) 1(6.7) 2 (13.3) 0.78
AF duration, month 49.0+384 63.9+45.4 362+184 | 46.7+427 0.10
EAT
Total EAT, ml 1724 54.2 159.6+42.2 187.6+62.1 | 168.2+56.3 0.37
Periatrial EAT, ml 50.9+16.6 455+11.8 543+17.7 5284193 0.23
P/T EAT ratio, % 30.0+6.1 29.2+6.7 293449 315465 0.54
BMI indexed total EAT 556+ 1.68 5.07+124 5.98+1.78 5.63+1.94 0.27
BMI indexed periatrial EAT 1.65 + 0.54 1.45+0.37 1,75+ 0.59 1.76 + 0.59 0.13
AF — atrial fibrillation, PAF — paroxysmal atrial fibrillation, PersAF — persistent atrial fibrillation, LSPer-
sAF - longstanding persistent atrial fibrillation, BMI — body mass index, EAT — epicardial adipose tis-
sue, P/T — periatrial-to-total EAT volumes ratio.

EAT volume in our study subjects was comparable
to data of Marwan’s study, which was calculated
with the same acquisition parameters and thresh-
olds settings. This observation again confirms the
need to use a standardized methodology of EAT
volume calculation in order to increase the repro-
ducibility of results and application in clinical tri-
als.

The present study did not demonstrate the
significant difference in total EAT volume as well
as in periatrial EAT volume between patients with
different patterns of AF. One reason for this is a
small sample size of study participants. Another
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explanation has to be found into the intrinsic limi-
tation of AF classification. Despite the difference
in AF burden, there was no significant difference
in AF duration between patients with different
patterns of AF.

Besides that, all groups of patients with dif-
ferent patterns of AF were overweight mostly and
did not differ significantly in BMI. This fact also
supports the absence of significant differences in
BMI-indexed fat volumes.

We found a slight increase in the volume of
EAT in patients with PersAF compared to patients
with both PAF and LSPersAF. Herewith in a recent
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Fig. 2. Diagrams.

Puc.2. Aunarpammel.

AWYHBIMH THIIAMHU (QUOPHAASIINN IIPEACEPIH.

a — Comparison of the mean total EAT volume between groups of patients with different patterns of AF.

b — Comparison of the mean periatrial EAT volume between groups of patients with different patterns of AF. AF —
atrial fibrillation, PAF — paroxysmal atrial fibrillation, PersAF — persistent atrial fibrillation, LSPersAF — longstand-
ing persistent atrial fibrillation, EAT — epicardial adipose tissue.

a — CpaBHEHHE CPEIHEro OOIIEro oobeMa SIMHUKAPAHAABHON JKHUPOBOH TKAHH MEXAY TPyNNaMU IIAIHEeHTOB C pas-

6 — CpaBHEHHE CpeIHETO O0BeMa SMUKAPANAABHOH KUPOBOM TKAHHU B 00AaCTH NPEACEPAUH MEXKAY TPyIIIaMHy Ia-
IIUEHTOB C Pa3AWYHBIMH THHaMHU (ubpuasamuu npexacepauii. AF - dubpuasanua npexncepauii, PAF - mapokcus-
MaabHasa puOpHAAaIUsa Ipenacepauii, PersAF - croiikaa dubpuassanuda npeacepauit, LSPersAF — nmanTeabHas CTOH-
Kaa ubpussanua npeacepauii, EAT — snukapauasbHasa X KUPoBas TKaHb.

meta-analysis [5, 9] it has been found that there is
the strongest EAT-AF relationship in patients with
PersAF who showed an increased amount of EAT
with respect to patients with PAF. The pathophys-
iological hypothesis reflects the reduced role of
EAT in those patients with auto-limiting AF where
triggers (gastro-oesophagal reflux and vagal hyper
tone) plays a major role compared with modula-
tors. Other explanations of that observation could
be linked with cardiac autonomic nervous system
(CANS) properties. In particular, ganglionated
plexi are embedded within EAT, causing both par-
asympathetic and sympathetic stimulation and
resulting in modulation of cardiac electrophysio-
logical processes. It has been demonstrated that
there are differences between patients with PAF
and PersAF in sympathetic branch activity of
CANS [13]. Thus, it becomes appropriate to assess
the relationship between EAT and CANS in pa-
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tients with AF.

Conclusion.

Cardiac CT allows to reliably quantify the
volume as well as assess the distribution of EAT.
Patients with AF have significantly large EAT vol-
umes compared to individuals without a history of
cardiovascular diseases. There is no significant
difference in EAT volumes and distribution be-
tween patients with different patterns of AF.
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