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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. Postol" 2, Georgy N. Antipov" 2, Andrei V. lvanchenko', Vitaly V. Lyashenko',
Dmitriy A. Kalinin', Sergey N. Kotov', Alexander B. Vygovsky', Yuriy A. Schneider’

! Federal Center for High Medical Technologies Kaliningrad, Kaliningrad, Russia;

2Baltic Federal University named after |. 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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HayuHas cTaTbst

AHanus 3HAOKapAMaNbHOro Tana seyeHus
TaxuapuTMMK Nocsie OTKPbITbIX BMeLIaTeNbCTB
no nosoAy ¢ubpunnauumu npeacepaui.

OnbiT 0gHOro LeHTpa

A.C. Nocton" 2, .H. Autunos" 2, A.B. MBaHueHko', B.B. Nlawenko', II.A. Kanuuuu', C.H. KoTos',
A.B. Boirosckuit', 10.A. LLHeinpep!

! (Dep,epaanblVl LIEHTP BbICOKUX MeAULNHCKUX TeXHOﬂOFMVI, KaJWIHI/IHFpa,U,, POCCVIH;

2 banTuickuit heaepanbHblil yHusepeuteT uM. W. Kanta, KanunuHrpag, Poccus

AHHoTauus

Lienb — u3ydyeHne napameTpoB 3NIEKTPOPU3MONOTMIECKOr0 UCCNeA0BaHNSA U 0C0BEHHOCTEN peLnanBOB NPeACepaHbIX Taxu-
apUTMUI MALMEHTOB, NEPEHECLUMX XMPYPrUYecKyo KOPpeKLMio Gubpunnaumv npescepamii.

Matepuanbl u Metoppl. C aHBapa 2013 no pekabpb 2021 roga BbiNoHEHO 447 coyeTaHHbIX BMeLLATENbCTB YCTPaHEHMUA
dmbpunnauuv npeacepamnin No METOAMKAM NabUpMHT-3 1 NeBonpeacepAHbIN NAbUPUHT C KOPpeKLMEN BPOXAEHHOTO NOPOKa
cepAua n/unu nwemmnyeckon boneshmn ceppua. Y 57 (12,7 %) naumeHToB B pasinyHble CPOKW HabniofeHus onpeneneHbl
peumamBbl HapyLLeHUs puTMa. BbinonHeHbl 3HAOBAcKyNsipHble BMelwatenbcTBa 39 (8,7 %) naumeHTaM. CpefHWiA CpoK Ha-
bntoAeHns nocne aHLOKapAUanbHOro atana — 34,37 (CTaHAapTHOe OTKNOHeHWe 24,32) Mec. MeiMaHHbIN BO3pacT NaLMeHTOB
coctaBun 64 (58—67) rona, MyxunH 21 (54 %). MaumeHTbl pasgeneHbl Ha 2 rpynnbl: 1-g rpynna — nocne Knaccu4eckoro
buatpuansHoro nabupunta-3 — 23 (59 %) naumenTa, 2-a rpynna — nocnie JeBONPeACEPAHOro BapUaHTa nabupuHTta-3 —
16 (41 %) naumenTtoB. Ha aHAOKapAManbHOM 3Tane BbINOJHEHbI 31EKTPOGU3NONOrMYECKUE UCCNIEL0BaHNA L1 YTOYHEHUA
MexaHu3Ma apuTMuW, abnauws, yCTpaHAIoLLas TaxuapuTMUIO MO NMPOTOKOY: PEBU3UA JIEFOYHBIX BEH, ONPEeAESIEHNE U30ALUN
3a[iHel CTEHKM NeBOro npeAcepaus, oLeHKa npecepAHOiA apuTMUM, YCTpaHEHNe apuUTMIUW, KOHTPOSIbHAsA MHAYKLMS apuTMim
nocne abnauuw. Mocne NOBTOpPHOrO BMeLLATENbCTBA NALMEHTHI Kaxkable 3 Mec. HabnaanMcb B onepupyloLLEei KITMHUKE.
Pesynbrathl. [locne 3HAoKapaManbHOro atana perynspHbid putMm onpepensetca y 19 (82,6 %) nauueHToB 1-i rpynnbi,
13 (92,9 %) nauuenTos 2-i rpynnsl (p = 0,914). Peunpamssl B Buge gpubpunnaumv npeacepauii — y 5 (4 (17,4 %) B 1-i rpyn-
neun1(7,1 %) Bo 2-n rpynne) naumenTos (p = 0,306). Bce peumanBbl TaxuapuTMUM C HEPETYNAPHBIM LMKITOM hrOpUANALMM
npeacepamin BoiseeHbl y nauventos ¢ Of1 nepef sHAOBaCKyNApHLIM 3TanoM. B obeux rpynnax BbisBMeHb! Cy4an BoccTa-
HOB/EHMA NpoBefieHnsa B nerodHblx BeHax — y 10 (43,5 %) naumeHToB nocne buatpuanbHoi abnauum u 1 (5,3 %) naumeHTa
nocne neBonpeAcepaHoii abnaumu. Peunansbl npescepaHon aputMumn nocie abnauwm TpeneTaHus Npeacepani (aputMmm co
CTabUNbHBIM LIMKIIOM) OTCYTCTBOBA/U.

3aknioyeHue. Y nauMeHToB, UMELLMX NOC/E NPUMeHeHUs 060MX METOAO0B XMpyprudeckoit abnaumn pubpunnauuv npeg-
Cepamii TaxMKapauW C perynspHbIM LMKIOM, SHLOKapAManbHbIi 3Tan BbICOKOIO(EKTMBEH U [EMOHCTPUPYET NOCNELYIOLLYO
cBobofy 0T npeacepAHoi aputMuu. Peumams TaxuaputMm B Bue GUbpUnnaumm npeacepanii (HeperynspHbIA LMKN) acco-
LMMpOBaH C HU3KOMN BEPOSTHOCTBIO YEPKaHUs PerynspHOro NpeAcepaHOro puTMa nocne NnoBTOPHOW 3HAOKapANanbHON Mpo-
Lieaypbl, YTO MOKHO 0O6BACHUTL HANIMUMEM CTPYKTYPHBIX U 3NEKTPODU3UOIOTMHECKUX UBMEHEHUIA B MUOKape NPeAcepaun.

KnioueBble cnoBa: hvbpUniALMA NpeAcepani; TpeneTaHue NpeLcepamii; peLMaNB apuTMAW; XUpypriyeckas npoleaypa na-
BMPUMHT; KaTeTepHas abnauws; xvpypruyeckas abnauws.
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ORIGINAL RESEARCH

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 Ill 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 Ill (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
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the endocardial stage) > 3 months after surgery, concomitant
cardiac pathology such as AHD or lesions of the coronary
arteries in [HD, 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 lI
surgery (n = 23, 59%), and group 2 underwent the LA version
of maze lll (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

Tabnuua 1. KnuHudecKas xapaKTepucTHKa NaLMeHTOB, NepeHecLUMX XMpyprudecKoe BMeLLaTesbCTeo

Parameters ?nrc;ug 31) ?,:(J:u;; 62) p

Age, years, Me 63 (45-70) 63 (43-73) 0.810
Sex, F/IM 9/14 (39/61) 12/4 (75/25) 0.027
Duration of AF before surgery, months (Me) 60 (6-240) 48 (6-156) 0.746
AF type:
Paroxysmal, n (%) 2(8.7) 1(6.2) 0.779
Persistent, n (%) 21(91.3) 15 (93.8) 0.779
LA volume before the surgical stage, mm® (Me) 121.2 (80-180) 148.7 (100-350) 0.935
LA volume before the endovascular stage, mm® (Me) 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 (63.7) 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.

[pumeyarue: O — dubpunnsums npeacepanit; ®B — dpakums Bblbpoca; JIN — nesoe npeacepaue; AKLL — aopToKOpPOHapHOE LUYHTUPOBaHME;
MK — MuTpanbHbii Knanak; TK — TpukycnuaanbHbin knanaH; AK — aopTanbHbIi KnanaH; bA — buatpuanbHbii nabupuhr; JIN — neBonpencepaHbii

nabupuT; BMC — BpoxaeHHbIN nopok cepaua; MNC — npuobpeTeHHbIi NOpoK cepAaua.

‘ Patients with surgical correction of AF (n = 447) ‘

v !

Biatrial maze (n = 217 — 48.5%) Left atrial maze (n = 230 — 51.5%)

v |

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

v v

‘ After biatrial maze (n = 23 — 59%) ‘ After left atrial maze (n= 16 — 41%)

{ | v { { {
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Analysis of the data obtained, summary, and conclusion ‘

AF recurrence
(n=1—7.1%)

Fig. 1. Design diagram of the completed study

Puc. 1. [Iu3aitH-cxeMa BbINOIHEHHOMO UccneaoBaHus. O — dubpunnauus npeacepanii; PHA — pagmouactoTHas abnaums; NT — na-

POKCM3MalbHaa Taxukapausa; nnr — npeacepaHas napoKCu3sMasbHad TaxuKapaua
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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, Me (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 x? (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 CoolFlex (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 CoolFlex 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)
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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

Puc. 2. TunuyHas aMnIMTyLHaA KapTa NaumeHTa nocne onepaumu
nabupmHT-3. CTpenkaMm yKasaHbl 30Hbl OTCYTCTBUSA 3NIEKTPUYECKOI
aKTMBHOCTM BCEX JIErOYHbIX BEH M 3afiHel CTEHKW NeBOro npep-
cepaus
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Table 2. Type of tachyarrhythmia according to electrophysiological studies
Ta6nuua 2. Bug TaxuapuTMiW No LaHHbIM 3N1eKTPOGU3NONOTMYECKOr0 UCCIef0BaHMA

Cardiac Arrhythmias

Parametes 05) 0216 P
AF 5(21.7) 2(125) 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(187) 0.356

Note: AF — atrial fibrillation; AFl — atrial fluttering; AT — atrial tachycardia; BA — biatrial; LA — left atrial.
Mpumeyarue: BA — GuatpuanbHbiig; JIM — nesonpeacepaHblii; O — dubpunnsuns npeacepamit; TN — TpenetaHue npeacepauii; NMT — npeacepAHas

Taxukapoua.

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.

DOl https://doiorg/10.17816/cardar529671

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
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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

Cardiac rhythm in
the atria and isolated
tachycardia of the left
ventricular posterior
wall

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

Puc. 3. AMnauTyaHas KapTa M 3anucb 31eKTPOKapAMOrpaMMbl U SHAOTPaMM NaumMeHTa nocsie onepauuu nabupuHT-3. Ceepxy 8HU3: aM-
NAUTYaHas KapTa nauueHTa, ctaHaapTHole otBefeHus KT, curHanbl ¢ MHOrOMOMIOCHOMO LMPKYNSPHOTO 3NIeKTPoLa (KenTble) Ha 3afHei
CTEHKe NIeBOr0 NPeficepans — CTPESIKaMu1 YKasaHa aKTUBHOCTb C COYCTbA C/IeBa, CUrHanbl ¢ abnaumoHHoro anekTpoaa (benble), crHabl
C MHOrOMOJIIOCHOrO 3/1EKTPO/ia B KOPOHAPHOM CUHYCE (3eneHble). M3onsaums 3agHei CTEHKW [OCTUMHYTa, AMCCOLMALMA apUTMUYECKON aK-
TMBHOCTW — O [laHHbIM C KaTeTepa «Lasso», CoXpaHsieTca TpeneTaHue, NpU 3TOM Mo 3N1IeKTPOAY M3 KOPOHAPHOTO CUHYCa — CUHYCOBBbINA
PUTM (TaKXKe CTpesKa-yKasaTeslb — HUKHASA FOpU30HTabHas CTpesKa Ha 3anucu ¢ KopoHapHoro cuHyca). 3®U-cucteMa «Claris» (Abbot,
CLLA). CkopocTb 3anmcn 200 mm/c

Tachycardia in the left
ventricular posterior wall was

stopped in the posterior

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

Puc. 4. KynupoBaHue Taxvkapamu B 3afHeM COYCTbe cripaBa. Ceepxy 8HU3: aMMAUTYLHas KapTa nauueHTa, CTaHAapTHble 0TBELEHUs
3/IEKTPOKAPAMOrPaMMbI, CUTHasbl C MHOTOMOJICHOTO LIMPKYNISIPHOIO 37IEKTPOAA ((KENTbIE) Ha 3afiHei CTEHKE IEBOr0 NpeACcepAns CTpeNKa-
MW YKa3aHo OTCYTCTBUE aKTUBHOCTM C COYCTbA CMPaBa, TaM, e pacnosiaraetcs ieyedHbIN 3NeKTPOA, CUrHabl € abNaLmoHHOro 3NneKTpoaa
(6enble), curHanbl ¢ MHOrOMOMOCHOIO 3/IEKTPOLA B KOPOHapHOM cuHyce (3eneHble). IOU-cuctema Claris (Abbot, CLLIA). CkopocTb 3anucy
200 mM/c

DOl https://doiorg/10.17816/cardar529671
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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 Il 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

Table 3. Performed interventions and arrhythmia parameters
Tabnuua 3. BbinonHeHHble BO3OENCTBUS M NapaMeTpbl apUTMUM
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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

Parameter B(ﬁ gr;;)p L(ﬁ 2?2‘;’ 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: CTl — cavatricuspid isthmus; ECV — electrical cardioversion; EG — electrogram; LA — left atrium; Ml — mitral isthmus; PV — pulmonary veins;
RFA — radiofrequency ablation.

[pumeyanue: JIN — nesoe npeacepave; MU — mutpanbHein uctmyc; KT — kasatpukycnugansHbiin uctMyc; J1B — nerouHble BeHbl; IUT — anekTpo-
uMnynbcHas Tepanus; PYA — papmoyactotHas abnaums; M — anekTporpamma.

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

Puc. 5. ®parmMeHT onepaumm pagmnoyacToTHol abnauum cenTanbHOro TpeneTaHus Npeacepauii nocsie onepaumuy NabupuHT-3, KynupoBaHue
apuUTMUM M BOCCTAHOBJIEHWE CUHYCOBOO PUTMa Bo BpeMsi abnauuun. Ceepxy eHu3: cTaHaapTHble oTBefeHus KT, curHanbl ¢ MHoronosoc-
HOrO LIMPKYNSAPHOrO 3M1EKTPoAa (KenTble) Ha 3aAHel CTEHKE NIEBOr0 NPeACcepAMs, CUrHanbl ¢ abnaumroHHoro anekTpoaa (benbie), curHansl
C MHOTOMOJTIOCHOTO 3/1EKTPOAA B KOPOHApHOM cuHyce (3eneHble). IOU cuctema «Claris» (Abbot, CLLA). CkopocTb 3anmcy 200 Mm/c
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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

Puc. 6. MNMosTopHas MHAYKUMA GUOpUNNALMM Npeacepanii nocne Kapavosepcun. CTpenKaMmu yKasaH CcTapT GubpunnsumMu npeacepanii
yepes HEeCKONbKO CMHYCOBBIX KOMMJEKCOB Cpasy Mocsie NpoBeAeHUs KapauoBepcuu. Ceepxy 8HU3: CTaHLAPTHble OTBEAEHWS 3MEKTPO-
KapavorpaMMbl, CUrHanbl C MHOTOMOJKOCHOTO LIMPKYNAPHOro KaTeTepa «Lasso» pacnonodeHHOM B BepXHeid Mool BeHe (enTble 3H-
[0rpaMMbl) — 3anycK ¢ OAMHOYHOM 3KTOMMM (CaMblit PaHHUA CUrHaN BO BPEMS 3amycKa apuTMKUM) U TpaHC(hOPMaLMs B HEPUTMUUHYIO
(bUbPUNNATOPHYI0 aKTUBHOCTb (TaKIKe yKasaHWe CTPenKoM), CUrHanbl ¢ abnaumuoHHoro anexkTpoaa (benble), CUrHanbl ¢ MHOTOMOMIOCHOTO
3MIEKTPOLia B KOpPOHapHOM cuHyce (3eneHble). ION-cucteMa «Claris» (Abbot). Ckopocts 3anucu 200 MM/c

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

Puc. 7. TpeneTanue npeacepauin y naumeHTa nocne onepauumn nabupuHt-3. CTpenkamu ykasaHbl HU3KOAMMUTYHbIE hparMeHTUpOBaH-
Hble CUrHanbl. Ceepxy 8HU3: CTaHAAPTHblE OTBEAEHMS 3NIEKTPOKApPAMOrpaMMbI, CUrHasIbl C MHOFOMOJIIOCHOMO LIMPKYIAPHOTO 3/1eKTpoaa
Ha 3aJHel CTeHKe N1eBOro NpeAcepamns (Kentble), CUrHanbl ¢ abnaumoHHoro anekTpoda (benble). AGNauUMOHHbIA 3NeKTPOL, PacnoNoKeH
Ha YaCTU4HO M30/MPOBAHHOM Y4acTKe MUOKapAa NpeaCcepauid, CUrHasbl C MHOTOMOMIOCHOTO 3/1IEKTPOAa B KOPOHAPHOM CHHYCE (3eNeHble).
30U-cuctema «Claris» (Abbot, CLLA). CkopocTb 3anmcu 200 Mm/c

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

DOl https://doiorg/10.17816/cardar529671

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




OPUTHATIBHOE VICCIELOBAHVE

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 Ill 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 Il 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.

Tom 3,N? 3, 2023
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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 Ill 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 Il
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 Il
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 Ill 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 Il technique with
additional lines toward the fibrous ring of the tricuspid valve
and mitral valve using the AtriCure cryolCE 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
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arrhythmias for the restoration and long-term maintenance of
a regular atrial rhythm.
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AOMO/THUTE/IbHASA UHOOPMALIUA

Yyactue aBTopoB. Bce aBTOpbl BHECAM CYLLECTBEHHbIN
BKNag B pa3paboTHy KOHLenuuw, NpoBeAeHWe wuccneno-
BaHWA 1 MOArOTOBKY CTaTby, NPoYnM 1 ofobpunm duHanb-
Hyt0 Bepcuio nepen, nybnmnkaumen. Bknag Kawaoro asTopa:
A.C. MocTon — KoHUenuma 1 am3anH mccnefoBaHms, cbop
v 0bpaboTka MaTepumana, HanvcaHue 1 peaKTMpoBaHU1e TeK-
CTa, OTBETCTBEHHOCTb 3@ LIEMIOCTHOCTb BCEX YaCTeit CTaTby;
["H. Antunos B.B. JlswweHko — cbop MaTepuana, obcyaeHve
MOJTy4eHHbIX AaHHbIX, PeAaKTUPOBaHWE TEKCTa, CTaTUCTUyYe-
CKan 0bpaboTka AaHHbIx; A.B. MBaHueHKo — cbop MaTepuana,
KOHLeNUMs napamMeTpoB UCCNeoBaHuUs, obpaboTka nHdop-
Maumw; B.B. KanmHuH — cbop Matepuana, pefakTipoBaHme
TekcTa v Tabnmy; C.H. Kotos, A.B. BeiroBckuin — cratnctmye-
CKast 06paboTKa aaHHbIX; H0.A. LLIHeaep — penaKTMpoBaHme,
YTBEPK/IEHME OKOHYATENbHOMO BapMaHTa CTaTbi.

WUcTouHMK dumHaHcMpoBaHua. ABTOpHI 3asBAAOT 06 0T-
CYTCTBWW BHELLHEro GUHaHCKPOBaHWA MpY NpoBeLEeHUN UC-
CnefoBaHuA.

KoHnunKT nHTepecoB. ABTOpLI AEKAPUPYIOT QTCYTCTBME
ABHbBIX M MOTEHLMASBHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX
C NybAMKaLpmen HaCTOALLIEN CTaTbMy.

WndopmupoBaHHoe cornacue Ha nybaukaumio. AsToph
MOY4MIM NUCEMEHHOE COracKe NaLyeHToB Ha NybanKaumio
MEAMLMHCKMX OaHHbIX.
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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.l. 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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HayuHas cTaTbst

Oubpunnauumsa npeacepAan Yy NauUeHTKU
¢ auddysHbiM pubpo3oM MHOKapAa
U MUTPANIbHOU aHHYNSAAPHOU AU3BIOHKLMUEH

J1.C. EBpokumoBa, .3. Mukosuy, T.H. Houkosa, T.B. NapnuHyeHKo

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[letepbypr, Poccus

AHHoTaums

OnucaHo HabnopeHue cnyyas pubpunnsaLMY NpeLcepavin U XKenyLoYKOBON IKCTPACUCTONMM Y NALMEHTKU C NPONANcoM Mu-
TPabHOr0 KNnamnaHa ¥ MUTPasbHOW aHHYNAPHON AW3bloHKUMeN. [lebIoT HapylleHnd puTMa MHALMMPOBaH NepeHeceHHOM Ho-
BOM KOPOHaBMpYCHOW MH(eKumeir. KpoMe Toro, B aHaMHe3e NauuMeHTKW KOMBMHWUPOBAHHOE JieYeHMe paKa JIeBoi MOJIOHHOM
)enesbl, cnocobcTBOBaBLUEE NOSBNEHMI0 PUbp0O3a M1OKapAa B KauecTBe apUTMOreHHoro cybetpata. B cessu ¢ HeaddekTus-
HOCTbH) KOHCEPBATUBHOM aHTUApUTMUYECKOM Tepanuu bbina BhiNoHEHa paaMoyacToTHas KateTepHas npoLeaypa no noeomy
CMMNTOMHON GubpunnAauMM Npescepamni, oKasasluasncsa besycnewHoi. Lienb ctatbm — npefcTaBUTb BO3MOXKHbIE MPUYMHBI
BO3HWKHOBEHMS HapYLUEHWUIA pUTMa CepALa M pofib MarHUTHO-PE30HAHCHON TOMorpaduu B AMarHoCTUKE apUTMOreHHOro u-
bpo3a MUOKapAa ¥ MUATPabHOW aHHYNIAPHOW AU3BIOHKLMM,

Kniouesble cnoBa: Gpubpunnaumsa npefcepanin; MUTpanbHas aHHYNAPHasA AM3bIOHKLMS; NOCTNyYeBoin Gpubpo3 MMOKapaa;
MPT cepaua.
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CLINICAL CASES

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).

Vol 3(3) 2023
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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
Puc. 1. 3nektpokapamorpamma (50 mMm/c, 10 MM/MB). ®ubpunnsums npeacepauit, HopMocucTonMyeckas dopma. OAMHOYHas Xenyaoy-

K0Bas 3KCTpacucTona
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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 MRl 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
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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 guantitative
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
Tabnuua 1. OcHoBHbIe NapaMeTpbl MO pe3ysibTaTaM 3X0Kapanorpadum 1 MarHUTHO-pPe30HaHCHON ToMorpaduu cepaua

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/m? 56 (29-61) 59 (56-90)
Indexed LV ESV, mL/m? 22 (8-24) 32 (14-33)
Myocardial mass, g 132 (67-162) 95 (72-144)
Indexed myocardial mass, g/m? 75 (43-94) 52 (48-78)
Indexed LA volume, mL/m? 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; MRl — magnetic resonance imaging.

Mpumeyarue: ®B JIXK — dpakums Bbibpoca nesoro xenynouka; K0 — KoHeuHo-amacTonmyeckuit 06bem; KCO — KoHeUHo-cUCTONMYECKU 06beM;

JIN — neBoe npeacepame.
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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

Puc. 2. MaruutHo-pe3oHaHcHas ToMorpadus cepAla, KOHeYHo-
CUCTOIMYECKOE U300paeHue B TpexkaMmepHoM Buge (Fiesta Cine).
Toncras cTpenKa yKkasblBaeT Ha Npoanc 3aHeil CTBOPKW MUTpasib-
HOTO KNanaHa, NpoBefieHa NPOeKLMOHHas ocb GMBPO3HOro Konblia
MMWTPasbHOrO KianaHa, AByHanpaBeHHas CTpesika yKasblBaeT pac-
CTOSHME MUTPAbHON aHHYNSPHOWM AU3bIOHKLMM

Fig. 4. Cardiac MR, 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. MK — right ventricle; JIK — left
ventricle

Puc. 4. MarHuTHo-pe3oHaHcHas ToMorpadms cepaua, no KOpoTKOw
0CYM Ha ypoBHe Da3anbHbIX cerMeHToB. 0TCPOYEHHOE KOHTPACTUPO-
BaHue. CTPenKoil yKasaH MHTpaMypasbHbIA Y4acToK HaKoMeHus
KOHTPACTHOro BELLECTBA Ha rpaHuLe 4-ro U 5-ro cerMeHToB JIeBOro
KeNyLoYKa HeuwweMmu4ecKoro xapakrepa. MK — npasbiit xenyno-
uek; JI — neBbiit enyaovek
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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

Puc. 3. MarHuTHo-pe3oHaHcHas Tomorpagus cepaua,
T1-KkapTupoBaHMe MWOKapAa MO KOPOTKOW OCM JIeBOr0 JKeny-
Lo4Ka. CTpenky yKasblBaloT 0611acTh C NOBbLILIEHHBIM BPEMEHEM
T1-penaKcaumm, NOKanu3oBaHHbe B MEXOKENYA0UKOBOM Nepero-
POJKe W B NepefHeN CTEHKe JIEBOr0 JKeNy104Ka Ha ypoBHe Havana
CPeAVHHBIX CErMEHTOB

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.
JI — left ventricle; JIN — left atrium

Puc. 5. MaruutHo-pe3oHaHcHas ToMorpadms ceppua. Tpexka-
MepHbIi BuA,. 0TCpoyeHHoe KOHTpacTupoBaHue. CTpenkon yKasaH
cnaboMHTEHCMBHBIA MHTPaMypanbHbIA Y4aCTOK HaKOMEHUS KOH-
TPaCcTHOro BELLECTBA Ha YPOBHE 5-ro CerMeHTa NIEBOr0 XeNyLouKa.
JIK — nesbinn senypouek; JIN — nesoe npepcepave
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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
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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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AOMO/THUTE/IbHASA UHOOPMALIUA

KoHdpnuKT nHTepecoB. ABTOpbI [1EKNapUpYIOT OTCYTCTBME
ABHbIX M NOTEHLMANBHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX
C NybnvKaLmen HacTosILLEN CTaTbK.

WUcTouHMK dmHaHcMpoBaHUuA. ABTOpbI 3asBSKOT 06 OT-
CYTCTBMM BHELUHEro (MHaHCMPOBaHMS MpU MPOBEAEHUN UC-
CNefloBaHwA.

Cornacue M aHOHMMHOCTb NauueHTa. [lauveHT gan co-
rnacve Ha aHOHUMHOE MCMoJb30BaHWE W NybIMKaLWI CBOUX
MEeNLMHCKMX AaHHbIX.
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Clinical and genetic characterization of patients
with catecholaminergic polymorphic ventricular
tachycardia: a case series

Svetlana M. Komissarova', Nadiia M. Rineiska', Natalya N. Chakova?, Svetlana N. Niyazova?,
Larisa |. Plashchinskaya', Veronika Ch. Barsukevich', Olga V. Podpalova'

! State Institution Republican Scientific and Practical Centre “Cardiology”, Minsk, Belarus;

Z 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 & 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, nuclectide variants of pathogenicity classes -V were identified according to the ACMG (2015) cri-
teria in the RYRZ 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 Ill) 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 RYRZ 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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HayuHas cTaTbst

KnuHuyeckas U reHeTuyeckas xapaKTepucTuka
NauMUeHToOB C KaTexolaMUHepru4ecKom noauMopgHou
)KeNnyA04YKoBOM Taxukapamen (cepus cnyyaeB)

C.M. Komuccaposa', H.M. Puneiickas’, H.H. Yakosa?, C.C. Huasosa?,
N.N. NnawwmHckas', B.Y. bapcykesud', 0.B. Mognanosa’

! PecnybinMKaHCKNiA Hay4HO-NIpaKTUYeCKWiA LieHTp «Kapavonorusy, Mukck, Pecnybnuka benapych;

2 YIHCTUTYT reHeTukm 1 umtonorum HAH Benapycu, Mukck, Pecnybnuka benapych

AHHoTauums

Lienb uccnepnoBaHMs — OLEHUTb KITMHUYECKYH0 M TEHETUYECKYH) XapaKTEPUCTUKY, BKIIKOYas pa3BuUTME HEBNAronpusaTHbIX Co-
ObITUA M UCXOA0B Y NALMEHTOB C KaTexoJlaMUHEPTMYECKOI NoNMMOpdHOii XenyaouKoBoi Taxukapaven (KIKT).
Marepuanbl u Metoabl. ObcnenosaHo 8 naumentoB ¢ KIMKT, nBoe u3 Kotopbix Bbinn pofcTBEHHUKaMKM npobaHAoB, Ha-
bniofaembix B TeueHue 4 neT. KINMHMKO-MHCTPYMeHTaNbHOE MCCief0BaHMe BKIIKOYANO PEruCTPaLMI0 3IEKTPOKapaMOrpaMMmbl
B 12 oTBefEHUAX, CYTOYHOE 3NEeKTPOKapAKorpadnyeckoe MOHUTOPUPOBaHWe, cbop reHeanorMyeckoro aHamMHesa U BbisBNIe-
HWe C/ly4aeB BHE3arHoW CepeYHON CMepTU B CEMbE MM Hanuuus cemenHon dopMbl 3aboneBaHus, IxoKapauorpaduue-
CKOE UccnefioBaHNe U MarHUTHO-PE30HaHCHY0 ToMorpadmio cepaLa AN UCKIIOUYEHUS CTPYKTYPHBIX U3MEHEHUI MUOKapAa,
NpoBeAEHWE 3HA0KAPAMANLHOO 3M1EKTPOGM3NONONMYECKOr0 UCCEA0BaHUS N0 NOKa3aHWAM, MOHUTOPUHT UMNaHTUPYEMOTO
KapauoBepTepa-fedubpunnatopa. [onck MyTaumin B KOAMPYIOLMX NOCNEA0BATENIbHOCTAX FeHOB, acCOLMMPOBAaHHbIX C pas-
BMTUEM KaHanonatuii U Apyrux HacneCTBEHHbIX HapYLLUEHUA pUTMa, NPOBOAMNM METOAOM BbICOKOMPOWU3BOAMTENBHOMO CEK-
BEHWUPOBaHMS.

Pesynbtatbl. Y 8 nauneHTOB BbiABMEHbI HYKNEOTUAHbIE BapuaHThl IlI-V KnaccoB natoreHHocTn cornacHo Kputepuam ACMG
(2015) B reHe RYRZ2, accoumvpoBaHHbiM ¢ KIDKT. Y 6 (75 %) npobaHzoB 06HapyXeHbl AMarHOCTUMECKM 3HAYUMBblE MyTaLuMm
(IV=V knacca natoreHHocTv) B reHe RYRZ, y 2 naumeHToB Obiin 0OHapyKeHbl BapuaHTbl C HeoNpeLeneHHOW KIMHUYECKOM
3HaumumocTbro (VUS, lIl knacc). Ha MoMeHT nocTaHoBKM AuarHo3a TPaH3UTOpHOe yaJmHeHue uHTepBana QTc bonee 480 mc
bbino BoisieneHo y 4 (50 %) naumeHToB; bpaaukapaus MeHee 54 ya/MuH —y 2 (25 %), cynpaBeHTPUKYNspHas TaxuKapaus,
KOTOpas CMeHANach XenyA04KoBoi TaxuaputMuen — y 2 (25 %) naumentos. Hanbonee Tsxenas dopma 3aboneBanus ¢ Bbl-
PKEHHBIMU KITMHUYECKUMM NPOSBNEHUAMU W 3MU300M KIIMHUYECKON CMEpTU C NOC/efyoLMMM peaHUMaLMOHHBIMU Mepo-
NPUATUAMM, @ TaKXKe TPaH3UTOPHLIM YA MHEHWEM uHTepBana QTc, npesbiwatowmm 500 Mc, Habnofanock y NaUUEHTOB ¢ My-
Taumamu ¢.11814C > A (p.Ser3938Arg, rs794728704); c.4636 > A (p.Gly155Arg) v c.14876G > A (p.Argh959Gln, rs794728811)
B reHe RYRZ2. MnnaHTaums KapauosepTepa-nedubpunnatopa notpebosanack 3 (37,5 %) naumentam, B ToM umcne 1 na-
LMEHTY C Lenbio nepeuyHoi npodunaktuku BCC n 2 (25 %) — ¢ Lenbio BTOPUYHOW NpOQUNaKTUKK.

3akuitoyeHmne. B HacToseM uUccniefoBaHUM WM3YdYeH CMEKTP KJIMHUYECKMX MPOSIBNEHWA Y NaUMEHTOB C FeHeTUYECKW MOA-
TBepxaeHHoN KITKT. TpaHsuTopHoe yanuHenue uHTepBana QTc, BblpaXKeHHas cuHycoBas bpagmkapams M CynpaBeHTpUKY-
NAPHaN TaXMapUTMUS, CMEHSIOLLMECS XU3HEYTPOXAIOLLIEN XeNy[04KOBOM TaxMapUTMUEN C BbICOKOI YacTOTOW NpeaCcTaBneHs
y nauuenToB ¢ KIMKT.

KnioueBble cnoBa: KaTexoNnaMuHepruyeckas nonuMMopdHas »esiy[oouyKoBas TaxuKapaus; MyTauuum B reHe RYR2;
(eHoTUNMYECKoe pa3Hoobpasme.
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CLINICAL CASES

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 RYRZ gene, located at 1g42, 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 Ca?*-hinding 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 (LATS) by reason of the presence of transient
QT prolongation > 460 ms [9].

The symptoms of CPVT with QT prolongation and
LQTS, particularly with LATS 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
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and may be therapeutically targeted to prevent exercise —
or stress-induced ventricular arrhythmias in CPVT [12].

Patients with CPVT wusually 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
[l 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 Il 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 RYRZ of pathogenicity classes Ill-V according to
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the ACMG (2015) criteria: six class IV and V mutations and
two VUS (class IIl) (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 ¢.11814C > A (p.Ser3938Arg, rs794728704)
in a heterozygous state in RYRZ (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 % 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 RYRZ 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

Fig. 1. Proband’s 13m ECG-12
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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

Puc. 1. 3nexktpokpaauorpamma B 12 otBefeHusx npobaHaa 13m

ECG fragment with minimal HR

ECG fragment with maximal HR

Fig. 2. 24-hour holter monitoring of proband 13m ECG. Leads V5, Il and aVF. ECG fragments with episodes of QTc prolongation up to

580 ms and nonsustained paroxysm of bidirectional VT

Puc. 2. CytouHoe MonuTopupoBaHue IKI npobaHaa 13m. Oteeaenus V5, Il u aVF. Oparmentsl 3KI ¢ anusogamm yaamHenns QTc po 580 mc

W HEYCTONYMBBIM MAPOKCU3MOM AByHanpasneHHoi KT
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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 RYRZ,
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

Vol 3(3) 2023

Cardiac Arrhythmias

the arrhythmic event, QT prolongation of up to 500 ms was
recorded. Genotyping revealed a pathogenic RYRZ mutation
c.14876G > A (p.Argh959Gln, 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
766¢ [25%]). Patient 765¢ 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, Il and aVF. ECG fragments with polymorphic PVCs and nonsustained

VT paroxysm

Puc. 3. CytouHoe mMonuTopupoBanue 3KI matepu npobaHaa 13m. OtBepenms V5, Il u aVF. ®parmentil KT ¢ nonmmopdHoii H3C u He-

ycToiuMBLIM napokcusmom KT
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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 Ill VUS in RYRZ:
C.12944G > A (p.Gly43156lu, rs766109950) and ¢.3256C > T
(p.Arg1086Ter, rs371303783).

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

v o
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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.
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Fig. 4. ECG of patient 642c. ECG fragment with paroxysm of ventricular fibrillation

Puc. 4. 3KI naumeHTa 642c. Oparment 3K

C MapoKCM3MOM KpynHoBosiHoBoM O

Fig. 5. The trend of ICD of proband’s 13m mother representing episodes of sustained VT with ATP therapy
Puc. 5. Tpeng WUKJ matepu npobanaa 13m, npefcrasnsiowmii anu3og, ycronumson T ¢ ATP-Tepanuent
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Fig. 6. Endogram fragment of proband’s 13m mother representing the episode of sustained VT with the 1% attempt of Ramp ATP therapy
(inefficient)

Puc. 6. ®parMeHT 3HA0rpamMMbl MaTepu npobaHaa 13M, Ha KoTopoi npeacTaBneH anu3og ycroitumeon KT ¢ 1-# nonbiTKoi ATP-Tepanum
Ramp (6e3ycneLuHon)

Fig. 7. Endogram fragment of proband’s 13m mother representing the episode of sustained VT with the 2" attempt of Ramp ATP therapy
(efficient) and restoration of sinus rhythm

Puc. 7. ®parmeHT 3Ha0rpaMMbl MaTepu npobaHaa 13M, Ha KoTopol npeacTaBneH anu3og, yctoiumeon KT ¢ 2-i nonbiTKoin ATP-Tepanuu
Ramp (ycneLuHow) M BOCCTaHOBAEHUEM CUHYCOBOIO pUTMa
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DISCUSSION

This study presented the clinical and genetic characteristics
of eight patients with CPVT and RYRZ 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 RYRZ 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 Ca?*
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 LATS without mutations in genes associated
with this pathology had RYRZ 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], RYRZ mutations were detected in 9 of 104 patients
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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 Ila, 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
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Review article

European guidelines for the management of patients
with ventricular arrhythmias and the prevention

of sudden cardiac death 2022: cardiomyopathy.
What's new?

Tatiana N. Novikova, Fatima . Bitakova, Valeria S. Ignateva, Vladimir I. Novikov,
Sergey A. Sayganov, Vladislava A. Shcherbakova

North-Western State Medical University named after I.l. Mechnikov, Saint Petersburg, Russia

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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0630pHas cTaTba

EBponeickue peKoMeHAALMUKU NO SIeYEHUIO NALMEHTOB
C XXeNnyA04KoBbIMM apUTMUAMMU U NpoPUNAKTUKE
BHe3anHou cepae4yHon cMeptu 2022 ropa:
KapauoMuonaTtum. Yro HoBoro?

T.H. HoBukoga, ®.W. butakosa, B.C. UrHatbesa, B.W. Hosukos, C.A. CaitraHos, B.A. LlepbakoBa

CeBepo-3anapHblii rocyAapCcTBeHHbI MeAULMHCKUIA yHuBepcuTeT UM. U.U. MeunmnkoBa, CankT-leTepbypr, Poccus

AHHoTauums

B o630pe npencraeneHa MHQOpPMaLUMs 0 HOBbIX MOKa3aHMAX, KOTOPbIMM CriefyeT PYKOBOACTBOBATLCA MpU AWArHOCTUKE
W NEYEHWM KeNyJ04KOBbIX HapYLLEHUI PUTMa Y MALMEHTOB C KapAuoMuonaTusMu. [laH aHanus coBpeMeHHbIX onpeseneHuii
U KnaccudmKaumi kapavommonatuin. NoapobHO paccMoTpeHbl BONPOCH! XeJyA04KOBbIX HapYLIEHWA pUTMa Npu pasHbIX de-
HOTMNaX KapAMOMMONATUIA, CTPaTUGMKALMM PUCKA BHE3AMHON CEPLEYHOI CMEPTU M ee NPO(UIAKTUKM.

KnioueBble cnoBa: JKeNynouKoBble apUTMUM; BHe3anHas CepfeyHas CMepTb; AWNaTauMOHHAas KapavuoMWonaTus;
runepTpoduyecKas KapaMoMMONaThs; apuUTMOreHHas KapAMoMUONaTHS; PECTPUKTUBHASA KapANOMMONATUS; HEKOMMNAKTHbIN
MWOKapS, XKemyA04KOB.
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REVIEWS

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
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“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].

Tom 3,N? 3, 2023
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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
Tabnmua 1. PekoMeHpaLmm no reHeTUHECKOMY TeCTUPOBAHMIO MPY AWNATALMOHHON / TUMOKUHETUYECKON HeMaTaLMOHHON KapAuoMMonaTui

Recommendation Indication Evidence level
class
o . B
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)
lla o

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

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.

[pumeyarue: DKMI — punataunonHas kapamomuonatus; THOKMIT — runokuHeTMuecKan HegunataumoHHas kapavmomuonatus; LMNA — reH agepHbIx
namuHoB; PLN — reH ¢oconambana, RBM20 — reH, KOAMPYIOLLMA TPAHCKPUNLMOHHBIA dakTop cnnaiicuHra; FLNC — reH ¢unamuna C.

Table 2. Recommendations for the examination of patients suffering from dilated/hypokinetic non-dilated cardiomyopathy and their
relatives

Tab6nuua 2. PekoMeHaaumm no 06cnefoBaHMI0 NALMEHTOB, CTPAAAILLMX AUNATALMOHHON / TMMOKUHETUHECKOI HeMnaTaLMOHHON Kapauo-
MUONaTHeN, U UX POLCTBEHHUKOB

Recommendation Indication Evidence level
class
) . . . . . lla B
Cardiac MRI with late gadolinium enhancement should be recommended in patients with DCM/
HNDCM to evaluate the etiology and risk of ventricular arrhythmia/SCD.
lla B

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.

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

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

Note: SCD — sudden cardiac death; DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; MRl — magnetic resonance
imaging.

[pumeyaHue: BCC — BHe3anHas ceppeyHas cMeptr; AKMIT — punataumonHas kapanomuonatus; THOKMIT — runokuHeTnyeckas HeaunataumoHHas
Kapavommonatusi; MPT — MarHuTHo-pe3oHaHcHas ToMorpagus.

DOl https://doiorg/10.17816/cardarb6/837
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Patient with DCM/HNDCM

CMR (Class lla)

Go to specific sections
( Suspicious of cause requiring specific treatment )—>°—> for specific aetiology-directed management,
“ especially for inflammatory diseases

Family history of DCM/HNDCM or
family history of SCD (<5 0'y, first-degree relative) or AV block < 50y

(Class lla) Genetic testing (Cla

5-year risk of VA > 10%
and LVEF < 50%
or NSVT or AV conduction delay

Pathogenic
mutation
LMNA

< 35% LVEF 36- 50% “
Annual ICD implantation
ICD implantation ( - 9 risk factors? reevaluation (Class lla)

(Class Ila) @ )
0 [ Unexplained syncope ) ICD implantation
(Class lla)

ILR® (Class I) (Class l1a)
“ SMVT inducible

ICD implantation
(Class lla)

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

2 Risk factors: unexplained syncope, pathogenic variants in PLN, FLNC, or RBM20, LGE on CMR, inducible SMVT at PES. ®The 2018 ESC
Guidelines for the diagnosis and management of syncope

Puc. 1. Anroput™ cTpatuduKaLmm pucka U nepBuYHO NPOGUNAKTUKW BHE3ANHON CEpLeyHO CMepTU Y MaLMeHTOB C AWNaTaLMoHHON
KapavoMuonaTuen / TMNOKUHETUYECKOW HeiunaTaLMoHHOM KapanoMuonarTuei [2].

AB — atpuoBeHTpuKynsapHas; BCC — BHesanHas cepaeyHan cmepTb; IKMIT — aunataumonHas kapanomuonatus; FTHAKMI — runoku-
HeTUYecKas HeiunatauuoHHas kapanommonartus; A — xenynouxoBele aputMuu; UMP — mMnnaHTMpyeMble NeTieBbie perucTpaTopbl;
WKL — wmMnnantupyeMbliii kapanoBeptep-aedubpunnsatop; JIIK — nebin xenyaodek; MPT — MarHuTHo-pe3oHaHcHas ToMorpadus;
HYT — HeycToiumBa enynouKoBas Taxukapams; YMKT — ycToiiumBas MoHoMopdHast Jenyno4KoBas Taxukapaus; @B — dpakums
Bbibpoca; 30U — anekTpodmsmnonornieckoe uccnesoBanue; LMNA — reH saepHbIX 1aMUHOB

2 0bMopoky, trbpo3 npu MPT cepaua, UHAYLMpyeMble YCTOA4MBLIE MOHOMOPGHbIE XenyA04KoBble TaxuKapaum npu aHao3®N, natoreH-
Hble MyTaumn B LMNA, PLN, FLNC v renax RBMZ20. ® CornacHo pexomenaaumam ESC 2018 roga no AmarHocTuKe 1 fieyeHnio 06MopoKoB

Follow-up
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Tabnuua 3. PekoMeHaaummu no nepeuyHOI NPodMNaKTMKe BHE3aMHOM CEpAEYHON CMEPTH Y NALMEHTOB, CTPAAAIOLLMX AUNaTaLMOHHON /
TUMOKWHETUYECKOI HEAMNATALMOHHON KapAroMMuonaTHeli

Table 3. Recommendations for the primary prevention of sudden cardiac death in patients suffering from dilated/hypokinetic nondilated
cardiomyopathy

Recommendation Indication Evidence level
class

ICD implantation should be recommended in patients with DCM/HNDCM, symptomatic heart lla
failure (NYHA classes lI-Ill), and LVEF <35% after =3 months of OMT
ICD implantation should be recommended for patients with DCM/HNDCM who have a pathogenic lla B
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
ICD implantation should be recommended for patients with DCM/HNDCM, LVEF <50%, and lla C
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

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. ®Based on the risk calculator LMNA-risk VTA calculator Risk Prediction Score for Life-Threatening Ventricular Tachyarrhythmias in Laminopathies
(https://Imna-risk-vta.fr/).

[lpumeqanue: AB — atpuoBeHTpukynspHoe; [IKMIT — punataumonHas kapamomuonatus; THAKMIT — runokuHeTWdeckas HeaunatauMoHHas Kap-
avomuonatus; UKL — uMnnaHTupyeMmbiii kapanosepTep-aedubpunnartop; JIXK — nesbiit xenyaouek; MPT — MarHuTHo-pe3oHaHcHas ToMorpadus;
OMT — onTuManbHas MefuKaMeHTo3Has Tepanus; ®B — dpakums Bbibpoca; IOU — 3nexTpoduanonoruyeckoe uccnepobaque; NYHA — New York
Heart Association; LMNA — reH snepHbix namuHos; PLN — reH gocdonambana, RBM20 — reH, KOAUPYHOLLMIA TPAHCKPUMLMOHHBIA GaKTop CNaicuHra;
FLNC — reH ¢umnamuna C. @ Puck paccuutbiBaeTcs ¢ nomolubto Kanbkynatopa LMNA-risk VTA calculator Risk Prediction Score for Life-Threatening
Ventricular Tachyarrhythmias in Laminopathies (https://Imna-risk-vta.fr/)

Tabnuua 4. PekoMeHpaLMmM No BTOPUYHOM NPOGUNaKTUKe BHE3anHOM cepAieyHoi CMepTU Y MaLMeHTOB, CTPaAaloLLMX AUNaTaLMoHHON /
TUMOKMHETUYECKON HeaMNaTaLMOHHON KapavoMuonaTvelt

Table 4. Recommendations for secondary prevention of sudden cardiac death in patients suffering from dilated/hypokinetic nondilated
cardiomyopathy

Recommendation Indication Evidence level
class
ICD implantation is recommended for patients with DCM/HNDCM who have experienced sudden B
circulation arrest due to ventricular tachycardia/ventricular fibrillation or hemodynamically
intolerable sustained monomorphic ventricular tachycardia
Catheter ablation in specialized centers should be recommended for patients with DCM/HNDCM lla C
and recurrent, symptomatic, sustained monomorphic ventricular tachycardia, frequent ICD shocks
for sustained monomorphic ventricular tachycardia, and if antiarrhythmic drugs are ineffective,
contraindicated, or intolerant
The addition of amiodarone orally or substitution of a beta blocker with sotalol should be lla B
recommended in patients with DCM/HNDCM and ICD who experience recurrent, symptomatic
ventricular arrhythmias despite optimal device programing and beta-blocker treatment
ICD implantation is recommended in patients with DCM/HNDCM and hemodynamically tolerated lla C

sustained monomorphic ventricular tachycardia

Note: DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; ICD — implantable cardioverter defibrillator.

pumeyarue: DKM — punataumonHas kapavomvonatus; M'HAKMIT — runokvHeTnyeckas HegunataumorHas kapavomuonartus; UKL — umnnaHtupye-
Mblii KapAnoBepTep-AedubpunnaTop.
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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

Genetic risks and triggers
for VA/SCD VA/SCD
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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

Dominant subtype
of VA (%)

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

PVT
MVT

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;

— 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; PYT — polymorphic
ventricular tachycardia; rTOF — repaired tetralogy of Fallot; SCD — sudden cardiac death; VA — ventricular arrhythmia
Puc. 2. TeHeTUYECKUIN PUCK ENYLOYKOBOM apuUTMUM / BHE3aMHOW CEpAEYHON CMEpPTU, TUMUYHBIE TPUTTEPbI XENYL0UKOBOW apuTMum /
BHE3aMHOM CepAe4HON CMepTH, BO3PACT Npu MOSBNEHUN XeNYA0YKOBONA apuUTMUM / BHe3arHoOM cepAeqHon cMepTH, npeobnaaanme nona
W BapuaHT TUMWYHOM JKENy[0YKOBOM apuUTMUM MpY PasninyHbIX 3a60/1eBaHUSAX, CBA3AHHBIX C XeNyLO4KOBON apUTMUeN / BHe3anHoM cep-
[Je4HON cMepTbio [2]

— Ha/MyMe reHETUYECKUX PUCKOB; — Tpurrep — GU3NYeCcKas 1 IMOLMOHANbHas Harpy3Ku; — Tpurrep — nna.aHue,
HbIpSHUE; — CMHKOMaNbHbIE COCTOAHMS BO CHE;  — TPUITEp — PE3KUIA 3BYK; — Tpurrep — ¢mM3nyecKan Harpyska
BCC — BHesanHas ceppedHas cMepTb; A — xenypnoukosble aputMun; MMKT — MoHOMopdHas enyaoukoBass TaxuKapaus;
KT — nonuMopdHan xenyaouKoBas TaxMKapaus

— trigger — swimming, diving;
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Table 5. General recommendations for patients with mutations in genes encoding lamin
Ta6nmua 5. 061ume peKoMeHaLUmMK 19 NaLMEHTOB C MyTalyeli FeHoB, KOLMPYIOLUMX CUHTE3 NIAMUHOB

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

©

Note: DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; LMNA — nuclear lamin gene.
pumeyarue: JKMIN — punataumoHHas kapavommonatus; FTHOKMI — runokuHeTuyeckas HeaunataumoHHas Kkapavommonatus; LMNA — reH spepHbIx

JIaMUHOB.

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, desmacollin-2; Dsg2,
desmoglein-2; Dsp, desmoplakin; Pkg, 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, 311.
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)
Puc. 3. 3nekTpoKapavorpaMMa naumeHTa, CTpaaaloLLero GMBEHTPUKYNSPHON apuUTMOreHHoI KapavMoMuonaTueit (00bAcHeH e B TeKCTe)
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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-Vé 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 @ 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,

Vol 3(3) 2023
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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)

Puc. 4. InexTpoKapamorpaMMa nauMeHTa, CTpafaloLLero npaBoXesynoyKoBOA apuUTMOreHHoN KapaMoMUonaTheid, BO BpeMs TUMMYHOI

JKeNyL04YKOBOM TaxuKapamm (06bACHeHWe B TEKCTe)
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Table 6. Recommendations for the diagnosis and management of patients suffering from arrhythmogenic cardiomyopathy
Tabnuua 6. PekoMeHaLMM N0 AUATHOCTUKE U BELLEHWIO MaLMEHTOB, CTPALAloOLLMX apUTMOTEHHO KapA1oM1onaTHeit

Recommendation Indication Evidence level
class
Cardiac MRI is recommended for patients with suspected ACM B
Genetic counseling and testing are recommended for patients with suspected or established
ACM diagnosis
Patients diagnosed with ACM are advised to avoid high-intensity physical exercise B
Avoidance of high-intensity physical exercise may be recommended for carriers b C
of ACM-associated pathogenic mutations and those without the phenotype
Beta-blocker therapy may be recommended for all patients with an established diagnosis of ACM b C

Note: ACM — arrhythmogenic cardiomyopathy; MRl — magnetic resonance imaging.
pumeyaHue: AKMIT — apuTtMoreHHas kapAnomMuonaTusi; MPT — MarHuTHo-pe3oHaHcHas ToMorpagus.

Table 7. Recommendations for risk stratification and primary prevention of sudden death in arrhythmogenic cardiomyopathy
Tabnuua 7. PeoMeHAaLMM MO CTPaTUGUKALIMM PUCKa U NEPBUYHOI NPOdUIaKTVKe BHE3aMHON CMepT Npy apUTMOreHHO KapaMoM1onaTi

Recommendation Indication Evidence level
class
ICD implantation is recommended for patients with a definite diagnosis of ACM and lla B
arrhythmogenic syncope
ICD implantation is recommended for patients with an established diagnosis of ACM and lla C
a significant decrease in RV systolic function or LV dysfunction
ICD implantation should be recommended in symptomatic patientsa with an established lla o
diagnosis of ACM, moderate RV or LV dysfunction or nonsustained ventricular tachycardia, or
electrophysiologically induced sustained monomorphic ventricular tachycardia
In patients with ACM and symptoms suggestive of ventricular arrhythmia, electrophysiological b C

testing may be recommended for risk stratification

Note: ACM — arrhythmogenic cardiomyopathy; ICD — implantable cardioverter defibrillator; LV — left ventricle; RV — right ventricle. 2 Presyncope or
palpitations indicating ventricular arrhythmias.

pumeyanue: AKMI — aputMmoreHHas kKapauvomumonatus; UKL — uMnnantupyeMbln kapauoBepTep-aedubpunnstop; JIK — nesbiit enypouek;
MK — npasblit xxenynoyex. 2 MpesobMopoyHble COCTOSHUS UM yyallleHHoe cepaLedbueHme, YKa3biBatOLLEe Ha XKeNyLoUKOBbIE apUTMUN.

Table 8. Recommendations for secondary prevention of sudden death and treatment of ventricular arrhythmias in arrhythmogenic
cardiomyopathy
Tabnuua 8. PekoMeHaaLMM No BTOPUYHON MPOGUIAKTMKE BHE3AMHOWM CMEPTH U JIEYEHMIO JKeTyA04YKOBbIX apUTMUiA

Recommendation Indication Evidence level
class

ICD implantation is recommended in patients with ACM and ventricular tachycardia or ventricular C
fibrillation accompanied by hemodynamic instability
In patients with ACM and nonsustained or sustained ventricular tachycardia, beta-blocker therapy o
is recommended
In patients with ACM and recurrent symptomatic sustained monomorphic ventricular tachycardia lla €
or ICD shocks for sustained monomorphic ventricular tachycardia despite beta-blocker therapy,
catheter ablation should be recommended in specialized centers
Patients with ACM and indications for an ICD should be recommended to install a device with lla B
the ability to program anti-tachycardia pacing to relieve sustained monomorphic ventricular
tachycardia
ICD implantation is recommended for patients with ACM with hemodynamically tolerated sustained lla C
monomorphic ventricular tachycardia
Patients with ACM and recurrent symptomatic ventricular tachycardia despite beta-blocker therapy lla C

should be treated with other antiarrhythmic agents

Note: ACM — arrhythmogenic cardiomyopathy; ICD — implantable cardioverter defibrillator.
[pumeqaHue: AKMIT — aputMoreHHas kapanomuonatus; MK — uMnnaHTupyeMblid kapavosepTep-gedubpunnarop.
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Table 9. Recommendations for the management of relatives of a patient with arrhythmogenic cardiomyopathy
Tabnuua 9. PekoMeHaaums no BefieHMI0 POACTBEHHUKOB 60/IbHOTO apUTMOreHHON KapaMoMuonaTmien

Knacc YpoBeHb
PexkoMeHpaauus .
noKasaHuu AO0Ka3aTeJIbHOCTU
First-degree relatives of patients with ACM an electrocardiogram and echocardiogram are o

recommended

Note: ACM — arrhythmogenic cardiomyopathy.
[pumeyaHue: AKMIT — apuTMoreHHas KapAuMoMMonaTus.

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 |
[TNNI3], and a-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

00l https://doiorg/10.17816/cardar56/837

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].
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Table 10. Recommendations for risk stratification, prevention of sudden cardiac death, and treatment of ventricular arrhythmias in
hypertrophic cardiomyopathy

Ta6numua 10. PekoMeHpaumm no ctpatdmKaLmMy pucka, NpoduiaKTvKe BHE3aNHOM CepAeUHON CMEPTU U JIEYEHMIO JKEMYL0YKOBbIX apUTMUI
npyu runepTpodu4ecKoii KapAnoM1onaTm

Indication

Evidence level
class

Recommendation

Diagnostic evaluation and general recommendations

MRI with late gadolinium enhancement is recommended for diagnostic evaluation in a patient B
with HCM
Genetic counseling and testing are recommended for patients with HCM. B

High-intensity exercise may be recommended in asymptomatic adult patients with HCM without 1] C
risk markers for SCD

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 C
of 1-3 years or in case of a change in the patient’s clinical status

ICD implantation should be recommended in patients aged 16 years or more with an estimated lla B
5-year risk of SCD = 6%
ICD implantation should be recommended for HCM in patients aged 16 years or more with an lla B

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
¢) abnormal blood pressure response during an exercise test
or
d) aneurysms of the LV apex
or
e) sarcomeric pathogenic mutation

ICD implantation may be recommended for HCM in patients aged 16 years or more with an 1] B
estimated 5-year risk of SCD of 4%—6% without additional risk factors

ICD implantation may be recommended for HCM in patients aged 16 years or more with a low ] B
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

¢) LV apical aneurysm

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

Secondary prevention of SCD and treatment of VA

ICD implantation is recommended for patients with HCM with hemodynamically intolerable VT or VF - B

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

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

Catheter ablation in specialized centers may be recommended for some HCM patients llb C
with recurrent, symptomatic, sustained monomorphic VT or frequent ICD activation caused

by sustained monomorphic VT when antiarrhythmic drugs are ineffective, intolerant, or

contraindicated.

Management of relatives of a patient with HCM

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

Note: SCD — sudden cardiac death; HCM — hypertrophic cardiomyopathy; VA — ventricular arrhythmias; VT — ventricular tachycardia;
ICD — implantable cardioverter defirillator; LV — left ventricle; MRl — magnetic resonance imaging; EF — ejection fraction; VF — ventricular fibrillation.
lMpumeyaHue: BCC — BHe3anHas cepaeyHas cMepTb; TKMI — runeptpoduyeckas kapanomuonatus; A — xenyaoukoBble aputMum; T — xenypou-
KoBas Taxukapaus; MK, — uMnnantupyeMbiin Kapavoseptep-aedupunnstop; S — nesbiit xenynouek; MPT — MarHuTHo-pe3oHaHcHas ToMorpadus;
OB — dpakumsa Bbibpoca; O — dubpunnaums xenyLouKos.
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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;
however, 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].
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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

Puc. 5. 3xokapavorpaMMa naumeHTa, UMeloLLiero runepTpabeky-
NAPHOCTb MUOKapAa NIeBO0 JKeNyaouKka. BepxylweyHas 4-kamep-
Has nosvuus. 06palualoT Ha cebs BHUMaHWe AunaTauus IeBoro
KeNy04Ka W BbipaXKeHHast TPabeKynsipHOCTb B 0611aCTU BEPXYLLKH

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
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Table 11. Recommendations for cardioverter defibrillator implantation in left ventricular non-compaction
Ta6nuua 11. PekoMeHaLUMmM No UMNaHTaLUmu KapauoBepTepa-Aedmbpuanatopa npyu HEKOMNAaKTHOM MUOKapAE JIEBOr0 JKeNyouKa

Recommendation Indication Evidence level
class
lla (0

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.

Note: SCD — sudden cardiac death; DCM — dilated cardiomyopathy; HNDCM — hypokinetic nondilated cardiomyopathy; ICD — implantable cardioverter

defibrillator, MRI — magnetic resonance imaging.

lMpumeyaHue: BCC — BHe3anHan cepaeyHas cMeptb; JAKMI — punataumonHas kapanommonatus; THOKMIT — runokuHeTMYecKas HeAunaTaLMoHHan
Kapavommonatus; MK — umnnaHTupyeMbint KapanosepTep-aedubpunnatop: MPT — MarHMTHO-pe3oHaHCHas ToMorpagus.

Table 12. Recommendations for implantation of a cardioverter-defibrillator in patients with cardiac amyloidosis
Tabnuua 12. PekoMeHAaLmMM Mo UMMTaHTaLmMKU KapavoBepTepa-aedubpunnsTopa naumeHTaM, CTpagatoLuUM aMUIona030M cepaua

Recommendation Indication Evidence level
class
lla C

ICD should be recommended in patients with light-chain amyloidosis or transthyretin-associated

amyloid CMP and hemodynamically intolerable VT

Note: VT — ventricular tachycardia; ICD — implantable cardioverter defibrillator; CMP — cardiomyopathy.
Mpumeyarue: T — xenynoukoBas Taxukapaus; UKL — uMnnaHTUpyeMblit KapavoBepTep-aedubpunnstop; KM — kapavomuonatus.

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,

00l https://doiorg/10.17816/cardar56/837

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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