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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.
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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!
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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
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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.




ORIGINAL RESEARCH

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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