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Reseach article

Analysis of the endocardial stage of treatment  
of tachyarhythmias after open interventions  
for atrial fibrillation. Experience of one center
Anzhelika S. Postol1, 2, Georgy N. Antipov1, 2, Andrei V. Ivanchenko1, Vitaly V. Lyashenko1,  
Dmitriy A. Kalinin1, Sergey N. Kotov1, Alexander B. Vygovsky1, Yuriy A. Schneider1

1 Federal Center for High Medical Technologies Kaliningrad, Kaliningrad, Russia;
2 Baltic Federal University named after I. Kant, Kaliningrad, Russia

Abstract
AIM: To study EFI parameters and features of recurrent atrial tachyarrhythmias in patients who underwent surgical correction 
of AF.
MATERIALS AND METHODS: from January 2013 to December 2021, 447 combined interventions were performed to eliminate 
AF using the labyrinth-3 and left atrial labyrinth techniques with correction of CHD (congenital heart disease) and/or coronary 
artery disease. 
Rhythm disturbances were detected in 57 (12.7%) patients at various follow-up periods. Endovascular interventions were per-
formed in 39 patients. The average follow-up period after the endocardial stage was 34.37 (standard deviation 24.32) months. 
The median age of patients was 64 (58–67) years, 21 (54%) were men. The patients were divided into 2 groups: group 1 — after 
the classic biatrial (BA) labyrinth-3 — 23 (59%) patients, group 2 — after the left-atrial variant (LA) labyrinth-3 — 16 (41%) 
patients.
At the endocardial stage, electrophysiological studies (EFI) were performed to clarify the mechanism of arrhythmia, and abla-
tion eliminated tachyarrhythmia. EFI protocol: revision of the pulmonary veins, determination of the isolation of the posterior 
wall of the LA assessment of atrial arrhythmia, elimination of arrhythmia, control induction of arrhythmia after ablation. After 
repeated intervention, patients were observed in the operating clinic every 3 months.
RESULTS: After the endocardial stage, a regular rhythm was determined in 19 (82.6%) patients of the BA group, 13 (92.9%) 
patients of the LA group (p = 0.914). Relapses in the form of AF were noted in 5 patients (4 — group 1 and 1 — group 2) group 
(p = 0.306) All relapses of tachyarrhythmia with an irregular cycle (AF) were detected in patients with AF before the endovas-
cular stage In both groups, there were cases of restoration of conduction in the pulmonary veins — 10 (43.5%) patients after 
BA ablation and 1 (5.3%) patient after LA ablation. There are no recurrences of atrial arrhythmia after ablation of atrial flutter 
(arrhythmia with a stable cycle).
CONCLUSION: The endocardial stage is highly effective and demonstrates subsequent freedom from atrial arrhythmia in pa-
tients who have tachycardia with a regular cycle after both methods of surgical ablation of AF. Recurrent tachyarrhythmia in 
the form of AF (irregular cycle) is associated with a low probability of maintaining a regular atrial rhythm after a repeated 
endocardial procedure, due to the presence of structural and electrophysiological changes in the atrial myocardium.

Keywords: atrial fibrillation; atrial flutter; arrhythmia recurrence; “Maze” procedure; catheter ablation; surgical ablation.
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Анализ эндокардиального этапа лечения 
тахиаритмий после открытых вмешательств  
по поводу фибрилляции предсердий.  
Опыт одного центра
А.С. Постол1, 2, Г.Н. Антипов1, 2, А.В. Иванченко1, В.В. Ляшенко1, Д.А. Калинин1, С.Н. Котов1, 
А.Б. Выговский1, Ю.А. Шнейдер1

1 Федеральный центр высоких медицинских технологий, Калининград, Россия;
2 Балтийский федеральный университет им. И. Канта, Калининград, Россия

Аннотация
Цель — изучение параметров электрофизиологического исследования и особенностей рецидивов предсердных тахи-
аритмий пациентов, перенесших хирургическую коррекцию фибрилляции предсердий.
Материалы и методы. С января 2013 по декабрь 2021 года выполнено 447 сочетанных вмешательств устранения 
фибрилляции предсердий по методикам лабиринт-3 и левопредсердный лабиринт с коррекцией врожденного порока 
сердца и/или ишемической болезни сердца. У 57 (12,7 %) пациентов в различные сроки наблюдения определены 
рецидивы нарушения ритма. Выполнены эндоваскулярные вмешательства 39 (8,7 %) пациентам. Средний срок на-
блюдения после эндокардиального этапа — 34,37 (стандартное отклонение 24,32) мес. Медианный возраст пациентов 
составил 64 (58–67) года, мужчин 21 (54 %). Пациенты разделены на 2 группы: 1-я группа — после классического 
биатриального лабиринта-3 — 23 (59 %) пациента, 2-я группа — после левопредсердного варианта лабиринта-3 — 
16 (41 %) пациентов. На эндокардиальном этапе выполнены электрофизиологические исследования для уточнения 
механизма аритмии, аблация, устраняющая тахиаритмию по протоколу: ревизия легочных вен, определение изоляции 
задней стенки левого предсердия, оценка предсердной аритмии, устранение аритмии, контрольная индукция аритмии 
после аблации. После повторного вмешательства пациенты каждые 3 мес. наблюдались в оперирующей клинике. 
Результаты. После эндокардиального этапа регулярный ритм определяется у 19 (82,6 %) пациентов 1-й группы, 
13 (92,9 %) пациентов 2-й группы (р = 0,914). Рецидивы в виде фибрилляции предсердий — у 5 (4 (17,4 %)  в 1-й груп-
пе и 1 (7,1 %)  во 2-й  группе) пациентов (р = 0,306). Все рецидивы тахиаритмии с нерегулярным циклом фибрилляции 
предсердий выявлены у пациентов с ФП перед эндоваскулярным этапом. В обеих группах выявлены случаи восста-
новления проведения в легочных венах — у 10 (43,5 %) пациентов после биатриальной аблации и 1 (5,3 %) пациента 
после левопредсердной аблации. Рецидивы предсердной аритмии после аблации трепетания предсердий (аритмии со 
стабильным циклом) отсутствовали.
Заключение. У пациентов, имеющих после применения обоих методов хирургической аблации фибрилляции пред-
сердий тахикардии с регулярным циклом, эндокардиальный этап высокоэффективен и демонстрирует последующую 
свободу от предсердной аритмии. Рецидив тахиаритмии в виде фибрилляции предсердий (нерегулярный цикл) ассо-
циирован с низкой вероятностью удержания регулярного предсердного ритма после повторной эндокардиальной про-
цедуры, что можно объяснить наличием структурных и электрофизиологических изменений в миокарде предсердий.

Ключевые слова: фибрилляция предсердий; трепетание предсердий; рецидив аритмии; хирургическая процедура ла-
биринт; катетерная аблация; хирургическая аблация. 
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INTRODUCTION
Although atrial fibrillation (AF) is not a life-threatening 

arrhythmia, the negative components of this atrial 
arrhythmia, namely, embolic complications, structural 
heart pathologies, and high all-cause mortality, can hardly 
be overestimated [1]. Current meta-analyses indicate that 
biatrial ablation promotes long-term freedom from recurrent 
AF and may be indicated in patients with long-term persistent 
AF [2–4]. In addition to restoring and maintaining a regular 
atrial rhythm, surgical ablation demonstrates to improve 
the psychological and physical components of the quality 
of life of patients compared with other methods for AF 
ablation [5]. Despite the nearly radical elimination of the main 
mechanisms supporting AF through open surgery using 
the classical maze III procedure, some patients are diagnosed 
with clinically significant relapses of rhythm disorders that 
require additional catheter procedures [4, 6–12]. The concept 
of a “hybrid approach to AF treatment”, which emerged 
in the last decade, implies the possibility of performing 
the next endocardial stage (or stages) following surgical 
interventions to eliminate AF or implant devices for rhythm 
control [13–16]. During the endocardial stage, arrhythmia 
can be verified, and the presence of scar fields in the atrial 
structure and parameters of low-amplitude segments can 
be determined [17]. These zones have significantly different 
myocardial structures, extent, and localization and contribute 
to the probability of maintaining a regular atrial rhythm, and 
restoring the systolic contribution of the atria to myocardial 
kinetics. Accordingly, this paper presents an analysis of 
long-term results based on the maintenance of regular 
atrial rhythm after two methods of the surgical correction of 
AF, and an assessment of the efficiency of the subsequent 
endocardial ablation stage.

This study aimed to analyze the incidence of relapses and 
results of the treatment of atrial arrhythmias in patients who 
underwent various types of surgical ablation of AF during 
combined cardiac interventions.

MATERIALS AND METHODS  
OF RESEARCH

The study enrolled patients who underwent surgery at 
the Federal Center for High Medical Technologies (FCHMT) 
in Kaliningrad between January 2013 and December 2021. 
A total of 447 combined interventions were performed to 
eliminate AF using maze III (217) and left atrial (LA) maze 
(230) methods and correct other cardiac pathologies, such 
as acquired heart disease (AHD) and/or ischemic heart 
disease (IHD).

The indications for surgical and endocardial intervention 
include the presence of AF or its relapse (if referred to 

the endocardial stage) > 3 months after surgery, concomitant 
cardiac pathology such as AHD or lesions of the coronary 
arteries in IHD, relapses of various atrial tachyarrhythmias, 
and ineffectiveness of antiarrhythmic therapy based on 
Heart Rhythm Society/European Heart Rhythm Association/
European Cardiac Arrhythmia Society guidelines [1].

Initially, when referred for surgical and subsequently 
endocardial correction of tachyarrhythmias, all patients 
had comparable demographic and clinical characteristics 
(Table 1).

This retrospective, uncontrolled study with an interrupted 
time series of two groups depending on the surgical treatment 
option for AF was assessed and approved by the members 
of the ethics committee of the FCHMT (Protocol No. 4 of 
11/01/2021).

In 57 (12.7%) patients, tachyarrhythmias relapsed at 
various times after surgery. Only the following patients were 
enrolled for the endocardial ablation stage:

1) Patients with maintained regular atrial rhythm after 
the surgical correction of AF and subsequently diagnosed 
with relapse of atrial tachyarrhythmia at the outpatient 
follow-up.

2) Patients without persistent sinus rhythm after 
the surgical correction of AF despite therapy aimed at 
restoring and maintaining the rhythm (twice electrical 
cardioversion [ECV], correction of antiarrhythmic therapy, 
and electrolyte and metabolic disorders). Such patients were 
referred to the endocardial ablation stage > 3 months after 
the surgical correction of AF.

Of the 57 patients, 39 (68.4%) received repeated 
interventions, or 8.7% of the combined open interventions 
were performed. The average follow-up period after 
the endocardial stage of treatment was 34.37 (standard 
deviation, 24.32) months. The median age of the patients 
was 64 (58–67) years. The study enrolled 21 (54%) men 
and 17 (46%) women. The patients were distributed into two 
groups: group 1 underwent the classic biatrial (BA) maze III 
surgery (n = 23, 59%), and group 2 underwent the LA version 
of maze III (n = 16, 41%).

During the follow-up period, every 3 months after re-
intervention, electrocardiographic (ECG) rhythm recording, 
Holter ECG monitoring, echocardiography (EchoCG), and 
programming of the pacemaker with analysis of atrial 
electrograms were performed. The presence of implanted 
pacemakers was considered a positive factor for detailed 
verification of the atrial rhythm. The study aimed to assess 
electrophysiological heart test (EPT) parameters and 
the characteristics of recurrent atrial tachyarrhythmias in 
patients who had a history of surgical correction of AF and 
who were heterogeneous according to the primary selection 
criteria. Relapses of atrial arrhythmias were differentiated 
by the presence of regular and irregular cycles, endocardial 
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Table 1. Clinical characteristics of patients who underwent surgery
Таблица 1. Клиническая характеристика пациентов, перенесших хирургическое вмешательство

Parameters Group 1
(n = 23)

Group 2
(n = 16) p

Age, years, Ме 63 (45–70) 63 (43–73) 0.810
Sex, F/M 9/14 (39/61) 12/4 (75/25) 0.027
Duration of AF before surgery, months (Ме) 60 (6–240) 48 (6–156) 0.746
AF type:
Paroxysmal, n (%)
Persistent, n (%)

2 (8.7)
21 (91.3)

1 (6.2)
15 (93.8)

0.779
0.779

LA volume before the surgical stage, mm3 (Ме) 121.2 (80–180) 148.7 (100–350) 0.935
LA volume before the endovascular stage, mm3 (Ме) 118.1 (70–138) 111.5 (75–124) 0.140
CABG, n (%) 11 (47.8) 8 (50.0) 0.322
Mitral and tricuspid valve repair, n (%) 3 (13.0) 2 (12.5) 0.240
MV prosthesis, n (%) 5 (8.7) 3 (18.7) 0.064
Mitral valve repair, n (%) 9 (39.1) 8 (50.0) 0.401
AV prosthesis, n (%) 4 (17.4) 2 (12.5) 0.275
De-Vega repair of the TV, n (%) 10 (43.3) 9 (56.3) 0.799
LVEF% (%) before the surgical stage (initial) 47.1 (22.0–61.0) 48.2 (30.0–60.0) 0.143
LVEF% (%) before the endocardial stage, 51 (38.0–60.0) 53 (40–62) 0.411
CHD, n (%) 3 (13.0) 1 (16.0) 0.410
AHD, n (%) 13 (56.5) 8 (50.0) 0.420
Beta blocker therapy, n (%) 10 (50.0) 7 (43.7) 0.398
Diuretic therapy, n (%) 4 (17.4) 3 (18.7) 0.440
Anticoagulant therapy, n (%) 19 (82.7) 12 (75.0) 0.414

Note: AF — atrial fibrillation; AHD — acquired heart defect; AV — aortic valve; BA — biatrial maze; CABG — coronary artery bypass grafting;  
CHD — congenital heart defect; EF — ejection fraction; LA — left atrial maze; LA — left atrium; MV — mitral valve; TV — tricuspid valve.
Примечание: ФП — фибрилляция предсердий; ФВ — фракция выброса; ЛП — левое предсердие; АКШ — аортокоронарное шунтирование; 
МК — митральный клапан; ТК — трикуспидальный клапан; АК — аортальный клапан; БА — биатриальный лабиринт; ЛП — левопредсердный 
лабиринт; ВПС — врожденный порок сердца; ППС — приобретенный порок сердца.

Fig. 1. Design diagram of the completed study
Рис. 1. Дизайн-схема выполненного исследования. ФП — фибрилляция предсердий; РЧА — радиочастотная аблация; ПТ — па-
роксизмальная тахикардия; ППТ — предсердная пароксизмальная тахикардия

Patients with surgical correction of AF (n = 447)

Analysis of the data obtained, summary, and conclusion

Biatrial maze (n = 217 ― 48.5%)

After biatrial maze (n = 23 ― 59%)

AF (n = 5 ― 21.7%) PT (n = 2 ― 8.6%) PT (n = 3 ― 18 %) AF (n = 2 ― 12.5%)LAF (n = 12 ― 52,2%) 
APT (n = 4 ― 17.4%)

LAF (n = 4 ― 25%) 
APT (n  = 7 ― 43.8%)

AF recurrence
(n = 1 ― 7.1%)

AF recurrence 
(n = 4 ― 17.4%)

Maintaining a regular 
rhythm 

(n = 13 ― 92.9%)

Maintaining a regular 
rhythm

(n = 19 ― 82.6%)

Patients diagnosed with recurrent atrial arrhythmia and referred for 
catheter ablation (n = 39)

Left atrial maze (n = 230 ― 51.5%)

After left atrial maze (n = 16 ― 41%)
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correction of tachyarrhythmias was performed, and rhythm 
maintenance was assessed.

Statistical processing
The results were statistically analyzed using IBM Statistics 

for Windows version 21.0 (IBM Corp., Armonk, NY, USA). 
Normally distributed indicators are presented as the average 
value for the sample and its standard deviation (  ± sd), 
whereas non-normally distributed indicators are presented 
as medians and interquartile ranges, Ме (min–max). When 
scores were normally distributed, paired Student’s t-tests 
for related and unrelated samples were used to test the null 
hypothesis. When the distribution differs from the normal, 
the χ2 (Chi-square) test was used to assess the statistically 
significant difference between nominative indicators. To 
assess the quantitative indicators of two unrelated samples, 
the Mann — Whitney U-test was used.

Subgroup characteristics for continuous measures are 
presented as mean ± standard deviation. For qualitative 
indicators, numerical data and percentages are given. 
Differences in indicators between groups were defined as 
statistically significant at p < 0.05.

Endovascular intervention
Catheter intervention was performed using the Carto 

(Biosense Webster, USA) and Ensite (Abbott, USA) navigation 
systems. The diagnostic electrodes used were the 10-pole 
electrode for coronary sinus catheterization (Biosense 
Webster) and the 10-pole Lasso electrode (Biosense Webster). 
For mapping and ablation, the ablation-mapping irrigated 
SmartTouch (Biosense Webster) and CoolFleх (Abbott) were 
used. The ablation parameters were 30–45 W and exposure 
duration of 30–60 s. The irrigation rates were 17–28 and 
25–35 mL/min for CoolFleх and SmartTouch, respectively.

After the catheterization of the coronary sinus, to assess 
the type of atrial arrhythmia, regularity of the tachyarrhythmia 
cycle, its duration, and spread of the arrhythmia activation 
front were assessed. Then, the presence of conduction in 
the pulmonary veins (PVs), consistency of the isolation of 
the LA posterior wall, and the intensity and number of low-
amplitude zones in the atria were assessed. An amplitude 
of the recorded signal of ≤0.2 mV from the electrode along 
the coronary sinus was considered low. When an arrhythmia 
with a regular cycle of atrial flutter was detected, differential 
diagnostics of the flutter substrate cavity (right atrial or LA 
flutter) was performed. The type of flutter was clarified 
according to the criteria of analyzing the activation front 
and determining the involvement of the treatment electrode 
location relative to the arrhythmia cycle. If LA flutter was 
detected, subsequent EPT and ablation techniques were 
similar to that for AF. The interatrial septum was punctured 
twice using Preface Multipurpose introducers (Cordis, USA) 

under X-ray control. Then, three-dimensional endocardial 
reconstruction of the left or right atrium, amplitude mapping 
to identify scar areas in the left and right atria (Fig. 2), and 
activation mapping with a window of interest 10–20 ms 
shorter than the tachycardia cycle was performed. In the case 
of atrial flutter, ablation was performed along the identified 
critical conduction zones with the creation and mandatory 
monitoring of the presence of a bidirectional conduction 
block (at least 140 ms). The criteria for the formation of 
a conduction block during atrial flutter include an episode 
of the formation of “double” spikes and a sharp prolongation 
of signal transmission according to the endogram data on 
the treatment electrode.

In the presence of conduction breakthroughs in the PVs 
or posterior wall of the left atrium, radiofrequency (RF) re-
isolation was performed to monitor the absence of conduction 
(monitoring during high-frequency [HF] influences and again 
at the end of the procedure for tachyarrhythmias and after 
ECV).

The ablation scheme for persistent tachyarrhythmia 
with an irregular cycle included a mandatory anteroseptal 
line from the mitral valve to the superior right PV, at 
the base of the ligated or resected LA appendage and along 
the coronary sinus, and the interatrial septum on the right 
and left. An intercaval line and isolation of the superior vena 
cava were performed if a right atrial role in maintaining 
rhythm disorders was assumed and right atrial arrhythmia 
with a regular cycle was excluded (with the analysis of 
the arrhythmia cycle, its duration, and propagation of 
the arrhythmia activation front). When the AF transitioned to 
atrial flutter or atrial extrasystole, ablation was performed 
according to the criteria of the newly recorded arrhythmia 
(cycle regularity and duration and analysis of the activation 
front based on recordings from the coronary sinus) and 
ablation of areas critical for tachycardia after the clarification 
of the specified parameters. For focal atrial tachycardias, 
mapping was performed according to the protocol for 

Fig. 2.  Typical amplitude map of a patient after labyrinth-3 surgery. 
The arrows indicate zones of absence of electrical activity in all 
pulmonary veins and the posterior wall of the left atrium
Рис. 2. Типичная амплитудная карта пациента после операции 
лабиринт-3. Стрелками указаны зоны отсутствия электрической 
активности всех легочных вен и задней стенки левого пред-
сердия
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searching for the earliest activation area from the reference 
electrode. The criteria for atrial tachycardia included 
tachycardia incidence different from flutter, presence of an 
unstable cycle (warming up and cooling down of tachycardia), 
impossibility of constructing an activation map owing to 
the absence of a macro re-entry tachycardia mechanism, 
and eliminating tachycardia by determining the earliest 
activation zone from the treatment electrode. If AF persisted 
and/or the tachyarrhythmia cycle was not organized, ECV 
was performed after all interventions, with mandatory 
restoration of sinus rhythm in each patient. After eliminating 
atrial tachyarrhythmia, in each patient, the consistency of 
HF influences was also tested. The presence or absence of 
a conduction block was analyzed by recording signals from 
the treatment and Lasso electrodes. The absence of spike 
activity in the electrodes was regarded as the blockade 
of arrhythmic activity. The consistency of the lines was 
assessed by the achievement of a bidirectional conduction 
block (at least 140 ms).

After the analysis of the consistency of the effects 
through frequent stimulations using a therapeutic electrode 
and an electrode installed in the coronary sinus, arrhythmia 
was induced. The stimulation parameters were selected 
based on the tachyarrhythmia data of each patient, with 
atrial flutter and stimulation with a tachycardia cycle 
duration of 10–20–30 ms less than the initial arrhythmia 
cycle. Frequent and ultra-frequent stimulations (stimulation 
cycle duration sequentially 300–250–200 ms) were also 
performed to induce AF. The procedure was completed if, 
despite the “active” induction of arrhythmia, a regular atrial 
rhythm was maintained.

RESULTS
Tachyarrhythmia recurrence parameters after 
two methods of surgical treatment of AF

To determine the recurrence parameters of atrial 
arrhythmias, the indicators of significant differences in clinical 
and demographic criteria between groups were analyzed. 

In the two groups, 9 (39%) and 12 (75%) female patients 
with recurrent atrial arrhythmias underwent surgery. No 
sex differences were found among patients who underwent 
various types of surgical ablation of AF during combined 
cardiac interventions.

According to the endogram recordings from the coronary 
sinus, no significant differences in the type of atrial 
tachyarrhythmias were detected between the two groups. 
LA flutter was diagnosed in 12 (52.2%) and 4 (25%) patients, 
right atrial fluttering in 4 (17.5%) and 7 (43.8%) patients, AF 
in 5 (21.7%) and 2 (12.5%) patients, and atrial tachycardias in 
2 (8.6%) and 3 (18.7%) patients, in groups 1 and 2 respectively 
(Table 2).

The lack of isolation of the LA posterior wall was 
detected in 6 (26%) patients of group 1 and 4 (25%) of 
group 2 (p = 0.875). The shortcoming in both groups was 
the roof at the confluence of the superior left PV; basically, 
the re-isolation of the posterior wall of the PVs was achieved 
there. PV re-isolation was also often achieved by performing 
additional ablations along the posterior wall of the right PVs 
(Figs. 3 and 4).

Recanalization of conduction in the PVs was identified 
in 10 (43.5%) patients in group 1 and 1 (5.3%) patient in 
group 2. In all cases, only segmental ablation was required 
to eliminate conduction breakthroughs in the PVs. An anterior 
septal line was made in 8 (34.8%) patients in group 1 and 
4 (25%) patients in group 2 (ablation was performed until 
a bidirectional conduction block of at least 140 ms was 
achieved; p = 0.400), as well as in the mitral isthmus in 
4  (17.4%) patients in group 1 and 4 patients (25.0%) in group 
2 (p = 0.563). During resection and successful ligation of 
the LA appendage in patients with AF, anteroseptal and mitral 
lines were performed in some cases, excluding the base of 
the appendage stump, because pronounced rhythmic activity 
was recorded there. However, after linear influences, no 
arrhythmia or restoration of sinus rhythm was organized. In 
these patients, extrapulmonary foci played the leading role in 
maintaining arrhythmia against progressive cardiosclerosis 
in both atria and interatrial septum. In the cavotricuspid 

Table 2. Type of tachyarrhythmia according to electrophysiological studies 
Таблица 2. Вид тахиаритмии по данным электрофизиологического исследования

Parameters Group 1
(n = 23)

Group 2
(n = 16) p

AF 5 (21.7) 2 (12.5) 0.460

Left atrial AFl 12 (52.2) 4 (25) 0.090

Right atrial AFl 4 (17.4) 7 (43.8) 0.072

AT 2 (8.6) 3 (18.7) 0.356

Note: AF — atrial fibrillation; AFl — atrial fluttering; AT — atrial tachycardia; BA — biatrial; LA — left atrial.
Примечание: БА — биатриальный; ЛП — левопредсердный; ФП — фибрилляция предсердий; ТП — трепетание предсердий; ПТ — предсердная 
тахикардия.
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Fig. 3. Amplitude map and recording of the electrocardiogram and endograms of the patient after the labyrinth-3 operation. Top–down: 
amplitude map of the patient, standard electrocardiogram leads, and signals from the multipole circular electrode (yellow) on the posterior 
wall of the left atrium, where the arrows indicate the activity from the anastomosis on the left, signals from the ablation electrode (white), 
and signals from the multipole electrode in the coronary sinus (green). Isolation of the posterior wall was achieved, the dissociation of 
arrhythmic activity corresponded to data from the Lasso catheter, and flutter persists, and sinus rhythm exists along the electrode from 
the coronary sinus (also the arrowhead is the lower horizontal arrow on the recording from the coronary sinus). The EPT system “Claris” 
(Abbott, USA) was used. The recording speed was 200 mm/s
Рис. 3. Амплитудная карта и запись электрокардиограммы и эндограмм пациента после операции лабиринт-3. Сверху вниз: ам-
плитудная карта пациента, стандартные отведения ЭКГ, сигналы с многополюсного циркулярного электрода (желтые) на задней 
стенке левого предсердия — стрелками указана активность с соустья слева, сигналы с аблационного электрода (белые), сигналы 
с многополюсного электрода в коронарном синусе (зеленые). Изоляция задней стенки достигнута, диссоциация аритмической ак-
тивности — по данным с катетера «Lasso», сохраняется трепетание, при этом по электроду из коронарного синуса — синусовый 
ритм (также стрелка-указатель — нижняя горизонтальная стрелка на записи с коронарного синуса). ЭФИ-система «Claris» (Abbot, 
США). Скорость записи 200 мм/с

Fig. 4. Relief of tachycardia in the posterior anastomosis on the right. Top–down: amplitude map of the patient, standard leads of the 
electrocardiogram, and signals from the multipole circular electrode (yellow) on the posterior wall of the left atrium. The arrows indicate 
the absence of activity from the anastomosis on the right, where the treatment electrode is located. White, signals from the ablation 
electrode; green, signals from the multipole electrode in the coronary sinus. The Claris EPT system (Abbott, USA) was used. The recording 
speed was 200 mm/s
Рис. 4. Купирование тахикардии в заднем соустье справа. Сверху вниз: амплитудная карта пациента, стандартные отведения 
электрокардиограммы, сигналы с многополюсного циркулярного электрода (желтые) на задней стенке левого предсердия стрелка-
ми указано отсутствие активности с соустья справа, там, где располагается лечебный электрод, сигналы с аблационного электрода 
(белые), сигналы с многополюсного электрода в коронарном синусе (зеленые). ЭФИ-система Claris (Abbot, США). Скорость записи 
200 мм/с

Isolation of the left ventricular 
posterior wall was achieved 
at the end of the lower line 
in the pulmonary vein, and 
cardiac rhythm was restored; 
however, atrial fluttering in 
the left ventricular posterior 
wall persisted and dissociated 
from the left atrium

Tachycardia in the left 
ventricular posterior wall was 
stopped in the posterior

Cardiac rhythm in 
the atria and isolated 
tachycardia of the left 
ventricular posterior 
wall
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Table 3. Performed interventions and arrhythmia parameters
Таблица 3. Выполненные воздействия и параметры аритмий 

Parameter BA group
(n = 23)

LA group
(n = 16) p

LA posterior wall isolation, n (%) 6 (26) 4 (25) 0.940
LA roof, n (%) 2 (8.7) 2 (12.5) 0.701
MI, n (%) 4 (17.4) 4 (25) 0.563
CTI, n (%) 4 (17.4) 7 (43.8) 0.091
Breakthrough in the PV, n (%) 10 (43.5) 1 (5.3) 0.02
Anteroseptal line, n (%) 8 (34.8) 4 (25) 0.515

Isolation of the superior vena cava, n (%) 1 (4.3) 1 (6.25) 0.792
ECV relief, n (%) 4 (30.8) 3 (21.4) 0.914
RFA relief, n (%) 15 (71.4) 14 (87.5) 0.117
Low-amplitude EG, n (%) 12 (52.2) 9 (56.3) 0.802
Cycle switching, n (%) 8 (36.4) 3 (18.8) 0.274
Low-signal amplitude based on the recording from the coronary sinus, n (%) 13 (59) 9 (56) 0.228

Note: CTI — cavatricuspid isthmus; ECV — electrical cardioversion; EG — electrogram; LA — left atrium; MI — mitral isthmus; PV — pulmonary veins; 
RFA — radiofrequency ablation.
Примечание: ЛП — левое предсердие; МИ — митральный истмус; КТИ — каватрикуспидальный истмус; ЛВ — легочные вены; ЭИТ — электро-
импульсная терапия; РЧА — радиочастотная аблация; ЭГ — электрограмма.

Fig. 5. Fragment of the operation of radiofrequency ablation of septal atrial flutter after the labyrinth-3 operation, arrest of arrhythmia 
and restoration of sinus rhythm during ablation. Top–down: standard electrocardiogram leads, signals from a multipole circular electrode 
(yellow) on the left atrial posterior wall, signals from an ablation electrode (white), and signals from a multipole electrode in the coronary 
sinus (green). The EPT system “Claris” (Abbott, USA) was used. The recording speed was 200 mm/s
Рис. 5. Фрагмент операции радиочастотной аблации септального трепетания предсердий после операции лабиринт-3, купирование 
аритмии и восстановление синусового ритма во время аблации. Сверху вниз: стандартные отведения ЭКГ, сигналы с многополюс-
ного циркулярного электрода (желтые) на задней стенке левого предсердия, сигналы с аблационного электрода (белые), сигналы 
с многополюсного электрода в коронарном синусе (зеленые). ЭФИ система «Claris» (Abbot, США). Скорость записи 200 мм/с

region, ablation was needed in 4 patients (17.4%) in group 1 
and 7 patients (43.8%) in group 2 (p = 0.091). The intercaval 
line was made in 2 patients (9.1%) only in the maze III group 
in cases of “silent” left atrium. Against cicatricial changes 
when relieving the main rhythm disorder during the ablation 
procedure, the tachycardia cycle often transformed. This 
happened in 8 patients (36.4%) and 3 patients (18.8%) of 

both groups, respectively (p = 0.203). Atrial extrasystoles 
often occurred after relief, requiring additional interventions. 
The restoration of sinus rhythm upon the closure of 
the ablation line was recorded in 15 patients (71.4%) of group 
1 and 14 patients (87.5%) of group 2 (p = 0.117; Fig. 5).

Table 3 presents the interventions performed and 
the arrhythmia parameters. In all patients, after the arrest 
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Fig. 6. Re-induction of atrial fibrillation after cardioversion. The arrows indicate the onset of atrial fibrillation through several sinus complexes 
immediately after cardioversion. Top–down: standard electrocardiogram leads, signals from a multipole circular catheter “Lasso” located in the 
superior vena cava (yellow endograms) which starts from a single ectopy (the earliest signal during the start of an arrhythmia) and transforms 
into arrhythmic fibrillatory activity (also indicated by an arrow), signals from the ablation electrode (white), and signals from the multipole 
electrode in the coronary sinus (green). The EPT system “Claris” (Abbott) was used. The recording speed was 200 mm/s
Рис. 6. Повторная индукция фибрилляции предсердий после кардиоверсии. Стрелками  указан  старт фибрилляции предсердий 
через несколько синусовых комплексов сразу после проведения кардиоверсии. Сверху вниз: стандартные отведения электро-
кардиограммы, сигналы с многополюсного циркулярного катетера «Lasso» расположенном в верхней полой вене (желтые эн-
дограммы) — запуск с одиночной эктопии (самый ранний сигнал во время запуска аритмии) и трансформация в неритмичную 
фибрилляторную активность (также указание стрелкой), сигналы с аблационного электрода (белые), сигналы с многополюсного 
электрода в коронарном синусе (зеленые). ЭФИ-система «Claris» (Abbot). Скорость записи 200 мм/с

of arrhythmias during the ablation procedure, repeated 
inductions did not provoke the appearance of arrhythmias 
with previously diagnosed parameters in all cases 
(100%). The consistency of the lines must be monitored 
on stimulation from the treatment electrode. If not divided 
into groups, 3 (1–8) linear influences were performed 
on average on each patient. AF persisted despite all 

the effects, and ECV was required in 4 (30.8%) patients 
in group 1 and 3 (21.4%) in group 2 (p = 0.914). Repeated 
ECVs were performed in three patients because of AF onset 
(Fig. 6). The amplitude of the signal from the electrode 
along the coronary sinus was low, i.e., < 0.2 mV, and 
was detected in 13 patients (59%) in group 1 and 9 (56%) 
in group 2 (Fig. 7). Such signal amplitude parameters 

Fig. 7. Atrial flutter in a patient after labyrinth-3 surgery. Top–down: standard electrocardiogram leads, signals from a multipole circular 
electrode on the left atrial posterior wall (yellow), signals from the ablation electrode (white), ablation electrode located on a partially 
isolated site of the atrial myocardium, and signals from the multipole electrode in the coronary sinus (green). The EPT system “Claris” 
(Abbott, USA) was used. The recording speed was 200 mm/s
Рис. 7. Трепетание предсердий у пациента после операции лабиринт-3. Стрелками указаны низкоамплитудные фрагментирован-
ные сигналы. Сверху вниз: стандартные отведения электрокардиограммы, сигналы с многополюсного циркулярного электрода 
на задней стенке левого предсердия (желтые), сигналы с аблационного электрода (белые). Аблационный электрод расположен 
на частично изолированном участке миокарда предсердий, сигналы с многополюсного электрода в коронарном синусе (зеленые). 
ЭФИ-система «Claris» (Abbot, США). Скорость записи 200 мм/с
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were attributed to atrial cardiosclerosis and structural 
remodeling. During this study, the low-amplitude zones 
in each case were not determined; perhaps this will be 
conducted in subsequent studies.

Electrophysiological aspects during 
the electrophysiological study after two options 
for the surgical treatment of AF

Owing to the presence of massive cicatricial changes 
in the atria, interventions resulting in the occurrence 
of cicatricial changes along the coronary sinus, and 
the absence of the LA appendage, difficulties are 
noteworthy in choosing a stable reference channel for 
activation mapping. After constructing an activation map, 
the simultaneous presence of several “early-late” fields 
is often diagnosed due to the presence of consistent lines 
(surgical cut-and-sew correction of arrhythmia). Owing to 
massive scar changes in the atria and the interventions 
performed, stimulation was difficult even at 20 mA with 
a pulse duration of 4 ms. The EPT aspects presented 
the need for additional control of the treatment electrode 
location relative to the arrhythmia cycle, and the procedure 
duration was increased. Ablation after maze III is 
characterized by the presence of extensive fibrous fields 
with slow electrophysiological activity up to LA asystole 
in comparison with the preserved fibrillatory activity 
in the right atrium and interatrial septum. The classic 
maze III procedure prevents right atrial arrhythmias in 
the postoperative period. Such a pattern was not found 
when we performed ablation after an isolated LA maze.

Patient follow-up after the endocardial stage
The average follow-up period after the endocardial stage 

of treatment was 34.37 (standard deviation, 24.32) months. 
A regular atrial rhythm was maintained in 19 (82.6%) 
and 13 (92.9%) patients in groups 1 and 2, respectively 
(p = 0.914). AF relapses occurred in 4 (17.4%) patients in 
group 1 and 1 (7.1%) in group 2.

All cases of AF relapse were recorded in patients with 
arrhythmias previously diagnosed at the endocardial stage 
in the form of AF and atrial tachycardia. After RF ablation of 
atrial flutter, no relapses of atrial arrhythmia were recorded 
during follow-up.

In this study, determining the clinical indicators that 
predict recurrent AF after two-staged correction of AF was 
impossible. This may be related to the following:

1) Absence of difference in the technique of the surgical 
correction of AF. Both groups underwent surgery using the LA 
cut-and-sew technique, and the BA group also underwent 
right atrial correction. The technique of the LA procedure was 
not different between the groups.

2) Small sample size. We hope that future studies will 
provide additional information on this issue.

However, the AF duration before stage 1 of AF correction 
(p = 0.074) and the method of the surgical correction of AF 
(p = 0.054) had comparable significance values (p = 0.074). 
Thus, increasing the sample size in subsequent studies 
may have positively affected changes in the indicators of 
the significance criterion.

DISCUSSION
Currently, the maze III procedure is considered a highly 

effective method of treating AF during combined cardiac 
interventions [6, 12, 13]. Despite the high efficiency of the BA 
procedure, no clear opinion is presented in the literature 
about the need for the fragmentation of the right atrium. 
Evidence shows that the simplified LA scheme of the maze III 
procedure is associated with postoperative tachyarrhythmias 
such as atrial fluttering in 8%–10% of cases [3]. In this study, 
a highly effective endocardial termination of macro re-entry 
tachycardias such as atrial fluttering was performed when 
the ablation line was closed in all cases. No recurrences of 
arrhythmias were recorded after the ablation of atrial flutter 
intraoperatively during arrhythmia induction and after 34.37 
(standard deviation 24.32) months of follow-up.

Despite the use of the highly effective maze III 
technique, which virtually eliminates the risk of recurrent 
arrhythmias, in this study, both groups showed signs of 
recurrent AF and reconnection of conduction in the PVs. 
Among the published studies, some studies have confirmed 
the restoration of conduction in the veins after performing 
various modifications of maze III procedure [18–20]. In our 
opinion, the finding of the reconnection in the veins can be 
due to the following:

1. The actual use of the maze III technique with 
additional lines toward the fibrous ring of the tricuspid valve 
and mitral valve using the AtriCure cryoICE cryoablator 
(AtriCure, USA), which may cause the local recanalization 
of the conduction.

2. Many years of surgical skills gained in the surgical 
treatment of AF. When analyzing the timing of surgeries, 
patients who underwent the two-atrial “classical” maze 
technique with recurrences of conduction in the PVs had 
undergone surgery at the beginning of the FCHMT activities, 
which was at the stage of mastering the technique. 
Moreover, the LA maze modification was attributed to 
the implementation of experience and continuation of work 
for many years. We assumed that the transmurality of all 
effects (cut-and-sew and cryoablation lines) turned out to be 
more achievable with surgeons’ acquisition of practical skills. 
Moreover, the endocardial re-isolation was segmental and 
easily achievable in all cases.
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The study showed no differences in subsequent 
tachyarrhythmias depending on the method used for the surgical 
correction of AF during combined cardiac interventions. We 
believe that the high effectiveness of endocardial ablation of 
recurrent atrial arrhythmias demonstrated in this study (82.6% 
and 92.9% in groups 1 and 2, respectively) was associated with 
the presence of tachyarrhythmias with a regular tachycardia 
cycle, atrial fluttering, and atrial tachycardia in patients referred 
for ablation (32 of 39).

Thus, the lack of differences in the outcomes of surgical 
treatment between the groups may be due to the following 
factors:

1. Relatively small sample size. Our preliminary results 
should be confirmed by studies with larger sample sizes 
to describe better the negative effect of long persistent 
arrhythmia on rhythm maintenance after two-stage AF 
correction.

2. Important criteria for differences in groups were 
not considered, such as the degree of deformity and 
three-dimensional changes in atrial contractility based on 
the progressive speckle-tracking method of the ultrasound 
visualization of cardiac cavities. Although this new technique 
was introduced exclusively for the analysis of left ventricular 
function, several studies have recently expanded its 
application to other cardiac chambers, such as the left atrium 
[22]. Our subsequent work on assessing the maintenance of 
a regular atrial rhythm after two-stage AF correction will 
focus on the study of these parameters.

Based on the results of the analysis of factors that 
influence atrial rhythm after maze surgeries, the severity of 
structural and electrophysiological pathologies of the atria is 
the main cause of the recurrence of tachyarrhythmias despite 
the two-staged correction of long-term AF. In our opinion, 
the presence of AF after the maze procedure indicates 
significant electrophysiological changes in the structure of 
the atria, and is the main criterion for the impossibility of 
maintaining a regular atrial rhythm.

CONCLUSION
The results of a study conducted at the FCHMT demonstrate 

the high effectiveness of the hybrid approach in the treatment 
of AF. Stage 1 involved the surgical correction of AF and other 
cardiac interventions. Stage 2 included endocardial ablation of 
recurrent tachyarrhythmias. Options for surgical correction of AF 
were BA maze or only LA correction, which did not demonstrate 
significant differences in the incidence and type of recurrence of 
atrial tachyarrhythmias. The occurrence of AF after both types 
of maze surgery reduces the probability of the restoration and 
maintenance of sinus rhythm with repeated catheter procedures. 
Tachyarrhythmias with a regular arrhythmia cycle, namely, atrial 
flutter and atrial tachycardia, are prognostically favorable atrial 

arrhythmias for the restoration and long-term maintenance of 
a regular atrial rhythm.
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Reseach article

Atrial fibrillation in a patient with diffuse myocardial 
fibrosis and mitral annular disjunction
Larisa S. Evdokimova, Irina E. Itskovich, Tatiana N. Novikova, Tatyana V. Garpinchenko
North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

Abstract
A case of atrial fibrillation and premature ventricular complexes (PVC) in a patient with mitral valve prolapse and mitral an-
nular disjunction is described. Rhythm disturbances occurred after a new coronavirus infection. Also, the patient has a history 
of combined treatment of left breast cancer, which contributed to the appearance of myocardial fibrosis as an arrhythmogenic 
substrate. Due to the ineffectiveness of conservative antiarrhythmic therapy, a radiofrequency catheter procedure was per-
formed, which proved unsuccessful. The purpose of the article is to present the possible causes of cardiac arrhythmias and 
the role of magnetic resonance imaging in the diagnosis of arrhythmogenic myocardial fibrosis and mitral annular disjunction.

Keywords: atrial fibrillation; mitral annular disjunction; postradiation myocardial fibrosis; cardiac MRI.
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Научная статья

Фибрилляция предсердий у пациентки 
с диффузным фиброзом миокарда  
и митральной аннулярной дизъюнкцией
Л.С. Евдокимова, И.Э. Ицкович, Т.Н. Новикова, Т.В. Гарпинченко
Северо-Западный государственный медицинский университет им. И.И. Мечникова, Санкт-Петербург, Россия

Аннотация
Описано наблюдение случая фибрилляции предсердий и желудочковой экстрасистолии у пациентки с пролапсом ми-
трального клапана и митральной аннулярной дизъюнкцией. Дебют нарушений ритма инициирован перенесенной но-
вой коронавирусной инфекцией. Кроме того, в анамнезе пациентки комбинированное лечение рака левой молочной 
железы, способствовавшее появлению фиброза миокарда в качестве аритмогенного субстрата. В связи с неэффектив-
ностью консервативной антиаритмической терапии была выполнена радиочастотная катетерная процедура по поводу 
симптомной фибрилляции предсердий, оказавшаяся безуспешной. Цель статьи — представить возможные причины 
возникновения нарушений ритма сердца и роль магнитно-резонансной томографии в диагностике аритмогенного фи-
броза миокарда и митральной аннулярной дизъюнкции. 

Ключевые слова: фибрилляция предсердий; митральная аннулярная дизъюнкция; постлучевой фиброз миокарда; 
МРТ сердца.
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CLINICAL CASE
Patient D (59 years old) was admitted to the hospital 

for radiofrequency ablation (RFA) for atrial fibrillation (AF). 
The disease began in December 2020, when paroxysmal AF 
was first reported during inpatient treatment for pneumonia 
caused by moderate COVID-19. Another AF episode requiring 
hospitalization occurred in November 2022. Sinus rhythm was 
restored by electrical impulse therapy; however, after 4 days, 
arrhythmia recurred without subsequent restoration of sinus 
rhythm. AF was accompanied by symptoms such as dyspnea, 
asthenia, and palpitations; therefore, RFA (pulmonary vein 
isolation) was recommended.

Upon admission for RFA for AF, the patient had palpitations 
and interruptions in cardiac function, accompanied by dyspnea 
and asthenia, both during physical activity and at rest. 
The history of combined treatment for cancer of the left breast 
in 2004 (left-sided mastectomy, chemotherapy, and radiation 
therapy) was noteworthy. The concomitant disease was 
diffuse nodular goiter (euthyroidism on hormone replacement 
therapy). The patient was constantly taking bisoprolol (2.5 mg), 
L-thyroxine (75 mg), and rivaroxaban (20 mg).

Objective status on admission showed a satisfactory 
state, vesicular breathing, and absence of wheezing. Heart 
sounds were arrhythmic, the heart and pulse rates were 
66 beats/min, and the blood pressure was 100/70 mmHg. 
The abdomen was soft and painless on palpation. No 
peripheral edema was observed.

Preoperatively, laboratory and instrumental diagnostic 
methods were performed. The values of clinical and biochemical 
blood test indicators were within the reference values.

During the inpatient treatment preceding this 
hospitalization, coronary angiography revealed the absence 
of stenotic or occlusive lesions of the coronary arteries.

The results of the electrocardiography (ECG) are presented 
in Fig. 1. The ECG recorded AF, ventricular extrasystole (VE), 
and QRS morphology characteristic of ventricular rhythm 
disorders from the outflow tract of the right ventricle (RV) 
that was atypical for mitral valve prolapse (MVP) and mitral 
annular disjunction (MAD). The presence of right VE may be 
associated with diffuse postradiation myocardial fibrosis, 
affecting not only the left ventricle (LV) but also the RV. 
Subsequently, repeated ECGs also recorded AF and VE of 
similar morphology.

Fig. 1. Electrocardiogram (50 mm/s, 10 mm/mV). Atrial fibrillation, normosystolic form. Single ventricular extrasystole
Рис. 1. Электрокардиограмма (50 мм/с, 10 мм/мВ). Фибрилляция предсердий, нормосистолическая форма. Одиночная желудоч-
ковая экстрасистола
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The patient first learned about the presence of MVP 
and MAD during the examination that preceded RFA. 
Echocardiography (echoCG) did not reveal local impairment 
of the contractility of the left ventricular myocardium, and 
the myocardium was not thickened. Moderate myxomatous 
changes in the mitral valve cusps and grade 1 mitral 
regurgitation with a volume of up to 10 mL were observed, 
and the disjunction of the mitral valve ring was located up 
to 8 mm. The main parameters of echoCG and magnetic 
resonance imaging (MRI) are presented in Table 1.

To clarify the size of the cardiac chambers, contractile 
function of the left ventricular myocardium, and presence 
of myocardial fibrosis, cardiac MRI was performed with 
the intravenous administration of the contrast agent (CA) 
gadodiamide (0.2 mmol/kg). The study was conducted 
according to a standard scanning protocol with native T1 
mapping of the myocardium. In addition to echoCG data, 
attention was drawn to the beginning hypertrophy of the lower 
basal segments of the left ventricular myocardium, a decrease 
in ejection fraction (EF) to 46%, and mild hypokinesia of 
the apical segments (Table 1). The difference in EF according to 
the results of the two methods can be due to cardiac arrhythmia 
and by different postprocessing calculation methods. As with 
MRI, more than 300 MRI slices were included in cardiac cycles 
of different durations, which led to a greater spread of EF in 
different cycles than with echoCG, during which 3–5 cycles 
were taken to calculate the EF. The difference between the EF 
measured using different imaging techniques can sometimes 
reach 20% [1]. In the presented case, the authors took 
the echoCG data obtained as the true EF values because of 
high accessibility for dynamic monitoring.

Prolapse of both cusps of the MV and MAD up to 8 mm at 
the level of the P3 segment was visualized (Fig. 2).

When analyzing the qualitative and quantitative 
indicators of native T1 mapping (modified Look–Locker 
inversion recovery), areas where the T1 relaxation time 

of the myocardium of the interventricular septum and 
anterior and lateral walls of the LV was increased were 
identified, which were more pronounced at the level of 
the apical and middle segments (Fig. 3). In a quantitative 
analysis, the relaxation time in the indicated areas was 
> 1200 ms (above the average norm for 3.0 T tomographs 
of 1122 ± 57 ms) [4]. Taking into account previous radiation 
therapy for left breast cancer, these areas are manifestations 
of diffuse myocardial fibrosis.

After intravenous CA administration in the delayed phase 
(myocardial delayed enhancement), an extended area of 
intramural accumulation of a nonischemic CA was identified 
and localized in the lower and posterolateral segments (4, 5) 
of the left ventricular basal sections (Figs. 4 and 5). No focal 
accumulation of CA was noted in areas with increased T1 
relaxation time.

During the electrophysiological study against AF, an 
anatomical and activation map of the LA was constructed, 
according to which pathological activity was identified in 
the area of the left inferior pulmonary vein. The ostia of 
the pulmonary veins were isolated, followed by electrical pulse 
therapy. Unfortunately, sinus rhythm could not be restored.

After the correction of drug therapy, the patient was 
discharged in satisfactory condition with recommendations 
for further follow-up by a rhythmologist and RFA for 
ventricular arrhythmias if drug therapy was ineffective.

DISCUSSION
The onset of cardiac arrhythmias in the patient was 

recorded during hospitalization for COVID-19; however, 
the infectious disease cannot be regarded as the only cause 
of AF. A study [5] provided data on factors predisposing 
to paroxysmal AF in individuals hospitalized for COVID-19, 
including older age, cardiovascular disease, increased left 
atrial volume, and severity of COVID-19. The patient was 

Table 1. The main parameters obtained by echocardiography and cardiac MRI
Таблица 1. Основные параметры по результатам эхокардиографии и магнитно-резонансной томографии сердца

Parameters EchoCG (B-mode) (range of normal values) [2] MRI of the heart (range of normal values) [3]

LVEF, % 60 (54–74) 46 (59–77)
LV EDV, mL 99 (46–106) 106 (86–166)
LV ESV, mL 39 (14–42) 58 (22–59)
Indexed LV EDV, mL/m2 56 (29–61) 59 (56–90)
Indexed LV ESV, mL/m2 22 (8–24) 32 (14–33)
Myocardial mass, g 132 (67–162) 95 (72–144)
Indexed myocardial mass, g/m2 75 (43–94) 52 (48–78)
Indexed LA volume, mL/m2 50 (16–34) 57 (27–53)

Note: EDV — end-diastolic volume; echoCG — echocardiography; ESV — end-systolic volume; LA — left atrium; LVEF — left ventricular ejection 
fraction; MRI — magnetic resonance imaging.
Примечание: ФВ ЛЖ — фракция выброса левого желудочка; КДО — конечно-диастолический объем; КСО — конечно-систолический объем; 
ЛП — левое предсердие.



DOI: https://doi.org/10.17816/cardar567797

23
Cardiac ArrhythmiasVol. 3 (3) 2023CLINICAL CAsEs

Fig. 4. Cardiac MRI, short axis at the level of the basal segments. 
Late gadolinium enhancement. The arrow indicates an intramural 
non-ischemic zone of contrast accumulation at the border of 4 
and 5 left ventricle segments. ПЖ — right ventricle; ЛЖ — left 
ventricle
Рис. 4. Магнитно-резонансная томография сердца, по короткой 
оси на уровне базальных сегментов. Отсроченное контрастиро-
вание. Стрелкой указан интрамуральный участок накопления 
контрастного вещества на границе 4-го и 5-го сегментов левого 
желудочка неишемического характера. ПЖ — правый желудо-
чек; ЛЖ — левый желудочек

Fig. 5. Cardiac MRI. Three-chamber view. Late gadolinium 
enhancement. The arrow indicates a low-intensity intramural zone 
of contrast accumulation at the level of 5th segment left ventricle. 
ЛЖ — left ventricle; ЛП — left atrium
Рис. 5. Магнитно-резонансная томография сердца. Трехка-
мерный вид. Отсроченное контрастирование. Стрелкой указан 
слабоинтенсивный интрамуральный участок накопления кон-
трастного вещества на уровне 5-го сегмента левого желудочка. 
ЛЖ — левый желудочек; ЛП — левое предсердие

Fig. 3. Cardiac MRI, T1-mapping short axis of the left ventricle.  
The arrows indicate areas with increased T1-relaxation time 
localized in the interventricular septum and in the anterior wall of 
the left ventricle at the level of the apical segments
Рис. 3. Магнитно-резонансная томография сердца,  
Т1-картирование миокарда по короткой оси левого желу-
дочка. Стрелки указывают области с повышенным временем  
Т1-релаксации, локализованные в межжелудочковой перего-
родке и в передней стенке левого желудочка на уровне начала 
срединных сегментов

Fig. 2. Cardiac MRI, of end-systolic image in three-chamber view 
(Fiesta Cine). The thick arrow indicates the prolapse of the posterior 
leaf of the MV, the projection axis of the fibrous ring of the MV is 
carried out, the bidirectional arrow indicates the distance of the 
mitral annular disjunction
Рис. 2. Магнитно-резонансная томография сердца, конечно-
систолическое изображение в трехкамерном виде (Fiesta Cine). 
Толстая стрелка указывает на пролапс задней створки митраль-
ного клапана, проведена проекционная ось фиброзного кольца 
митрального клапана, двунаправленная стрелка указывает рас-
стояние митральной аннулярной дизъюнкции
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59 years old, and the average age of patients in the study was 
75.9 ± 2.3 years. The course of COVID-19 was moderately 
severe. Among the two listed moderate risk factors, an increase 
in the left atrial volume index contributed to the emergence 
of AF. Several reasons were identified for the left atrial 
remodeling in the patient. First, MVP and MAD were present. 
Diffuse postradiation myocardial fibrosis involving not only 
the ventricular myocardium but also the atrial myocardium 
not only played an important role in AF onset but was also, 
perhaps, the key factor in the ineffectiveness of RFA [6].

Presumably, according to the QRS morphology, 
the ectopic focus of the ventricular activity in our patient 
was located in the right ventricular outflow tract; however, 
it was not possible to identify the substrate of ventricular 
ectopy using MRI. The assessment of fibrotic changes in 
the RV still poses a certain challenge because of the small 
thickness of the right ventricular wall, diffuse interstitial 
changes that are difficult to visualize even using T1 mapping 
of the myocardium, and delayed contrast sensitivity to fibrotic 
changes involving >1 g of the myocardium [7].

The assessment of left ventricular myocardial fibrosis 
using MRI is a different matter. In the present case, another 
tool that was used to assess the presence of diffuse 
myocardial fibrosis of the LV was the measurement of 
the T1 relaxation time using MRI. The method was based 
on mapping to assess qualitatively (using color coding of 
the relaxation time) and quantitatively (measuring directly 
the relaxation time) changes in the myocardium. Postcontrast 
T1 mapping was used to calculate the extracellular volume 
reflecting diffuse myocardial fibrosis or accumulation of 
pathological substances in storage diseases. In the present 
study, the extracellular volume was not calculated because 
of rhythm disorder, and the presence of diffuse postradiation 
fibrosis was concluded based on native T1 mapping data 
and the absence of fields of focal accumulation of CA on 
delayed postcontrast images. Tuohinen et al. [8] noted that 
radiation therapy for left breast cancer led to an increase 
in the T1 relaxation time of the left ventricular myocardium 
with a predominantly apical and inferior septal gradient of 
changes, which reflects diffuse fibrosis, as in our case.

The results of delayed contrast enhancement and analysis 
of cine images proved the presence of MVP, MAD, and 
inferior basal intramural fibrosis of the LV in the patient. In 
the literature, this combination is called the “malignant triad” 
[9]. These changes, sometimes accompanied by hypertrophy of 
the lower basal segments of the left ventricular myocardium, 
predispose the patient to the development of ventricular 
arrhythmias (ventricular tachycardia and extrasystoles) and 
increase the risk of sudden cardiac death [10].

The relationship between MVP and MAD in the patient 
with AF may be due to left atrial remodeling caused by these 
conditions. In addition to local myocardial fibrosis, chronic 

MAD may be accompanied by diffuse myocardial fibrosis, 
which contributes to an additional load on the LA during 
diastole and left atrial remodeling [10].

In this patient, the myocardial fibrosis had several causes. 
At present, no universal diagnostic tools and methods would 
enable us to determine the association of fibrosis with 
a specific cause. In some areas of the patient’s myocardium, 
fibrosis was caused by radiation therapy, whereas in other 
areas, fibrosis was due to MVP and MAD that developed in 
parallel with postradiation fibrosis. The true causes of fibrosis 
in various areas of the myocardium remain to be speculated. 
The potential influence of the patient’s hormonal status is 
particularly noteworthy. Therefore,  thyroid imbalance has 
minimal contribution to cardiac arrhythmias in euthyroidism.

CONCLUSION
The described clinical case demonstrates the capabilities 

of cardiac MRI in the diagnosis of left ventricular myocardial 
fibrosis of various causes. The detection of myocardial fibrosis 
and assessment of its distribution and volume are important for 
understanding the pathogenesis of rhythm disorders and asses-
sing the potential effectiveness of therapy. In addition, cardiac 
MRI enables the determination of the parameters of contractile 
function and morphological changes in the LV. In some cases, 
its data are more accurate than transthoracic echoCG [11].

Unfortunately, currently, no technique can unambiguously 
assess left atrial myocardial fibrosis, which, in our opinion, 
causes the failure of not only drug therapy for AF but also RFA. 
The emergence of such techniques in the future will enable 
us to predict the efficiency and feasibility of catheterization 
procedures for AF.
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Clinical and genetic characterization of patients 
with catecholaminergic polymorphic ventricular 
tachycardia: a case series
Svetlana M. Komissarova¹, Nadiia M. Rineiska¹, Natalya N. Chakova², Svetlana N. Niyazova²,  
Larisa I. Plashchinskaya¹, Veronika Ch. Barsukevich¹, Olga V. Podpalova¹
¹ State Institution Republican Scientific and Practical Centre “Cardiology”, Minsk, Belarus;

² Institute of Genetics and Cytology of Belarus National Academy of Sciences, Minsk, Belarus

Abstract
AIM: of the study was to evaluate the clinical and genetic characteristics, including the development of adverse events and 
outcomes in patients with catecholaminergic polymorphic ventricular tachycardia (CPVT).
MATERIALS AND METHODS: The clinical phenotype of eight patients with CPVT, two of whom were relatives of probands, 
was observed over 4 years. The clinical and instrumental study included ECG-12, 24-hour Holter ECG monitoring, genealogical 
history collection and family history of sudden cardiac death (SCD), transthoracic echocardiography and cardiac magnetic reso-
nance imaging to detect structural myocardial changes, electrophysiologic study according to indications, and ICD monitoring. 
High-throughput sequencing (NGS) was utilized to search for mutations in genes linked to the onset of channelopathies and 
other inherited rhythm disorders.
RESULTS: In 8 patients, nucleotide variants of pathogenicity classes III-V were identified according to the ACMG (2015) cri-
teria in the RYR2 gene associated with CPVT. Pathogenic (IV-V class) and likely pathogenic (IV class) mutations in the RYR2 
gene were found in 6 (75%) probands, variants with uncertain clinical significance (VUS, class III) were found in 2 patients.  
At the time of diagnosis, transient QTc interval prolongation of more than 480 ms was detected in 4 (50%) patients; bradycardia 
less than 54 beats/min — in 2 (25%) patients, sequences of supraventricular tachycardia and ventricular tachyarrhythmia —  
in 2 (25%) patients. The most severe form of the disease with marked clinical manifestations and an episode of clinical death 
with subsequent resuscitation, as well as a transient QTc interval prolongation exceeding 500 ms was observed in patients 
with mutations c.11814C > A (p.Ser3938Arg, rs794728704); c.463G > A (p.Gly155Arg) and c.14876G > A (p.Arg4959Gln, 
rs794728811) in the RYR2 gene. Three (37.5%) patients underwent ICD implantation; one for primary SCD prevention and two 
for secondary prevention.
CONCLUSION: In this study, the spectrum of clinical manifestations in patients with genetically confirmed CPVT was exam-
ined. The findings highlight transient QTc interval extensions, significant sinus bradycardia, and sequences of supraventricular 
tachyarrhythmias, which can escalate into life-threatening ventricular tachyarrhythmias in CPVT patients.

Keywords: catecholaminergic polymorphic ventricular tachycardia; RYR2 gene mutation; phenotypic diversity.
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Научная статья

Клиническая и генетическая характеристика 
пациентов с катехоламинергической полиморфной 
желудочковой тахикардией (серия случаев)
С.М. Комиссарова¹, Н.М. Ринейская¹, Н.Н. Чакова², С.С. Ниязова²,  
Л.И. Плащинская¹, В.Ч. Барсукевич¹, О.В. Подпалова¹ 
¹ Республиканский научно-практический центр «Кардиология», Минск, Республика Беларусь;

² Институт генетики и цитологии НАН Беларуси, Минск, Республика Беларусь

Аннотация
Цель исследования — оценить клиническую и генетическую характеристику, включая развитие неблагоприятных со-
бытий и исходов у пациентов с катехоламинергической полиморфной желудочковой тахикардией (КПЖТ).
Материалы и методы. Обследовано 8 пациентов с КПЖТ, двое из которых были родственниками пробандов, на-
блюдаемых в течение 4 лет. Клинико-инструментальное исследование включало регистрацию электрокардиограммы 
в 12 отведениях, суточное электрокардиографическое мониторирование, сбор генеалогического анамнеза и выявле-
ние случаев внезапной сердечной смерти в семье или наличия семейной формы заболевания, эхокардиографиче-
ское исследование и магнитно-резонансную томографию сердца для исключения структурных изменений миокарда, 
проведение эндокардиального электрофизиологического исследования по показаниям, мониторинг имплантируемого 
кардиовертера-дефибриллятора. Поиск мутаций в кодирующих последовательностях генов, ассоциированных с раз-
витием каналопатий и других наследственных нарушений ритма, проводили методом высокопроизводительного сек-
венирования.
Результаты. У 8 пациентов выявлены нуклеотидные варианты III–V классов патогенности согласно критериям ACMG 
(2015) в гене RYR2, ассоциированным с КПЖТ. У 6 (75 %) пробандов обнаружены диагностически значимые мутации 
(IV–V класса патогенности) в гене RYR2, у 2 пациентов были обнаружены варианты с неопределенной клинической 
значимостью (VUS, III класс). На момент постановки диагноза транзиторное удлинение интервала QTc более 480 мс 
было выявлено у 4 (50 %) пациентов; брадикардия менее 54 уд/мин — у 2 (25 %), суправентрикулярная тахикардия, 
которая сменялась желудочковой тахиаритмией — у 2 (25 %) пациентов. Наиболее тяжелая форма заболевания с вы-
раженными клиническими проявлениями и эпизодом клинической смерти с последующими реанимационными меро-
приятиями, а также транзиторным удлинением интервала QTc, превышающим 500 мс, наблюдалось у пациентов с му-
тациями c.11814C > A (p.Ser3938Arg, rs794728704); c.463G > A (p.Gly155Arg) и c.14876G > A (p.Arg4959Gln, rs794728811) 
в гене RYR2. Имплантация кардиовертера-дефибриллятора потребовалась 3 (37,5 %) пациентам, в том числе 1 па-
циенту с целью первичной профилактики ВСС и 2 (25 %) — с целью вторичной профилактики.
Заключение. В настоящем исследовании изучен спектр клинических проявлений у пациентов с генетически под-
твержденной КПЖТ. Транзиторное удлинение интервала QTc, выраженная синусовая брадикардия и суправентрику-
лярная тахиаритмия, сменяющиеся жизнеугрожающей желудочковой тахиаритмией с высокой частотой представлены 
у пациентов с КПЖТ.

Ключевые слова: катехоламинергическая полиморфная желудочковая тахикардия; мутации в гене RYR2; 
фенотипическое разнообразие.
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INTRODUCTION
Catecholaminergic polymorphic ventricular tachycardia 

(CPVT) is an inherited arrhythmic disorder characterized 
by bidirectional and/or polymorphic VT induced by physical 
or emotional stress [1]. In the absence of optimal therapy, 
the mortality rate of CPVT is extremely high, reaching  
30%–50% by the age of 30 years [2]. The prevalence of CPVT 
is reported to be as high as 1:10,000; however, its true value 
remains unclear [3].

The molecular genetic cause of CPVT is a defect 
in the RYR2 gene, located at 1q42, which encodes 
the cardiomyocyte ryanodine receptor 2, a major channel for 
calcium release from the sarcoplasmic reticulum (SR) [4]. 
RYR2 gain-of-function mutations cause abnormal calcium 
release from the SR, resulting in delayed depolarization and 
ventricular arrhythmias observed in CPVT [5, 6]. In individuals 
with this pathology, 65% had mutations in the gene encoding 
the ryanodine receptor 2, which led to the development 
of CPVT type 1 (CPVT1). More recently, two studies have 
reported consanguineous families with CPVT whose members 
had homozygous missense and nonsense mutations in 
CASQ2, which encodes the SR-located Ca2+-binding protein 
calsequestrin 2. CPVT caused by CASQ2 mutations belongs to 
CPVT2, is characterized by autosomal recessive inheritance, 
and is much less common than CPVT1 [7, 8].

 The main clinical manifestations of CPVT include syncope 
provoked by exercise, emotional stress, or administration 
of beta-adrenergic drugs. Noteworthily, approximately 
30% of patients with CPVT were misdiagnosed with long 
QT syndrome (LQTS) by reason of the presence of transient 
QT prolongation > 460 ms [9].

The symptoms of CPVT with QT prolongation and 
LQTS, particularly with LQTS type 1, are similar in that 
physical activity causes ventricular arrhythmias that can 
result in sudden cardiac death (SCD). Accurate diagnosis 
is crucial for the reason that the incidence of arrhythmic 
events during beta-blocker therapy remains significantly 
higher in patients with CPVT than in those with LQTS [10]. 
Arrhythmias develop in patients with CPVT due to 
delayed depolarization caused by the large amounts of 
calcium released from the sarcoplasmic reticulum (SR), 
whereas patients with LQTS develop torsades de pointes 
(pirouette-type tachycardias) due to increased early post-
depolarization and greater heterogeneity of monophasic 
duration between different myocardial sites resulting from 
impaired functioning of predominantly potassium channels.

Remarkably, sinus bradycardia, which is occasionally 
observed in patients with CPVT, may be another primary 
disorder caused by mutations associated with CPVT [11]. 
Moreover, sinus node dysfunction may paradoxically 
contribute to the initiation of ventricular rhythm disorders 

and may be therapeutically targeted to prevent exercise ―  
or stress-induced ventricular arrhythmias in CPVT [12].

Patients with CPVT usually have a normal 
electrocardiogram (ECG) at rest.  Nonetheless, the presence 
of sinus bradycardia in addition to a history of exercise- 
or emotion-induced cardiac symptoms may be critical to 
the diagnosis of CPVT before exercise testing [13]. Sinus 
bradycardia was reported in 5%–20% of patients who 
were carriers of a pathogenic RYR2 mutation and who 
were identified by cascade screening (testing relatives for 
the presence of the mutation identified in the proband) [14]. 
Furthermore, supraventricular rhythm disorders other 
than sinus bradycardia (intermittent ectopic atrial rhythm, 
undefined supraventricular tachycardia (SVT), and sick 
sinus syndrome) were found in 16% of the total population 
(bradyarrhythmias in 11.3% and tachyarrhythmias in 4.7%) 
and 38% of those on Holter monitoring. Electrophysiological 
cardiac studies have confirmed that sinus node dysfunction is 
present in at least a subpopulation of patients with CPVT [15].

Several authors noted a polymorphism of rhythm 
disorders characteristic of patients with CPVT, including 
supraventricular and ventricular arrhythmias due to significant 
instability and the high proarrhythmogenic potential of 
the myocardium at all levels (both atrial and ventricular). 
Currently, CPVT is recognized as one of the major causes 
of SCD in young adults because of the high incidence of life-
threatening arrhythmias.

This study aimed to present genetic and phenotypic 
characterization of probands and their family members 
for further evaluation of clinical features, including 
the development of adverse events and outcomes.

MATERIAL AND METHODS
Between 2019 and 2023, 8 patients diagnosed with CPVT 

(4 men and 4 women, median age 34 [31–41] years) from 
6 unrelated families were followed up at the Republican 
Scientific and Practical Center “Cardiology.”

Patients underwent regular inpatient examinations at 
least once a year (ECG–12, 24-hour Holter monitoring, 
implantable cardioverter defibrillator [ICD] monitoring), 
endocardial electrophysiological study (EEPS) as indicated, 
and collection of genealogical anamnesis with ECG evaluation 
of all family members in order to identify SCD cases or 
the presence of a familial disease. Structural myocardial 
abnormalities were excluded by echocardiographic study 
with the device IE-33 (Philips, USA) according to current 
recommendations [16].

Arrhythmic events were defined as the occurrence 
of syncope, sudden circulatory arrest, appropriate ICD 
therapy, and SCD. The control of arrhythmic events was 
assessed by ECG dynamics, 24-hour Holter monitoring, 
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and ICD monitoring throughout the follow-up period. ECG 
was performed on the Intekard-3 hardware–software 
complex (Republic of Belarus) by computer processing. 
ECG was monitored over 24 hours with the Oxford Medilog 
AR12 recorder (UK). ECG and 24-hour Holter monitoring 
were evaluated according to the classic standards of ECG 
diagnosis. ICD activation in response to the development 
of life-threatening ventricular arrhythmias — sustained 
pirouette-type VT or ventricular fibrillation (VF) — was 
considered appropriate. When an ICD was triggered for 
atrial fibrillation (AF) or other supraventricular arrhythmias, 
therapy was considered inappropriate. Supraventricular 
arrhythmias were defined as the presence of one and/or 
more of the following arrhythmias: atrioventricular nodal 
reentry  tachycardia, ectopic atrial tachycardia, atrial 
fibrillation, and atrial flutter.

During diagnosis, all patients were prescribed beta-
blockers: the drug of choice was propranolol at a dose of 
40–80 mg in 2–3 doses, with a maximum dose of 320 mg/day. 
If ventricular arrhythmias were registered, propranolol was 
administered in maximum tolerated doses, and anamnesis 
of arrhythmic events was positive, drug therapy was 
continued with nadolol at a dose of at least 120–160 mg/day.  
If episodes of SVT were recorded in patients taking 
propranolol or nadolol, an antiarrhythmic drug of class IC or 
III was added to the basic antiarrhythmic therapy.

All probands underwent molecular genetic testing to 
verify the diagnosis and determine SCD risk. Mutations 
in the coding sequences of 174 genes associated with 
cardiovascular pathology, including CPVT, were searched 
by high-throughput sequencing on the NextSeq 550 Gene 
Analyzer (Illumina, USA) using the TruSight™ Cardio Panel 
(USA). The pathogenicity of new and previously described 
genetic variants was interpreted according to the 2015 
recommendations of the American College of Medical 
Genetics and Genomics (ACMG) [17]. Pathogenic (class V), 
and likely  pathogenic (class IV) genetic variants were 
considered clinically significant. Variants of uncertain clinical 
significance (VUS, class III pathogenicity) in genes associated 
with inherited arrhythmia were analyzed separately.

If pathogenicity class IV and V mutations were detected in 
the proband, the disclosed variant was confirmed by Sanger 
sequencing and cascade screening of the closest relatives.

RESULTS
Eight patients (4 men and 4 women) diagnosed with 

CPVT were followed up. Two of the patients were relatives 
of the probands. The median follow-up period (Me [LQ; UQ]) 
was 16 [9; 42] months.

Genotyping of patients revealed nucleotide sequence 
variants in RYR2 of pathogenicity classes III–V according to 

the ACMG (2015) criteria: six class IV and V mutations and 
two VUS (class III) (Table 1).

In most cases (5 of 8 patients), more than 1 year had 
elapsed between manifestation and diagnosis. A familial 
disease form was present in 2 out of 6 probands (33.3%). 
Recurrent syncope episodes were registered in 3 (37.5 %) 
patients. At the time of diagnosis, bradycardia of < 54 beats 
per minute (bpm) was noted in 2 (25%) patients, and transient 
QT interval prolongation of > 480 ms was registered in 
4 (50%) patients (Table 1).

By way of illustration, a 32-year-old female patient 
(mother of proband 13m) and her 8-year-old son (13m) 
had identical clinical manifestations, namely, syncope, 
short episodes of non-sustained VT with bradycardia, and 
episodes of exercise-unrelated transient QTc prolongation. 
The 8-year-old boy suddenly went into cardiac arrest with VF 
after emotional stress. Despite prolonged resuscitation and 
repeated cardioversions, clinical death was declared.

In the analysis of a series of ECGs available in 
the patient’s outpatient chart, one of the 12-lead ECGs 
with sinus bradycardia at a heart rate of 54 bpm showed 
QT interval prolongation > 600 ms, repolarization 
abnormalities in the inferolateral leads, and T-pattern 
changes in leads V1–V2 (Fig. 1).

24-hour Holter ECG monitoring revealed premature 
ventricular contractions and episodes of non-sustained 
polymorphic VT (Fig. 2). 

Genetic analysis of the proband revealed class IV likely 
pathogenic variant c.11814C > A (p.Ser3938Arg, rs794728704) 
in a heterozygous state in RYR2 (Table 1).

The proband’s mother experienced an increase in 
syncope episodes 13 months after her son’s death.  
24-hour Holter monitoring revealed polymorphic premature 
ventricular contractions (306 PVCs /day), PVC couplet, 
ventricular bigeminy, and 11 episodes of non-sustained 
polymorphic VT with an average heart rate of 170–179 
bpm (Fig. 3). During wakefulness and sleep, 69 episodes 
of pathological QTc  prolongation (≥ 500 ms) with a total 
duration of 11 h 10 min (38 episodes during wakefulness 
and 31 episodes during night sleep) were recorded. 
The patient was prescribed the beta-blocker propranolol  
40 mg ½ tablet three times/day; however, PVCs and episodes 
of non-sustained polymorphic VT persisted. The patient was 
tentatively diagnosed with transient LQTS based on clinical 
findings (SCD of her 8-year-old son and history of syncope), 
QTc prolongation of up to 600 ms on manual assessment of 
24-hour Holter monitoring, and frequent episodes of non-
sustained polymorphic VT. The Schwartz scale for LQTS 
was 5.0. An ICD was implanted for the primary prevention 
of SCD due to a high likelihood of recurrent arrhythmias. 
Appropriate ICD therapy during waking hours was recorded 
during regular follow-up visits.
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Genetic testing of the mother revealed the same 
c.11814C > A mutation (p.Ser3938Arg, rs794728704) in 
a heterozygous state in RYR2 as in the son. The diagnosis 
was altered, CPVT was established with transient abnormally 
prolonged QT and syncope episodes based on genotyping 
data, and ICD implantation was performed.

In a 28-year-old proband (code 763c) with recurrent 
syncope episodes, ECG-12 revealed marked  sinus 

bradycardia with a heart rate of 45–50 bpm and QT 
prolongation up to 500 ms. 24-hour Holter monitoring 
revealed frequent PVCs (extrasystole index, 4.6%). The patient 
was prescribed propranolol at a dose of 40 mg three 
times a day and a pacemaker was implanted. Eight years 
later, the patient suffered from pacemaker lead infective 
endocarditis with a thrombus in the right atrium. The disease 
course was complicated by the development of a pulmonary 

Fig. 1. Proband’s 13m ECG-12
Рис. 1. Электрокрадиограмма в 12 отведениях пробанда 13м

Fig. 2. 24-hour holter monitoring of proband 13m ECG. Leads V5, II and aVF. ECG fragments with episodes of QTc prolongation up to 
580 ms and nonsustained paroxysm of bidirectional VT
Рис. 2. Суточное мониторирование ЭКГ пробанда 13м. Отведения V5, II и aVF. Фрагменты ЭКГ с эпизодами удлинения QTc до 580 мс 
и неустойчивым пароксизмом двунаправленной ЖТ

ECG fragment with maximal HR

ECG fragment with minimal HR
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embolism. Therefore, pacemaker lead extraction procedure 
and a 3D-modeled pulmonary artery thrombectomy were 
performed.

The genetic analysis a class V pathogenic variant 
c.463G > A (p.Gly155Arg) in a heterozygous state in RYR2, 
and the diagnosis was altered to CPVT. Despite medical 
treatment (propranolol at a dose of 160 mg), the patient had 
frequent PVCs and episodes of non-sustained polymorphic 
VT. During EEPS, a polymorphic VT paroxysm was provoked, 
and an ICD implantation was decided.

In one patient (code 642c), the disease manifested at 
the age of 15 years with the development of cardiovascular 
arrest and polymorphic VT/VF (Fig. 4), resuscitation was 
successful, and an ICD was implanted for the secondary 
prevention of SCD. In a series of ECGs preceding 

the arrhythmic event, QT prolongation of up to 500 ms was 
recorded. Genotyping revealed a pathogenic RYR2 mutation 
c.14876G > A (p.Arg4959Gln, rs794728811). Based on 
the genotyping results, the patient was diagnosed with CPVT. 
The proband’s mother had the same mutation, with clinical 
manifestations characterized by presyncope episodes and 
palpitations. Episodes of non-sustained VT were recorded 
during 24-hour Holter monitoring. Medical treatment 
(propranolol at a dose of 40 mg in 2–3 doses) was prescribed.

Episodes of SVT were reported in two patients (765c and 
766c [25%]). Patient 765c was diagnosed with paroxysmal 
AF and atrial flutter and underwent EEPS, cryoballoon 
pulmonary vein isolation (PV-cryo), and radiofrequency 
ablation (RFA) of the inferior vena cava-tricuspid 
isthmus. Patient 766c was diagnosed with paroxysmal 

Fig. 3. 24-hour Holter monitoring of proband’s 13m mother. Leads V5, II and aVF. ECG fragments with polymorphic PVCs and nonsustained 
VT paroxysm
Рис. 3. Суточное мониторирование ЭКГ матери пробанда 13м. Отведения V5, II и aVF. Фрагменты ЭКГ с полиморфной ЖЭС и не-
устойчивым пароксизмом ЖТ
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atrioventricular nodal reentry  tachycardia (AVNRT) and 
underwent EEPS and RFA of the slow pathways of the AV 
node. Genotyping of patients identified class III VUS in RYR2: 
c.12944G > A (p.Gly4315Glu, rs766109950) and c.3256C > T 
(p.Arg1086Ter, rs371303783).

In patient 815c, who had a novel likely pathogenic variant 
c.556G > T (p.Val186Leu, rs201211033) in RYR2, provocation 
of ventricular arrhythmias during EEPS with isoproterenol 
failed.

If arrhythmic events and/or recorded episodes of sustained 
polymorphic and/or bidirectional VT were present despite 
the medical therapy carried out, an ICD was implanted 
for secondary prevention of SCD. ATP therapy (Ramp) and 
appropriate ICD shocks were observed in 2 (25%) patients: 
patient 642c and the mother of proband 13m. Figs. 5–7 show 
an episode of sustained VT; after its detection, ATP therapy was 
sequenced twice (Ramp), and sinus rhythm was successfully 
restored.

Fig. 5. The trend of ICD of proband’s 13m mother representing episodes of sustained VT with ATP therapy
Рис. 5. Тренд ИКД матери пробанда 13м, представляющий эпизод устойчивой ЖТ с ATP-терапией

Fig. 4. ECG of patient 642c. ECG fragment with paroxysm of ventricular fibrillation
Рис. 4. ЭКГ пациента 642с. Фрагмент ЭКГ с пароксизмом крупноволновой ФЖ
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Fig. 6. Endogram fragment of proband’s 13m mother representing the episode of sustained VT with the 1st attempt of Ramp ATP therapy 
(inefficient)
Рис. 6. Фрагмент эндограммы матери пробанда 13м, на которой представлен эпизод устойчивой ЖТ с 1-й попыткой АТР-терапии 
Ramp (безуспешной) 

Fig. 7. Endogram fragment of proband’s 13m mother representing the episode of sustained VT with the 2nd attempt of Ramp ATP therapy 
(efficient) and restoration of sinus rhythm
Рис. 7. Фрагмент эндограммы матери пробанда 13м, на которой представлен эпизод устойчивой ЖТ с 2-й попыткой АТР-терапии 
Ramp (успешной) и восстановлением синусового ритма
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DISCUSSION
This study presented the clinical and genetic characteristics 

of eight patients with CPVT and RYR2 mutations. 
The phenotypes of probands with CPVT shared common 
clinical manifestations: syncope episodes were usually 
triggered by physical activity or emotion, and in patient 642c, 
the disease manifested with cardiovascular arrest caused 
by VF at the age of 15 years. The median age of onset of 
CPVT symptoms in the observed probands (32 [28–41] years) 
is comparable to previously reported probands with RYR2 
mutations [18, 19]. However, some individuals with RYR2 
mutations may have a much later age of CPVT onset. In our 
study, 3 (37.5%) patients were asymptomatic until the age of 
40 years. Various arrhythmias peculiar to CPVT were noted 
in the patients observed. To illustrate, the baseline resting 
ECG registered a transient prolonged QTc interval of up to 
500 ms in 50% of the patients, and the majority had sinus 
bradycardia [20], as previously reported in non-genotyped 
populations [21, 22].

The fact that patients with CPVT and RYR2 mutation 
exhibit significant bradycardia may help in the molecular 
diagnosis of (young) patients without structural heart 
diseases manifested by syncope events and slow heart rates 
but with normal QTc on resting ECG. For instance, a study 
of 29 non-genotyped Japanese patients of the same age 
with CPVT demonstrated sinus bradycardia [22]. This may 
be due to the presence of RYR2 channels in the functional 
SR of sinoatrial node cells, which serve as the main cardiac 
pacemakers [23]. Moreover, substances that impair SR 
function, such as ryanodine and cyclopiazonic acid, have 
negative chronotropic effects [23].

Thus, the bradycardia observed in carriers of RYR2 
mutations may be a direct implication of impaired Ca2+ 

regulation in sinoatrial node cells. However, this phenomenon 
may represent a vagus nerve feedback loop; a low mean 
heart rate reduces the likelihood of reaching the critical 
threshold of CPVT induction.

In this study, QT prolongation was observed in 50% of 
the patients with CPVT. Previous studies have demonstrated 
that certain CPVT cases were misdiagnosed as LQTS. 
Approximately 30% of patients with CPVT were misdiagnosed 
with LQTS in the presence of transient moderate QT prolongation 
of > 460 ms [9]. Tester et al. conveyed that nearly 6% of 
269 patients with LQTS without mutations in genes associated 
with this pathology had RYR2 mutations, which is primarily 
associated with CPVT [3]. Medeiros-Domingo et al. found that 
nearly one-third of patients with “atypical/probable” LQTS and 
exercise-induced syncope and QT with 480 ms had a missense 
RYR2 mutation, indicating the need for differential diagnosis 
between LQTS and CPVT [10]. In a Japanese study by Ozawa 
et al [9], RYR2 mutations were detected in 9 of 104 patients 

initially diagnosed with LQTS. They were misdiagnosed for four 
different reasons: (1) transient prolongation of the QTc after 
cardiopulmonary resuscitation, (2) prolongation of the QTc after 
epinephrine testing, (3) absence of ventricular arrhythmias on 
exercise testing, and (4) assumption of LQTS without evidence. 
CPVT-related ventricular arrhythmias can be reproduced 
during exercise testing or isoproterenol infusion. The induction 
of bidirectional VT establishes CPVT in the presence of a 
“borderline interval” of the QTc. Nevertheless, relatively few 
patients with RYR2 mutations were reported to have an LQTS 
phenotype or an overlapping phenotype such as LQTS and 
CPVT [24].

The described clinical cases of patients with CPVT 
showed episodes of non-sustained polymorphic VT, unrelated 
to physical activity, against the background of bradycardia 
with episodes of transient QTc prolongation. In an 8-year-
old proband, SCD resulted from polymorphic VT, which 
transformed into VF. The proband’s mother (32 years old) 
had an ICD implanted for primary SCD prevention; hence, no 
exercise stress test could be performed. During follow-up, 
the QTc interval remained within the normal range; although, 
an appropriate ICD therapy for non-sustained polymorphic 
VT was recorded. Furthermore, in this study, CPVT episodes 
were not associated with physical activity and occurred at 
rest or under stress.

No international consensus diagnostic criteria exist 
to distinguish CPVT from LQTS, and definitive diagnosis 
is challenging in patients with both QT prolongation and 
polymorphic VT. Combined channelopathies with a phenotype 
of both CPVT and LQT may exist. For instance, Makita et al. 
[25] reported that two of five cases with mutations in 
the calmodulin gene showed overlapping signs of CPVT and 
LQTS. Further studies are needed to elucidate the causes 
of QT prolongation in patients with mutations in CPVT-
associated genes.

Supraventricular arrhythmias such as AVNRT and AF, 
followed by ventricular arrhythmias, were recorded in 2 (25%) 
patients. Early active detection of supraventricular rhythm 
disorders in these patients is an additional tool of increasing 
the stress resistance of the ventricular myocardium and 
reducing the risk of ventricular arrhythmias.

Beta-blocker therapy in our patients had a generally 
favorable outcome, with seven of eight patients remaining 
asymptomatic at a mean follow-up of 6 years. Unfortunately, 
SCD occurred in one patient due to medical noncompliance 
following appropriate diagnosis and treatment. The doses of 
beta-blockers required to maintain the asymptomatic course 
of CPVT are higher than those used in LQTS [26].

ICDs were implanted in 4 (50%) patients who had 
polymorphic ventricular tachyarrhythmias during the stress 
testing (EEPS with epinephrine/isoproterenol) or 24-hour 
Holter monitoring.
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The European Society of Cardiology Guidelines for 
the Management of Patients with Ventricular Arrhythmias and 
Prevention of Sudden Cardiac Death (ESC-2022) recommend 
ICD implantation in combination with beta-blockers and 
flecainide in patients with CPVT following an interrupted 
cardiac arrest (class I, level of evidence C). In addition, ICD 
implantation should be considered in patients with CPVT 
who have arrhythmogenic syncope and/or documented 
bidirectional/polymorphic VT while receiving the maximum 
tolerated dose of beta-blockers and flecainide (class IIa, level 
of evidence C) [27].

CONCLUSIONS
In summary, the clinical and genetic characteristics of 

patients with CPVT made it possible to evaluate clinical 
features, response to therapy, and genotype–phenotype 
correlation. Transient QTc prolongation, marked sinus 
bradycardia, and supraventricular tachyarrhythmias, 
followed by life-threatening ventricular tachyarrhythmias, 
are common in patients with CPVT and should be 

considered in the early diagnosis and selection of 
preventive strategies.

Limitations of the study
The study limitations include the relatively small number of 
patients due to the low incidence of the disease.
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European guidelines for the management of patients 
with ventricular arrhythmias and the prevention  
of sudden cardiac death 2022: cardiomyopathy. 
What’s new?
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Abstract
The review provides information on new indications that should be guiden the diagnosis and treatment of ventricular ar-
rhythmias in patients with cardiomyopathy. The analysis of modern definitions and classifications of cardiomyopathy is given.  
The issues of ventricular arrhythmias in different cardiomyopathy phenotypes, risk stratification of sudden cardiac death and 
its prevention are considered in detail.
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Обзорная статья

Европейские рекомендации по лечению пациентов 
с желудочковыми аритмиями и профилактике 
внезапной сердечной смерти 2022 года: 
кардиомиопатии. Что нового?
Т.Н. Новикова, Ф.И. Битакова, В.С. Игнатьева, B.И. Новиков, С.А. Сайганов, В.А. Щербакова
Северо-Западный государственный медицинский университет им. И.И. Мечникова, Санкт-Петербург, Россия

Аннотация
В обзоре представлена информация о новых показаниях, которыми следует руководствоваться при диагностике 
и лечении желудочковых нарушений ритма у пациентов с кардиомиопатиями. Дан анализ современных определений 
и классификаций кардиомиопатий. Подробно рассмотрены вопросы желудочковых нарушений ритма при разных фе-
нотипах кардиомиопатий, стратификации риска внезапной сердечной смерти и ее профилактики.

Ключевые слова: желудочковые аритмии; внезапная сердечная смерть; дилатационная кардиомиопатия; 
гипертрофическая кардиомиопатия; аритмогенная кардиомиопатия; рестриктивная кардиомиопатия; некомпактный 
миокард желудочков.
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In the new European recommendations for treating 
patients with ventricular arrhythmias (VAs), a large section is 
devoted to cardiomyopathies (CMPs). Cardiac arrhythmias are 
perhaps one of the key clinical symptoms of these relatively 
rare diseases, and sudden cardiac death (SCD) is the classic 
complication of most CMPs.

This section focuses on CMPs in the order they are 
presented in European recommendations.

Dilated cardiomyopathy (DCM)
DCM is characterized by dilatation and systolic dysfunction 

of the left ventricle or both ventricles and is not associated with 
ischemic heart disease (IHD) or abnormal hemodynamic loads 
(such as arterial hypertension and valvular disease) [1, 2].  
SCD occurs in 12% of patients with DCM and accounts for 
25%–35% of the overall cause of death in DCM [3–5].

According to the literature, DCM affects 1 per 2500–2700 
populations [6, 7]. However, the true incidence is most likely 
higher.

The causes of the appearance of DCM in a patient can be 
genetic, acquired, or mixed when a genetic predisposition 
is formed in the presence of external factors, for example, 
the pre- and postpartum period, alcohol abuse, chemotherapy, 
and others [8]. Pathogenic mutations are detected in 25–55% 
of patients with DCM, with a predominant autosomal dominant 
type of inheritance [2]. More often than others, mutations 
are found in the titin (TTN) (31%) and lamin (LMNA) (14.3%) 
genes [9]. Mutations in genes such as LMNA, PLN (encodes 
the phospholamban protein), RBM20 (encodes the splicing 
transcription factor), and FLNC (encodes filamin C) are 
associated with a high risk of VAs and SCD [10–14]. Carriers 
of desmosomal and LMNA mutations have a high incidence 
of VAs and SCD, which does not depend on the LV ejection 
fraction (EF) [14]. The identification of pathogenic mutations 
plays an important role in SCD risk stratification.

The phenotype, particularly in a genetically determined 
disease, upon disease onset may not correspond to 
the standard criteria for the disease and may change over 
time. Thus, in the early disease stages, the patient may 
only have a decrease in EF without dilatation of the cardiac 
chambers. In this regard, a new category of DCM has been 
proposed, that is, hypokinetic nondilated cardiomyopathy 
(HNDCM) [8]. HNDCM is characterized by LV or biventricular 
global systolic dysfunction (LVEF <45%) without dilatation, 
and systolic dysfunction is not associated with abnormal 
myocardial stress or coronary artery disease [8]. The 2023 
European guidelines for the management of patients with 
CMPs made a special attention to this syndrome. It has 
been proposed to initially replace the term “hypokinetic 
nondilated cardiomyopathy” with “nondilated left ventricular 
cardiomyopathy” (NDLVCMP) and then to identify NDLVCMP 
as a new independent phenotype of CMPs [15]. The term 

“NDLVCM” introduced in 2023 appears to be a broader concept 
than HNDCM. NDLVCMP is characterized by the presence of 
LV nonischemic scarring or fatty degeneration, regardless 
of the presence or absence of global or local impairment 
of wall mobility or isolated global hypokinesia of the LV 
walls without scarring. This disease is also characterized by 
ventricular rhythm disturbances.

An integrated approach to diagnosing DCM is essential. 
The role of echocardiography (EchoCG), particularly in 
the early disease stages, is undeniable. Magnetic resonance 
imaging (MRI) of the heart with contrast enhancement 
enables not only to determine LVEF but also to identify 
areas of fibrosis and, by their localization, clarify the etiology 
(ischemic, i.e., subendocardial, transmural fibrosis, 
corresponding in localization to the blood supply system of 
a certain coronary artery; nonischemic, i.e., diffuse interstitial 
intramural, subepicardial fibrosis, or subendocardial, but not 
corresponding to the blood supply system of a particular 
coronary artery) [16, 17]. In addition, MRI findings, along 
with genetic data, can contribute to SCD risk stratification 
[2]. According to a meta-analysis of 29 studies that pooled 
MRI findings from 2,948 patients with DCM, late gadolinium 
enhancement (LGE) is associated with an increased risk of 
arrhythmic endpoints (VA and SCD), major cardiovascular 
events, and all-cause death [18]. A recent study of 
1020 patients with DCM revealed that both LGE and LVEF 
were risk markers for all-cause and cardiovascular 
deaths; however, only LGE was associated with the risk of 
SCD [19]. The recommendations emphasize the importance 
of performing cardiac MRI with contrast in patients with  
DCM/HNDCM.

The registration of electrocardiograms (ECG) is 
recommended not only for patients but also for their first-
degree relatives. The presence of pathology of the sinus and 
atrioventricular (AV) nodes, most often in combination with 
bundle branch blocks, when the disease manifests at a young 
age should raise suspicion of LMNA-associated DCM with 
a poor prognosis [20].

The recommendations for genetic testing are presented 
in Table 1 [2].

The recommendations for examining patients and their 
relatives are presented in Table 2 [2].

The 2022 European guidelines provide an algorithm for 
risk stratification and primary prevention of sudden cardiac 
death in patients with DCM/HNDCM (Fig. 1) [2].

Given the high risk of SCD, patients with DCM need 
not only secondary but also primary prevention of SCD. 
The 2022 European guidelines provide clear guidance 
on who is eligible for primary and secondary prevention 
of SCD. Because the main clinical manifestation of 
DCM/HNDCM is chronic heart failure (CHF), treatment 
of CHF, in accordance with current recommendations, 
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is mandatory for at least 3 months before deciding on 
implantable cardioverter-defibrillator (ICD) implantation 
for the primary prevention of SCD [2]. The patient’s 
cardiac function and clinical status after 3 months of 
optimal medical therapy (OMT) must be re-evaluated 
before the initial prophylactic implantation of an ICD. LVEF 
with OMT can be significantly improved in DCM caused by 
myocarditis or TTN mutations [2].

The recommendations for the primary prevention of SCD 
are presented in Table 3 [2].

The recommendations for the secondary prevention of 
sudden cardiac death are presented in Table 4 [2].

ICDs reduce the risk of not only arrhythmic death but 
also death from all causes [2]. Moreover, frequent, painful 
ICD shocks worsen the quality of life of the patients. 
The implantation of ICDs with antitachycardia pacing (ATP) 

Table 1. Recommendations for genetic testing for dilated/hypokinetic nondilated cardiomyopathy
Таблица 1. Рекомендации по генетическому тестированию при дилатационной / гипокинетической недилатационной кардиомио патии

Recommendation Indication 
class Evidence level

Genetic testing including at least the LMNA, PLN, RBM20, and FLNC genes is recommended for 
patients with DCM/HNDCM and 

– disorders of atrioventricular conduction under the age of 50 years;
or 
– with a family history of DCM/HNDCM
or 
cases of sudden cardiac death in a first-degree relative (aged < 50 years)

I В

Genetic testing including at least the LMNA, PLN, RBM20, and FLNC genes should be 
recommended for risk stratification in patients with overt sporadic DCM/HNDCM diagnosed at 
a young age or when the patient has signs suggestive of a hereditary etiology of the disease

IIa C

Note: DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; LMNA — nuclear lamin gene; PLN — phospholamban gene, 
RBM20 — gene encoding a splicing transcription factor; FLNC — filamin C gene.
Примечание: ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная кардиомиопатия; LMNA — ген ядерных 
ламинов; PLN — ген фосфоламбана, RBM20 — ген, кодирующий транскрипционный фактор сплайсинга; FLNC — ген филамина С.

Table 2. Recommendations for the examination of patients suffering from dilated/hypokinetic non-dilated cardiomyopathy and their 
relatives
Таблица 2. Рекомендации по обследованию пациентов, страдающих дилатационной / гипокинетической недилатационной кардио-
миопатией, и их родственников

Recommendation Indication 
class Evidence level

Cardiac MRI with late gadolinium enhancement should be recommended in patients with DCM/
HNDCM to evaluate the etiology and risk of ventricular arrhythmia/SCD.

IIa В

In patients with DCM/HNDCM, electrophysiological testing should be recommended if there is 
a history of syncope, and the cause remains unexplained after noninvasive evaluation.

IIa B

First-degree relatives of patients with DCM/HNDCM are advised to undergo an ECG and 
echocardiogram if

– the diagnosis was established in an index patient aged < 50 years or clinical signs indicating 
a hereditary cause of the disease are present;
or
– the presence of DCM/HNDCM or premature SCD in the family history

I C

An ECG and echocardiogram may be recommended for first-degree relatives of patients with 
apparently sporadic DCM/HNDCM

IIb C

Note: SCD — sudden cardiac death; DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; MRI — magnetic resonance 
imaging.
Примечание: ВСС — внезапная сердечная смерть; ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная 
кардиомиопатия; МРТ — магнитно-резонансная томография.
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Fig. 1. Algorithm for risk stratification and primary prevention of sudden cardiac death in patients with dilated cardiomyopathy/hypokinetic 
non-dilated cardiomyopathy [2]
AV — atrioventricular; CMR — cardiac magnetic resonance; DCM — dilated cardiomyopathy; HNDCM — hypokinetic non-dilated 
cardiomyopathy; ICD — implantable cardioverter defibrillator; ILR — implantable loop recorder; LMNA — nuclear lamin gene;  
LVEF — left ventricular ejection fraction; N — no; NSVT — non-sustained ventricular tachycardia; PES, programmed electrical stimulation; 
SCD — sudden cardiac death; SMVT — sustained monomorphic ventricular tachycardia; VA — ventricular arrhythmias; Y — yes
a Risk factors: unexplained syncope, pathogenic variants in PLN, FLNC, or RBM20, LGE on CMR, inducible SMVT at PES. b The 2018 ESC 
Guidelines for the diagnosis and management of syncope
Рис. 1. Алгоритм стратификации риска и первичной профилактики внезапной сердечной смерти у пациентов с дилатационной 
кардиомиопатией / гипокинетической недилатационной кардиомиопатией [2].
АВ — атриовентрикулярная; ВСС — внезапная сердечная смерть; ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипоки-
нетическая недилатационная кардиомиопатия; ЖА — желудочковые аритмии; ИПР — имплантируемые петлевые регистраторы; 
ИКД — имплантируемый кардиовертер-дефибриллятор; ЛЖ — левый желудочек; МРТ — магнитно-резонансная томография; 
НУЖТ — неустойчива желудочковая тахикардия; УМЖТ — устойчивая мономорфная желудочковая тахикардия; ФВ — фракция 
выброса; ЭФИ — электрофизиологическое исследование; LMNA — ген ядерных ламинов
а Обмороки, фиброз при МРТ сердца, индуцируемые устойчивые мономорфные желудочковые тахикардии при эндоЭФИ, патоген-
ные мутации в LMNA, PLN, FLNC и генах RBM20. b Согласно рекомендациям ESC 2018 года по диагностике и лечению обмороков
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Таблица 4. Рекомендации по вторичной профилактике внезапной сердечной смерти у пациентов, страдающих дилатационной / 
гипокинетической недилатационной кардиомиопатией
Table 4. Recommendations for secondary prevention of sudden cardiac death in patients suffering from dilated/hypokinetic nondilated 
cardiomyopathy 

Recommendation Indication 
class Evidence level

ICD implantation is recommended for patients with DCM/HNDCM who have experienced sudden 
circulation arrest due to ventricular tachycardia/ventricular fibrillation or hemodynamically 
intolerable sustained monomorphic ventricular tachycardia

I В

Catheter ablation in specialized centers should be recommended for patients with DCM/HNDCM 
and recurrent, symptomatic, sustained monomorphic ventricular tachycardia, frequent ICD shocks 
for sustained monomorphic ventricular tachycardia, and if antiarrhythmic drugs are ineffective, 
contraindicated, or intolerant

IIa С

The addition of amiodarone orally or substitution of a beta blocker with sotalol should be 
recommended in patients with DCM/HNDCM and ICD who experience recurrent, symptomatic 
ventricular arrhythmias despite optimal device programing and beta-blocker treatment

IIa В

ICD implantation is recommended in patients with DCM/HNDCM and hemodynamically tolerated 
sustained monomorphic ventricular tachycardia

IIa С

Note: DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; ICD — implantable cardioverter defibrillator.
Примечание: ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная кардиомиопатия; ИКД — имплантируе-
мый кардиовертер-дефибриллятор.

Таблица 3. Рекомендации по первичной профилактике внезапной сердечной смерти у пациентов, страдающих дилатационной / 
гипокинетической недилатационной кардиомиопатией
Table 3. Recommendations for the primary prevention of sudden cardiac death in patients suffering from dilated/hypokinetic nondilated 
cardiomyopathy

Recommendation Indication 
class Evidence level

ICD implantation should be recommended in patients with DCM/HNDCM, symptomatic heart 
failure (NYHA classes II–III), and LVEF ≤35% after ≥3 months of OMT

IIa А

ICD implantation should be recommended for patients with DCM/HNDCM who have a pathogenic 
LMNA mutation if the estimated 5-year risk of life-threatening ventricular arrhythmias is ≥10% 
and in the following cases:

– unstable ventricular tachycardia;
or
– LVEF <50%;
or
– disorders of AV conduction

IIa B

ICD implantation should be recommended for patients with DCM/HNDCM, LVEF <50%, and 
presence of ≥2 risk factors: 

– syncope
– late gadolinium enhancement in cardiac MRI 
– inducible sustained monomorphic ventricular tachycardia with endoEPS (electrophysiological 
study) 
– pathogenic LMNA, PLN, FLNC, and RBM20 mutations

IIa C

Note: AV — atrioventricular; CMR — cardiac magnetic resonance; DCM — dilated cardiomyopathy; HNDCM — hypokinetic non-dilated cardiomyopathy; 
EF — ejection fraction; ICD — implantable cardioverter defibrillator; LV, left ventricul; NYHA, New York Heart Association; LMNA — nuclear lamin gene; 
PES — programmed electrical stimulation; PLN — phospholamban gene; RBM20 — gene encoding a splicing transcription factor; FLNC — filamin 
C gene. а Based on the risk calculator LMNA-risk VTA calculator Risk Prediction Score for Life-Threatening Ventricular Tachyarrhythmias in Laminopathies  
(https://lmna-risk-vta.fr/). 
Примечание: АВ — атриовентрикулярное; ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная кар-
диомиопатия; ИКД — имплантируемый кардиовертер-дефибриллятор; ЛЖ — левый желудочек; МРТ — магнитно-резонансная томография;  
ОМТ — оптимальная медикаментозная терапия; ФВ — фракция выброса; ЭФИ — электрофизиологическое исследование; NYHA — New York 
Heart Association; LMNA — ген ядерных ламинов; PLN — ген фосфоламбана, RBM20 — ген, кодирующий транскрипционный фактор сплайсинга; 
FLNC — ген филамина С. а Риск рассчитывается с помощью калькулятора LMNA-risk VTA calculator Risk Prediction Score for Life-Threatening 
Ventricular Tachyarrhythmias in Laminopathies (https://lmna-risk-vta.fr/)

https://lmna-risk-vta.fr/)
https://lmna-risk-vta.fr/)
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functionality and optimization of ICD programing can reduce 
the number of ICD shocks delivered in response to ventricular 
tachycardia (VT); however, additional drug therapy is almost 
always required to reduce symptomatic episodes of VA [2]. 
The recommendations for antiarrhythmic drug selection are 
based on the results of the OPTIC trial, where 412 patients 
with ICD within 21 days after VT/ventricular fibrillation (VF) 
were randomized to three antiarrhythmic treatment groups: 
amiodarone plus beta-blocker, sotalol alone, or beta-blocker 
alone. The frequency of ICD shocks after 1 year was 10.3% in 
the amiodarone and beta-blocker group, 24.3% in the sotalol 
group, and 38.5% in the beta-blocker group [21]. Only limited 
data are available on the efficiency and safety of sodium 
channel blockers in reducing the number of ICD activations 
in DCM [2]. They may be useful for reducing VAs only in 

a few patients without severe heart failure and low LVEF. 
The recommendations emphasize the need to align the level 
of efficiency and drug-related side effects when choosing 
antiarrhythmic therapy.

In DCM, monomorphic VTs predominate (Fig. 2), which 
are based on the reentry mechanism.

To reduce the number of monomorphic VTs, catheter 
ablation can be used in addition to drug therapy. However, 
the rate of recurrent VTs after catheterization procedures in 
patients with DCM is higher than that in patients with IHD, 
the VT-free survival 1 year after a catheter procedure in DCM 
is 40.5%, whereas in IHD, it is 57% [22]. Some patients require 
repeated procedures, after which the probability of the absence 
of recurrence of arrhythmia increases. When the arrhythmic 
focus is subepicardial, epicardial ablation is required in 

Fig. 2. Genetic risk for VA/SCD, typical triggers for VA/SCD, age at presentation with VA/SCD, sex predominance, and typical VA in different 
diseases associated with VA/SCD

 — presence of genetic risks;  — trigger — physical and emotional stress;   — trigger — swimming, diving;  
— syncope during sleep;  —trigger — a sharp sound; — trigger – physical stress

ACS — acute coronary syndrome; ARVC — arrhythmogenic right ventricular cardiomyopathy; BrS — Brugada syndrome;  
CAD —  coronary artery disease; CPVT — catecholaminergic polymorphic ventricular tachycardia; DCM —  dilated cardiomyopathy;  
HCM — hypertrophic cardiomyopathy; LQT — long QT syndrome; MVT — monomorphic ventricular tachycardia; PVT — polymorphic 
ventricular tachycardia; rTOF — repaired tetralogy of Fallot; SCD —  sudden cardiac death; VA — ventricular arrhythmia
Рис. 2. Генетический риск желудочковой аритмии / внезапной сердечной смерти, типичные триггеры желудочковой аритмии / 
внезапной сердечной смерти, возраст при появлении желудочковой аритмии / внезапной сердечной смерти, преобладание пола 
и вариант типичной желудочковой аритмии при различных заболеваниях, связанных с желудочковой аритмией / внезапной сер-
дечной смертью [2]

 — наличие генетических рисков; — триггер — физическая и эмоциональная нагрузки; — триггер — плавание, 
ныряние; — синкопальные состояния во сне; — триггер — резкий звук;  — триггер — физическая нагрузка
ВСС — внезапная сердечная смерть; ЖА — желудочковые аритмии; МЖТ — мономорфная желудочковая тахикардия;  
ПЖТ — полиморфная желудочковая тахикардия
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27%–30% of the procedures [22, 23]. The outcome is 
particularly poor in patients with pathogenic LMNA mutations. 
Because of the deep transmural, anteroseptal location of 
the substrate, transcoronary ethanol ablation, bipolar ablation, 
and surgical ablation may be required [24–26].

The general recommendations for patients with LMNA 
mutations are presented in Table 5.

Arrhythmogenic right ventricular 
cardiomyopathy (ACM)

ACM is characterized by the replacement of 
the myocardium with fibrous and fatty tissue [27]. Currently, 
it is more correct to talk about ACM of both ventricles [28]. 
The prevalence of ACM in the population ranges from 1:1000 
to 1:5000 [29]. Most often, ACM is caused by pathogenic 
mutations in desmosomal genes (Dsc2, desmocollin-2; Dsg2, 
desmoglein-2; Dsp, desmoplakin; Рkg, plakoglobin; Pkp2, 
plakophilin-2) and less often in nondesmosomal genes. 

Similar to DCM, in ACM, some mutations are associated 
with a high risk of developing VA at a young age [30, 31]. 
The diagnosis of ACM is complex and requires searching and 
assessing certain criteria. Although the recommendations 
contain a reference in Guidelines 2022 to the publication 
of Corrado et al. (2020) [28], the criteria for diagnosing 
ACM are not the 2020 Padua criteria but the previous 2010 
criteria [32]. As an advantage, the Padua criteria provide 
an algorithm for diagnosing not only the right ventricular 
but also the LV process. Figure 3 presents the ECG of our 
16-year-old patient with arrhythmogenic cardiomyopathy. 
ECG was performed during sinus rhythm. At the beginning 
of the recording, the moment of the cessation of unstable 
polymorphic VT (three complexes) was recorded. In addition, 
frequent polymorphic single and paired premature ventricular 
complexes (PVC) of the bigeminy type were noted. The major 
Padua criterion for the diagnosis of right ventricular ACM 
was identified, namely, inverted T waves in right precordial 

Fig. 3. Electrocardiogram of a patient suffering from biventricular arrhythmogenic cardiomyopathy (explanation in the text)
Рис. 3. Электрокардиограмма пациента, страдающего бивентрикулярной аритмогенной кардиомиопатией (объяснение в тексте)

Table 5. General recommendations for patients with mutations in genes encoding lamin 
Таблица 5. Общие рекомендации для пациентов с мутацией генов, кодирующих синтез ламинов

Recommendation Indication 
class Evidence level

Patients with DCM/HNDCM and the LMNA mutation are not recommended to participate in high-
intensity training, including competitive sports

III С

Note: DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; LMNA — nuclear lamin gene.
Примечание: ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная кардиомиопатия; LMNA — ген ядерных 
ламинов.
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leads V1, V2, and V3 in a patient with complete pubertal 
development, and the absence of complete right bundle 
branch block. In addition, minor Padua criteria were noted 
for the diagnosis of LV ACM, which are inverted T waves in 
left precordial leads V4–V6 in the absence of complete left 
bundle branch (LBB) block and low-amplitude QRS (< 0.5 mV 
peak-to-peak) in the limb leads to the absence of obesity, 
emphysema, and pericardial effusion.

Figure 4 presents the ECG of one of the patients with 
right ventricular ACM during classical sustained VT, which 
is a major criteria for diagnosing right ventricular ACM —
VT with QRS morphology similar to LBB block, causing 
the deviation of the electrical axis to the left upward (not from 
the right ventricle (RV) outflow tract, the focus is located in 
the area of the RV free wall).

During the natural disease course in patients with ACM 
who have not been implanted with ICD, cardiac arrest occurs 
in 4.6%–6.1% of cases [33–36]. Because of the high incidence 
of VA and SCD in ACM, risk stratification of adverse arrhythmic 
events is required. In 16%–19% of cases, the indication 
for ICD is rapid VT (≥ 250 beats/min) or VF, which are 
considered surrogate markers of a potentially life-threatening 
event [37–40]. Recently, a risk model was developed to predict 
any persistent VA in ACM based on the analysis of the disease 
course of 528 patients with an established diagnosis of ACM 
and no history of VA. During model development, age, sex, 

arrhythmic syncope, nonsustained VT, number of ventricular 
PVC, number of leads with T-wave inversion, and RV EF 
(c-index 0.77) were collected [41]. Another model for predicting 
life-threatening VA was proposed based on the analysis of 
864 patients with ACM, which included male sex, age, number 
of ventricular PVC within 24 h, and number of leads with 
T-wave inversion (c-index 0.74) as predictors [41]. However, 
validation studies are required before these risk models can 
be recommended for clinical use [2].

The recommendations for the diagnostics and 
management of patients with arrhythmogenic cardiomyopathy 
are presented in Table 6 [2].

The recommendations for the risk stratification and 
primary prevention of SCD are presented in Table 7 [2].

RV and LV dysfunctions are associated with high 
arrhythmic risk. The guidelines state that EF thresholds 
for indications for ICD implantation are difficult to define; 
however, even asymptomatic patients with severe RV 
dysfunction (right ventricular area fraction change ≤ 17% 
or RV EF ≤ 35%) should be advised to implant an ICD for 
the primary prevention of SCD. Similarly, patients with ACM 
with significant LV disease (LVEF ≤ 35%) are candidates 
for ICD implantation according to current ICD guidelines for 
DCM [2]. An ICD for the primary prevention of SCD should 
also be recommended in patients with symptomatic ACM 
(presyncope or palpitations suggestive of VA) and moderate 

Fig. 4. Electrocardiogram of a patient suffering from right ventricular arrhythmogenic cardiomyopathy, at the time of tipical ventricular 
tachycardia (explanation in text)
Рис. 4. Электрокардиограмма пациента, страдающего правожелудочковой аритмогенной кардиомиопатией, во время типичной 
желудочковой тахикардии (объяснение в тексте)
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Table 6. Recommendations for the diagnosis and management of patients suffering from arrhythmogenic cardiomyopathy
Таблица 6. Рекомендации по диагностике и ведению пациентов, страдающих аритмогенной кардиомиопатией

Recommendation Indication 
class Evidence level

Cardiac MRI is recommended for patients with suspected ACM I В

Genetic counseling and testing are recommended for patients with suspected or established  
ACM diagnosis

I В

Patients diagnosed with ACM are advised to avoid high-intensity physical exercise I В

Avoidance of high-intensity physical exercise may be recommended for carriers  
of ACM-associated pathogenic mutations and those without the phenotype

IIb C

Beta-blocker therapy may be recommended for all patients with an established diagnosis of ACM IIb C

Note: ACM — arrhythmogenic cardiomyopathy; MRI — magnetic resonance imaging.
Примечание: АКМП — аритмогенная кардиомиопатия; МРТ — магнитно-резонансная томография.

Table 7. Recommendations for risk stratification and primary prevention of sudden death in arrhythmogenic cardiomyopathy
Таблица 7. Рекомендации по стратификации риска и первичной профилактике внезапной смерт при аритмогенной кардиомиопатии

Recommendation Indication 
class Evidence level

ICD implantation is recommended for patients with a definite diagnosis of ACM and 
arrhythmogenic syncope

IIа В

ICD implantation is recommended for patients with an established diagnosis of ACM and 
a significant decrease in RV systolic function or LV dysfunction

IIа С

ICD implantation should be recommended in symptomatic patientsа with an established 
diagnosis of ACM, moderate RV or LV dysfunction or nonsustained ventricular tachycardia, or 
electrophysiologically induced sustained monomorphic ventricular tachycardia

IIа С

In patients with ACM and symptoms suggestive of ventricular arrhythmia, electrophysiological 
testing may be recommended for risk stratification

IIb C

Note: ACM — arrhythmogenic cardiomyopathy; ICD — implantable cardioverter defibrillator; LV — left ventricle; RV — right ventricle. a Presyncope or 
palpitations indicating ventricular arrhythmias.
Примечание: АКМП — аритмогенная кардиомиопатия; ИКД — имплантируемый кардиовертер-дефибриллятор; ЛЖ — левый желудочек;  
ПЖ — правый желудочек. а Предобморочные состояния или учащенное сердцебиение, указывающее на желудочковые аритмии.

Table 8. Recommendations for secondary prevention of sudden death and treatment of ventricular arrhythmias in arrhythmogenic 
cardiomyopathy
Таблица 8. Рекомендации по вторичной профилактике внезапной смерти и лечению желудочковых аритмий

Recommendation Indication 
class Evidence level

ICD implantation is recommended in patients with ACM and ventricular tachycardia or ventricular 
fibrillation accompanied by hemodynamic instability

I С

In patients with ACM and nonsustained or sustained ventricular tachycardia, beta-blocker therapy 
is recommended

I С

In patients with ACM and recurrent symptomatic sustained monomorphic ventricular tachycardia 
or ICD shocks for sustained monomorphic ventricular tachycardia despite beta-blocker therapy, 
catheter ablation should be recommended in specialized centers

IIа С

Patients with ACM and indications for an ICD should be recommended to install a device with 
the ability to program anti-tachycardia pacing to relieve sustained monomorphic ventricular 
tachycardia

IIа В

ICD implantation is recommended for patients with ACM with hemodynamically tolerated sustained 
monomorphic ventricular tachycardia

IIа С

Patients with ACM and recurrent symptomatic ventricular tachycardia despite beta-blocker therapy 
should be treated with other antiarrhythmic agents

IIа C

Note: ACM — arrhythmogenic cardiomyopathy; ICD — implantable cardioverter defibrillator.
Примечание: АКМП — аритмогенная кардиомиопатия; ИКД — имплантируемый кардиовертер-дефибриллятор.
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RV dysfunction (EF of 40%–35%) and/or moderate LV 
dysfunction (EF of 45%–35%) [2].

The recommendations for the secondary prevention 
of sudden cardiac death and treatment of ventricular 
arrhythmias are presented in Table 8 [2].

Beta-blockers are recommended as first-line therapy 
in both symptomatic and asymptomatic cases, although 
this is not supported by clinical trial data [2]. Sotalol is 
notably effective in preventing the reproducibility of VT 
during electrophysiological tests [43]; however, it does not 
suppress clinically significant arrhythmias in real life [43, 44]. 
Treatment with amiodarone or class 1 drugs is associated 
with a trend toward lower recurrent VT rates compared with 
sotalol [45]. The addition of flecainide to beta-blockers or 
sotalol was useful in a small group of patients [46]. Note that 
first-class drugs are contraindicated in patients with reduced 
EF. Catheter ablation may be an alternative to drug therapy. 
When choosing a therapeutic strategy, potential risks, drug 
side effects, and patient preferences must be considered [47].

The recommendations for managing relatives of patients 
with ACM are presented in Table 9 [2].

Hypertrophic cardiomyopathy (HCM)
HCM is a disease characterized by an increase in LV wall 

thickness in the absence of pathological conditions associated 
with myocardial load, such as arterial hypertension or 
valvular diseases [1, 48].

Mutations in genes encoding the synthesis of sarcomeric 
proteins (myosin binding protein C [MYBPC3], myosin heavy 
chains [MYH7], cardiac troponin T [TNNT2], cardiac troponin I 
[TNNI3], and α-tropomyosin [TPM1],  essential and regulatory 
light chains myosin [MYL3 and MYL2], and actin [ACTS]) are 
detected in 30%–60% of patients, most often in those with 
HCM diagnosed at a young age or with a family history of HCM 
[49, 50]. The recommendations emphasize the need for genetic 
testing of probands and screening of first-degree relatives.

In adults, the estimated prevalence of HCM is 1 per 
500 populations [51]. Among children, the rate is much lower.

According to previous studies, annual mortality in HCM 
ranges from 0.5% to 2% [2, 48, 52]. Most HCM-associated 
deaths in patients aged up to 60 years occur suddenly, 
whereas older patients more often die from stroke, heart 
failure, obstruction, or supraventricular arrhythmias. 
The annual incidence of SCD or related ICD activation is 

approximately 0.8%; however, it largely depends on the age 
and risk profile of a patient [53–56]. SCD can also be triggered 
by exercise and participation in competitive sports [57].

Planning a management strategy for a patient with 
HCM begins with stratifying the risk of sudden cardiac 
death. A 5-year risk stratification scale for SCD has been 
developed based on seven factors, namely, age, LV wall 
thickness, left atrial (LA) dimension, LV outflow tract (LVOT) 
obstruction, nonsustained VT, unexplained syncope, and 
family history of SCD (HCM Risk-SCD: https://doc2do.com/
hcm/webHCM.html) [2]. The calculator is not intended for 
evaluating professional athletes or persons with metabolic 
and infiltrative diseases, after myectomy or ethanol 
septal ablation. To stratify the risk of SCD in children 
(1–16 years), a special pediatric HCM risk-kids model 
was recently developed, including unexplained syncope, 
maximum LV wall thickness, LA diameter, LVOT gradient, 
and nonsustained VT (https://hcmriskkids.org) [2, 58].

The 2022 guidelines emphasize additional factors that are 
not reflected in the SCD risk model that should be considered 
in patients at intermediate or low estimated risk. Important 
additional factors include LV systolic dysfunction, aneurysm 
in the LV apex, extensive areas of late signal enhancement 
on contrast-enhanced cardiac MRI corresponding to fibro-
sis, and presence of single or multiple sarcomeric mutations  
[50, 59–64]. The identification of large areas of late MRI sig-
nal enhancement (≥15% of the LV mass) has been proposed 
as a good predictor of SCD. However, fibrosis thresholds are 
sometimes difficult to use because the quantification of late sig-
nal enhancement depends on the method by which the MR im-
age was acquired and the type and amount of contrast used [2].

Because new risk factors may emerge in a patient’s life, 
periodic risk reassessment is an essential part of long-term 
patient follow-up.

The advisability of the electrophysiological test to 
induce VA in HCM, according to the recommendations, is 
controversial because according to the literature, rhythm 
disturbances obtained with the electrophysiological test are 
considered nonspecific, although there are other points of 
view [65, 66].

The recommendations for risk stratification, prevention 
of sudden cardiac death, and treatment of ventricular 
arrhythmias in hypertrophic cardiomyopathy are presented 
in Table 10 [2].

Table 9. Recommendations for the management of relatives of a patient with arrhythmogenic cardiomyopathy
Таблица 9. Рекомендация по ведению родственников больного аритмогенной кардиомиопатией 

Рекомендация Класс  
показаний

Уровень  
доказательности

First-degree relatives of patients with ACM an electrocardiogram and echocardiogram are 
recommended

I С

Note: ACM — arrhythmogenic cardiomyopathy.
Примечание: АКМП — аритмогенная кардиомиопатия.

https://doc2do.com/hcm/webHCM.html)
https://doc2do.com/hcm/webHCM.html)
https://hcmriskkids.org)
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Table 10. Recommendations for risk stratification, prevention of sudden cardiac death, and treatment of ventricular arrhythmias in 
hypertrophic cardiomyopathy
Таблица 10. Рекомендации по стратификации риска, профилактике внезапной сердечной смерти и лечению желудочковых аритмий 
при гипертрофической кардиомиопатии

Recommendation Indication 
class Evidence level

Diagnostic evaluation and general recommendations
MRI with  late gadolinium enhancement is recommended for diagnostic evaluation in a patient 
with HCM

I В

Genetic counseling and testing are recommended for patients with HCM. I В
High-intensity exercise may be recommended in asymptomatic adult patients with HCM without 
risk markers for SCD

IIb C

Risk stratification and primary prevention of SCD
It is recommended to assess the 5-year risk of SCD at initial diagnosis and thereafter at intervals 
of 1–3 years or in case of a change in the patient’s clinical status

I С

ICD implantation should be recommended in patients aged 16 years or more with an estimated 
5-year risk of SCD ≥ 6%

IIа В

ICD implantation should be recommended for HCM in patients aged 16 years or more with an 
intermediate 5-year risk of SCD (4%–6%) if they have the following:

a) extensive late gadolinium enhancement on cardiac MRI (usually ≥ 15% of the LV mass) 
or 
b) LVEF < 50% 
or 
c) abnormal blood pressure response during an exercise test 
or
d) aneurysms of the LV apex 
or 
e) sarcomeric pathogenic mutation

IIа В

ICD implantation may be recommended for HCM in patients aged 16 years or more with an 
estimated 5-year risk of SCD of 4%–6% without additional risk factors

IIb В

ICD implantation may be recommended for HCM in patients aged 16 years or more with a low 
estimated 5-year risk of sudden cardiac death (< 4%) and

a) significant late gadolinium enhancement on MRI (≥ 15% of the LV mass);
or
b) LVEF < 50%;
or
c) LV apical aneurysm

IIb В

In children younger than 16 years with HCM and an estimated 5-year risk of sudden death ≥ 6% 
(based on the HCM rish-kids assessment), ICD implantation should be recommended

IIа В

Secondary prevention of SCD and treatment of VA

ICD implantation is recommended for patients with HCM with hemodynamically intolerable VT or VF I В

In patients with HCM and hemodynamically tolerated sustained VT, the implantation of an ICD 
should be recommended

IIа С

In patients with HCM and recurrent, symptomatic VA, or recurrent ICD activations, treatment with 
antiarrhythmic drugs should be recommended

IIа С

Catheter ablation in specialized centers may be recommended for some HCM patients 
with recurrent, symptomatic, sustained monomorphic VT or frequent ICD activation caused 
by sustained monomorphic VT when antiarrhythmic drugs are ineffective, intolerant, or 
contraindicated.

IIb С

Management of relatives of a patient with HCM
First-degree relatives of patients with HCM are recommended to undergo ECG and 
echocardiographic examination

I С

Note: SCD — sudden cardiac death; HCM — hypertrophic cardiomyopathy; VA — ventricular arrhythmias; VT — ventricular tachycardia;  
ICD — implantable cardioverter defirillator; LV — left ventricle; MRI — magnetic resonance imaging; EF — ejection fraction; VF — ventricular fibrillation.
Примечание: ВСС — внезапная сердечная смерть; ГКМП — гипертрофическая кардиомиопатия; ЖА — желудочковые аритмии; ЖТ — желудоч-
ковая тахикардия; ИКД — имплантируемый кардиовертер-дефириллятор; ЛЖ — левый желудочек; МРТ — магнитно-резонансная томография; 
ФВ — фракция выброса; ФЖ — фибрилляция желудочков.
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Patients who experience cardiac arrest due to VT/VF 
or hemodynamically intolerable VT are at high risk of life-
threatening VA and require an ICD for secondary prevention of 
SCD [2, 48, 67–69]. Following ICD implantation for primary or 
secondary prevention of SCD, the most common documented 
subtype of VA is sustained monomorphic VT, in which ATP is 
successful in 69%–76.5% of all episodes. In this regard, du-
ring implantation, preference should be given to ICDs with ATP 
functionality [70–72]. No randomized clinical or cohort studies 
have confirmed the important role of medications in prevent-
ing SCD in HCM [2, 48, 73]. Amiodarone can reduce the num-
ber of VA; however, data on its effectiveness in preventing 
SCD are inconsistent [73, 74]. Disopyramide and beta-blockers 
are effective in controlling symptoms and LVOT obstruction; 
how ever, no evidence shows that they reduce the risk of 
SCD [2, 48]. Similarly, surgical myectomy or ethanol ablation is 
not recommended to reduce the SCD risk in patients with LVOT 
obstruction [2, 48]. Despite the lack of clear data on the effi-
ciency of antiarrhythmic drugs, beta-blockers, amiodarone, so-
talol, and sodium channel blockers are prescribed to patients 
with HCM and symptomatic VAs [2]. Catheter ablation may also 
be used in carefully selected patients with HCM and sustained 
monomorphic VT for whom antiarrhythmic drugs are ineffec-
tive, contraindicated, or intolerable. The recommendations 
emphasize that the results after ablation for HCM are worse 
than those for other diseases of nonischemic etiology [75–77].

Left ventricular non-compaction (LVNC)
Since 1995, along with HCM, DCM, RCM, and ACM, 

a group of “unclassified” cardiomyopathies has been 
identified, including LVNC or noncompact cardiomyopathy 
(NCM) and Takotsubo syndrome. In the 2023 European 
Society of Cardiology guidelines on cardiomyopathies, 
the concept of “unclassified” cardiomyopathies was abolished 
and replaced by “syndromes associated with cardiomyopathic 
phenotypes” [15]. Taking into account the change in 
the approach to the classification of cardiomyopathies, 
the 2023 recommendations propose using the term “left 
ventricle hypertrabecularity” instead of LVNC.

In this article, we use the term LVNC because 
this is the term used in the 2022 European guidelines 
for the treatment of ventricular arrhythmias and 
the prevention of SCD. LVNC includes a heterogeneous 
group of phenotypically different diseases characterized by 
specific changes in the LV myocardium and sometimes RV 
myocardium [2, 78–80]. A structural pathology common to 
all phenotypes is abnormal trabeculae in the LV/RV or both 
ventricles, most often in the apical region [78–80]. Figure 5 
presents an echocardiogram of one of our patients.

LVNC may include LV dilatation, LV hypertrophy, systolic 
dysfunction, diastolic dysfunction, or both, and it may be 
associated with various congenital heart defects [78–80]. 

Clinically, the disease manifests as CHF, life-threatening 
VAs, complete AV block, and bundle branch blocks. Up to 
nine variants of the disease, hemodynamically and clinically 
occurring differently [79, 80]:

1) Isolated or benign form: LVNC with structural changes, 
absent hemodynamic disturbances, and clinical signs 
(registered in athletes and pregnant women);

2) Arrhythmogenic form: the main clinical manifestation 
is cardiac arrhythmia, primarily VA;

3) Dilated form: in addition to characteristic morphological 
changes, there is dilation and decreased contractility of the LV;

4) Hypertrophic form, with no pronounced dilatation, 
but with myocardial hypertrophy, primarily thickening of 
the myocardium, which is not involved in the noncompaction 
process;

5) “Mixed” form of non-compaction;
6) Restrictive form, in which severe diastolic dysfunction 

predominates;
7) Biventricular form of the non-compaction;
8) Excessive trabecularity of the RV with a normal 

structure of the LV;
9) Combination of non-compaction with congenital heart 

defects.
The association of the disease with genetic abnormalities 

is detected in 30%–50% of patients. Several genes encoding 
sarcomeric or cytoskeletal proteins have been identified; 
however, the identified genetic abnormalities occur not only 
in NCM but also in other cardiomyopathies, including Barth 
syndrome [79, 80].

Diagnostics of non-compaction are difficult; various pro-
posed diagnostic criteria have not yet been validated, and 

Fig. 5. Echocardiogram of a patient with left ventricular 
hypertrabeculation. Apical 4-chamber view. Noteworthy is the 
dilatation of the left ventricle and pronounced trabecularity in the 
area at the apex
Рис. 5. Эхокардиограмма пациента, имеющего гипертрабеку-
лярность миокарда левого желудочка. Верхушечная 4-камер-
ная позиция. Обращают на себя внимание дилатация левого 
желудочка и выраженная трабекулярность в области верхушки
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none of them are given as diagnostic criteria in the recom-
mendations. Cardiovascular mortality in patients with NCM 
is similar to that in patients with DCM [81]. The detection of 
focal fibrosis on contrast-enhanced MRI is associated with 
serious cardiovascular events, including arrhythmic events 
[82]. However, the risk stratification criteria for SCD in NCM 
have not yet been developed. Thus, in the future, combining 
MRI criteria with genetic testing data may overcome the cur-
rent uncertainty regarding risk stratification for adverse 
events in NCM [2, 83]. In the meantime, when deciding on  
ICD implantation for diagnosed NCM, the criteria recommend-
ed for DCM/HNDCM should be used. The recommendations for  
ICD implantation for LVNC are presented in Table 11 [2].

Restrictive cardiomyopathy (RCM)
The RCM phenotype is rare and can result from various 

causes, including genetically determined and acquired 
interstitial fibrosis, infiltrative disorders (e.g., amyloidosis), 
and storage diseases (e.g., Anderson–Fabry disease). Their 
identification is crucial for the choice of therapy because of 
certain diseases in which in the clinical course restrictive 
hemodynamics comes to the fore, and there is a specific 
disease-modifying therapy. Heart failure is a major symptom 
of any type of RCM. Depending on the phenotype, atrial or 
ventricular arrhythmias may predominate, including fatal 
ones. For example, in Fabry disease, the most reported 
cardiovascular deaths were classified as SCD [84]. Because 
RCM is the rarest among all CMPs, large randomized studies 
of this pathology are not yet available. The retrospective, 

observational nature of most minor, single-center studies 
and the low absolute number of deaths due to cardiovascular 
disease and SCD in these studies do not currently allow ICDs 
to be recommended for the primary prevention of SCD in RCM. 
The guidelines provide advice only ICD for cardiac amyloidosis 
(Table 12) [2]. Currently, an ICD should be recommended for 
patients with amyloid CMP and hemodynamically intolerable 
VT after careful consideration of the competing risks of 
nonarrhythmic and noncardiac death.

Recommendations devoted to the urgent issues of 
determining CMP, diagnostics, risk stratification of SCD, 
and treatment of VA in CMPs are of great practical interest 
because fatal ventricular arrhythmias are a common 
complication of all CMPs.
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Table 11. Recommendations for cardioverter defibrillator implantation in left ventricular non-compaction
Таблица 11. Рекомендации по имплантации кардиовертера-дефибриллятора при некомпактном миокарде левого желудочка

Recommendation Indication 
class Evidence level

In patients with noncompact cardiomyopathy diagnosed according to MRI or echocardiographic 
findings, ICD implantation should be recommended for primary prevention of SCD for the same 
indications as for DCM/HNDCM.

IIa C

Note: SCD — sudden cardiac death; DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; ICD — implantable cardioverter 
defibrillator, MRI — magnetic resonance imaging.
Примечание: ВСС — внезапная сердечная смерть; ДКМП — дилатационная кардиомиопатия; ГНДКМП — гипокинетическая недилатационная 
кардиомиопатия; ИКД — имплантируемый кардиовертер-дефибриллятор: МРТ — магнитно-резонансная томография.

Table 12. Recommendations for implantation of a cardioverter-defibrillator in patients with cardiac amyloidosis
Таблица 12. Рекомендации по имплантации кардиовертера-дефибриллятора пациентам, страдающим амилоидозом сердца

Recommendation Indication 
class Evidence level

ICD should be recommended in patients with light-chain amyloidosis or transthyretin-associated 
amyloid CMP and hemodynamically intolerable VT

IIa C

Note: VT — ventricular tachycardia; ICD — implantable cardioverter defibrillator; CMP — cardiomyopathy.
Примечание: ЖТ — желудочковая тахикардия; ИКД — имплантируемый кардиовертер-дефибриллятор; КМП — кардиомиопатия.
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