ISSN 1560-4071 (print)
ISSN 2618-7620 (online)

POCCUNCKNU )
KAPAMOAOTUYECKMU XKXYPHAA

Russian Journal of Cardiology

SCIENTIFIC, PEER-REVIEWED MEDICAL JOURNAL

RUSSIAN SOCIETY OF CARDIOLOGY

IN ISSUE:

Left ventricular myocardial cellular perfusion against the background of cardiac
contractility modulation in patients with heart failure and atrial fibrillation

Post-COVID-19 syndrome: morpho-functional abnormalities of the heart
and arrhythmias

Algorithm for selecting predictors and prognosis of atrial fibrillation in patients
with coronary artery disease after coronary artery bypass grafting

Evaluation of the long-term effectiveness of cardiac resynchronization therapy
Electroanatomic substrate of atrial fibrillation in patients after COVID-19

Molecular mechanisms of left atrial fibrosis development in patients with atrial
fibrillation and metabolic syndrome: what biomarkers should be used in clinical
practice?

IN FOCUS:
Arrhythmology

Ne 7 | 2021



POCCMMCKOE
KAPAMOAOTMYECKOE
OBLLECTBO

Russian Society of Cardiology

Scientific peer-reviewed medical journal

Mass media registration certificate Ne 017388
dated 06.04.1998

Periodicity — 12 issues per year
Circulation — 7000 copies

The Journal is in the List of the leading
scientific journals and publications
of the Supreme Examination Board (VAK)

The Journal is included in Scopus, EBSCO, DOAJ

Russian Citation Index:
SCIENCE INDEX (2019) 2,710
Impact-factor (2019) 1,668

Complete versions of all issues are published:
www.elibrary.ru

Instructions for authors:
https.//russjcardiol.elpub.ru/jour/about/
submissions#authorGuidelines

Submit a manuscript:
www.russjcardiol.elpub.ru

Subscription: www.roscardio.ru/ru/subscription.html
Open Access

For information on how to request permissions
to reproduce articles/information from
this journal, please contact with publisher

The mention of trade names, commercial
products or organizations, and the inclusion
of advertisements in the journal do not imply
endorsement by editors, editorial board

or publisher

Printed: OneBook, Sam Poligraphist, Ltd.
129090, Moscow, Protopopovsky per., 6.
www.onebook.ru

© Russian Journal of Cardiology

Font's license Ne 180397 ot 21.03.2018

RUSSIAN
JOURNAL OF
CARDIOLOGY

Ne 26 (7) 2021
founded in 1996

EDITOR-IN-CHIEF
Evgeny V. Shlyakhto (St. Petersburg) Professor, Academician RAS

ASSOCIATE EDITORS

Bagrat G. Alekyan (Moscow) Professor, Academician RAS
Yury N. Belenkov (Moscow) Professor, Academician RAS
Sergey A. Boytsov (Moscow) Professor, Academician RAS
Yury A. Vasyuk (Moscow) Professor

Mikhail I. Voevoda (Novosibirsk) Professor, Academician RAS
Albert S. Galyavich (Kazan) Professor

Rostislav S. Karpov (Tomsk) Professor, Academician RAS
Yury A. Karpov (Moscow) Professor

Vasily V. Kashtalap (Kemerovo) MScD

Natalya A. Koziolova (Perm) Professor

Aleksandra O. Konradi (St. Petersburg) Professor, Corresponding
member of RAS

Yury M. Lopatin (Volgograd) Professor

Viacheslav Yu. Mareev (Moscow) Professor

Evgeny N. Mikhaylov (St. Petersburg) MScD

Alexandr O. Nedoshivin (St. Petersburg) Professor
Svetlana Yu. Nikulina (Krasnoyarsk) Professor

Dmitry A. Ovchinnikov (St. Petersburg)

Amiran Sh. Revishvili (Moscow) Professor, Academician RAS
Vitalii V. Skibitskiy (Krasnodar) Professor

Evgeny O. Taratukhin (Moscow) Associate Professor
Irina E. Chazova (Moscow) Professor, Academician RAS
Anna A. Chernova (Krasnoyarsk) MScD

Galina A. Chumakova (Barnaul) Professor

Svetlana A. Shalnova (Moscow) Professor

Sergey S. Yakushin (Ryazan) Professor

EXECUTIVE SECRETARY
Evgeny O. Taratukhin (Moscow)

EXECUTIVE EDITORS OF THE ISSUE
Dmitry S. Lebedev (St-Petersburg)
Sergey V. Popov (Tomsk)

Publisher:
Silicea-Poligraf

Editorial office:

119049, Moscow,

ul. Shabolovka, 23-254

e-mail: cardiojournal@yandex.ru
Tel. +7 (985) 768 43 18

e-mail: cardio.nauka@yandex.ru



ADVISORY BOARD

Aligadzhi A. Abdullaev (Makhachkala)
Oleg Yu. Atkov (Moscow)

Grigory P. Arutyunov (Moscow)

Yan L. Gabinsky (Ekaterinburg)
Valery V. Gafarov (Novosibirsk)
Anatoly V. Govorin (Chita)

Sergei L. Dzemeshkevich (Moscow)
Dmitry V. Duplyakov (Samara)
Alexandr M. Karaskov (Novosibirsk)
Anna V. Kontsevaya (Moscow)
Dmitry S. Lebedev (St. Petersburg)

INTERNATIONAL ADVISORY BOARD

Karlen Adamyan (Armenia)
Stefan Anker (Germany)

Salim Berkinbayev (Kazahstan)
Richard Ceska (Czech Republic)
Francesco Cosentino (Italy)
Roberto Ferrari (Italy)

Jean Charles Fruchart (France)
Viadimir Gabinsky (USA)
Viadimir Kovalenko (Ukraine)
Michel Komajda (France)
Ravshanbek Kurbanov (Uzbekistan)
Steven Lentz (USA)

EDITORIAL OFFICE
Managing Editor Yulia V. Rodionova

Secretary Petr A. Kulakov
e-mail: cardiodrug@yandex.ru

Assistant Managing Editor Elena V. Ryzhova

Science Editor Elena Yu. Morosova

Senior translator Anton S. Kleschenogov

Roman A. Libis (Orenburg)
Andrei M. Nedbaikin (Bryansk)
Sergey V. Nedogoda (Volgograd)
Valentin E. Oleynikov (Penza)
Philip N. Paleev (Moscow)
Sergey N. Pokrovskiy (Moscow)
Igor V. Pershukov (Voronezh)
Konstantin V. Protasov (Irkutsk)

Tatiana V. Tyurina (Leningradskaya oblast)

Elena A. Khludeeva (Vladivostok)
Viadimir A. Shulman (Krasnoyarsk)

Gilbert Massard (France)
Markku Nieminen (Finland)
Peter Nilsson (Sweden)
Gianfranco Parati (Italy)
Mihail Popovici (Moldova)
Fausto J. Pinto (Portugal)
Adam Torbicki (Poland)
Jarle Vaage (Norway)
Panagiotis Vardas (Greece)
Margus Viigimaa (Estonia)

Jose-Luis Zamorano (Spain)

Design, desktop publishing Viadislava Yu. Andreeva, Elena Yu. Morosova

Distribution department Anna Guseva
e-mail: guseva.silicea@yandex.ru

Advertising department Alina Abrosimova

Tel.: 8 (812) 702-37-49 ext. 005543
e-mail: partners@scardio.ru




https://russjcardiol.elpub.ru ISSN 1560-4071 (print)
doi:10.15829/1560-4071-2021-7 ISSN 2618-7620 (online)

CONTENTS

Address to the readers 4
ORIGINAL ARTICLES

Amanatova V. A., Safiullina A. A., Uskach T. M., Ansheles A. A., Tereshchenko S. N., Sergienko V. B. 5
Left ventricular myocardial cellular perfusion against the background of cardiac contractility modulation
in patients with heart failure and atrial fibrillation

Chistyakova M. V., Zaitsev D. N., Govorin A. V., Medvedeva N. A., Kurokhtina A. A. 12
Post-COVID-19 syndrome: morpho-functional abnormalities of the heart and arrhythmias

Geltser B. I., Shahgeldyan K. I., Rublev V. Yu., Shcheglov B. O., Kokarev E. A. 19
Algorithm for selecting predictors and prognosis of atrial fibrillation in patients with coronary artery
disease after coronary artery bypass grafting

Chumarnaya T. V., Lyubimtseva T. A., Solodushkin S. I., Lebedeva V. K., Lebedev D. S., Solovieva O. E. 27
Evaluation of the long-term effectiveness of cardiac resynchronization therapy

Osadchy An. M., Semenyuta V. V., Kamenev A. V., Shcherbak S. G., Lebedev D. S. 39
Electroanatomic substrate of atrial fibrillation in patients after COVID-19

lonin V. A., Zaslavskaya E. L., Barashkova E. |., Paviova V. A., Borisov G. I., Averchenko K. A., 47
Morozov A. N., Baranova E. |., Shlyakhto E. V.

Molecular mechanisms of left atrial fibrosis development in patients with atrial fibrillation and metabolic
syndrome: what biomarkers should be used in clinical practice?

MANUSCRIPT PUBLICATION RULES (2019)
http://russjcardiol.elpub.ru/jour/about/submissions#authorGuidelines




Russian Journal of Cardiology 2021; 26 (7)

Dear readers, colleagues and friends!

We would like to present you another issue of the Russian Journal
of Cardiology on arrhythmology. Arrhythmology is a modern, rapidly
developing area of medicine that combines clinical traditions and novel
technologies. The problems of diagnosis, treatment and prevention do
not lose their relevance since arrhythmias are a serious and sometimes
fatal complication of cardiovascular diseases. More than 90% of sudden
deaths are caused by ventricular arrhythmias. It should be noted that
in Russia up to 300 thousand people die due to arrhythmia every year,
and several million people suffer from cardiac arrhythmias, including
atrial fibrillation, which cause about 70 thousand ischemic strokes per
year. The number of inherited electrical heart diseases is on the rise.
Prevalence of arrhythmias is continuously increasing in patients after
COVID-19.

This issue was developed taking into account the relevant topics of
modern science: clinical and interventional arrhythmology, pediatric,
sports and geriatric arrhythmology, molecular and structural bases of
arrhythmias, imaging and functional tests in arrhythmology, prevention
and treatment of arrhythmogenic diseases.

A special role assigned to modern clinical research, fundamental and
experimental arrhythmology and electrophysiology modeling, novel
technologies, including in non-invasive diagnostics and treatment using
radiofrequency catheter ablation.

Topics on translational and fundamental arrhythmology became an
important section of the issue. The authors consider the most modern
issues worldwide — mechanisms of arrhythmia development, artificial
intelligence and mathematical modeling, cell biology, optical mapping
and much more.

A separate area of issue was publications devoted to clinical
guidelines and healthcare standards, remote monitoring, sudden death  ppitriy S. Lebedev
and ventricular arrhythmias, interventional, surgical and medication
treatment of arrhythmias, arrhythmias in children, COVID-19 and arrhythmias, and stroke prevention.

It is worth noting that a characteristic feature of this issue is the works of authors presented at the IX
All-Russian Congress of Arrhythmology held in May 2021 — Arrhythmology Without Frontiers: from a
Research Lab to Clinical Guidelines. This is the main research and practical forum for specialists in many
scientific fields, united by a common task — development, implementation and evaluation of diagnostic
methods, treatment and prevention of cardiac arrhythmias. This year the congress was held in St. Petersburg,
which gave the country doctors and scientists who laid the foundations of modern arrhythmology, as well as
contemporaries, known for their intelligence and innovative approach, providing high-tech care to patients
with arrhythmias not only in the north west, but also throughout the Russian Federation. For the first time,
the Congress of Arrhythmology was held in 2005, while this event became the ninth and brought together
more than a thousand participants from Russia and other countries.

The current number corresponds to motto of the last congress. We tried to show the versatility of the
possibilities and achievements of modern arrhythmology, taking into account the relevance of published
content for practical healthcare and scientific community. We hope this issue will be interesting and useful
to you.

Best regards,

Sergey V. Popov

Sergey V. Popov, Vice President of the Russian Society of Arrhythmology,

Academician of the Russian Academy of Sciences

Dmitriy S. Lebedev, Vice President of the Russian Society of Arrhythmology, Chief arrhythmologist
of the Northwestern Federal District, Academician of the Russian Academy of Sciences
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Left ventricular myocardial cellular perfusion against the background
of cardiac contractility modulation in patients with heart failure

and atrial fibrillation

Amanatova V.A!, Safiullina A.A!, Uskach T.M.?, Ansheles A.A!, Tereshchenko S. N2, Sergienko V.B!

Aim. To assess the effect of cardiac contractility modulation
(CCM) in patients with heart failure (HF) and atrial
fibrillation (AF) on left ventricular (LV) myocardial cellular
perfusion using perfusion single photon emission computed
tomography (SPECT).

Material and methods. *"Tc-MIBI SPECT gated myocar-
dial perfusion imaging was performed in 60 patients with
HF and AF before implantation of CCM device and after
6-months follow-up. All patients received long-term optimal
medication therapy for HF.

Results. The results obtained indicate a significant
positive effect of CCM use in patients with HF and AF on
LV ejection fraction (increase from 22 [18;30] to 25,5
[19;38] (p=0,002)), LV volume (decrease in LV end-systolic
volume from 187 [114;238] to 154 [100;201] (p=0,001),
end-diastolic volume from 229 [174;290] to 209 [159;259]
(p=0,007)), as well as myocardial perfusion values. There
is a favorable myocardial perfusion dynamic, which was
more pronounced in non-ischemic HF: increase in SRS
from 6 [5;9] to 8,0 [6;11] after 6 months (p=0,01)). The
extent of impaired perfusion significantly decreases from
12 [9;17] to 9 [6;16] (p=0,04). An indicator reflecting the
total impairment of LV myocardial perfusion significantly
decreases: total perfusion deficit decreased from 10
[8;14] to 7 [6;14] after 6 months (p=0,02), compared with
ischemia-related HF.

Conclusion. Perfusion SPECT makes it possible to assess
the myocardial cellular perfusion during CCM therapy in
patients with HF of various origin and AF. CCM therapy
improves myocardial contractility and perfusion in patients
with HF and AF.

Keywords: perfusion single photon emission computed
tomography, heart failure, cardiac contractility modulation.

Relationships and Activities: none.
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In developed countries, ~1-2% of the adult
population have heart failure (HF), the risk of which
increases with population aging; among patients over
70 years of age, it increases by 10% [1]. According
to epidemiological studies, the proportion of HF in
Russian population is 7%, including severe — 4,5%
[2]. Atrial fibrillation (AF) is the most common
arrhythmia in clinical practice. In the world, >33
million patients have AF, while every year it develops
in more than 5 million people [3].

HF and AF are often combined with each other,
having a negative effect on the patient’s prognosis
[4-7].

Currently, there is growing interest in a novel
device-based therapy for HF — cardiac contractility
modulation (CCM), indicated primarily to patients
with HF and a QRS complex <130 ms [8-12]. The
mechanism of CCM therapy is mediated through the
cellular electrophysiology by applying a two-phase
high voltage pulse to interventricular septum during
the absolute refractory period of cardiomyocyte
depolarization. MCC therapy is performed using
implantable Optimizer system (Impulse Dynamics,
Germany) [12].

With the advent of a novel device generation
(Optimizer Smart®), which does not require imp-
lantation of an atrial lead, it became possible to use
CCM in AF [13]. It seems important and relevant
to study the effect of this method on left ventricular
(LV) myocardial changes in patients with HF and
AF.

For a comprehensive assessment of myocardium,
a promising method is single-photon emission
computed tomography (SPECT) [14]. The advantage
of radioisotope diagnostic methods is that they can
be used in patients with various implanted devices,
as well as with impaired renal function. Perfusion
radiopharmaceuticals (RP) based on *™technetium-
methoxy-isobutyl-isonitrile ~ (*™Tc-MIBI) and
tetrofosmin (*™Tc-TF) penetrate the sarcolemmal
and mitochondrial membranes of cardiomyocytes
by passive diffusion with transmembrane electro-
chemical gradient and are retained in the mito-
chondria. In this case, it is possible to perform ECG-
gated SPECT with estimation of all the necessary
parameters of systolic and diastolic myocardial
function [15, 16].

Regarding HF of ischemic origin, it is important
to highlight such a concept as a hibernating
myocardium, which is a viable areas with chronic
reduced perfusion, reduced or absent contractility,
but preserved metabolism and potential restoration
of function with adequate therapy. According to
myocardial perfusion SPECT, it is possible to assess
the presence and area of hibernating myocardium by
comparing perfusion and contractility maps [17]. It

can be assumed that CCM will have a favorable effect
on areas of such myocardium, thereby improving
both perfusion and myocardial contractility.

Considering the above, the aim was to assess the
effect of CCM therapy in patients with HF and AF
on LV myocardial cell perfusion using perfusion
SPECT.

Material and methods

The study included 60 patients. Inclusion
criteria were NYHA class 1I-11I HF with reduced
ejection fraction (EF) (not <20%) for at least 3
months, paroxysmal or permanent AF, optimal
medication therapy for at least 3 months, stable
condition >1 month, no left bundle branch block.
There were following exclusion criteria: patient’s
refusal to participate in the study; inclusion in heart
transplant waiting list, or after heart transplantation,
NYHA class IV HF; acute diseases that, in the
researcher’s opinion, could adversely affect the
safety and/or effectiveness of treatment; reversible
HF causes; recent major surgery or trauma; recent
cardiac events, including myocardial infarction,
percutaneous coronary intervention, or heart
surgery within previous 3 months; decompensated
HF; acute myocarditis; hypertrophic obstructive
cardiomyopathy; class IV angina; mechanical
tricuspid valve replacement; impaired vascular
access; medical conditions limiting life expectancy
to 1 year. The follow-up period lasted 6 months.

All patients signed informed consent to undergo
perfusion *™Tc-MIBI SPECT. The study was limi-
ted by contraindications to nuclear diagnostics (pre-
gnancy, lactation, acute fever, acute mental dis-
orders).

Perfusion SPECT was performed using a Phillips
BrightView XCT system, which is a combined
system equipped with a gamma camera and an X-ray
computed tomograph. We used *™Tc-MIBI (10
mCi). The investigation was carried 30-45 minutes
after its intravenous injection. Reconstruction and
projection processing was carried out in the Cedar-
Sinai AutoSPECT and QPS/QGS software package
with iterative Astonish algorithm. Myocardial RP
distribution at rest was analyzed by tomoscintigraphiy
and polar maps. Perfusion defects were assessed
using standard 17-segment model with Summed
Rest Score (SRS), Extent, and total perfusion deficit
(TPD) parameters. SRS reflects the sum of relative
perfusion disorder values — from 0 (normal) to 4
(transmural perfusion defect). The Extent reflects
the area (in %) of significant perfusion disorders, and
TPD is an integral parameter that takes into account
both the area and depth of defects. These parameters
are cumulative and do not take into account defect
localization. Their high value can correspond to both
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Table 1
Clinical and demographic characteristics

of patients
Parameter Value
Age, years 59 [56,0;66,0]
Men/women, % 51(85%)/9 (15%)
HF etiology
Old myocardial infarction 31 (51,6%)
DCM 29 (48,4%)
NYHA HF class Il DK — 24 (40%)/

Il K — 36 (60%)

LVEF, % 35,0 [28,0;34,5]
HF duration, months 24 [18,0;48,0]
AF duration, months 24 [12,0;48,0]
Paroxysmal AF 30 (50%)
Permanent AF 30 (50%)
Diabetes mellitus 11 (27,5%)
type 2, %
BMI, kg/m? 30 [27,0;34,5]

Abbreviations: DCM — dilated cardiomyopathy, CAD — coronary
artery disease, BMI — body mass index, LVEF — left ventricular
ejection fraction, AF — atrial fibrillation, HF — heart failure.

focal scarring and multiple diffuse defects caused by
other causes [14]. In addition, the intensity of PR
accumulation in each pixel receives its own shade
and value as a percentage, which provides a visual
assessment of perfusion distribution. This makes
it possible to assess the relative perfusion for each
segment of blood supply. Apical perfusion defects
were considered on a case-by-case basis. since they
are considered as a norm [15]. During ECG-gated
SPECT, data were collected in 8 frames within
the R-R interval and standard parameters of LV
contractile function were analyzed: EF, end diastolic
volume (EDV), end systolic volume (ESV) of LV
[16].

Statistical analysis was carried out using the Excel
2010 and STATISTICA 10 software (StatSoft Inc.,
USA). Qualitative variables are presented as absolute
values and percentages. The following statistical
methods were used: two-sided Fisher’s exact test,
Mann-Whitney U-test. Correlation analysis was
carried out using Spearman’s rank correlation
coefficient. The sample parameters shown in the
table are presented as M (sd) and Me [Lq;Uq], where
M is the mean, sd — standard deviation, Me —
median, Lq;Uq — interquartile range. Differences
were considered significant at p<0,05.

Results and discussion
The clinical characteristics of patients are pre-
sented in Table 1.

Table 2
Changes of standard contractility parameters
according to myocardial SPECT at rest

Parameter ~ Baseline After 6 months p
Contractility parameters

LVEF 22 [18;30] 25,5[19;38] 0,002
LV EDV 229 [174;,290] 209 [159;259] 0,007
LV ESV 187 [114;238] 154[100;201] 0,001
(6]0] 3,5[3,02;42] 39[2,94,9] 0,5

Abbreviations: LV EDV — left ventricular end diastolic volume, LV
ESV — left ventricular end systolic volume, CO — cardiac output,
LVEF — left ventricular ejection fraction.

Of 60 patients included in the study, 85% were
men and 15% were women (age, 59 [56;66] years).
There were 40% of all patients with class 11 HF,
60% — class 111 HF. The study included patients
with paroxysmal (n=30) and permanent (n=30)
AF. The median LVEF at inclusion in the study
according to echocardiography was 35 [28,0;34,5]%.

Repeated myocardial SPECT was performed in
patients 6 months after implantation of CCM.

Changes in standard parameters of contractility
and perfusion according to myocardial SPECT is
presented in Table 2.

It should be noted that ejection fraction is
estimated with echocardiography using a special
equation after measuring the LV linear parameters
(end diastolic and systolic dimensions), while its
correctness depends on accuracy of determining
these indicators [17]. With SPECT, LV volumetric
parameters are initially obtained (EDV and
ESV), and the LVEF is estimated automatically.
In addition, when calculating EDV and ESV, the
average cardiac cycle is used, which is the sum of
all cardiac beats (except for premature contractions)
recorded (10 min) under ECG guidance [ 18-21].
Due to the different methods of estimating LVEF
with these two research methods, its values may
differ, and according to SPECT, LVEF is usually on
average 7-10% lower than with echocardiography.

After 6 months, all patients (n=60) with HF and
AF had a significant increase in LVEF according to
SPECT from 22 [18;30] to 25,5 [19;38] (p=0,002).
There is a significant decrease in both LV ESV from
187 [114;238] to 154 [100;201] (p=0,001) and EDV
from 229 [174;290] to 209 [159;259] (p=0,007). A de-
crease in perfusion disorder indicators such as SRS,
Extent, TPD was obtained.

According to generally accepted technique,
CCM leads are implanted into the interventricular
septum in right ventricle. CCM stimuli directly
act on myocardium with an area of 4X7 cm due
to spread along the peripheral conduction system.
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Changes of LV contractility parameters depending on HF origin according to C-SPECT

Parameters Ischemic HF (n=31)

Baseline After 6 months
LVEF 21 [17,5;26,0] 25[18;25]
LV EDV 255 [221;290] 221 [209;262]
LV ESV 192 [171;226] 166 [155;220]
(6]0) 3,4[2,9;3,8] 3,7 [3,0;4,5]

Table 3
p Non-ischemic HF (n=29) p
Baseline After 6 months
0,01 23 [18;30] 375 [20;41] 0,009
0,09 226 [165;290] 162 [135;250] 0,03
0,08 170 [107;240] 102 [86;164] 0,005
0,2 3,8 [3,1;4,3] 4,2 [2,7;4,9] 0,5

Abbreviations: LV EDV — left ventricular end diastolic volume, LV ESV — left ventricular end systolic volume, CO — cardiac output,

LVEF — left ventricular ejection fraction, HF — heart failure.

LV myocardial perfusion parameters depending on HF origin according to myocardial C-SPECT

Parameters Ischemic HF (n=31)

Baseline After 6 months
SRS 24 [17,34] 23,5 [17;30,5]
Extent 44 [29,5;52] 42 [31;51]
TPD 36,5 [23;52] 39 [23;46]

Table 4
p Non-ischemic HF (n=29) p
Baseline After 6 months
0,2 8,0 [6;11] 6 [5;9] 0,01
0,9 12[9;17] 9 [6;16] 0,04
0,8 10 [8;14] 7[6;14] 0,02

Abbreviations: SRS — summed rest score, TPD — total perfusion deficit.

The effect on activity of key regulatory proteins
(phospholamban) is immediately obtained [22].
This quick response helps to restore cell function
and increase the contraction strength. Further,
local changes lead to a decrease in stress in distant
myocardial areas and, over time, to normalization
of gene expression. The electrical communication
between cells is improved and direct effect of
stimuli is increased. Over the months, a significant
stress reduction can be observed, which disrupts
the remodeling cascade, which promotes reverse
remodeling. Studies containing a biopsy examination
confirm the development of effect after 3 months
[23].

In addition to myocardial perfusion, cardiac
SPECT allows to assess its contractility. In this
study, it was possible to determine HF nature, since
perfusion in ischemic and non-ischemic genesis
have precise quantitative parameters. To assess the
parameters of perfusion and contractility depending
on HF etiology, patients were divided into 2 groups:
ischemic (n=31) and non-ischemic (n=29) HF
origin.

Standard contractility parameters according to
SPECT are presented in Table 3. In the group
of patients with ischemic HF origin, there is a
significant increase in LVEF from 21 [17,5;26,0]
to 25 [18;25] (p=0,01). There is a decrease in LV
volumes, however, it does not reach significance at
the moment. An insignificant increase in cardiac
output is also recorded. In the group of patients

with non-ischemic HF origin, LVEF significantly
increases from 23 [18;30] to 37,5 [20;41] (p=0,009).
LV volumes decreased: EDV — from 226 [165;290]
to 162 [135;250] (p=0,03), ESV —from 170 [107;240]
to 102 [86;164] (p=0,005). Cardiac output increased,
but not significant.

Table 4 shows the standard myocardial perfusion
parameters in groups of patients with different HF
origin.

SRS is the summed index of deep perfusion
defects in all segments of perfusion map at rest. This
indicator allows to draw a clear boundary between
patients with heart failure of ischemic and non-
ischemic origin. So, for patients with significant
myocardial scarring, SRS >15 is characteristic. At
the same time, in patients with non-ischemic HF
origin, SRS, as a rule, vary in the range from 0 to 15.

In the group of patients with ischemic HF origin,
no significant perfusion changes were revealed with
CCM therapy, which is due to irreversible perfusion
defects, and also partly due to chronic impairment
of myocardial blood supply (for example, due to
chronic coronary total occlusions). Figures 1 and
2 show an example of myocardial SPECT of the
patient with ischemic HF origin.

The patient had prior myocardial infarction,
as a result of which a large anterior-apical-lateral
perfusion defect developed. The SRS amounted to
36, Extent — 51%, TPD — 46%. Initially, there was
a sharply reduced systolic wall thickening, decreased
LVEF, and significant dilatation of cardiac cavities.
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A B

Cc D

Figure 1. Initial myocardial perfusion SPECT in the patient with ischemic HF. A. Perfusion scintigrams. B. Polar map of LV perfusion.
Uneven RP distribution. A large-focal perfusion defect (transmural old myocardial infarction) of the apex, apical and middle segments of
the anterior, anterolateral walls with spread to the apical and partially middle segments of the anterior septal wall and apical segments
of LV inferior wall with a total area of about 40% of LV is visualized. C. Polar map of systolic LV wall motion. LV dilatation, diffuse hypo(a)
kinesis, dyskinesis of the apex, apical segments of the lateral, septal walls of LV (signs of fibromuscular aneurysm, EDV of 411 ml, ESV of
378 ml, stroke volume of 33 ml, LVEF of 8% (N>50%) with heart rate of 84 bpm, cardiac output of 2,7 |/min). D. Polar map of LV systolic

wall thickening. Systolic thickening of all LV walls is sharply reduced.

A B
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Figure 2. Myocardial perfusion SPECT of the patient with ischemic HF after CCM device implantation.

A. Perfusion scintigrams. B. Polar map of LV perfusion. No worsening. Anterior-apical-lateral perfusion defect persists with the
development of an aneurysm with an area of 35%. C. Polar map of systolic LV wall motion. LV dilatation, diffuse hypo(a)kinesis, dyskinesis
of the apex, apical segments of the lateral, septal walls of LV (signs of fibromuscular aneurysm), EDV of 361 ml, ESV of 299 ml, LVEF of
17% (N>50). D. Polar map of LV systolic wall thickening. Systolic thickening is moderately restored in the inferolateral and anterolateral

LV segments.

With repeated SPECT 6 months after CCM
device implantation, there is an increase in LVEF
and a decrease in LV volumes. Perfusion defect para-
meters also show a favorable trend: SRS decreases
to 32, Extent — 49%, TPD — 44%. However, in pa-
tients with ischemic HF origin, a significant per-
fusion improvement did not occur due to stable
perfusion defect after myocardial infarction.

In the group of patients with non-ischemic HF
etiology, there was a significant decrease in deep
perfusion defects — SRS after 6 months of 6 [5;9]
compared with the initial SRS of 8 [6;11] (p=0,01).
The Extent significantly decreases from 12 [9;17]
to 9 [6;16] (p=0,04), while TPD decreases from 10
[8;14] to 7 [6;14] (p=0,02).

Non-ischemic HF is characterized by dilatation
of cardiac cavities and, as a consequence, relative
coronary insufficiency with unchanged or slightly
altered coronary arteries. Pathological examination
in such patients reveals microvasculature impair-
ment, in particular, disorganization and atrophy
of basement membranes of supplying vessels and
a ruffled endothelial lining with pinocytic activity.
In addition, there is a high detection rate of mic-
rothrombi, prestasis and stasis of blood corpuscles
[24]. In this case, CCM stimuli lead to an in-
crease in intracellular calcium content and, as a con-
sequence, to an increase in cardiomyocyte con-
tractile force due to the phosphorylation of phos-
pholamban, which is responsible for the activity of
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Figure 3. Initial myocardial perfusion SPECT in the patient with non-ischemic HF.

A. Perfusion scintigrams. B. Polar map of LV perfusion. There is a diffuse uneven RP distribution, no reliable focal defects. Signs of small
focal perfusion defects in the septal and inferolateral LV segments. C. Polar map of systolic LV wall motion. LV dilatation, diffuse hypo(a)
kinesis of all LV walls, except for the inferolateral, up to dyskinesis of the anterior and septal LV segments. EDV of 139 ml, ESV of 97 ml,
stroke volume of 42 ml, LVEF of 30% (N>50%) with heart rate of 117 bpm, cardiac output of 4,7 |/min. D. Polar map of LV systolic wall

thickening. Systolic thickening of all LV walls is sharply reduced.

c

Figure 4. Myocardial perfusion SPECT of the patient with non-ischemic HF after CCM device implantation.

A. Perfusion scintigrams. B. Polar map of LV perfusion. No worsening. C. Polar map of systolic LV wall motion. Reduction of LV cavity,
restoration of systolic motion almost to normokinesis along all LV walls, except for the septal one. EDV of 125 ml, ESV of 79 ml, stroke
volume of 46 ml, LVEF of 37% (N>50%) with heart rate of 86 bpm, cardiac output of 3,9 I/min. D. Polar map of LV systolic wall thickening.

Reduction of LV systolic wall thickening persists.

sarco/endoplasmic reticulum Ca*" adenosine tripho-
sphatase-2a (SERCA2a). In the early CCM therapy
stages, there is a local effect, then a change in
SERCA2a expression in other parts of ventricular
myocardium occurs. Thus, CCM therapy has a
positive inotropic effect without increasing myo-
cardial oxygen demand [25]. The positive inotropic
effect of CCM therapy is probably a stimulus to
reverse myocardial remodeling activation, including
improving the state of capillary endothelium, and,
consequently, improving microcirculation and cell
perfusion in patients with non-ischemic HF.

As an illustration of changes of contractility
and perfusion parameters according to myocardial
SPECT at rest, a patient with non-ischemic HF is
shown as an example in Figures 3 and 4.

At baseline, this patient had SRS of 7, Extent
score of 11%, and TPD score of 8%. There is a
sharply reduced systolic wall thickening, decreased

LVEF, and significant dilatation of cardiac cavi-
ties.

Six months after implantation of CCM device,
there is an increase in LVEF up to 37% and a de-
crease in LV volumes. Perfusion defect parameters
also show favorable dynamics: SRS decreases to 6
points, Extent — 8%, TPD — 7%

Conclusion

It should be noted that in none of the previous
studies in patients with CCM therapy, the assessment
of myocardial cell perfusion using SPECT was
carried out. Thus, the results of our work for the first
time show the effect of CCM therapy on myocardial
contractility and cellular perfusion in patients with
HF with reduced EF and AF. Taking into account
the data obtained, CCM therapy is able to improve
perfusion and myocardial contractility according
to SPECT in patients with HF of non-ischemic
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origin. In patients with ischemic HF, there was no
significant improvement in perfusion, which is most
likely due to irreversible myocardial scarring. In
such patients, it is necessary to study other ways for
improving contractile function, one of which is a de-
crease in hibernating myocardium extent.
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Post-COVID-19 syndrome: morpho-functional abnormalities of the heart

and arrhythmias

Chistyakova M. V., Zaitsev D. N., Govorin A. V., Medvedeva N.A., Kurokhtina A. A.

Aim. To study the myocardial morpho-functional abnorma-
lities, the incidence and nature of cardiac arrhythmias
in patients 3 months after the coronavirus disease 2019
(COVID-19).

Material and methods. The study included 77 patients
(mean age, 35,9 years) treated for coronavirus infection,
which underwent echocardiography and 24-hour Holter
monitoring 3 months after COVID-19. The patients were
divided into 3 groups: group 1 — 31 patients with upper
respiratory tract involvement; group 2 — 27 patients with
bilateral pneumonia (CT grade 1, 2), 3 — 19 patients with
severe pneumonia (CT grade 3, 4). Statistical processing
was carried out using Statistica 10.0.

Results. According to echocardiography, the peak tricuspid
late diastolic velocity and isovolumetric contraction time in
all groups increased (P<0,001). The tricuspid and mitral
Em/Am ratio decreased depending on the disease severity.
In group 3, the right ventricular and atrial size increased
(P<0,001). The pulmonary artery systolic pressure, left
atrial volume in patients of the 2" and 3™ groups was
higher than in the control one (P<0,001). In group 1 and
2 patients, the regional strain in basal and basal/middle
segments decreased, respectively, while, in group 3, not
only regional but also global left ventricular (LV) strain
decreased (P<0,001). In all groups, cardiac arrhythmias
and pericardial effusion were found. The relationship was
established between coronavirus activity and the structural
and functional myocardial parameters (P<0,001).
Conclusion. Cardiovascular injury 3 months after COVID-
19 was found in 71%, 93%, and 95% of patients with mild,

moderate and severe course. In mild course patients,
a decrease in regional myocardial strain in LV basal
segments, signs of past pericarditis, and various cardiac
arrhythmias were noted. In patients of moderate severity,
these changes were more pronounced and were ac-
companied by an additional decrease in regional strain in
LV middle segments, impaired right ventricular diastole and
increased pulmonary artery pressure. In severe patients, in
addition to the above changes, dilatation of the right heart
and inferior vena cava was recorded, as well as LV diastolic
and global systolic function decreased.
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A dangerous infectious disease, coronavirus
disease 2019 (COVID-19), is still characterized by
high morbidity and mortality. It is known that mild
to moderate course is most common, but majority
of COVID-19 survivors note a slow recovery rate.
A year after the pandemic start, it was established
that the virus is dangerous with long-term
complications (post-COVID-19 syndrome). Thus,
numerous studies confirm long-term involvement
of some organs and systems, including the lungs,
brain, kidneys, as well as the cardiovascular system
with developing severe heart injury [1-13]. There
is evidence that there is a direct effect of virus on
cardiomyocytes with destruction, as well as vascular
endothelial damage with impaired microcirculation
and formation of multiple thrombosis [1-2]. In some
patients, as a result of immune response, a cytokine
storm develops causing fulminant myocarditis, heart
failure, and cardiogenic shock [2, 4, 11]. Myocardial
damage can also result from aggressive treatment
methods for COVID-19 [7].

When studying the cardiovascular system
of professional athletes in the United States, the
detection rate of myocarditis after COVID-19 (mild
or asymptomatic) ranged from 15% to 30% [13].
At autopsy of 39 patients after COVID-19, SARS-
CoV-2 virus were found in the heart in more than
60%, while 16 people had clinically significant levels
of tissue viral load at the time of death [14]. In
addition, a cardiovascular involvement was revealed
in patients on average 71 days after COVID-19
diagnosis [15]. According to magnetic resonance
imaging, in 78% of subjects, an increase in the
volume and mass of myocardium and a decrease
in left ventricular (LV) ejection fraction (LVEF)
were found; myocardial biopsy revealed active lym-
phocytic inflammation in 60% of patients [15].

In this regard, the aim of our study was to
investigate myocardial morpho-functional abnor-
malities, the incidence and nature of cardiac arrhyth-
mias in patients 3 months after COVID-19.

Material and methods

Seventy-seven patients treated for COVID-193
months (median, 98 days) after the diagnosis, the
heart was examined: echocardiography using Vivid
E95 ultrasound system, Holter electrocardiography
(ECG) monitoring (HM). The virus was identified
with polymerase chain reaction test for SARS-
CoV-2. All COVID-19 survivors before the disease
were practically healthy and did not note chronic
diseases, including cardiovascular ones. The patients
were divided into 3 groups: 1 (n=31) — patients
without complications (with upper respiratory tract
involvement), who were treated on an outpatient
basis (according to computed tomography (CT),

lungs were not involved); 2 (n=27) — patients with
bilateral, multisegmental, viral/bacterial pneumonia,
CT 1, <25% (n=16) and CT 2, 25-50% (n=11);
3 (n=19) — patients with severe course, CT 3-4
(n=11), CT 4 (n=8). The mean age of patients
in group 1 was 35,5 [23; 46] years, 2 — 36 [27;
43,5] years, 3 — 36,9 [35,2; 48] years. According
to CT, all patients of group 2 had bilateral lung
involvement, moderate fibrous and interstitial
changes, pleuropulmonary adhesions, and irregular-
shaped ground-glass opacities. In patients of group 3
with moderate fibrous and interstitial changes, dense
areas of parenchymal infiltration are observed due to
interstitial interlobular and consolidation. Patients
in both groups had single moderately enlarged
mediastinal lymph nodes. Group 1 patients took
antiviral drugs, vitamin C, diazolin. Patients of
groups 2 and 3 received antibiotics of the macrolide
group, third-generation cephalosporins, anti-
coagulants, expectorant and antiviral drugs. Patients
of group 3 were also prescribed detoxification agents.
In addition, 17 (58%) patients in group 2 and all
patients in group 3 were prescribed conventional
hydroxychloroquine therapy. It should be noted
that according to current guidelines of the Russian
Ministry of Health for prevention, diagnosis and
treatment of COVID-19 (version 11, revision of
07.05.2021), hydroxychloroquine is excluded from
the list of recommended therapy at all disease stages,
while this study was conducted at the time of earlier
guidelines version, which included chloroquine
drugs in combination therapy for COVID-19.

The control group consisted of 22 healthy
volunteers of comparable age without COVID-19,
who had negative test for anti-SARS-CoV-2 IgM
and IgG antibodies.

Doppler echocardiography was performed accor-
ding to standard technique using VIVID E95 ultrasound
system. Doppler echocardiography was performed
using apical 2- and 4- chamber view. Spectral Doppler
signal was recorded from annulus of mitral, tricuspid
valves and ventricular segments. The following para-
meters were estimated: peak myocardial systolic
(Sm), early diastolic (Em), and late diastolic (Am)
velocities, Em/Am ratio, myocardial isovolumetric
contraction (IVC) period, isovolumetric relaxation
(IVR) period.

Regional longitudinal strain and LV strain rate
were investigated using two-dimensional non-
Doppler strain imaging. The investigation was
performed using the apical long axis view with a
frame rate of 50 to 80 frames per sec with ECG
monitoring. Endocardium was manually traced,
while epicardial surface was traced automatically.
The program estimated from frame to frame the
displacement of spots area-of-interest throughout
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Table 1

Doppler echocardiography and Holter ECG monitoring data in patients after COVID-19

Parameters
Tricuspid A, cm/s

Tricuspid annular Am, cm/s

Tricuspid annular Em/Am
IVC, ms (RV)

Inferior vena cava diameter, mm

RV, mm

RAVI, ml/m?

LA pressure, mm Hg
Mitral annular Em/Am
Mitral annular Em, cm/s
LAVI, ml/m?

E/Em

SDNN

Lf/Hf

Control, n=22
0,29 [0,27;0,31]
0,13 [0,11;0,14]
1,21 [1,09;1,31]
67,3 [62,5;72,4]
173 [15,2;20,1]
27 [22,1;32,3]
21,3 [18,4;22,8]
273 [22,1;32,3]
1,3 [1,2;1,77]
13,3 [9,1;15/4]
20,3 [18,5;23,4]
6,13 [5,11;714]
136 [122;177]
2,57 [2,49;3,6]

Group 1, n=31
0,3310,32;0,41]*
0,15[0,11;0,18]*
0,91 [0,90;1,36]*
81,5 [73;82]
20,5 [12,4;21,3]
29,4 [22,9;33]1]
21,8 [20,7;24,5]
29,4 [22,9;33,1]
1,36 [1,04;1,7]
12[10,1;15,18]*
22,5[20,75;23,5]
6,15 [5,11;718]
121 [107,173]*
3,39 [2,5;4,9]*

Group 2, n=27
0,41 [0,38;0,48]*"
0,16 [0,12;0,18]*"
0,8 [0,65;1,06]*"
82 [72,7,98,5]
219 [15,3;22,4]
32,8 [25,3;35,8]
22,5[18,9;23,3]
35,8 [25,9;36,8]*
1,1 [0,8;1,36]1*

10 [8,12;13,18]*
22,8 [20,4;24,11*
716 [712;9,18]*
104 [97,197]*
5,5[2,9;6,8]*

Group 3, n=19
0,49 [0,3;0,6]*1¢
0,41[0,38;0,88]* ¢
0,73 [0,38;0,92]* "¢
92 [71;991]*

26,3 [24,8;2741*
34,2 [28,1;35,1]*1¢
25 [24,1;25,4]*1¢
39,7 [28,1;45,2]*¢
0,9[0,3;1,42]*18
9,3 [6,42;12,1]*1¢
24,2 [24,8,26,4]**
8,1[8,42;12,88]**
117 [96;210]*
49[2,5;6]11*

Note: * — significance of differences compared with control group (P<0,001), T — significance of differences compared with group 1
(P<0,001), ¢ — significance of differences compared with group 2 (P<0,001).

Abbreviations: Tricuspid A, cm/s — peak late diastolic tricuspid velocity; Tricuspid annular Am, cm/s — late diastolic tricuspid annular
velocity; Tricuspid annular Em/Am — diastolic tricuspid annular velocity ratio; IVC, ms (RV) — tricuspid annular isovolumetric contraction
period; RV, mm — right ventricle diastolic dimension; RAVI, ml/m? — right atrial volume index; Mitral annular Em/Am — diastolic mitral
annular velocity ratio; LAVI, ml/m? — left atrial volume index; E/Em — left ventricular filling pressure; SDNN — standard deviation of
all normal sinus R-R intervals; Lf/Hf — ratio of power in the high frequency band of HRV spectrum (0,15-0,40 Hz) to power in the low

frequency band of HRV spectrum (0,04-0,15 Hz).

the entire cardiac cycle. After optimization of area-
of-interest, the software generated strain curves for
each segment.

Holter ECG monitoring was performed using
the Astrocard system. The analysis of heart rate
variability (HRV) was carried out in accordance with
guidelines of the European Society of Cardiology
and the North American Society of Pacing and
Electrophysiology. HRV was studied by statistical
analysis obtained with 24-hour ECG monitoring,
with the estimation of following parameters: 1)
temporal: average heart rate in 1 min, standard
deviation of all normal sinus R-R intervals (SDNN),
standard deviation of the 5-minute mean R-R
intervals (SDANN), SDNN index, root mean
square of consecutive R-R intervals (RMSSD), and
percentage of successive R-R intervals differing by
more than 50 ms (pNN50); 2) spectral, obtained
using the fast Fourier transform: power in the
high frequency band of HRV spectrum (0,15-0,40
Hz) — HF, power in the low frequency band of
HRV spectrum (0,04-0,15 Hz) — LF , LF/HF
ratio. The study was carried out in accordance
with Good Clinical Practice and Declaration of
Helsinki. The study protocol was approved by
the ethics committees of all participating clinical
centers. Written informed consent was obtained

from all participants. There were no potential study
limitations. Statistical processing was carried out
using the statistical software package Statistica 10.0.
Distribution of almost all variation series was non-
normal; therefore, the analysis used nonparametric
statistics methods. Differences between groups were
assessed using the nonparametric Mann-Whitney
test. Correlation analysis was performed using
Spearman’s rank correlation coefficient.

Results

Nighty eight [92; 103] days after the diagnosis
of COVID-19, almost all patients with mild (n=26;
83,8%), moderate (n=24; 89%) and severe course
(n=18; 94,7%) had complaints for asthenia, fatigue,
performance impairment, sleep loss. Chest pain
was noted by 4 (13%) patients of group 1, 9 (33,3%)
patients of group 2 and 11 (57%) of group 3, while
mixed dyspnea was found in 7 (22,5%), 14 (51,8%)
and 12 (63%) patients, respectively. Palpitations was
revealed in 3 (9,6%) patients with mild COVID-
19, 10 (37%) patients with moderate and 15 (78%)
patients with severe disease. Hypertension was
detected in 4 (12,9%), 4 (14,8%) and 9 (47%)
patients of group 1, 2 and 3, respectively.

According to echocardiography, the peak late
diastolic tricuspid velocity (A), as well as late
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Muk Systolic Strain {Mid)

Figure 1. Regional diastolic strain in Bull’s Eye mode in a patient of group 1 after COVID-19. A decrease in regional systolic function in the
LV basal septal, basal antero-septal and anterior segments is revealed.

diastolic tricuspid annular velocity (Am) increased in
all groups, while the Em/Am ratio, on the contrary,
decreased depending on disease severity (Table 1)
(P<0,001). Right ventricular (RV) IVC period and
inferior vena cava diameter were higher in patients
in group 3, in contrast to the control group. There
was an increase in right heart sizes in patients with
a severe COVID-19. The systolic pulmonary artery
pressure in patients of groups 2 and 3 was higher than
in the control group, while the highest value was in
patients with a severe disease course and amounted
to 39,7 [28,1; 45,2] mm Hg. The established changes
suggest an impaired RV diastolic function in patients
after COVID-19, and these violations worsened
with an increase in disease severity. Patients with
severe COVID-19 also showed an increase in right
heart sizes, inferior vena cava and pulmonary artery
pressure.

When studying LV diastolic function by tissue
Doppler echocardiography in patients of groups
2 and 3, a decrease in Em/Am ratio and Em in
comparison with the control group was revealed,
while more pronounced abnormalities were found

Muk Systolic Strain

Figure 2. Regional diastolic strain in Bull’'s Eye mode in a patient
of group 3 after COVID-19. A decrease in regional systolic function
in the LV basal and middle septal, basal anterio-septal and basal
anterior segments is revealed.
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Table 2

Parameters of LV longitudinal strain in patients after COVID-19 (in %)

Group 2

-16,5[14;19,7]*"
-14,5 [12,7,172]*

16,5 [16;19,7]*
14,5 [117:18]*

18,5 [14,7,20,2]*
175 [17,2;19,7]*
175 [172;19]*

A13[10,5:14,7]*
-16 [15,5;19,7]*

-15,4 [15;20,7]*1
-16[13,2;18,7]*

-16[13,3;18,9]*
-18,3[10,5;18,9]

Group 3

-15,9 [14,5;18,8]*"
-16 [14,7;18,5]*

16,3 [151;21,7]*
15,4 [14,;20,1]*

-16,8 [15,3;20]*
172 [15,3;191]*
178 [13,5;19,5]*

A3 12,17
13,8 [12,3;179]*

-15 [14,5;21]*1
-15,4 [13,8;19,2]*

A7 [14;19]
A7 [12,5;22]*

Segments Control group Group 1
Septal segments

Basal -21[19;24,5] -17 [16;20]*
Middle -21[19;22] -21[15;23]
Antero-septal segments

Basal -21[19,5;23] -17 [16;19]*
Middle -21[19;22] -18 [21;21,05]
Anterior segments

Basal -22[19,3;24,6] -22 [17;23]
Middle -22[19;1;25,5] -24[18;25,3]
Apical -23[19,5;24,5] -21[20;23]
Lateral segments

Middle -21[19;24] -17 [20;21]
Apical -22 [19,4;23] -18,3 [17,3;22,4]
Posterior segments

Basal 18 [17:21] -172[16;20]*
Middle -20[18,5;21] -18 [16;19]
Inferior segments

Basal -20[18,4;21] -18 [16;22,5]
Middle -21[19;24] -21,4 [17;,21,8]
Avg -21[19,6;22,5] -20,8 [18,1;21,9]

-21[20,8;22,1] 1775 [14,6;19,4]*1

Note: * — significance of differences compared with control group (P<0,001), T — significance of differences compared with group 1

(P<0,001).
Abbreviation: Avg — global systolic strain.

in patients with severe COVID-19. In addition,
in patients with moderate and severe course, left
atrial volume increased, as well as the LV end-
diastolic pressure (E/Em); these disorders were
more pronounced in patients with a severe disease
course (Table 1) (P<0,001). Thus, in patients with
a moderate and severe COVID-19, a LV diastolic
dysfunction develops, and more pronounced
abnormalities regard patients after severe COVID-
19.

In 4 (19,9%), 7 (22%), and 5 (26,3%) patients
of group 1, 2, and 3, respectively, pericardium was
involved in the inflammatory process: according
to echocardiography, an insignificant amount of
fluid in pericardial cavity was revealed. In addition,
in 3 (11%) patients with moderate and 3 (15,7%)
patients with severe course, there was a pericardial
thickening, mainly behind the LV posterior wall.

Studying the LV longitudinal strain using the
Speckle Tracking technology, there was a decrease
in regional strain rate in the LV basal segments
(septal, antero-septal and posterior) in patients of
experimental groups compared with control one.
Moreover, in patients with a moderate and severe

disease course, this parameter was lower than in
patients with a mild COVID-19 (P<0,001). In
comparison with control group, patients of groups
2 and 3 also showed a decrease in regional strain
rate in LV basal segment of inferior wall, middle
segments (septal, antero-septal, anterior, lateral,
and posterior). In addition, in groups 2 and 3, the
regional strain rate in LV apical segments of anterior
and lateral walls decreased. In patients with severe
course, there was a decrease in regional velocity in
the middle segment of inferior wall, a decrease in LV
global systolic function in comparison with control
and first groups (Figure 1, 2, Table 2). Revealed
areas with reduced regional strain rate correspond to
blood supply system of left anterior descending artery
and right coronary artery and, possibly, indicate an
impaired regional LV function, which is a marker of
myocardial ischemia. In patients with severe course,
not only the regional strain rate decreased, but also
the global LV systolic function.

According to 24-hour ECG monitoring, in
patients of groups 2 and 3, cardiac arrhythmias
were most often represented by supraventricular
premature beats (in 15 (55%) and 13 (68,4%)
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patients, respectively), ventricular premature beats
(in 8 (29,6%) and 11 (57,8%) patients, respectively),
atrial fibrillation (in 1 (3,7%) and 2 (10%) patients,
respectively), nonsustained supraventricular
tachycardia (2 (7%) and 6 (31,5%), respectively),
QT interval prolongation (in 2 (7%) and 6 (31,5%),
respectively). In addition, in these groups there
was a decrease in total HRV SDNN, an increase
in Lf/Hf ratio, which probably indicates a shift in
autonomic balance towards sympathetic nervous
system (Table 1). Patients of group 1 were found to
have supraventricular (n=6 (19,3%)) and ventricular
(n=3 (9,6%)) premature beats, nonsustained
supraventricular tachycardia (n=3 (9,6%)).

Analysis of correlation between coronavirus (+)
RNA activity and myocardial structure and function
revealed that (+) RNA correlated with Em/Am
ratio (r=0,75, P<0,001), pulmonary artery pressure
(r=0,60, P<0,001) and global LV systolic strain
(r=0,54, P<0,001). Given these data, it can be
assumed that coronavirus activity contributes to
disruption of cardiac structure and function with an
increase in pulmonary artery pressure.

Discussion

Thus, 3 months after the diagnosis of COVID-
19, cardiovascular disorders were detected in 22
(71%), 25 (93%), and 18 (95%) patients with mild,
moderate, and severe disease course, respectively.
It is possible that after the penetration of virus into
upper respiratory tract in patients with a mild disease
course, an early immune system response to the
pathogen occurs. A pronounced immune response
restrains the infection, but heart is still involved,
which is manifested by a decrease in Em/Am and
an increase in peak late diastolic tricuspid velocity.
In addition, in this group, there is a decrease in
myocardial regional strain rates of the basal segments
of septal, antero-septal areas, the posterior wall of
LV, as well as arrhythmias and signs of pericarditis
were revealed. In patients with moderate severity,
in addition to above abnormalities, more segments
with a decrease in regional strain rate were revealed;
in addition to the basal segments, strain rate in
the middle LV segments decrease, RV diastole is
impaired, and pulmonary artery pressure rises.
More pronounced structural and functional cardiac
abnormalities were found in patients with severe
course: there were more segments with decreased
in regional strain rate; in addition to the basal, the
middle and apical segments of LV decreased; LV
global longitudinal strain was also reduced. Diastolic

dysfunction of not only the RV, but also the LV were
revealed. In addition, right heart was enlarged, as
well as inferior vena cava diameter and pulmonary
artery pressure increased.

Thus, more severe the disease progresses, the
more LV segments are involved, and most often —
the segments of interventricular septum. It should be
noted that in-depth assessment of cardiac function
may be a strong predictor of stable myocardial
ischemia. Possibly, these disorders occur as a result of
endothelial dysfunction and injury of small coronary
vessels [1-4, 10], activation of inflammation factors
by cytokines and immune complexes, as well as
due to effect of viruses on cardiomyocytes with
fibrosis formation [5, 11], which can be manifested
by increased stiffness and impaired LV diastolic
function.

The studied correlations established between
the viral (+) RNA and diastolic tricuspid annular
velocities, pulmonary artery pressure and global LV
systolic strain, can confirm the direct toxic effect of
viruses on myocardium with an impairment of its
structure and function.

In addition, a decrease in vagal control, impaired
myocardial metabolism, its increased rigidity
contributes to arrhythmias, in the development
of which toxic drugs such as hydroxychloroquine,
antiviral agents, and some antibiotics causing QT
interval prolongation can play an important role [1,

5, 6].

Conclusion

Cardiovascular injury 3 months after COVID-19
was found in 71%, 93%, and 95% of patients with
mild, moderate and severe course. In mild course
patients, a decrease in regional myocardial strain
in LV basal segments, signs of past pericarditis, and
various cardiac arrhythmias were noted. In patients
of moderate severity, these changes were more
pronounced and were accompanied by an additional
decrease in regional strain in LV middle segments,
impaired right ventricular diastole and increased
pulmonary artery pressure. In severe patients, in
addition to the above changes, dilatation of the right
heart and inferior vena cava was recorded, as well as
LV diastolic and global systolic function decreased.
Given these data, for timely diagnosis of long
COVID, all patients after disease are recommended
to conduct an echocardiography and 24-hour ECG
monitoring.

Relationships and Activities: none.
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Algorithm for selecting predictors and prognosis of atrial fibrillation
in patients with coronary artery disease after coronary artery bypass grafting

Geltser B. 1!, Shahgeldyan K. 12, Rublev V. Yu!, Shcheglov B.O., Kokarev E. A2

Aim. To develop an algorithm for selecting predictors and
prognosis of atrial fibrillation (AF) in patients with coronary
artery disease (CAD) after coronary artery bypass grafting
(CABG).

Material and methods. This retrospective study included
886 case histories of patients with CAD aged 35 to 81 years
(median age, 63 years; 95% confidence interval [63; 64]),
who underwent isolated CABG under cardiopulmonary
bypass. Eighty-five patients with prior AF were excluded
from the study. Two groups of persons were identified,
the first of which consisted of 153 (19,1%) patients with
newly recorded AF episodes, the second — 648 (80,9%)
patients without cardiac arrhythmias. Preoperative clinical
and functional status was assessed using 100 factors.
Chi-squared, Fisher, and Mann-Whitney tests, as well
as univariate logistic regression (LR) were used for data
processing and analysis. Multivariate LR and artificial neural
networks (ANN) were used to develop predictive models.
The boundaries of significant ranges of potential predictors
were determined by stepwise assessment of the odds ratio
and p-value. The model accuracy was assessed using
4 metrics: area under the ROC-curve (AUC), sensitivity,
specificity, and accuracy.

Results. A comprehensive analysis of preoperative status
of patients made it possible to identify 11 factors with
the highest predictive potential, linearly and nonlinearly
associated with postoperative AF (PAF). These included
age (55-74 years for men and 60-78 years for women),
anteroposterior and superior-inferior left atrial dimensions,
transverse and longitudinal right atrial dimensions, tricuspid
valve regurgitation, left ventricular end systolic dimension
>49 mm, RR length of 1000-1100 ms, PQ length of 170-210
ms, QRS length of 50-80 ms, QT >420 ms for men and >440
ms for women, and heart failure with ejection fraction of
45-60%. The metrics of the best predictive ANN model were

as follows: AUC — 0,75, specificity — 0,73, sensitivity —
0,74, and accuracy — 0,73. These values in best model
based on multivariate LR were lower (0,75; 0,7; 0,68 and
0,7, respectively).

Conclusion. The developed algorithm for selecting
predictors made it possible to verify significant predictive
ranges and weight coefficients characterizing their influence
on PAF development. The predictive model based on ANN
has a higher accuracy than multivariate HR.

Keywords: postoperative atrial fibrillation, coronary artery
bypass grafting, predictors, predictive models, artificial
neural networks.
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Postoperative atrial fibrillation (POAF) is one
of the most common complications of cardiac
surgery and is recorded in 35-40% of patients
[1-3]. Despite numerous preventive strategies
developed over the past few decades, the incidence
of POAF has not changed significantly [4, 5].
Unfavorable consequences of POAF are primarily
associated with a 4-fold increase in the risk of
asystole, ischemic stroke, bleeding, acute renal
failure, as well as a 2-fold increase in 30-day
and 6-month mortality [6]. Despite the absence
of universal pathophysiological concept describing
POAF development, it is assumed that it is based
on a combination of altering factors of local and
systemic inflammation. A wide range of potential
perioperative predictors has been analyzed in
various studies to stratify the risk of POAF [4, 6,
7]. In patients with coronary artery disease (CAD)
after coronary artery bypass grafting (CABG), the
following factors are most often considered as
POAF predictors: age over 65 years, male sex, body
mass index (BMI) >30 kg/m?* class III-IV angina
pectoris, hypertension (HTN), diabetes, chronic
kidney disease, chronic obstructive pulmonary
disease, heart failure (HF), prior myocardial
infarction (MI), and valvular heart disease [8, 9].
In some studies, systemic inflammatory response
indicators (pro-inflammatory cytokines, C-reactive
protein, neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, erythrocyte sedimentation
rate, etc.) were verified as POAF predictors [10].
Based on mathematical statistics, a number of
prognostic scales were developed, in which
predictors characterizing the preoperative status of
patients were used to assess its risk: post-operative
atrial fibrillation (POAF), Kolec and Predictors
of AF After CABG (PAFAC) [11-13]. In addition,
in a number of studies, POAF was predicted using
the CHA,DS,-VASc and HAS-BLED scores,
parameters of which (female sex, age, HTN,
etc.) were linearly associated with its risk [14].
At the same time, despite a significant number
of publications where the predictive potential of
POAF risk factors is analyzed, unified clinical risk
scores have not been developed to date.

In recent years, machine learning methods have
been increasingly used to implement predictive
studies in clinical and preventive -cardiology,
including artificial neural networks (ANN) [15].
ANN-based predictive models demonstrate higher
accuracy compared to conventional statistical
methods [16]. Their application makes it possible
not only to automate the processing and analysis
of big data, but also to reveal silent or unobvious
patterns, as well as to gain new knowledge necessary
for risks stratification of adverse events.

The aim of the study to develop an algorithm
for selecting predictors and prognosis of POAF in
patients with CAD after CABG.

Material and methods

This retrospective study included -electronic
medical records (EMR) of 886 CAD patients
(men, 685; women, 181) aged 35 to 81 years with
a median (ME) of 63 years and a 95% confidence
interval (CI) of [63; 64], who underwent isolated
on-pump CABG in the period from 2008 to 2019
at cardiac surgery department of the Primorsky
Regional Clinical Hospital Ne 1 (Vladivostok). All
patients before CABG received standard medical
therapy for CAD (long-acting nitrates, beta-
blockers, angiotensin-converting enzyme inhibitors
or angiotensin II receptor blockers, fixed-dose
combinations). Patients with prior atrial fibrillation
(AF) of any type were excluded from the study.
The total number of such patients was 85, in 25 of
whom paroxysmal AF was recorded before CABG,
in 21 — persistent, in 39 — chronic. Finally, the
study included data on 801 patients with CAD.
Verification of POAF was carried out according to
continuous electrocardiographic monitoring for at
least 96 hours after CABG. Among the surveyed
cohort, 2 groups of persons were identified. The
first of them included 153 (19,1%) patients who
had postoperative AF episodes, while the second —
648 (80,9%) patients without cardiac arrhythmias.
The preoperative blood electrolyte levels (K, Na,
Ca) did not differ in the comparison groups and
were excluded from further analysis. In-hospital
mortality in the first group was 9,8% (n=15), and
in the second — 4,6% (n=30). The death cause
in 12 patients of the first group was intra- and
postoperative MI; in other cases, pancreatic necrosis
(1), subarachnoid hemorrhage (1), and mediastinitis
(1) was detected. In the second group, in 24 patients,
the established cause of death was postoperative MI,
in 6 — acute renal failure.

The design of our study corresponded to European
System for Cardiac Operative Risk Evaluation
II (EuroSCOREII), in which the selection of
predictors is carried out according to preoperative
clinical and functional parameters of patients. The
latter was assessed using 100 factors, the main of
which are presented in Table 1. For processing and
analysis, data from EMR was transformed into a
dataset. The values of some parameters that were
absent in EMR were supplemented with information
from the archival paper-based medical records.
Echocardiographic measurements were using GE
Vivid-7 ultrasound system according to standard
protocol [17]. Left atrial (LA) volume index was
determined by prolate ellipse method according to
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Clinical and functional characteristics of patients

Parameters

Age, years

Female sex, abs/%
BMI, kg/m?

Class lll-IV HF, abs (%)
Prior Ml, abs (%)

HTN, abs (%)

EF, %

RLVMI, %

RWTI, CU

LV ESD, mm
Pulmonary artery pressure, mm Hg
Aortic stenosis, abs (%)
TR, abs (%)

MR, abs (%)

AR, abs (%)

LA1, mm

LA2, mm

LA3, mm

LA2xLA3, mm?

LA volume index, ml/m?
RA1, mm

RA2, mm

RA1XRA2, mm?

P, ms

PQ, ms

QRS, ms

RR, ms

QT, ms

Creatinine clearance, umol/I
CKD, abs (%)

COPD, abs (%)
Diabetes, abs (%)

Prior stroke

Note: OR were calculated only for categorical variables.

Sample size  Group 1, n=153

801
801
708
790
774
797
783
641
731
733
726
801
801
801
801
734
734
734
734
734
734
734
734
801
801
801
761
761
633
801
801
801
801

64 [63; 66]

39 (25,5%)

277 [26,8; 291]
38 (24,8%)

30 (19,6%)

146 (95,4%)

59 [57: 60]

1,04 [0,99; 1,11]
0,42 [0,4; 0,43]
350 [330; 360]
25 [25; 25]

6 (3,9%)

34 (22,2%)

61 (40%)

16 (10,5%)

38 [38; 40]

41 [40; 42]

38 [37: 39]

160 [147: 168]
32,6 [30,6; 34,3]
39,5 [3,9; 40]

43 [41; 43]

164 [160; 176]
100 [100; 100]
160 [150; 160]
80 [80; 100]
936,5 [909; 1000]
400 [400; 410]
731 [67,2; 78]
17 (111%)

18 (11,8%)
37 (24,2%)
10 (6,5%)

Group 2, n=648
63 [62; 64]

134 (20,7%)
28,2 [27,7, 28,7]
91 (14%)

122 (18,8%)
590 (91%)

60 [60; 60]

1,01 [0,98; 1,03]
0,42 [0,41; 0,42]
340 [330; 350]
25 [24; 25]

21 (3,2%)

79 (12,2%)

227 (35%)

61 (9,4%)

40 [39; 40]

39 [39; 40]

37 [36; 37]

144 [141; 148]
30,5 [29,3; 31,5]
37 [36; 37]

39 [38; 40]

144 [140; 148]
100 [100; 100]
150 [140; 150]
100 [80; 100]
920 [882,4; 950]
400 [380; 400]
74 [71,7, 76,6]
62 (9,6%)

68 (10,6%)

153 (23,6%)

41 (6,3%)

OR, 95% Cl

1,3 [0,86; 1,97]

2[1,3; 3]
1,04 [0,66; 1,6]
1,88 [0.89;4,6]

1,2 [0,44; 3]
211,3:3,2]
1,2 [0,85; 1,8]
113 [0,6; 2]

1,2 [0,65; 2]
113 [0,63; 1,92]
1[0,7: 16]
1[0,48; 2]

Table 1

p-value
0,00076
0,23
0,64
0,0023
0,96
0,15
0,039
0,07
0,91
0,037
0,72
0,86
0,002
0,303
0,81

0,2
0,026
0,013
0,011
0,15
0,00007
0,00003
0,000012
0,12

01
0,0019
0,22
0,00012
0,49
0,67

0,8

0,96

1

Abbreviations: HTN — hypertension, Cl — confidence interval, Ml — myocardial infarction, BMI — body mass index, RWTI — left
ventricular relative wall thickness index, ESD — end systolic dimension, LV — left ventricle, LA — left atrium, RLVMI — relative left
ventricular mass index, AR — aortic regurgitation, MR — mitral regurgitation, TR — tricuspid regurgitation, OR — odds ratio, RA — right
atrium, SBP — systolic blood pressure, EF — ejection fraction, CKD — chronic kidney disease, COPD — chronic obstructive pulmonary
disease, HF — heart failure, HR — heart rate, LA1 — medial-lateral left atrial dimension, LA2 — anterior-posterior left atrial dimension,
LA3 — superior-inferior left atrial dimensions, RA1 — longitudinal right atrial dimension, RA2 — transverse right atrial dimension.

following equation: (LA1XLA2XL.A3)%0,523, where
LAl is its medial-lateral dimension; LA2 — anterior-
posterior, LA3 — inferior-superior, 0,523 — constant
[18], as well as longitudinal (RA1) and transverse
(RA2) dimensions of right atrium (RA). During

statistical data processing, BMI was estimated in all
patients, as well as echocardiographic parameters of
left ventricular (LV) hypertrophy: LV relative wall
thickness index and LV mass index (LVMI). To rule
out the influence of sex, LVMI was normalized to
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Table 2
Threshold values of risk factors for POAF with the best predictive potential

Group 1, n=153 Group 2, n=648 OR, 95% ClI p-value
Age, years 142 (92,8%) 511 (78,9%) 3,411,9;6,9] 0,0001
M 55-74
F 60-78
EF, % 45-60% 81 (52,9%) 268 (41,4%) 1,68 [117; 2,42] 0,0058
ESD >49 mm 7 (4,6%) 11 (1,7%) 2,9 [1,05; 7,7] 0,049
LA2XLA3 >160 mm? 67 (43,8%) 191 (29,5%) 2,1[14; 3] 0,0002
RA1XRA2 >150 mm? 92 (60%) 269 (41,5%) 2,5[17;3,8] <0,0001
PQ of 170-210 ms 38 (24,8%) 47 (7,3%) 2,2 [2,6;6,8] 0,0004
QRS of 50-80 ms 88 (57,5%) 303 (46,8%) 1,53 [2,2; 14,4] 0,021
RR of 1000-1100 ms 70 (45,8%) 175 (27%) 2[14;2,9] 0,00033
QT, ms 45 (30,8%) 100 (16,3%) 2,3[1,5; 3,5] 0,00013
M >420 ms
F >440 ms

Abbreviations: Cl — confidence interval, F — female, M — male, OR — odds ratio, EF — ejection fraction, LA2 — anterior-posterior left
atrial dimension, LA3 — superior-inferior left atrial dimensions, RA1 — longitudinal right atrial dimension, RA2 — transverse right atrial

dimension, ESD — end systolic dimension.

upper limit of its sex-associated reference values: 115
g/m’ for men and 95 g/m? for women [19]. The study
endpoint was presented by POAF as a categorical
binary feature (“absence” or “presence”). Input
traits were a subgroup of potential predictors,
which was expressed as continuous and categorical
variables. Statistical analysis and machine learning
methods were used to process and analyze the data.
Chi-squared, Fisher, and Mann-Whitney tests, as
well as univariate logistic regression (LR) were used
for data processing and analysis. Multivariate LR
and artificial neural networks (ANN) were used to
develop predictive models. The ANN architecture
was selected by maximizing the area under the ROC-
curve (AUC) and consisted of two hidden layers of
90 and 80 neurons each. “Sigmoid” was used as the
ANN activation function. The model accuracy was
assessed using 4 metrics: area under the ROC-curve
(AUC), sensitivity (Sen), specificity (Spec), and
accuracy (Acc). The models were developed on a lear-
ning sample (9/10) of patients and verified on a test
sample (1/10).

The study included 4 stages. At first, statistical
analysis was used, which made intergroup
comparisons of potential POAF predictors. For
continuous variables, the Mann-Whitney test was
used. The chi-squared test was used to compare
categorical variables, and Fisher’s exact test — to
assess the odds ratio (OR) and CI. At the second
stage, using these methods, the boundaries of
analyzed factors with the best predictive potential
were determined. This procedure included testing
hypotheses on the equality of trait distributions
in comparison groups. The selection of significant

prognostic ranges was carried out with a testing step
of 0,05-0,1 CU for various parameters. The selection
criteria corresponded to the boundaries of factors,
p-value of which had the minimum, and the OR —
the maximum value. At the third stage, according
to normalized characteristics, using univariate
LR, weighting coefficients were determined that
corresponded to the significance of influence of
individual characteristics on POAF development. At
the fourth stage, multivariate models based on LR
and ANN were developed, which was step by step
supplemented with potential predictors of POAF
with an assessment of quality metrics. With an
increase of the latter, the indicator included in
model was considered as a predictor of POAF. Data
processing and analysis were carried out in the R
language using R-studio environment and in the
Python language using the keras and tensorflow
packages.

Results

Comparative analysis of factors characterizing
the preoperative clinical and functional status of
patients with POAF and without cardiac arrhythmias
after CABG showed that significant intergroup
differences were recorded only for 11 following
parameters: age of patients, class III-IV HF, ejection
fraction (EF), LA2, LA3, RAl, RA2, QRS and
QT interval duration, tricuspid regurgitation (TR),
LV end systolic dimension (ESD) (Table 1). At the
same time, the greatest significance of differences
in the comparison groups regarded RA1l, RA2 and
QT interval duration (p-value <0,0001). Compared
to persons without arrhythmia, patients with
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POAF had significantly higher AFP and LA2, LA3
dimensions, while QRS duration was significantly
shorter. Subsequent testing showed that the product
of LA2 and LA3, as well as RA1 and RA2, had a
higher significance of intergroup differences than
isolated atrial sizes, which was taken into account at
further study stages. Less noticeable, but significant
differences between patients with POAF and those
without arrhythmia were associated with older age,
an increase in LV ESD, and QRS interval reduction,
as well as a significantly higher (1,8 times) prevalence
of class 1II-IV HF and presence of TR. It should
be noted that different variants of comorbidities
(chronic kidney disease, chronic obstructive
pulmonary disease, diabetes, hypertension, stroke,
valvular heart disease (excluding TR)) in the
comparison groups were recorded with the same
frequency, which excluded their use in prognostic
models. According to preliminary analysis, the sex,
LV hypertrophy parameters (relative wall thickness
index and relative LVMI), prior myocardial
infarction also did not affect the development of
POAF.

At the second study stage, among the parameters
with significant differences, the ranges of highest
predictive potential were verified (Table 2). The
results of analysis made it possible to identify age
intervals in men (55-74 years old) and in women
(60-78 years old), which significantly increased the
risk of POAF (OR=3.,4, p<0,0001). At the same
time, HF with mid-range and preserved EF (45-
60%) increased the risk of this complication by 1,7
times (p=0,0058). Comparable odds for developing
POAF were associated with electrophysiological
parameters characterizing a tendency to QRS

shortening (OR=1,5, p=0,021) and PQ interval
increase (OR=2,2, p=0,0004). A more noticeable
likelihood of POAF was associated with RR intervals
(1000-1100 ms) and QT >420 ms in men and >440
ms in women. Similar OR values were correlated
with indicators RA1XRA2 >150 mm? and LA2XLA3
>160 mm?>. At the same time, an increase in LV ESD
>49 mm increased the risk of POAF by 2,9 times.

Table 3
Weighting coefficients of univariate LR
models for assessing the POAF risk

Parameter Coefficient p-value
Age, years 1,24 0,00015
M 55-74

F 60-78

EF, % 45-60% 0,42 0,03
LA2XLA3 >160 mm? 0,73 0,00016
RA1xRA2 >150 mm? 0,94 <0,0001
TR 0,72 0,0016
PQ of 170-210 ms 1,44 <0,0001
QRS of 50-80 ms 1,63 0,0005
RR of 1000-1100 ms 0,87 <0,0001
QT, ms 0,78 0,00016
M >420 ms

F >440 ms

LV ESD >49 mm 1,07 0,03
Class Ill-IV HF 0,68 0,0018

Abbreviations: F — female, M — male, OR — odds ratio, TR —
tricuspid regurgitation, EF — ejection fraction, HF — heart failure,
LA2 — anterior-posterior left atrial dimension, LA3 — superior-
inferior left atrial dimensions, RA1 — longitudinal right atrial
dimension, RA2 — transverse right atrial dimension, ESD — end
systolic dimension.

Table 4
Evaluation of the accuracy of predictive models for POAF on test samples

N2  Predictors Multifactorial LR ANN

Sen Spec AUC ACC Sen Spec AUC ACC
1 QRS 097 015 056 03 039 061 055 057
2 QRS+PQ 024 093 063 08 024 093 062 08
3 QRS +PQ+Age 072 046 066 05 038 08 0,67 0,73
4 QRS +PQ+Age+RR 056 075 07 071 058 074 071 071
5 QRS +PQ+Age+RR+QT 067 069 072 069 068 068 0,72 0,68
6 QRS +PQ+Age+RR+QT+RA1XRA2 063 074 075 0,72 063 075 075 0,73
7 QRS+ PQ+Age+RR+ QT + RAIXRA2 + LA2xLA3 069 071 074 07 065 074 075 072
8 QRS +PQ+Age +RR+ QT + RA1XRA2 + LA2xLA3 + TR 068 071 074 07 065 074 074 073
9 QRS +PQ+Age+RR+QT +RAIXRA2 + LA2xLA3 + TR + LV ESD 068 07 075 07 07 071 074 071
10 QRS +PQ +Age +RR+ QT + RATXRA2 + LA2xLA3 + TR+ LVESD+EF 068 07 075 07 074 073 075 073

Abbreviations: ANN — artificial neural network, TR — tricuspid regurgitation, LR — logistic regression, EF — ejection fraction, HF —
heart failure, LA2 — anterior-posterior left atrial dimension, LA3 — superior-inferior left atrial dimensions, RA1 — longitudinal right atrial
dimension, RA2 — transverse right atrial dimension, ESD — end systolic dimension.

23



Russian Journal of Cardiology 2021; 26 (7)

To verify possible interrelationships of risk factors
with POAF, we created univariate LR models with
estimation of weighting coefficients characterizing
the predictive value of analyzed parameters. This
approach significantly expands the possibilities for
processing and analyzing information due to a more
detailed assessment of the influence of potential
predictors on resulting variable (Table 3).

Analysis found that a significant level of weighting
coefficients took place in 11 following variables: age
of patients, class III-IV HF, EF of 45-60%, LV ESD
>49 mm, LA2XLA3 >160 mm?, RAI1xRA2 >150
mm?, presence of TR, duration of PQ, QRS, RR and
QT intervals. At the same time, the maximum level
of weighting coefficient (1,63) was associated with
the QRS of 50-80 ms (p=0,0005). The weighting
coefficients of PQ (1,44), age (1,24), LV ESD (1,1)
and RA1xXRA2 (0,94) were lower, but comparable
in terms of significance. In the developed univariate
models, all the weights had a positive value, which
indicated an increase in POAF risk in the presence
of these traits or an increase in their level. Thus,
the assessment of weighting coefficients confirmed
the high predictive potential of analyzed factors and
indicated rationale for their use to develop predictive
models (Table 4). When creating the latter, the QRS
was used as a basic predictor, since it had the highest
significance (Table 3). The step-by-step inclusion of
other factors with a high level of weighting factors
in models led to a sequential increase in quality
metrics. Their most noticeable rise was recorded
when 6 factors (PQ, age, RR, RA1xRA2, and QT)
were combined in the model. Subsequent use of
LA2XLA3, TR, LV ESD in models 7-9 led to an
increase in only individual quality metrics without
significant change of their average value. At the
same time, model 10 based on ANN, in comparison
with multivariate LR, demonstrated a higher level of
accuracy after the inclusion of EF.

Discussion

POAF is one of the most common complications
developing in patients with coronary artery disease
after CABG [2-3]. In our study, the clinical
significance of POAF was confirmed by a high
in-hospital mortality rate, which in this group of
patients was 2 times higher than in those without
cardiac arrhythmias. The pathophysiological
mechanisms of POAF are complex and not fully
understood, which is due to a significant number of
factors affecting the onset of arrhythmia [4]. Typical
pathological processes initiating POAF include
oxidative and nitrosative stress, excessive pro-
teolysis, extracellular matrix degradation, syste-
mic inflammatory response, electrolyte imbalance
with impaired volemic status, etc. [5]. At the same

time, complex causal relationships of pathogenetic
factors of POAF limit its personalized prognosis.
That is why numerous attempts to create prognostic
score stratifying its risk after CABG have not led
to the creation of unified tools, which can used in
everyday clinical practice. Over the past decade,
the informativeness of perioperative predictors
of CABG-related POAF has been analyzed in
numerous publications. Thus, elderly and senile
age as a high-risk factor for POAF is presented
in most studies. It has been shown, in particular,
that the probability of this complication in patients
aged 60 years is 25-30%, and at the age of 80
years — 60% [6]. In our study, the highest risk of
POAF was recorded in men aged 55-74 years, and
in women — 60-78 years old. These data indicate
a shift in risk of POAF in men towards a younger
age. Taking into account the fact that elderly and
senile age in CAD patients is usually associated with
degenerative and inflammatory myocardial changes,
in the studies of many authors, in addition to age,
electrophysiological, structural, and functional
cardiac parameters are used as predictors of POAF.
It has been shown, in particular, the relationship
between POAF and LA dilatation, LA volume index
>36 ml/m? LV diastolic dysfunction. At the same
time, P wave did not affect the accuracy of POAF
prediction [20]. In our study, predictors with the
highest predictive potential were identified based
on a multistep selection procedure. Calculation of
numerical ranges and weighting coefficients of these
factors made it possible to detail the degree of
their influence on endpoint. Thus, in addition to
the age of patients, the basic predictors of POAF
included QRS, PQ, RR durations. QRS of 50-80
ms had the maximum predictive potential, which is
associated with the pathophysiological complications
of accelerated ventricular depolarization and
their transmural activation, contributing to
electrical instability of myocardium. In addition,
QRS shortening may indicate increased sodium
channel activity and a higher risk of ventricular
arrhythmias [21]. According to our study, the PQ
interval of 170—210 ms in patients with POAF was
recorded 3,4 times more often than in patients
without arrhythmia, which indicates the relationship
between inhibition of atrioventricular conduction
and development of this complication [22]. It is
important to emphasize that the predictive potential
of this factor was more often manifested when it was
combined with RR value, which in 45,8% of patients
with POAF was recorded at the lower limit of
normal range indicating a tendency to bradycardia.
The combination of these features in predictive
models of POAF was previously presented [9]. The
use of PQ >210 ms and RR >100 ms as predictors
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did not increase or decrease the accuracy of models.
It should also be noted that the inclusion of QT
>420 ms in the model did not significantly affect
quality metrics (Table 4) (model 5). Its predictive
potential was realized only with indicators of RA and
LA dilatation (models 6 and 7). Most studies have
shown that LA remodeling is the main cause of AF,
including after cardiac surgery [6]. It was also found
that the extent of LA dilation in patients with CAD
is closely related to level of in-hospital mortality and
incidence of POAF after CABG [7]. In our study, the
LA volume index was not used a predictor, and the
latter was products of linear RA and LA dimensions,
which indirectly characterize the severity of their
structural and functional changes. The increase in
RA dimensions in patients with POAF was also
associated with TR, which was recorded in 22,2%
of patients in this group. Moreover, the influence
of this factor on model quality was manifested only
when it was combined with EF of 45-60% and LV
ESD (models 8-10). It can be assumed that an
increase in predictive value of a combination of these
factors is due to more accurate characterization
of morphological and functional status ischemic
myocardium, which serves as a substrate for POAF.

In this work, the identification of AF predictors
was carried out by analysis of clinical and functional
parameters in patients before CABG, which
corresponds to EUROSCORE 1II system [23]. In

previous studies, where this principle was used to
predict POAF, the AUC was 0,60-0,69 [11-13, 24].
In our work, the prediction value was significantly
higher, which was provided by a multistep procedure
for selecting predictors and using ANN.

Study limitations. Study limitations include the
need to increase the sample size, use an adjusted
QT interval, validate models in cohorts of patients
from other hospitals, and expand the list of potential
predictors.

Conclusion

An algorithm using data on preoperative status of
patients with CAD was developed to select predictors
that were used to predict POAF. The factors with
the highest predictive potential included the age
of patients (55-74 years for men, 60-78 years for
women), RR of 1000-1100 ms, QRS of 50-80 ms,
PQ of 170-210 ms, QT (>420 ms for men; >440 ms
for women), product of linear dimensions of LA
>160 mm? and PP >150 mm?, presence of TR, EF
of 45-60%, LV ESD >49 mm and class III-IV HF.
ANN-based model had a higher predictive accuracy
compared to multivariate LR.

Relationships and Activities. This work was
supported by Russian Foundation for Basic Research
grants within the research projects Ne 18-29-03131
and No 19-29-01077.
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Evaluation of the long-term effectiveness of cardiac resynchronization

therapy

Chumarnaya T.V!?, Lyubimtseva T.A.%, Solodushkin S.1.*, LebedevaV.K.}, LebedevD.S.?,

Solovieva O.E*

Aim. To determine quantitative criteria for assessing the
therapeutic benefits and the most informative time frames
after cardiac resynchronization therapy (CRT) to assess its
long-term effectiveness (1, 2, 3 years of follow-up) based
on retrospective analysis. To assess the CRT effectiveness,
parameters of left ventricular (LV) reverse remodeling
and signs characterizing the clinical CRT response were
considered.

Material and methods. This single-center, retrospective,
non-randomized study included data from 278 patients with
implanted CRT devices. Quantitative criteria for assessing
CRT effectiveness were determined using a two-step cluster
analysis of patients 1, 2, and 3 years after CRT by LV reverse
remodeling parameters.

Results. In the dataset with satisfactory division accuracy,
after the first year, two clusters were identified, which are con-
ventionally named as “non-responders” and “responders”.
Two and three years after therapy, patients were classified
into three clusters: “non-responders”, “responders” and
“super-responders”. For the obtained clusters, we found
cutoff values for LV reverse remodeling parameters, which
can be used as criteria for response to therapy.

The study identified the most informative time frames for
assessing the postoperative CRT effectiveness 1, 2, 3 years
after the surgery. At the same time, the clinical response to
therapy is manifested earlier in comparison with the reverse
LV remodeling.

Despite the high divisibility of patients into responders and
non-responders, predictive models of CRT effectiveness
created using the available data from standard diagnostic
protocols for heart failure patients have insufficient accuracy
to be used for making decisions on therapy appropriateness.
This circumstance indicates the need to receive additional
data to improve the forecasting quality.

Conclusion. The study revealed a period for assessing the
clinical response and changes in LV reverse remodeling
after CRT surgery, which is important for the optimal choice
of postoperative therapy. It has been shown that in most

cases, one year after surgery is sufficient to assess the
clinical response, and the process of LV reverse remodeling
can last up to two years on average.

When assessing the CRT effectiveness by reverse remodeling,
along with a change in LV end-systolic volume (ESV), it is
necessary to take into account LV end-diastolic volume
(EDV) changes. The change in LV ejection fraction showed
a significantly lower value among the analyzed parameters
in assessing the CRT effectiveness. Based on the cluster
classification of patients, a dividing rule was established for
responders and non-responders in the first and second years
after surgery with an accuracy of 97%: a decrease in LV ESV
and EDV by 9% or more compared to preoperative values.

Keywords: cardiac resynchronization therapy, cardiac re-
synchronization therapy effectiveness, forecasting models,
long-term postoperative period.
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Heart failure (HF) is the most severe cardio-
vascular disease with a high risk of adverse events,
including sudden cardiac death. The prevalence of
HF in Russia reaches 7% and continues to grow
every year, twice exceeding this value in other
developed countries [1]. Based on numerous clinical
studies, cardiac resynchronization therapy (CRT) is
recognized as a non-medication method that improves
functional status, improves the quality of life, and the
survival rate of patients with HF [2]. CRT is aimed at
reducing atrioventricular, inter- and intraventricular
myocardial dyssynchrony, at increasing the left
ventricular (LV) contractility. This treatment leads to
reverse LV remodeling, as evidenced by an increase in
LV filling time and ejection fraction (EF), as well as a
decrease in LV end-diastolic (EDV) and end-systolic
volumes (ESV) and a decrease in mitral regurgitation
and interventricular septal dyskinesia [3].

The possibility of achieving the CRT effect is
individual in each case, since it is associated with
the functional and structural cardiac features, as well
as with their changes over time. On the other hand,
unsafe for patients and expensive implantation of
such devices is often redundant due to inappropriate
patient selection [4].

The development of patient selection algorithms,
the choice of optimal conditions for surgical inter-
vention and postoperative treatment based on
modern research technologies remain urgent tasks of
cardiology.

Numerous studies have made it possible to expand
indications for CRT for patients with lower HF class,
but more significant systolic dysfunction or a wide
QRS complex with a failure of optimal medication
therapy and disease progression [3, 6]. To date, there
remains a number of potential opportunities for
clarifying the stratification of patient selection for
CRT and increasing the efficiency of these devices.

The question remains, in what time frame after
CRT and by what indicators to evaluate the its
effectiveness. Thus, the parameters used to assess
the success of CRT in randomized clinical trials are
not consistent with clinical practice [7, 8]. In most
studies, efficacy is assessed by the characteristics of
LV reverse remodeling, such as ESV and EF, while
in clinical practice, an important criterion of efficacy
is a relief of HF symptoms and improvement of the
quality of life [9].

This study was aimed at finding the most infor-
mative period for assessing the effectiveness of CRT
and quantitative criteria for it, as well as identifying
predictors of response to CRT.

Material and methods
Study design. This single-center retrospective
non-randomized study included 278 patients with

implanted CRT devices according to national clinical
guidelines [6]. The data collection period was 36
months. Patients were examined before CRT and
after CRT in multiples of 12 months. The study was
approved by the ethics committee of the Almazov
National Medical Research Center.

Population. The mean age of patients was
63+12 years. At the time of CRT, 76% had sinus
rhythm, 21% — permanent AF, 3% — complete
atrioventricular block and atrial fibrillation. We
analyzed LV remodeling parameters and heart
valve status by transthoracic echocardiography.
In addition, six-minute walk test and EQ- 5D-5L
(Kansas) questionnaire results were analyzed to
assess HF functional class.

There were following inclusion criteria:

* age >18;

* NYHA class II-IV HF at the outpatient stage
of treatment;

* LVEF <35% (Simpson method);

* QRS complex >20 ms;

* sinus rhythm, complete left bundle branch
block;

« optimal medication therapy for HF;

* signed informed consent.

There were following exclusion criteria:

 prior myocardial infarction, transient ischemic
attack, stroke <3 months before the start of the
study;

» patients who were scheduled for myocardial
revascularization or heart transplantation during the
follow-up period;

« congenital and acquired defects, as well as heart
tumors, LV aneurysm, when their surgical treatment
was planned during the follow-up period;

+ active inflammatory and autoimmune myocar-
dial diseases;

* thyrotoxicosis at the time of enrollment;

+ anemia with a hemoglobin <90 g/1;

« diseases limiting life expectancy (<1 year).

Parameters for assessing the CRT effectiveness.
Parameters of LV reverse remodeling: relative
decrease in LV EDV (AEDYV), relative decrease
in LV ESV (AESV). A negative AEDV and AESV
means a decrease in LV volumes in comparison
with preoperative indicators. The relative increase
in LVEF (AEF). A positive AEF means an increase
in LVEF in comparison with the preoperative
indicator. The clinical response was assessed by
a decrease in HF functional class compared with the
preoperative one.

Methods for determining the criterion for asse-
sing the CRT effectiveness. The classification of these
patients to determine quantitative criteria for assessing
the effectiveness of CRT at various postoperative
periods was carried out using a two-step cluster ana-
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lysis. To assess the quality of connectivity and
separability of clusters, a silhouette value was used,
which is measured from -1 to 1. The value from -1
to 0,2 is considered unsatisfactory for separation into
clusters, from 0,2 to 0,49 — moderate separability,
from 0,5 to 1 — good separability. ROC analysis was
used to assess the diagnostic value and find cut-off
thresholds for clustering parameters. The area under
the ROC curve (AUC) was used as a measure of
diagnostic value. Cut-off thresholds were determined
with a balance of sensitivity and specificity.

Models for predicting changes in reverse remo-
deling parameters at different postoperative periods.
The following blocks of standard preoperative
diagnostic protocols were used to construct models
for predicting the values of AEDV, AESV, AEF at
different postoperative periods:

* Demographic: sex, height, weight;

» Cardiovascular disease and prior surgery: myo-
cardial infarction, stenting, CABG, radiofrequency
ablation, valve replacement;

» Heart failure (HF): etiology of dilated car-
diomyopathy (ischemic and non-ischemic), HF
class (six-minute walk test, EQ-5D-5L questionnaire
(Kansas));

* Electrocardiography: QRS, P, PQ, QT, the
presence of blocks and delayed conduction;

* Echocardiography: LV EDV and ESV, LVEF,
end-diastolic and end-systolic dimensions of the
LV and right ventricle, left and right atrial dimen-
sions. Presence/absence of interventricular and
intraventricular dyssynchrony, according to tissue
Doppler echocardiography;

* Medication therapy.

To improve the predictive models, the following
characteristics obtained during the implantation of
an implantable electronic device (IED) were used:
location of pacing poles in right and left ventricular
leads; electrocardiographic characteristics during
pacing. For the forecast in 2" and 3™ years after the
operation, to improve the quality of models, we also
used the characteristics AEDV, AESV, AEF in the
first year after CRT.

Predictive models were created using stepwise
logistic regression (criterion for stepwise selection
of parameters: inclusion of a parameter in model
with a significance <0,05; excluding a parameter
from the model with a significance <0,10). The
determination coefficient R* was used to assess the
linear relationship between predicted parameters
and predictors: the closer the value is to 1, the
stronger the relationship. The R? coefficient provides
an estimate of model quality: what percentage of
cases this model is able to describe.

Statistical analysis and creation of information
models were carried out using the IBM SPSS 23

program. For quantitative variables, the arithmetic
mean and standard deviations (mzsd) were
calculated in case of normal distribution. For
nonnormally distributed variables, median and
[25%; 75%] percentile were used. The critical level
of significance was 0,05. The normal distribution
of variables was assessed using the Shapiro-Wilk
test. For pairwise comparisons, the nonparametric
Wilcoxon signed-rank test was used. Comparison of
two independent groups was carried out using the
Mann-Whitney Test. Comparison with hypothetical
median was performed using the one-sample
Wilcoxon signed rank test.

Results

Analysis of CRT effectiveness in long-term post-
operative period

The analysis of CRT performance within three
years after surgery was carried out in order to deter-
mine the optimal postoperative period for asses-
sing the CRT effectiveness.

LVEF

The analysis of changes in LVEF was carried out
according to echocardiography before CRT and 1, 2
and 3 years after surgery (Figure 1).

It was shown that the mean LVEF increased
significantly after implantation of CRT devices
for all considered stages in comparison with the
preoperative data (Figure 1).

For pairwise comparisons, in the first year after
CRT initiation, there was a subgroup of 173 patients,
of which in 77% of cases, LVEF increased, in 17% —
decreased, and in 6% — remained unchanged. The
percentage of LVEF increase in the first year after
CRT was 28% [4; 57]. There was a significant
difference in percentage of increase from zero
(p=0,000).

The mean LVEF value 2 years after CRT did
not significantly differ from the value of 1 year after
CRT (35%9 and 338, p=0,070). However, the
additional increase at the stage from 1 to 2 years
was significantly different from zero (p=0,033) and
amounted to 3% [-10; 24] (Figure 1). For pairwise
comparisons, in the interval from one to two years,
there was a subgroup of 119 patients, in 54% of
which LVEF became higher, in 43% — lower, and in
3% — remained unchanged.

When comparing LVEF at the stage from 2 to 3
years after surgery, the difference was insignificant
(35£9 and 36%9, p=0,459) and the additional
increase in LVEF did not significantly differ from
zero (p=0,326) (Table 1). For pairwise comparisons
in the interval from 2 to 3 years after CRT, the
subgroup included 88 patients: in 48% of cases,
LVEF became higher, in 42% — lower, in 10% —
remained unchanged.
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Figure 1. LVEF 1, 2, 3 years after CRT.
Note:
# _ p<0,05 comparison with LVEF 1 year after CRT.

3% [-10%; 24%]*

0% [-10%; 13%]

T — AEF (%) Me [25%;75%], * — p<0,05 AEF is significantly different from zero, § — p<0,05 comparison with LVEF before CRT,

Abbreviations: LVEF — left ventricular ejection fraction, CRT — cardiac resynchronization therapy.

LV EDV

The analysis of changes in LV EDV was carried
out according to echocardiography before CRT and
1, 2 and 3 years after surgery (Figure 2).

It was shown that the mean value of LV EDV
significantly decreased after CRT device implan-
tation at all considered stages in comparison with the
preoperative data (Table 2).

For pairwise comparisons, in the first year
after device implantation, there was a subgroup of
173 patients, of whom in 71% of cases, LV EDV
decreased, in 29% — increased. The percentage of
LV EDYV reduction in the first year after CRT was
17% [-6%; 35%]| with a significant difference from
zero (p<0,001).

LV EDV value at 2 years after CRT did not
significantly differ from the value at 1 year after
CRT (240%101 and 231£91, p=0,286). The decrease
at the stage from 1 to 2 years also did not differ
significantly from zero (p=0,968) (Figure 2). For
pairwise comparisons, in the interval from 1 to 2
years, there was a subgroup of 119 patients, of whom
in 70% of cases, LV EDV decreased, in 29% —
increased, in 1% — remained unchanged.

When comparing LV EDV at the stage from 2 to
3 years after surgery, the difference was insignificant

(231291 and 220+90, p=0,171) and the decrease
did not significantly differ from zero (p=0,342)
(Figure 2). For pairwise comparisons, in the interval
from 2 to 3 years after CRT, the subgroup included
88 patients, of whom in 72% of cases, LV EDV
decreased, in 28% — increased.

LV ESV

The analysis of changes in LV ESV was carried
out according to echocardiography before CRT and
1, 2 and 3 years after surgery (Figure 3).

It was shown that the mean value of LV
ESV significantly decreased after CRT device
implantation at all considered stages in comparison
with the preoperative data (Figure 3).

For pairwise comparisons, in the first year
after device implantation, there was a subgroup
of 173 patients, of whom in 73% of cases, LV ESV
decreased, in 27% — increased. The percentage of
LV ESV reduction in the first year after CRT was
21% [-4%; 39%] with a significant difference from
zero (p<0,001).

LV ESV value at 2 years after CRT did not
significantly differ from the value at 1 year after
CRT (16583 and 155£78, p=0,180). The decrease
at the stage from 1 to 2 years also did not differ
significantly from zero (p=0,577) (Figure 2). For
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Table 1
Correlation analysis between HF class and LV reverse remodeling parameters
HF class LV EDV LV ESV LVEF
Jo 1 2 3 Jo 1 2 3 Jo 1 2 3
Before r -001  -001 005 002 0,01 004 006 004 -006 -019 -011 -013
P 097 097 062 083 08 056 049 071 035 0,01 024 023
1 year r 008 020 017 032 008 023 022 034 -011 -024 -029 -031
P 033 0,01 014 0,01 032 0,01 0,05 0,01 0,18 0,00 0,01 0,01
2 year r -0188 027 0,21 024 -013 025 025 026 002 -016 -035 -0,26
P 0,07 0,01 003 008 016 0,02 0,01 004 085 014 0,00 0,05
3 year r -014 032 033 027 -012 035 041 032 007 -033 -048 -041
p 024 0,01 002 002 031 0,01 0,03 0,01 054 0,01 0,00 0,00

Abbreviations: EDV — end-diastolic volume, ESV — end-systolic volume, LVEF — left ventricular ejection fraction, HF — heart failure,
r — Spearman’s rank correlation coefficient, p — significance of difference r from zero.
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Figure 2. LV EDV 1, 2, 3 years after CRT.

Note: 4 — AEDV (%) Me [25%;75%], * — p<0,05 AEDV is significantly different from zero, $ — p<0,05 comparison with LV EDV before
CRT.

Abbreviations: LV — left ventricle, CRT — cardiac resynchronization therapy, EDV — end-diastolic volume.

pairwise comparisons, in the interval from 1 to 2 from 2 to 3 years after CRT, the subgroup included
years, there was a subgroup of 119 patients, of whom 88 patients, of whom in 73% of cases, LV ESV
in 72% of cases, LV ESV decreased, in 27% — decreased, in 27% — increased.
increased, in 1% — remained unchanged. HF class

When comparing LV ESV at the stage from 2 to We analyzed changes in HF functional class in
3 years after surgery, the difference was insignificant patients within 3 years after CRT (Figure 4).
(155x78 and 145x75, p=0,377) and the decrease In the subgroup of patients (n=80), for whom
did not significantly differ from zero (p=0,435) there was information on HF class at all stages, the
(Figure 2). For pairwise comparisons, in the interval following changes were observed — Table 3.

31



Russian Journal of Cardiology 2021; 26 (7)

In 70,1% of patients, HF class improved over
the entire period. After 1 year, a positive trend was
observed in 48,8%. Taking into account the patients
who did not show a favorable change (26%), it is

Table 2

Descriptive statistics data for subgroups
with/without decrease in HF class

in the first year after CRT

Parameter

LVEF (%) Before
1 year
2 year
3 year
LVESV (ml)  Before
1 year
2 year
3 year
LV EDV (ml) Before
1 year
2 year
3 year

Abbreviations: EDV — end-diastolic volume, ESV — end-systolic
volume, LVEF — left ventricular ejection fraction, HF — heart failure.

300 7

250

Decrease in HF
class after 1 year

Yes
26%0,6
34+0,8
38+1,3
39+1,5
200+8
142+7
13711
12911
277+9
2139
216x14
204+14

200

150

LV ESV, ml

100

50 ~

202

Before

No
25+0,8
32411
3114
32422
221+10
190+12
189+13
191+16
30011
275%15
265+15
27219

Significance
of differences

0,071
0,052
0,002
0,007
0,09

0,003
0,004
0,006
0,189
0,002
0,018
0,011

165

1 year

possible to recommend evaluating the effectiveness
of CRT 1 year after surgery.

Relationship of HF class and LV reverse remodeling
parameters

The relationship between LV reverse remodeling
parameters and HF was investigated. Correlation
analysis showed a weak but significant relationship

Table 3
Combinations of changes in HF class

Improvement (decrease in HF class), n=56

Decreased by 1 year and remained unchanged 32,5%
Decreased by 2 year and remained unchanged 10%
Decreased by 3 year 11,3%
Decreased by 1 and 2 years, and remained unchanged 11,3%
Decreased by 1 year, unchanged by 2 year, 5%

decreased by 3 year

Unfavorable changes (increase in HF class or no changes),
n=24

Remained unchanged, increased by 2 year 1,3%
Decreased by 1 and 2 years and increase by 3 year 1,3%
Decreased by 1 year, increased by 2 year, 1,3%
unchanged by 3 year

Did not change 26%

Abbreviation: HF — heart failure.

155
145

2 years 3 years

1-21% [-39%; 4%]*

Figure 3. LV ESV 1, 2, 3 years after CRT.
Note: 4 — AESV (%) Me [25%;75%], * — p<0,05 AESV is significantly different from zero, * — p<0,05 comparison with LV ESV before CRT.
Abbreviations: LV — left ventricle, CRT — cardiac resynchronization therapy, ESV — end-systolic volume.

$-4% [-20%: 21%] $-1% [-22%: 15%]
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Figure 4. HF class 1, 2, 3 years after CRT.
Abbreviations: HF — heart failure.

between LV reverse remodeling parameters and HF
at all postoperative stages considered (Table 1).

To compare the timing of a decrease in HF
class and LV reverse remodeling after CRT, the
group of patients was divided into two subgroups:
group 1 — HF class decreased during the first year
after CRT, group 2 — HF class did not decrease
(remained the same or increased). The subgroups
did not significantly differ in LVEF, ESV, and EDV
before CRT initiation (Table 1). In the first year
after CRT implantation, in patients whose HF
class decreased, there was a tendency for a greater
increase in LVEF compared with patients whose
HF class did not decrease (from 26% to 34% and
from 25% to 32%, respectively (Table 1)), but this
trend was insignificant. Only after two years was
there a significant difference between LVEF for the
considered subgroups. In the group of patients whose
HF class decreased in the first year after CRT, LV
ESV and EDV became significantly lower compared
to group of patients whose HF class did not decrease
in the first postoperative year. The same findings
were observed at 2 and 3 years after CRT.

Criterion for assessing the CRT effectiveness in
terms of LV reverse remodeling. A two-step cluster
analysis was used to classify patients at 1, 2, and 3
years after CRT. The classification was carried out
depending on LV AEF, AESV and AEDV at the
indicated time. The change in HF class was assessed

60%

80% 100%

during clustering, but did not participate in the
classification, because for all periods, the change
in HF class had practically zero importance during
separation and sharply reduced the silhouette value
of clustering.

In the first year, with the best silhouette value of
cluster connectivity of 0,54, 2 clusters were identified
(Figure 5). The most important parameter for cluster
separation was LV AESV, then, in decreasing order
of importance, LV AEDV and AEF (Figure 6).
We conditionally named the first cluster “non-
responders”, the second cluster “responders”, and
found the separation criteria for them (Table 4,
Figure 5). In “non-responders” cluster in a larger
number of patients, the HF class did not change
(increase — 2%; no changes — 51%; decrease — 47%),
while in the cluster of “responders”, there were more
patients who had a decrease HF class (increase — 1%;
no changes — 38%; decrease — 61%).

At the stage of two years after CRT, with the
best cluster connectivity of 0,57, 3 clusters were
identified. The most important parameter in dividing
the clusters, as in the first year, was LV AESV with
a highest value of 1,00. AEDV was also of high
importance in separation, while AEF had the least
effect on clustering (Figure 6). Thus, the first cluster
included patients with unfavorable changes in ESV,
EDV and LVEF, and 90% of it consisted of patients
from the “non-responder” cluster obtained from
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Figure 5. Clustering at different postoperative periods.
Abbreviations: ESV — end-systolic volume, EDV — end-diastolic volume.
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Figure 6. Importance of parameters for clustering in the considered postoperative periods.
Abbreviations: ESV — end-systolic volume, EDV — end-diastolic volume, EF — ejection fraction.

data for 1 year. The second and third clusters were
patients with favorable dynamics. In the second
cluster, 54% of patients in the first year were “non-
responder” cluster and 46% — “responders” cluster.
The third cluster consisted entirely of patients who
were included in the “responders” cluster in the
first year. According to data for the second year, we
conditionally named the resulting clusters: the first
cluster — “non-responders”, the second cluster —
“responders” and the third — “super-responders”.
In the group of “non-responders”, there was an
increase in HF class in 8%, no change — in 75%,
and a decrease — in 17%; among “responders” and
“super-responders”, an increase in HF class was
observed in 2%, no change — in 31%, and a de-
crease — in 67%.

Three years after CRT, 3 clusters were also
identified with the best cluster connectivity of 0,56.
The most important parameter for cluster separation
was LV AEDV, slightly less important — AESV, and
AEF had the least effect on clustering (Figure 6).
As in the previous stage, the first cluster included

patients with negative changes in ESV, EDV and
LVEF and 100% of it consisted of patients from the
“non-responder” cluster obtained from the second
year. The second and third clusters are patients
with favorable dynamics, consisting of patients of
the “responder” and “super-responder” clusters
obtained from the second year. Among “non-
responders”, an increase in HF class was observed in
8%, no change — in 81% and a decrease — in 11%;
among the “responders” and “super-responders”,
HF class remained unchanged in 12% of patients,
and in 88% there was a decrease in HF class.

For the obtained clusters, we found the separation
criteria (Table 4, Figure 5). Based on the assessment
of importance of clustering parameters, diagnostic
value and obtained cut-off thresholds for these
parameters, in the first year after CRT, “responders”
should be considered as with a relative decrease
in LV ESV >10%, in LV EDV >9% compared to
preoperative data. Two years after CRT, there were
criteria for separability of clusters as follows: “non-
responders” are the same as according to first year —
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Table 4
Cluster analysis of LV reverse remodeling parameters
Year Parameter Cluster Median (%) Cut-off threshold (%), AUC [95% Cl] P
[25%; 75%] (Se, Sp)
1 AESV “non-responders” (n=67, 39%) 8 [-4; 25] >-9(0,96,0,91) 0,995 [0,989; 1,00] 0,000
“responders” (n=106, 61%) -36 [-52; -25] <-9(0,96,0,91)
AEDV “non-responders” 11 [-3; 24] >-9(0,9, 0,89) 0,962 [0,939; 0,985] 0,000
“responders” -30 [-43; -18] <-9(0,9, 0,89)
ALVEF “non-responders” 5[-12; 26] <15 (0,75, 0,72) 0,754 [0,678; 0,830] 0,000
“responders” 40 [15; 71] 215 (0,75, 0,72)
2 AESV “non-responders” (n=24, 20%) 52 [50; 62] >-9(1,0,92) 0,998 [0,990; 1] 0,000
“responders” (n=59, 50%) -10 [-20; 3] <-9m >-37 (1,0,98)
“super-responders” (=36, 30%)  -56 [-64; -51] <-37(1,1)
AEDV “non-responders” 78 [5; 86] >-9 (1, 0,80) 0,959 [0,929; 0,992] 0,000
“responders” -13 [-26; -4] <-9 1 >-40 (0,95, 0,85)
“super-responders” -65 [-77; -52] <-40 (0,9, 0,9)
ALVEF “non-responders” 6 [-27; 25] <0 (0,59, 0,80) 0,677 [0,491;0,860] 0,045
“responders” 18 [0; 40] 201 <43 (0,71, 0,80)
“super-responders” 72 [47;115] 243 (0,8, 0,8)
3 AESV “non-responders” (n=23, 26%) 18 [11; 33] >0 (1, 0,99) 0,998 [0,991; 1] 0,000
“responders” (n=26, 30%) -19[-33; -12] <0un >-37 (0,98, 0,98)
“super-responders” (n=39, 44%)  -63 [-73; -56] <-37 (0,97, 0,97)
AEDV “non-responders” 28 [20; 49] >0 (0,95, 0,95) 0,978 [0,952; 1] 0,000
“responders” -20 [-37; -9] <0wun >-40 (0,93, 0,93)
“super-responders” -70 [-87; -61] <-40 (0,92, 0,92)
ALVEF “non-responders” 13 [0; 30] <15 (0,69, 0,67) 0,769 [0,661;0,877] 0,000
“responders” 27 [13; 39] 2151 <42 (0,75, 0,73)
“super-responders” 77 [56; 119] 242 (0,82, 0,82)

Abbreviations: Cl — confidence interval, EDV — end-diastolic volume, ESV — end-systolic volume, LVEF — left ventricular ejection
fraction, HF — heart failure, Se — sensitivity, Sp — specificity, P — significance of AUC.

those patients with LV ESV and EDV not exceeding
9% in 2 years. With a decrease in LV ESV and
EDV by more than 37% and 40%, respectively, the
patient falls into the cluster of “super-responders”.
In 3 years after CRT, the border between the clusters
of “non-responders” and “responders” changes.
So, with any decrease in LV ESV and EDV that
is different from zero, within 3 years after CRT,
the patient falls into the cluster of “responders”.
The borderline between “responders” and “super-
responders” remains the same as for a period of 2
years (Table 4).

Information models for predicting CRT effective-
ness

Using logistic regression, we created prognostic
models for entering a cluster with unfavorable chan-
ges(“non-responders”)inreverseremodelingparame-
ters and to clusters with favorable changes (“respon-
ders” and “super-responders”) (Table 5). To create
the models, we used the blocks of preoperative dia-

gnostic protocols described in the section “Material
and Methods™.

The created models based on preoperative
diagnostic protocols turned out to be significant, but
the predictive power of these models was low and the
classification accuracy did not exceed 62% (Table 5).
When using the parameters obtained during IED
implantation, the prediction quality in the first year
improved and the classification accuracy increased
to 70%. Using information on changes in LVEF,
ESV, and EDV in the first year after CRT initiation,
it was possible to improve the accuracy of prognostic
models for the second and third postoperative years,
but their accuracy also did not exceed 72%.

Discussion
Three-year analysis was carried out in order to
determine the most informative postoperative period
for assessing the CRT effectiveness, the search for
a reliable quantitative rule for assessing the CRT
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Table 5
Information models for CRT prognosis depending on postoperative period
R? P

Unstandardized coefficients Accuracy of classification

Value P

Parameter

Parameters before CRT

Sex (0-M; 1-F) 0,72 0,033 0,22 0,031 62%
Constant 0,28 0,191

Improvement of the model (+ parameters during IED implantation)

Sex (0-M; 1-F) 0,92 0,032 0,48 0,000 70%
Left atrial area -0,59 0,046

QRS on pacing -0,02 0,019

Constant 6,34 0,002

Parameters before CRT

LV ESV before -0,01 0,024 0,31 0,042 58%
Constant 1,58 0,026

Improvement of the model (+ change in EF, ESV, EDV in the first year)

AESV by 1 year -0,04 0,000 0,64 0,000 69%
LV ESV before -0,01 0,179

Constant 1,67 0,033

Parameters before CRT

LVEF before 0,07 0,059 0,19 0,010 53%
Constant -1,68 0,80

Improvement of the model (+ change in EF, ESV, EDV in the first year)

LVEF 0,03 0,590 0,47 0,001 2%
AESV by 1 year -0,08 0,000

Constant 118 0,452

Abbreviations: IED — implantable electronic device, EDV — end-diastolic volume, ESV — end-systolic volume, LVEF — left ventricular

ejection fraction, CRT — cardiac resynchronization therapy.

effectiveness in indicated periods and the search
for predictors of changes in reverse remodeling
parameters at 1, 2, 3 years after surgery.

First, we assessed the response to CRT using
parameters characterizing LV reverse remodeling. In
the majority of patients, LV ESV and EDV decreases
compared to preoperative ones during all three years
after CRT. The rate of decline in these indicators
slows down 2 and 3 years after CRT initiation
and does not significantly differ from zero. Based
on this, it is reasonable to evaluate the change in
these parameters 1 year after CRT implantation. At
the same time, in most patients, LVEF continues
to increase in comparison with the preoperative
value for a longer period at three years after CRT
placement, although the growth rate of LVEF 2 and
3 years after surgery also slows down compared to
the first year after implantation. Considering that

in the interval from a year to two years, an increase
in LVEF is observed that is significantly different
from zero, and at the stage from two to three years,
the increase does not significantly differ from zero,
to assess the change in LVEF 2 years after CRT
should be considered. Similar results were obtained
in studies reviewed by Cleland JG, et al. [10].

The assessment of clinical response to CRT
was carried out by assessing the change in HF
class within three years after CRT initiation. A
decrease in HF class is observed throughout the
study as compared to the preoperative data, while
improvement in HF class over the entire follow-up
period is demonstrated by 70,1% of patients. After |
year, improvement is observed in 48,8%, and in 26%
of patients there is no improvement either in the first
year or in further periods under consideration. So,
74,5% of patients after the first year have a clinical
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response to therapy. In this regard, evaluating the
effectiveness of CRT in changing the HF class 1 year
after implantation should be considered.

Based on results obtained, a hypothesis has been
developed that the decrease in HF class occurs earlier
than the reverse LV remodeling. We showed that in
patients with decrease in HF class a year after CRT,
both EDV and ESV is significantly less compared
to LV volume in patients without a decrease in HF
class, but the difference between the LVEF in the
considered groups remains insignificant up to 2 years
of CRT. Reverse remodeling lasts up to 2 years after
the CRT initiation, while we observe a decrease in
HF class already a year after implantation, and then
it does not decrease in most cases. These findings
support the hypothesis of an earlier decrease in HF
class compared with reverse remodeling. The time
interval for assessing the success of CRT remains an
open question [7, 10]; in most studies, the success
of CRT is considered 6 months after therapy. As our
studies show, this period is insufficient to assess the
effectiveness of therapy. Similar conclusions were
made in the study by V. Kuznetsov, et al. [11], which
showed that the most “responders” and all “super-
responders” appear in the late postoperative period.
Moreover, patients with a rapid response to CRT
in 3-month postoperative period had lower 5-year
survival rates after starting CRT [11].

Quantitative criteria for assessing CRT success are
also under discussion. A review [4, 10] provides about
ten criteria for CRT effectiveness used in different
studies using the parameters of LV reverse remodeling.
To objectify quantitative parameters to assess the
effectiveness of CRT, we applied a two-step cluster
analysis and performed an automated classification
of patients at 1, 2, and 3 years after CRT according to
reverse remodeling parameters. For all postoperative
periods, the relative decrease in LV ESV and EDV are
of high importance when dividing into clusters, while
the change in LVEF had lower significance during
clustering. In a period of 1 year after CRT, there are
2 clusters with good separability. We conditionally
named one cluster with unfavorable changes of
reverse remodeling parameters “non-responders”,
and a cluster with improvement in reverse remodeling
parameters — “responders”. There were following
criterion for evaluating the effectiveness in the first
year after CRT based on cluster analysis: a decrease
in LV ESV and EDV by 9% or more compared to
preoperative data [4]. In further periods after the
start of CRT, 3 clusters with good separability are
distinguished. One cluster, as in the first year, is
“non-responders”. But patients with improvement are
divided into 2 clusters, which we called “responders”
and “super-responders”. Stratification of patients
into a cluster of “super-responders” is consistent

with studies that indicate super-responders precisely
in the long-term postoperative periods [11-13], and
according to our data, this occurs 2 years after CRT.
There were following cluster separability criteria:
“non-responders”, as in the first year, are patients
with change in LV ESV and EDV did not exceed 9%
for 2 years. With a decrease in LV ESV and EDV by
more than 37% and 40%, respectively, the patient
falls into the cluster of “super-responders”. Three
years after CRT, the border between the clusters of
“non-responders” and “responders” slightly changes,
so with any decrease in LV ESV and EDV within 3
years after CRT, the patient falls into the cluster of
“responders”. This result may be associated with the
smallest, compared to the past, cohort of 88 patients
whose data were used for clustering. The criteria for
falling into the “super-responders” cluster are the
same as in the previous period.

Using the criteria for evaluating the success
of CRT, obtained based on our cluster analysis,
using logistic regression, prognostic models of
CRT effectiveness were constructed according to
preoperative parameters obtained in the clinic with
standard diagnostic protocols for patients with HF.
Although the created models show significance,
the predictive power of these models is low. Thus,
the model created based on preoperative data for
predicting the response to therapy after 1 year
includes only patient sex, has a R? <0,22. So,
the model correctly describes only 22% of cases,
while the classification accuracy in the considered
sample of 62% is also low. With an increase in
postoperative period, the predictive power of models
decreases even more. When using the additional
characteristics obtained during IED implantation,
as well as LV AEDV, AESV, AEF one year after
CRT implantation, to predict the response in 2- and
3-year period, the predictive power of the models
increases, but R?> does not exceed 0,64, and the
classification accuracy is 72%. The results obtained
indicate that the considered blocks of preoperative
diagnostic parameters and patient stratification
for CRT do not allow significantly predicting the
effectiveness of CRT in the long-term postoperative
period, which is consistent with studies [ 14, 15].

Study limitations. The study considered intervals
that are multiples of 1 year after therapy; retro-
spective data did not allow for an additional study at
3, 6, 18, 30 months after therapy, which would make
it possible to more accurately assess the timing of
response to CRT.

A decrease in the number of patients in a cohort
after 2 and especially 3 years after CRT compared to
the number of patients after 1 year could affect the
accuracy of assessing changes in EDV, ESV, EF, HF
class and the accuracy of clustering.
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Conclusion

The study revealed a period for assessing the
clinical response and changes in LV reverse remo-
deling after CRT surgery, which is important for the
optimal choice of postoperative therapy. It has been
shown that in most cases, one year after surgery is
sufficient to assess the clinical response, and the
process of LV reverse remodeling can last up to two
years on average.

When assessing the CRT effectiveness by reverse
remodeling, along with a change in LV ESV, it is
necessary to take into account LV EDV changes. The
change in LVEF showed a significantly lower value
among the analyzed parameters in assessing the
CRT effectiveness. Based on the cluster classification
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Electroanatomic substrate of atrial fibrillation in patients after COVID-19

Osadchy An. M., Semenyuta V. V.2, Kamenev A. V2, Shcherbak S.G.*, Lebedev D.S.

Aim. To determine the features of left atrial electroanatomic
structure and the arrhythmia substrate in patients with atrial
fibrillation (AF) after coronavirus disease 2019 (COVID-19).
Material and methods. The pilot study included 20
patients with AF who underwent catheter radiofrequency
ablation. Ten patients had COVID-19 and 10 patients were
included as a control group. AF substrate was identified
using anatomic and bipolar mapping. Zones with following
amplitudes were analyzed: <0,25 mV, <0,5 mV, from 0,5
to 0,75 mV inclusive, and >0,75 mV. Left atrial volume was
determined based on anatomic map.

Results. The groups were homogeneous in AF type, number
of patients after prior pulmonary vein isolation, and heart
rate during mapping. In the COVID-19 group, there was a
higher area of fibrous zones with an amplitude of <0,25 mV
(51,5%£16,6% vs 29,1+16,1% in the control group, p=0,007),
<0,5 mV (76,7+11,5% vs 45,6£22,7% in the control group,
p=0,001) and a lower area of intact myocardium with an
amplitude >0,75 mV (11,6+8,0% vs 45,0+25,0% in the
control group, p=0,001). In 7 COVID-19 patients, the
posterior wall was isolated due to low-amplitude zones. Of
these, three patients underwent surgery for the first time.
According to ROC analysis, in patients after COVID-19,
fibrous tissue (<0,5 mV) occupies more than half of the
area, while normal tissue (>0,75 mV) — ~30% or less.
Conclusion. This study shows that SARS-CoV-2 infection
may cause left atrial remodeling in the form of diffuse
fibrosis. The arrhythmia substrate in patients after COVID-
19 can be localized not only in pulmonary vein mouths, but

also in other left atrial areas. This must be taken into account
before ablation, even if the procedure is being performed
for the first time. It is recommended to perform amplitude
mapping for all patients who have had SARS-CoV-2 infection
in order to identify fibrous zones and plan the operation
extent.

Keywords: atrial fibrillation, radiofrequency ablation, coro-
navirus infection, fibrosis, amplitude mapping.
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Coronavirus disease 2019 (COVID-19) has been
studied by researchers around the world since its
inception. To date, the proportion of patients who
have suffered a disease caused by the severe acute
respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) is consistently increasing. A large number
of observations show that a more severe course and
high mortality are associated with cardiovascular
comorbidities. However, the pathogenesis of
infection and the effect of virus on cardiac structure
are not fully understood.

The central mechanism of SARS-CoV-2 pene-
tration into cells is its binding with angiotensin-con-
verting enzyme 2. This enzyme is also actively ex-
pressed in cardiac tissue and, to a greater extent, in
cardiomyocytes themselves [1]. It is assumed that
it is through this receptor that the virus can have a
direct pathogenic effect on myocardium.

To a certain extent, cardiac tissue affinity is
not unique to SARS-CoV-2. Other, more studied
viruses, including other human coronaviruses —
SARS-CoV and MERS-CoV, as well as the influenza
A virus subtype HINI, has similar properties [2].
A number of clinical observations of patients with
COVID-19 have been published, which show
that myocardial damage is observed in 12-23% of
patients [3]. Morphologically, such damage has no
specifics and manifests as moderate mononuclear
cell infiltration [4].

The manifestations of myocardial involvement in
COVID-19 are diverse and non-specific. There are
abnormalities according to electrocardiography and
transthoracic echocardiography, including ischemic.
In some patients, there is an increased level of
troponins I and T, creatine phosphokinase MB, as
well as a heart failure marker N-terminal pro-brain
natriuretic peptide [5]. Moreover, a high level of
troponin I is also associated with a more severe
course of infection [6]. However, an increase in
this particular marker as a criterion of myocardial
involvement in COVID-19 remains not entirely
convincing. There is evidence that troponin I is
elevated in all COVID-19 patients. An increase >99
percentile is observed in 8-12% of cases [7]. Also, an
increase in troponin I concentration is observed in
patients with renal failure due to slow metabolism
and elimination of the enzyme from blood [3].

Elevated troponin levels may reflect both myo-
cardial ischemic damage and myocardial inflam-
mation. Previously, using magnetic resonance
imaging (MRI), it has already been proven that some
types of coronaviruses can cause acute myocarditis
[8].

In patients with COVID-19-related fulminant
myocarditis, blood interleukin-6 level is significantly
increased, which, in turn, is associated with a more

severe disease course [5]. Also, in the serum of
patients, there is an increase in other pro-inflam-
matory cytokines, for example, CXCLI10, interleu-
kin-8, tumor necrosis factor-alpha, etc. [9]. Inflam-
matory mediators, in particular transforming growth
factor beta, contribute to atrial fibrosis and electro-
physiological abnormalities in myocardium, increa-
sing the risk of cardiac arrhythmias, including atrial
fibrillation (AF) [10]. This is confirmed by recent
clinical studies where arrhythmias in patients with
COVID-19 were detected in 12,9% of cases, of
which AF was observed in 61,5% of patients [11].

Left atrial (LA) myocardial fibrosis plays a sig-
nificant role in the initiation and maintenance of AF,
as well as recurrence after lapse after pulmonary vein
isolation [12]. One of the methods for determining
electroanatomic substrate of AF is contact mapping
using 3D endocardial navigation systems. The
combined use of amplitude mapping and contrast-
enhanced MRI made it possible to establish that LA
areas with an amplitude of <0,5 mV are associated
with fibrosis zones [13, 14].

Large low-amplitude areas associated with LA
myocardial fibrosis are an unfavorable predictor of
AF recurrence after pulmonary vein isolation. Given
this, it is especially important to perform amplitude
mapping before radiofrequency ablation (RFA) in
patients after COVID-19, since this can change sur-
gery strategy.

The aim was to determine the features of left
atrial electroanatomic structure and arrhythmia
substrate in patients with AF after COVID-19.

Material and methods

The pilot study included 20 patients with AF
who underwent RFA between May 2020 and May
2021. Of these, 10 patients had COVID-19 and
10 patients were included as a control group. The
inclusion criterion in the COVID-19 group was a
prior mild or moderate viral respiratory infection
verified by real-time polymerase chain reaction
(PCR) test. Three participants with moderate
COVID-19 received in-hospital treatment, while
the rest of patients were treated on an outpatient
basis. Patients underwent a full course of treatment
followed by determination of anti-SARS-CoV-2
immunoglobulin G level by quantitative enzyme-
linked immunosorbent assay (ELISA) at least 1
month later. Hospitalization for RFA was performed
at least 1,5 months after an infection. The average
time from virus verification to surgery was 124498
days (minimum — 45; maximum — 313). The
inclusion criterion for control group was the absence
of documented COVID-19 and recorded contacts
with COVID-19 patients, as well as the absence of
anti-SARS-CoV-2 IgG antibodies by ELISA for
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Clinical characteristics of patients

Parameter Control group (n=10)
Age, years 617 [56; 67]

Sex 8 (80%)/2 (20%)
Male/female

AF/AFL 4 (40%)

Type 4 (40%)/6 (60%)
Paroxysmal/persistent

Prior surgery 5 (50%)/5 (50%)

Primary/repeated

Baseline rhythm
Sinus/AF-AFL

5 (50%)/5 (50%)

Table 1

COVID-19 (n=10) P ES

666 [61; 70] 0,180 0,62
4 (40%)/6 (60%) 0,085 0,41
7 (70%) 0,301 0,35
3 (30%)/7 (70%) 0,639 0,10
6 (60%)/4 (40%) 0,653 0,10
1(10%)/9 (90%) 0,070 0,44

Abbreviations: ES — effect size, AF — atrial fibrillation, AFL — atrial flutter.

at least 1 month before procedure. After negative
ELISA results for IgG antibodies, two patients in
the control group underwent a course of vaccination
within 1,5 months before surgery. There were
following exclusion criteria: two or more prior RFA
procedures; a negative ELISA for IgG antibodies
with a positive PCR for SARS-CoV-2; a negative
PCR test with a positive ELISA for IgG antibodies.

All patients underwent real-time PCR test of
oropharyngeal swabs for SARS-CoV-2 RNA before
hospitalization. Prior to study inclusion, all patients
signed written informed consent. The operation
was performed under local anesthesia using right
common femoral vein access. Interatrial septum
puncture with a BRK-1 needle was performed
using fluoroscopy guidance. Determination of
AF electroanatomic substrate was performed by
automatic anatomical and bipolar mapping using
the CARTO 3 system (Biosense Webster) and the
Confidence module with a SmartTouch ThermoCool
ablation catheter or a LassoNav catheter. Points
was included evenly along the LA anterior and
posterior walls, roof, as well as in the area of venous
pools. Points at pulmonary vein orifices and mitral
annulus were excluded from the analysis. The area
of substrate was determined using a standard Area
Measurement tool. Amplitude areas were analyzed
in the range <0,25 mV, <0,5 mV, from 0,5 to 0,75 mV
inclusive, as well as >0,75 mV. The LA volume was
determined based on anatomical map.

Statistical analysis was performed using SPSS
v.26 and STATISTICA 12 software. Distribution
normality was assessed by the Shapiro-Wilk method.
Quantitative variables are presented as mean and
standard deviation (SD) with 95% confidence
interval (CI) (MeanxSD [CI -95%; CI +95%]), as
well as median and quartiles (Me [Q25; Q75]). The
significance of differences in quantitative variables
was assessed using the Student’s t-test and Welch’s

t-test, as well as the Mann-Whitney U-test. The
effect size is represented by Cohen’s d coefficient,
while d value >0,8 was regarded as a high level of
effect. To exclude the influence of independent
factors, multivariate analysis of variance with Tukey’s
test was performed. The optimal threshold values of
quantitative variables were determined by receiver
operating characteristic (ROC) analysis. The cut-off
point was chosen by the Youden method. Testing the
hypothesis on differences in the contingency tables
was assessed using Fisher’s exact and y’-Pearson
tests, and the effect size (ES) — using phi coefficient
and Cramer’s V. Correlation analysis was carried
out using the Pearson correlation coefficient, while
assessment of statistical significance — using the
t-test. Differences were considered significant at
p<0,05 and test power 1- >0,8.

Results

The clinical characteristics of patients are
presented in Table 1. The groups are homogeneous
in AF type, number of patients after prior pulmonary
vein isolation, and heart rate during mapping. These
factors, both individually and in combination, did
not significantly affected on the area of analyzed
amplitude zones (p>0,05).

Mapping was performed immediately before
ablation and, in the presence of sinus rhythm, was
performed on atrial pacing at a cycle length of 600
ms. The number of points in the groups did not differ
significantly (625 [491; 864] in the control group
versus 938 [680; 1035] in the COVID-19 group,
p=0,1). The analysis of anatomical and amplitude
maps is presented in Table 2. Patients with prior
COVID-19, significant and with a high effect level,
had a higher fibrosis area with an amplitude of <0,25
mV, <0,5 mV and a lower area of normal atrial tissue
with an amplitude >0,75 mV (Figure 1, 2). In the
COVID-19 group, there is a tendency to an increase
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Analysis of anatomic and amplitude maps

Parameter

Left atrial volume, ml
Zone <0,25 mV, %
Zone <0,5 mV, %

Zone of 0,5-0,75 mV, %
Zone >0,75 mV, %

Control group (n=10)
101,2+40,5 [72,2; 130,1]
29,1+16,1 [17,5; 40,6]
45,6+22,7 [29,4; 61,8]
9,4+37 [6,7; 12,0]
45,0+25,0 [27]1; 62,9]

Table 2
COVID-19 (n=10) p Cohen’s d
128,6+50,3 [92,5; 164,6] 0,197 0,599
51,5+16,6 [39,6; 63,4] 0,007 1,370
76,7+11,5 [68,4; 84,9] 0,001 1,728
11,7£6,2 [7,3; 16,2] 0,312 0,465
11,6+8,0 [5,9; 17,3] 0,001 1,799

Mean; Box: Mean+SD; Whisker: Min-Max

100% T T

80%

60%

Square, %

40%

20%

1

0% | I
Zona <0,25 mB Zona <0,5 mB

E Control group
Il CovID-19

Figure 1. Area of amplitude zone.
Abbreviation: SD — standard deviation.

in LA volume and area with delayed conduction
with an amplitude of 0,5-0,75 mV; the effect level
was moderate, but differences were insignificant.
These changes did not show any correlation taking
into account the time from virus verification to
operation (Table 3).

The volume of operations performed is presented
in Table 4. Isolation of LA posterior wall was
performed in 1 patient in the control group due
to absence of electrical activity in pulmonary vein
orifices after previous ablation. In the COVID-19
group, posterior wall isolation was required in 7

Zona 0,5-0,75 mB Zona >0,75 mB

cases, and in 3 patients the operation was performed
for the first time (Figure 3). In one case, there was
also no electrical activity in pulmonary vein orifices
after previous isolation. In other cases, the reason
was the presence of diffuse low-amplitude zones in
LA.

The ROC analysis (Figure 4) showed that in
patients after COVID-19, fibrous tissue (<0,5 mV)
occupies more than half of the area (Table 5), while
normal tissue (>0,75 mV) ~30% or less. LA volume
after infection tends to increase and reaches >120 ml
(maximum, 206,9 ml).
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Control group

Figure 2. Amplitude maps of patients.

CovID-19

Abbreviation: the figure shows LA bipolar amplitude maps. Fibrous areas with an amplitude <0,25 mV are shown in red, and normal
tissue with an amplitude >0,75 mV — purple. Both patients in the control group completed the full course of vaccination 1,5 months before
surgery. Above shows the amplitude maps of patients who underwent surgery for the first time, below — patients with prior pulmonary

vein isolation.
Abbreviation: LA — left atrial.

Table 3
Correlation analysis taking into account
the time from SARS-CoV-2 verification to the operation
Parameter Pearson coefficient (R) Determination coefficient (R?) p
Left atrial volume, ml 0,44 0,189 0,209
Zone <0,25 mV, % -0,05 0,003 0,883
Zone <0,5 mV, % -0,39 0,150 0,269
Zone of 0,5-0,75 mV, % -0,09 0,008 0,803
Zone >0,75 mV, % 0,63 0,394 0,051
Table 4
RFA volume
Parameter Control group (n=10) COVID-19 (n=10) p ES
Pulmonary vein isolation 9 (90%) 9 (90%) 0,763 0
Posterior wall isolation 1(10%) 7 (70%) 0,010 0,61
CTl ablation 2 (20%) 3 (30%) 0,500 0,12

Abbreviation: ES — effect size, CTI — cavotricuspid isthmus.

Conclusion

Amplitude map points in presented work was
included either at sinus rhythm or at AF. In both
groups, there are patients with paroxysmal and
persistent AF. Some studies have described the effect
of heart rate and AF type on the signal amplitude
during endocardial mapping, but this effect was not
found in our study.

One study compared amplitude maps for AF
and sinus rhythm after electrical cardioversion in
the same patients [15]. According to study results,

the baseline rhythm significantly correlates with
the average amplitude of bipolar signal and also
depends on arrhythmia type. In paroxysmal AF,
the average amplitude is higher than in persistent
AF, both in sinus rhythm and in AF. So, it follows
that the total amplitude <0,5 mV obtained during
AF corresponds to an amplitude <1,5 mV at sinus
rhythm, and this error must be taken into account
when comparing these groups of patients. At the
same time, other researchers have not confirmed
these results [16].
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Figure 3. Amplitude maps of COVID-19 patients.

Note: the figure shows LA bipolar amplitude maps in two patients after COVID-19, who underwent RFA for the first time in combination
with LA posterior wall isolation. Fibrous areas with an amplitude <0,25 mV are shown in red, and normal tissue with an amplitude >0,75

mV — purple. Ablation points are projected on the right maps.
Abbreviations: LA — left atrial, RFA — radiofrequency ablation.

Table 5
ROC-analysis

Parameter Cut-off point Sensitivity Specificity AUC+SD
[CI +95%; Cl -95%]

Left atrial volume, ml 1219 80% 80% 0,710+0,128 >0,05
[0,460; 0,960]

Zone <0,25 mV, % 40,5% 80% 80% 0,850+0,085 <0,001
[0,682; 1,018]

Zone <0,5 mV, % 58,6% 100% 70% 0,920+0,060 <0,001
[0,803; 1,037]

Zone of 0,5-0,75 mV, % 10,7% 70% 70% 0,650+0,129 >0,05
[0,396; 0,904]

Zone >0,75 mV, % 29,8% 100% 70% 0,930+0,055 <0,001

[0,822; 1,038]

Abbreviations: AUC — area under the ROC curve, Cl — confidence interval, SD — standard deviation.

Also, this conclusion does not correlate with
other studies that compared amplitude maps and
fibrosis images on delayed contrast-enhanced MRI.
These studies did not take into account the rhythm
during mapping and AF type. The results of both
studies show that the fibrous areas according to
contrast-enhanced MRI have an amplitude <0,5 mV
[13, 14].

In another study, also when comparing amplitude
maps with fibrosis images on delayed contrast-
enhanced MRI, but in patients after previous
ablation, the cutoff point for scarring identification
was chosen <0,2 mV for pulmonary veins and
posterior wall and <0,45 mV for the rest arcas of
LA [17]. The authors suggest that inconsistency
of cut-off points is due to the fact that all patients
had previously undergone pulmonary vein ablation.

100 1
Z :
= ]
‘G 50 -
= 4
() ]
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0
0 50 100
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—— Zona >0,75 mB, %
—— Zona<0,25mB, %
Figure 4. ROC curves for analyzed parameters.

—— Zona<0,5mB, %
—— Volume of the left atrium, ml
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The authors also assume that the cut-off point for
fibrosis, not related with RFA, may differ. However,
when compared with delayed contrast-enhanced
MRI images, the authors chose a cut-off point of
0,27 mV to define the scar area.

It is also assumed that the region with an
amplitude <0,75 mV possesses the properties of
arrhythmogenic substrate, since it is associated with
a conduction slowing [18]. However, there is no
conclusive evidence that an area with an amplitude
of 0,5-0,75 mV is fibrous tissue.

Based on this, it follows that the fibrous tissue
of LA has an amplitude of <0,45-<0,5 mV and does
not depend on either the heart rate during mapping
or arrhythmia type. Therefore, there is no need to
take into account the error in mean signal amplitude
from LA when assessing the fibrotic area.

Considering that the extensive fibrous LA
areas are an unfavorable prognostic factor for AF
recurrence after pulmonary vein isolation, some
researchers have proposed a modified individual
approach for AF substrate ablation [19]. It consists
in performing isolation of LA posterior wall in
the presence of fibrous areas, identified during
amplitude mapping. A further large-scale study
by these authors found an improved prognosis for
recurrent arrhythmias in patients with a modified
approach [20].

Study limitations. This is a pilot study and is
currently ongoing. Due to the small number of
patients meeting the inclusion and exclusion criteria,
it was decided to combine patients referred for
primary surgery with patients after prior pulmonary
vein isolation, patients with different AF types and
different heart rhythms during mapping. However,
these indicators, both in univariate and multivariate
analysis, did not have a significant effect on the area
of analyzed amplitude zones.

Conclusion

This study shows that SARS-CoV-2 infection may
cause left atrial remodeling in the form of diffuse
fibrosis. These abnormalities can be detected using
bipolar endocardial mapping. The arrhythmia
substrate in patients after COVID-19 can be localized
not only in pulmonary vein orifices, but also in other
left atrial areas. Moreover, the arrhythmia substrate is
mainly represented by fibrotic areas with an amplitude
of <0,25 mV and <0,5 mV. This must be taken into
account before ablation, even if the procedure is
being performed for the first time. It is recommended
to perform amplitude mapping for all patients who
have had SARS-CoV-2 infection in order to identify
fibrous zones and plan the operation extent.

Relationships and Activities: none.
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Molecular mechanisms of left atrial fibrosis development in patients
with atrial fibrillation and metabolic syndrome: what biomarkers should

be used in clinical practice?

lonin V.A!, Zaslavskaya E.L.!, Barashkova E. !/,

Morozov A.N!, Baranova E. 1%, Shlyakhto E. V'

Aim. To determine the blood concentration of fibrosis bio-
markers in patients with atrial fibrillation (AF) in combination
with metabolic syndrome (MS) and to analyze the rela-
tionship with myocardial fibrosis.

Material and methods. This cross-sectional case-control
study included 547 patients aged 35 to 65 years: experimen-
tal group — patients with MS (n=373), of which 202 patients
had AF; comparison group — AF patients without MS (n=110);
healthy subjects without cardiovascular diseases and metabolic
disorders (n=64). Patients with AF and MS who underwent
electroanatomic mapping before pulmonary vein isolation
(n=79) were assessed for left atrial (LA) fibrosis severity.
Results. It was found that the blood concentration of circu-
lating profibrogenic biomarkers in patients with AF and MS
is higher than in patients with AF without MS: aldosterone
(1351 (80,7-224,1) and 90,1 (68,3-120,3) pg/ml, p<0,0001),
galectin-3 (10,6 (4,8-15,4) and 5,8 (4,8-8,3) pg/ml, p=0,0001),
GDF15 (938,3 (678,3-1352,1) and 671,0 (515,7-879,5) pg/ml,
p=0,001), TGF-beta-1 (44211 ( 2513,5-7634,5) and 2630,5
(2020,7-3785,4) pg/ml, p=0,001), CTGF (1678 (78,9-194,3)
and 124,3 (74 , 4-1819) pg/ml, p<0,0001), PIINP (88,5
(58,6-120,4) and 58,958,9 (40,7-86,1) ng/ml, p<0,0001),
PINP (3421,4 (1808,1-4321,7) and 2996,1 (2283,8-3894,3)
pg/ml, p<0,0001). Patients with paroxysmal AF have higher
concentrations of TGF-betal, CTGF and PINP than patients
with persistent and permanent AF. In patients with persistent
AF and MS, the concentrations of galectin-3, aldosterone,
and PIIINP were higher than in patients with paroxysmal AF,
while in patients with permanent AF, they were significantly
lower. The plasma concentration of galectin-3 positively
correlated with levels of PINP (p=0,465, p<0,0001), PIINP
(p=0,409, p<0,0001), GDF-15 (p=0,369, p<0,0001), CTGF
(p=0,405, p<0,0001). According to multivariate regression, of
all studied biomarkers, GDF-15 had a greater effect on PIIINP
concentration (=0,234, p=0,038), and galectin-3 — on PINP

Pavlova V.A!, Borisov G.l!, Averchenko K.A!,

(B=0,248, p<0,021). Positive correlations of the severity of left
atrial fibrosis with the concentration of galectin-3 (p=0,563,
p<0,0001), PINP (p=0,620, p<0,0001), TGF-beta-1 (p=0,390,
p<0,0001) and CTGF (p=0,551, p<0,0001). According to
linear multivariate regression, the most significant effect on
LA fibrosis severity among the studied biomarkers is exerted
by galectin-3 (B=0,432, p<0,0001), PINP ($=0,343, p=0,001)
and PIIINP (3=0,286, p=0,008).

Conclusion. An increase in the blood concentration of pro-
fibrogenic biomarkers galectin-3, TGF-beta-1, CTGF, PIIINP,
and PINP is associated with an increase in LA fibrosis seve-
rity and probably has a pathogenetic role in increasing the
AF risk in patients with MS.

Keywords: aldosterone, galectin-3, GDF-15, TGF-beta-1, CTGF,
PINP, PIIINP, atrial fibrillation, metabolic syndrome.
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Prevalence of atrial fibrillation (AF) in developed
countries is 1,5% [1]. Metabolic syndrome (MS)
increases the risk of AF by 67%, as previously
shown in the prospective Atherosclerosis Risk in
Communities Study (ARIC). Among all the MS
components, cardiac remodeling is primarily
affected by hypertension (HTN) and abdominal
obesity [2, 3]. HTN promotes AF due to increased
afterload and developing cardiac remodeling, as
well as due to hyperactivation of renin-angiotensin-
aldosterone system (RAAS), which leads to
myocardial structural changes with the formation
of arrhythmia substrate — left atrial (LA) fibrosis
[3]. Evidence for the role of HTN and RAAS in AF
development is the fact that primary aldosteronism,
characterized by HTN and high blood aldosterone
levels, increases the risk of AF by 12 times [4].
Recently, special attention has been paid to obesity,
primarily visceral obesity, as a possible cause of AF
[5]. Obesity causes hemodynamic impairment — an
increase in circulating plasma volume, contributing
to dilatation of cardiac cavities, including LA. In
addition, adipose tissue has a powerful fibrogenic
and pro-inflammatory effect on cardiovascular
system, promotes apoptosis and fibrosis. It is known
that the development of AF is based on electrical
instability of myocardium, its remodeling and
structural remodeling. That is why such profibrotic
conditions as HTN, heart failure, myocardial
infarction, inflammation, obesity, and diabetes play
a key role in the predisposition to arrhythmias. At the
same time, the molecular mechanisms underlying
the remodeling of atrial extracellular matrix are
still not fully defined. Currently, a number of
humoral factors have been established that have
a fibrogenic effect: angiotensin II, aldosterone,
galectin-3, transforming growth factor-betal (TGF-
betal), platelet- derived growth factor (PDGF) and
connective tissue growth factor (CTGF), the role of
which in AF development is currently being actively
studied [6-9]. Studies on the problem of fibrogenesis
previously showed that aldosterone regulates the
production of TGF-betal and CTGF, which, in
turn, are pleiotropic triggers for fibroblast activation,
production of types I and III procollagen, and
development of fibrosis [10, 11]. Understanding
the mechanisms of AF development, including in
MS, is essential for creation of approaches to its
prevention and treatment. The search for myocardial
fibrosis markers and predictors of AF development
and progression in patients with MS is extremely
important, because this will make it possible to
identify groups at risk of developing AF and to pro-
vide primary and secondary prevention.

The aim of study was to determine the
association of blood plasma levels of fibrosis markers

(aldosterone, galectin-3, growth differentiation
factor-15 (GDF-15), TGF-betal, CTGF, N-termi-
nal propeptide of procollagen type I and III) with the
severity of left atrial fibrillation fibrosis in patients
with AF and MS, as well as to identify AF predictors
in patients with MS.

Material and methods

In the period from 2014 to 2018, 1307 patients
with AF admitted to therapy department of the
University Clinic were examined, of which 721/1307
(55,2%) patients were diagnosed with coronary
artery disease (CAD), 46/1307 (3,5%) — valvular
heart disease, 80/1307 (6,1%) — inflammatory heart
diseases. Further prospective follow-up included
547 subjects of both sexes aged 35-65 years: those
with AF and MS (n=202); with AF and without
MS (n=110); with MS without AF (n=171); healthy
subjects (n=64). First and second groups included
patients with paroxysmal (n=193), persistent (n=70)
and permanent (n=49) AF types.

The study was carried out in accordance with the
Good Clinical Practice (GCP) and the Declaration
of Helsinki standards. The study protocol was
approved by the Ethics Committee of the First
Pavlov State Medical University of St. Petersburg.
All patients signed written informed consent.

All MS patients had 3 or more components
diagnosed according to the IDF criteria (2005).
The study excluded patients with acute diseases
and exacerbations of chronic inflammatory disea-
ses, valvular heart disease, systemic diseases and
cancer, as well as patients with impaired renal
and liver function, thyroid disecases and primary
hyperaldosteronism, strokes, cardiac surgery or
other interventions in history. In all participants,
anthropometric and diagnostic investigations were
assessed, including electrocardiography and echo-
cardiography. Echocardiography was performed
using a Vivid 7 ultrasound system (GE, USA).

All samples of plasma and serum were centri-
fuged, followed by freezing at -40° C and determi-
nation of concentration of studied biomarkers using
standard Kkits of enzyme-linked immunosorbent
assay (ELISA). Aldosterone level was determined
in blood plasma using an ELISA kit from DBC Inc
(Canada). The level of galectin-3 in blood serum
was determined by ELISA kit from eBioscience
(Austria) with a detection range of 0,47-30,0 ng/ml.
GDF-15 was determined in plasma by ELISA kit
using BioVendor Human GDF-15/MIC-1 reagent
kit (Czech Republic); the minimum detection
value was 16,0 pg/ml. The concentration of TGF-
betal was determined in blood serum by ELISA
kit using the ProcartaPlex Human TGF-betal
Simplex reagent kit from Affymetrix (eBioscience)
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Table 1

Clinical, laboratory and echocardiographic characteristics of patients

Parameters

Age, years
Sex, male/female
BMI, kg/m?

Waist circumference, cm
Total cholesterol, mmol/I

LDL-C, mmol/I

HDL-C, mmol/I
TG, mmol/I
Glucose, mmol/I
Echocardiography

LA diameter, mm

LA volume, ml

LA volume index, ml/m?

LA volume, ml

RA volume index, ml/m?

LVEF, %

AF duration, years

AF type  Paroxysmal
Persistent
Permanent

MS- AF-
n=64 (1)

54,376
30/33
215+3,8

76,551
4,9+0,9

2,8%0,3

1,60,3
1,0+0,3

4,7+0,6

34,9+2,7

43,2+9,4

24,3+4,9

41,3+8,9

MS+ AF-
n=171(2)

57,7+8,2
68/51
32,3+73

112,3+10,5
5,4+11

3,4£0,3

1,2£0,3
2,1x0,8

6,1£1,2

44,64,

81,9+16,6

39,2£9,7

68,5+14,4

31,973

63,2£6,0

MS- AF+ MS+ AF+ Statistical
n=110 (3) n=202 (4) significance, p

56,2+6,8 58,1£5,2 p>0,05
33/50 80/69 p>0,05

24,2451 31,1471 P,2<0,001
0,4<0,001

791107 113,9+13,5 p;,<0,001
P14<0,001

4,8+12 5,0+1,2 0,,<0,001
P,4<0,001

31%0,3 31204 p1,<0,001
P15<0,001
P1,<0,001

14203 13204 p,,<0,001
p14<0,001

1,340,4 17412 P;5<0,001
P14<0,001

51%0,4 6,0£1,4 p12<0,001
P1,<0,001

43,2420 44,5+4,0 0,5<0,001
P;5<0,001
D,+<0,001

60,4+19,8 79,9+19,4 P12<0,001
P13<0,001

30,4+9,0 40,1+11,2 P12<0,001
P13<0,001
P14<0,001
P,5=0,01
P34=0,01

57,5+20,6 65,9+14,7 P12<0,001
p13<0,001
p14<0,001
P,5=0,01
P34=0,01

29,2+88 32,8478 0,2<0,001
P15<0,001
P;<0,001

62,4+4,2 61,46,0 p>0,05
44412 46222 p>0,05
83/110 (75,4%)  110/202 (54,4%)

20/110 (18,2%)  50/202 (24,8%)

7/110 (6,4%)  42/202 (20,8%)

Abbreviations: BMI — body mass index, LDL-C — low density lipoprotein cholesterol, HDL-C — high density lipoprotein cholesterol,
MS — metabolic syndrome, TG — triglycerides, LA — left atrium, RA — right atrium, LVEF — left ventricular ejection fraction, AF — atrial

fibrillation.

(Austria); the minimum detection value was 8,6
pg/ml. The concentration of CTGF was determined
in blood plasma by ELISA kit using Human
CTGF (High Sensitive) Aviscera Bioscience Inc.

reagent Kkit; the minimum detection value was
30,0 pg/ml. Concentrations procollagen type I
N-terminal propeptide (PINP) and procollagen
type III N-terminal propeptide (PIIINP) were
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Biomarkers

Aldosterone, pg/ml

Galectin-3, ng/ml

GDF-15, pg/ml

TGF-betal, pg/ml

CTGF, pg/ml

PIIINP, ng/ml

PINP, pg/ml

Table 2

Plasma and serum concentrations of aldosterone,
galectin-3, GDF-15, TGF-beta1, CTGF, PIIINP and PINP in patients with AF and MS

MS- AF-
n=64 (1)

97,0 (55,8-125,5)

3,2(2,4-4,2)

4391 (410,2-474,6)

1840,5

(1414,3-3720,4)

74,5 (45,5-103,8)

33,3 (23,5-42,6)

1278,8
(775]1-2266,6)

MS+ AF-
n=171(2)

122,5 (87,0-173,5)

4,9 (4,2-8,8)

739,7 (541,9-996,7)

2560,4

(2145,3-4515,8)

133,0 (91,3-172,5)

55,1 (37,7-86,9)

2130,3
(1392,0-2820,1)

MS- AF+
n=110 (3)

90,1 (68,3-120,3)

MS+ AF+
n=202 (4)

135,1 (80,7-224,1)

Statistical
significance, p

P2<0,0001
p15=0,625
p14<0,0001
P,5=0,01
P,4=0,01
P34<0,0001

P;,=0,001
P13<0,0001
p14<0,0001
P,3=0,467
P,4<0,0001
P3.=0,0001

P;12<0,0001
P15<0,0001
p14<0,0001
P,5=0,446
P,»4=0,001
P3,=0,001

p;2=0,01
P;5=0,002
p14<0,0001
P.5=0,929
P,4=0,002
P34=0,001

p1,<0,0001
p15=0,001
P14<0,0001
P,3=0,347
P,4<0,0001
P34<0,0001

P;,<0,0001
P15<0,0001
P14<0,0001
P,5=0,178

P,4<0,0001
P34<0,0001

p;,=0,008
P15<0,0001
P14<0,0001
P,5=0,067
P,4<0,0001
P34=0,01

58 (4,8-8,3) 10,6 (4,8-15,4)

671,0 (515,7-879,5)

938,3 (678,3-1352,1)

2630,5
(2020,7-3785,4)

44211
(2513,5-7634,5)

124,3 (74,4-181,9) 1678 (78,9-194,3)

58,9 (40,7-86,1)

88,5 (58,6-120,4)

2996,1
(2283,8-3894,3)

34214
(1808,1-4321,7)

Abbreviations: MS — metabolic syndrome, AF — atrial fibrillation, GDF-15 — growth differentiation factor 15, TGF-betal — transforming
growth factor-beta1, CTGF — connective tissue growth factor, PINP — N-terminal propeptide of type | procollagen, PIIINP — N-terminal
propeptide of type Ill procollagen.

determined in blood plasma by ELISA kit from
Cloud-Clone Corp. (USA) with a detection range of
33-5000 pg/ml and 2,14-400 ng/ml, respectively.

In patients with ineffective antiarrhythmic thera-
py, indications for interventional treatment of AF
have been determined. In an X-ray operation room
using a CARTO3 non-fluoroscopic electroanatomical
mapping system (Biosense Webster, USA) and a con-

tact force sensing catheter (Smart Touch Thermo-
cool, Biosense Webster, USA), with a sinus rhythm,
bipolar amplitude maps of LA and local activation
time maps was created. Evaluation of low-voltage
areas of 0,2-1,0 mV using the Area Measurement tool
was carried out in the off line mode. The prevalence
of fibrosis was estimated as a percentage of total LA
area.
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Figure 1. Correlations of galectin-3, TGF-beta1, CTGF and PINP with the severity of myocardial fibrosis in patients with AF and MS.
Abbreviations: TGF-betal — transforming growth factor-beta1, CTGF — connective tissue growth factor, PINP — N-terminal propeptide
of type | procollagen.

The results were entered into the original database. statistics — the Kruskal-Wallis test. In this case,
Distribution normality of the numerical variables the Bonferroni correction was used. When assessing
was assessed using the Kolmogorov-Smirnov test. the significance of correlation coefficient, we used
Depending on distribution type, normally distributed the Pearson (r) tests with a normal distribution and
quantitative variables are presented by the mean (M) = Spearman (p) with a nonnormal distribution. We
standard deviation (o). Parametric unpaired Student’s also used linear univariate and multivariate regression
t-test was used for comparison in independent groups analyzes to assess the influence of factors on
of normally distributed variables. For nonnormally quantitative variables and binomial regression analysis
distributed quantitative variables, the data are to predict the probability of event. Statistical analysis
presented as a median (Me) and interquartile intervals was performed using licensed IBM SPSS software,
(25-75%). For comparison in independent groups, version 22.0.
the nonparametric Mann-Whitney U-test was used.

Multiple comparisons in groups (more than two) in Results
parametric statistics were carried out using one-way The study groups were comparable in sex distribu-
variance analysis (ANOVA), and for nonparametric tion and did not differ significantly by age. The main
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Table 3

Plasma and serum concentrations of aldosterone, galectin-3, GDF-15,
TGF-beta1, CTGF, PIIINP and PINP in patients with MS and various AF types

Biomarkers Paroxysmal AF n=110 (1)

Aldosterone, pg/ml 140,5 (90,4-182,2)

Galectin-3, ng/ml 8,9 (5,0-14,4)
GDF-15, pg/ml 792,1(619,9-1101,1)
TGF-betal, pg/ml 3678,5 (2279,8-6700,6)
CTGF, pg/ml 172,5 (106,7-208,5)
PIIINP, ng/ml 76,4 (55,6-120,5)

PINP, pg/ml 4567,2 (2456,9-5567,4)

Persistent AF n=50 (2)

2215 (107,4-272,9)

12,5 (5,2-18,3)

982,4 (7871-1252,0)

2829,9 (1588,8-4349,4)

118,8 (79,2-200,4)

101,3 (84,9-1471)

2806,3 (1600,0-4234,1)

Statistical
significance, p

p;,=0,001
P15<0,0001
D54<0,0001

P;2=0,001
P13=0,001
P»3<0,0001

P1,<0,0001
P;5<0,0001
P»2<0,0001

p:,=0,015
p15=0,001
P,5=0,651

p1,<0,0001
P;5<0,0001
P»4=0,001

p1,<0,0001
Ps=0,417
P5<0,0001
p,=0,018
p15=0,001
P»5=0,003

Permanent AF n=42 (3)

851 (72,5-111,5)

6,3 (3,3-12,9)

1345,0 (1102,7-1729,2)

2228,3 (1839,9-2459,1)

78,6 (61,6-97,5)

78,5 (62,3-89,7)

1893,6 (1470,3-2521,1)

Abbreviations: AF — atrial fibrillation, GDF-15 — growth differentiation factor 15, TGF-betal — transforming growth factor-betai,
CTGF — connective tissue growth factor, PINP — N-terminal propeptide of type | procollagen, PIIINP — N-terminal propeptide of type llI

procollagen.

clinical, laboratory and echocardiographic characte-
ristics are presented in Table 1.

Table 2 presents data on serum and plasma
concentrations of studied biomarkers in subjects.
It was found that the blood concentrations of
aldosterone and galectin-3 in patients with AF and
MS are higher than in patients with MS without
AF and higher than in healthy subjects. The highest
concentration of TGF-betal was found in patients
with AF and MS, and there were no significant
differences in its concentration in the groups of
patients with MS without AF and AF without MS.
Serum TGF-betal levels in patients with MS and
without AF and those with AF and without MS did
not differ, but were higher than in healthy subjects.
The serum concentration of CTGF in patients with
AF and MS was higher than in patients with MS and
without AF and higher than in healthy subjects.

As for fibrosis biomarkers, it was found that
patients with persistent AF and MS had higher
levels of aldosterone, galectin-3, and PIIINP than
patients with paroxysmal and permanent AF. Plasma
concentration of GDF-15 was higher in patients with
permanent AF than in patients with paroxysmal and
persistent AF. In patients with paroxysmal AF and
MS, plasma levels of CTGF and PINP were higher

than in patients with persistent and permanent AF.
TGF-betal was higher in paroxysmal AF than in
patients with persistent and permanent AF. The data
are presented in Table 3.

It was found that the concentration of galectin-3
in blood plasma positively correlated with PINP
levels (p=0,465, p<0,0001), PIIINP (p=0,409,
p<0,0001), GDF-15 (p=0,369, p<0,0001), CTGF
(p=0,405, p<0,0001). The concentration of GDF-15
correlated to a greater extent with PITINP (p=0,403,
p<0,0001) than with PINP (p=0,232, p=0,03).
In turn, TGF-betal correlated more significantly
with PIIINP (p=0,329, p<0,0001), and CTGF —
with PINP (p=0,386, p<0,0001). According
to multivariate regression analysis, of all studied
biomarkers, GDF-15 had a greater effect on PIIINP
concentration ($=0,234, p=0,038), and galectin-3,
on PINP (8=0,248, p<0,021).

Analysis of voltage maps and assessing the
severity of LA myocardial fibrosis in AF patients who
underwent pulmonary vein isolation revealed that LA
fibrosis is more common in patients with AF and MS
than in AF patients without MS (26,1 (14,5-41,5)%
and 10,5 (7,3-16,2)%, p=0,028). Assessment of the
relationship of circulating biomarkers in patients
with AF and MS, who underwent electroanatomic
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Blood concentrations of fibrosis biomarkers in patients
with AF and MS with varying severity of LA fibrosis

% of LA fibrosis, <12,3% (Q1) 12,4-22,4% (Q2)
quartiles (Q)
Aldosterone, pg/ml 8,6 74
(5,9-13,4) (6,7-16,0)
Galectin-3, ng/ml 68,7 110,0
(66,1-86,3) (75,6-1171)
GDF-15, pg/ml 7259 641,5
(613,5-854,1) (534,6-829,1)
TGF-betal, pg/ml 1961,6 3934,6

(1434,9-13274)

(3203,9-5355,4)

CTGF, pg/ml 179,8 175,4
(164,5-224,6) (128,4-203,4)
PIINP, ng/ml 58,3 59,4
(49,8-90,9) (477-63,4)
PINP, pg/ml 28391 2986,1

(1412,1-3458,1)

(26231-3571,1)

22,5-33,4% (Q3)

8,8
(6,4-18,3)

89,0
(80,0-120,0)

6875
(554,8-1501,4)

26431
(2165,9-4259,4)

120,9
(42,8-210,3)

61,6
(57,4-105,5)

35671
(2498,1-4986,1)

233,5% (Q4)

12,34
(9,3-18,8)

123,4
(92,6-198,8)

1020;1
(669,1-1243,9)

3678,2
(2348,9-4751,4)

220,9
(178,9-306,4)

92,2
(66,4-125,1)

43441
(4122,1-45671)

Table 4

Statistical
significance, p

p;,=0,06
p15=0,647
p;4=0,001
P,3=0,08
P,4=0,001
P34=0,001

p;2=0,001
p15=0,01
p14<0,0001
P,5=0,07
P,.<0,0001
p34=0,0001

p;,=0,05
p15=0,124
p14<0,0001
P,:=0,236
P,4<0,0001
P34<0,0001

P3.4<0,0001

p;,=0,899
p;5=0,01
p;4<0,0001
P25=0,04
P,4<0,0001
P34<0,0001

Abbreviations: LA — left atrium, GDF-15 — growth differentiation factor 15, TGF-betal — transforming growth factor-betal, CTGF —
connective tissue growth factor, PINP — N-terminal propeptide of type | procollagen, PIIINP — N-terminal propeptide of type Il

procollagen.

mapping before pulmonary vein isolation (n=79),
revealed positive correlations of LA myocardial
fibrosis severity with the concentration of galectin-3
(0=0,563, p<0,0001), PINP (p=0,620, p<0,0001),
TGF-betal (p=0,390, p<0,0001) and CTGF
(p=0,551, p<0,0001), which shown in Figure 1. For
detailed analysis, these AF and MS patients were
divided into groups depending on the proportion
of LA fibrosis, divided into quartiles (25%, 50%,

75%). It was found that patients with the highest
severity of LA fibrosis (>33% — Q4) had higher
concentrations of galectin-3, aldosterone, GDF-15,
PINP, and PIIINP (Table 4). Linear multivariate
regression established that the most significant effect
on LA fibrosis severity (% of fibrosis) was exerted
by the following biomarkers: galectin-3 (3=0,432,
p<0,0001), PINP (=0,343, p=0,001), and PIIINP
(B=0,286, p=0,008).
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Discussion

AF pathogenesis is a comprehensive process,
which is based on hemodynamic, structural,
electrophysiological and molecular mechanisms.
There are many clinical risk factors for AF,
including advanced age, CAD, thyroid diseases,
heart failure, chronic pulmonary diseases, etc. [1].
Our study did not include patients with organic
heart diseases, acute and chronic significant comor-
bidities. In patients with MS, in contrast to the
comparison groups, 3 or more MS components
were diagnosed, the most frequent among which
were HTN, abdominal obesity, and dyslipidemia.
HTN contributes to left ventricular hypertrophy and
diastolic dysfunction, as well as LA dilatation. The
mechanisms of myocardial structural remodeling,
including atria, aldosterone plays an important role.
The profibrotic role of aldosterone is known and is
currently not in doubt. Through the development of
fibrosis, which is a possible substrate of nonvalvular
AF, aldosterone, in turn, can act as a predictor of
this arrhythmia. In 2015, the first data on the role of
galectin-3 and aldosterone in AF development were
published and it was found that the concentrations
of these biomarkers are higher in patients with AF
in combination with MS, compared with patients
with MS but without AF [12]. This study found that
the concentration of aldosterone and galectin-3 in
patients with AF combined with MS is higher than
in patients with isolated AF without MS, which, in
turn, emphasizes the relationship of these biomarkers
with MS and its contribution to AF. It is known from
experimental studies that aldosterone acts as one of
the main initial inducers of cascade of profibrotic
factors. It was found that aldosterone induces the
secretion of galectin-3 through hyperactivation of
macrophages, which, in turn, induces the production
of TGF-betal, while CTGF — effector molecules
involved in the activation of fibroblasts and
excessive production of PINP and PIIINP into the
extracellular matrix [6, 13]. An experimental work
by Schreier B. et al. found that aldosterone is able
to induce fibrosis in the myocardium and Kidneys
through the activation of TGF-betal synthesis
and, as a consequence, an increase in procollagen
production, followed by developing heart failure
[14]. Aldosterone induces TGF-betal synthesis, but
at the same time, TGF-betal mutually enhances the
production of aldosterone and other profibrogenic
factors through a positive feedback [15]. TGF-
betal is a member of a protein family that play a
critical role in epithelial-to-mesenchymal transition
during embryogenesis of valvular and septal cardiac
structures and is secreted by various cells, such as
cardiomyocytes, fibroblasts, endothelial cells and
inflammatory effectors. Various causes underlying

the onset of AF increase TGF-betal expression
level, which, in turn, induces interstitial fibrosis
[16]. In addition, TGF-betal is able to regulate
transcription and function of cardiomyocyte sodium
channels [17].

We found that plasma concentration of TGF-
betal in patients with AF and MS is higher than in
patients with isolated AF and is significantly higher
than in healthy subjects. While TGF-betal is a key
inducer of fibrosis, another known growth factor
(CTGF) promotes it [18]. CTGF is a member of
CCN protein family (Cyr6l, CTGF, nov), which
is one of the main downstream effectors in the
development of TGF-betal-induced fibrosis. In
myocardial with active remodeling, combined
expression of CTGF and TGF-betal was revealed
[19]. Ko WC, et al. found that gene expression
and secretion of CTGF in atrial tissue of patients
with CAD and AF is higher than in patients with
sinus thythm. The authors also found that in an
experimental animal model, the administration
of angiotensin II caused an increase in CTGF
concentration and fibroblast proliferation with the
formation of type I collagen, which undoubtedly
contributed to AF onset [9]. Lavall D, et al., during
the cultivation of atrial tissue obtained from atrial
biopsy in patients with mitral valve disease and
AF, revealed that aldosterone increased CTGF
secretion with activation of fibroblasts and an
increase in extracellular matrix mass [20]. CTGF
activity is regulated by angiotensin Il and TGF-
betal, which enhances the development of fibrosis
[21]. In a cohort of patients with AF and MS, we
found that the plasma concentration of CTGF is
significantly higher than in patients with isolated
AF and isolated MS. A positive correlation was
found with galectin-3 and circulating procollagens.
In the pathogenesis of fibrosis development,
galectin-3 is a key factor that triggers complex
myocardial remodeling processes. On the one hand,
it is able to influence matrix metalloproteinases,
limiting extracellular matrix degradation. On the
other hand, it activates fibroblasts and increases
the synthesis of collagen types I and III, which has
been well studied in experimental animal models
[22]. PINP and PIIINP are deposited directly in the
myocardium in various heart diseases. In particular,
a study by Lopez B, et al. established an association
between circulating PINP and development of LV
myocardial remodeling in patients with HTN [23].
The relationship of these biomarkers with the risk
of AF has been established in numerous studies
earlier; moreover, it has been proven that in patients
with AF, the deposition of type I procollagen,
rather than type III procollagen, predominates
in LA tissue [24, 25].
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According to our study, it was found that plasma
concentration of PINP and PIIINP is higher in
patients with AF and MS in comparison with
patients with isolated AF MS and higher than in
patients with isolated MS. A positive correlation
of galectin-3, TGF-betal, and CTGF with plasma
concentrations of circulating PINP and PIIINP
was established, which emphasizes the relationship
between these biomarkers in the development of
fibrosis.

Additional analysis of data from patients with AF
in combination with MS on various AF types revealed
that patients with the paroxysmal AF have higher
concentrations of TGF-betal, CTGF, and PINP
than patients with persistent and permanent AF.
Probably, these biomarkers play a more significant
role in the development of AF in patients with
MS in early stages of arrhythmia. On the other
hand, in patients with persistent AF and MS, the
blood concentrations of galectin-3, aldosterone, and
PIIINP were higher than in patients with paroxysmal
AF, and in patients with permanent AF, they
were significantly lower, which suggests that that
these biomarkers to a greater extent specifies the
progression of arrhythmia. Attention is also drawn to
the fact that the concentration of GDF-15 is highest
in patients with permanent AF. This biomarker is
also important in pathogenesis of arrhythmia and is a
predictor of unfavorable prognosis regarding the risk
of cardiovascular events in patients with AF [26]. The
study found that in patients with AF in combination
with MS, the concentration of GDF-15 is higher
than in patients with isolated AF, which is probably
due to MS components, since the production of this
biomarker is enhanced by inflammation, hypoxemia,
and metabolic disorders [27].

Analysis of the data on severity of LA myo-
cardial fibrosis in AF patients who underwent
radiofrequency pulmonary vein isolation established
that the prevalence of LA fibrosis in patients with AF
in combination with MS is higher than in isolated
AF. Previously, we published data that the severity
of LA myocardial fibrosis in patients with AF and
MS is greater than in patients with AF without MS,
and is associated with galectin-3 [28]. Currently,
more data have been obtained on the relationship
of biomarkers with LA myocardial fibrosis. Positive
correlations of the severity of LA myocardial fibrosis
were revealed not only with galectin-3 and TGF-
betal, but also with PINP and CTGF, which was
confirmed by linear univariate regression. Linear

multivariate regression revealed that the prevalence
of LA myocardial fibrosis was more significantly
influenced by the following biomarkers: galectin-3,
PIIINP and PINP. The analysis of concentrations
of fibrosis biomarkers in patients with AF in
combination with MS in subgroups of patients with
different severity of LA fibrosis made it possible to
establish that the studied biomarkers are significantly
increased in patients with the most severe fibrosis
(>33,5%).

Thus, this study investigated the role of molecular
fibrosis markers in the pathogenesis of AF in
patients with MS. Determination of markers of myo-
cardial fibrosis and predictors of development and
progression of AF in patients with MS is of great
importance, because will allow identifying patients
at high risk of developing AF and carrying out
its primary and secondary prevention. Fibrogenic
factors may act as a potential target for therapy in
patients with AF in combination with MS.

Study limitations. Patients with AF and MS
received medications (antiarrhythmic, antihy-
pertensive, antithrombotic, statins), which could
to some extent affect the study results. The number
of patients assessed for severity of LA fibrosis was
relatively small. Therefore, it is necessary to collect
more data and conduct further monitoring of patients
with MS. To study the prognostic role of studied
biomarkers, prospective follow-up of patients should
be continued to obtain data on potential of their use
in clinical practice.

Conclusion

1. The blood concentration of aldosterone,
galectin-3, TGF-betal, GDF-15, CTGF, PIIINP
and PINP in patients with AF in combination with
MS is higher than in patients with isolated AF and
isolated MS.

2. In patients with paroxysmal AF and MS, the
levels of TGF-betal, CTGF and PINP are higher
than in patients with persistent and permanent
AF. In patients with persistent AF and MS, the
concentrations of galectin-3, aldosterone and
PIIINP is higher than in patients with paroxysmal
AF.

3. The concentration of galectin-3, TGF-betal,
CTGF, PIIINP and PINP are associated with a
severe LA myocardial fibrosis in patients with AF in
combination with MS.

Relationships and Activities: none.
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