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BACKGROUND

Thoracoscopic ablation is an effective method for 

the treatment of patients with atrial fibrillation. Compa-

red with endocardial catheter ablation, this tech ni que 

has demonstrated safety and freedom from arrhyth mia 

in the treatment of isolated atrial fibrillation, and it is 

less invasive than maze III surgery (cut and sew) [1, 2]. 

Previous electrophysiological studies have demon stra-

ted the important role of the posterior wall of the left 

atrium in the pathogenesis of atrial fibrillation [3–8]; 

therefore, complete isolation of the posterior wall of the 

left atrium is a critical component in the treatment of 

arrhythmia [9].

Thoracoscopic ablation enables the isolation of 

the antrum of the pulmonary veins in combination 

with the isolation of the posterior wall of the left 

atrium, thus forming a “box lesion” pattern. To date, 

two types of ablation devices are available in clini-

cal practice, namely, the Medtronic radiofrequency 

generator and electrode (bipolar, irrigation) and the 

AtriCure radiofrequency generator with two types 

of electrodes (bipolar, non-irrigation) (Figs. 1 and 2). 

However, in the modern clinical literature, only one 

study has compared the efficacy and safety of these 

two approaches [10].

Study aim. In this study, we attempted to perform 

a comparative analysis of the immediate results of 

treatment using two thoracoscopic ablation strategies 

(using Medtronic and AtriCure equipment) in patients 

with atrial fibrillation.
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Fig. 1. Medtronic equipment: а — bipolar ablative device 
(clamping-electrode) Medtronic Cardioblate Gemini-S; 
b — cardioblate Generator 68000 RF generator.

a

b

METHODS

Study design

A two-center retrospective study was conducted.

Study conditions

Thoracoscopic ablations using Medtronic equip-
ment were performed at the Federal Research and 
Clinical Center for Specialized Types of Medical Care 
and Medical Technologies of the Federal Medical and 
Biological Agency of Russia, and cases using AtriCure 
equipment were performed at the Clinical Hospital of 
the Department of Presidential Affairs of the Russian 
Federation.

The inclusion criteria were as follows: (1) persistent 
or chronic atrial fibrillation, (2) age >18 years, (3) failure 
of conservative therapy using antiarrhythmic drugs of 
classes I and III (Vaughan Williams classification), and 
(4) absence of a pronounced structural pathology of 
the heart that requires surgical treatment.

The exclusion criteria were as follows: (1) secondary 
atrial fibrillation resulting from a reversible cause (peri-
carditis, hyperthyroidism, thromboembolism of the pul-
mo nary artery, pneumonia, hypokalemia, etc.), (2) sur-
gical interventions on chest or mediastinal organs, 
(3) age <18 years, (4) indications for open heart surgery 

Fig. 2. AtriCure equipment: а — bipolar clamping-electrode Isolator EMR2, right; b — bipolar clamping-electrode 
Isolator EML2, left; c — electrode for linear ablation MLP1; d — radio frequency generator AtriCure.

a b

c d
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under cardiopulmonary bypass, (5) heart failure with an 

ejection fraction of <30%, (6) history of acute cereb-

rovascular accident <3 months ago, (7) acute myocar-

dial infarction or coronary stenting <3 months ago, 

(8) active systemic infection, (9) thrombosis of the left

atrial appendage, detected 1 day before the surgery,

(10) hemodynamically significant atherosclerotic lesions

of the coronary arteries and myocardial ische mia at

the time of determination of indications for surgery

(confirmed by functional methods of research and

coronary angiography), (11) contraindications to intake

of direct and indirect anticoagulants, and (12) con-

comitant diseases of other organs and systems that

can lead to death during the first 2 years after surgery.

Medical intervention

Clinical data were collected from the electronic pati-

ent information database of both hospitals and analyzed 

retrospectively. Each of the two centers employed only 

one thoracoscopic ablation strategy using Medtronic 

or AtriCure equipment. Both strategies require general 

anesthesia, separate pulmonary ventilation, and clamp 

electrode for the isolation of the antrum of the pulmonary 

veins. However, the isolation of the posterior wall of the 

left atrium with AtriCure equipment was performed using 

a linear electrode, whereas with Medtronic equipment, 

the “box lesion” pattern was formed by alternating 

ablation on the right and left sides with a clamp-type 

electrode (i.e., the electrode design enables achieving 

the “box lesion” pattern by acting alternately on the 

right and left sides). The scheme of the isolation of the 

antrum of the pulmonary veins and the posterior wall of 

the left atrium using Medtronic and AtriCure equipment 

is presented in Fig. 3.

The procedures of thoracoscopic ablation of atrial 

fibrillation using different techniques were described 

in detail in our previously published manual and in 

international works [11, 12].

The final step in both techniques is the resection 

of the left atrial appendage to reduce the risk of 

thromboembolic events and possible subsequent 

dis continuation of anticoagulants. The resection 

of the left atrial appendage was performed using 

a 60-mm endoscopic stapler (Endo GIA Universal 

Stapler, USA) (Fig. 4).

After the ablation procedures, in both cases, the 

conduction block was checked, and if necessary, 

additional ablation treatments were performed. 

Patients who did not regain sinus rhythm received 

electrical impulse therapy. Patients with persistent 

atrial fibrillation after electrical impulse therapy were 

transferred to the intensive care unit, where saturation 

with amiodarone was performed, followed by repeated 

sessions of electrical impulse therapy.

Ethical considerations

The study was approved by the local ethics 

committee.

а b

Fig. 3. Pattern of isolation of the antrum of the pulmonary veins and the posterior wall of the left atrium using Medtronic 
equipment (а) and AtriCure (b).
Note: The solid line shows the ablation lines formed by the clamping electrode, the dotted line shows the ablation lines 
formed by the linear electrode.
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RESULTS

Study participants

From 2016 to August 2021, 232 patients underwent 
thoracoscopic ablation for atrial fibrillation at two 
centers in Moscow. These patients were distributed 
into two groups depending on the surgical method 
and equipment used, namely, the Medtronic group 
(n=140) and the AtriCure group (n=92). The groups 
were comparable in terms of the main clinical and de-
mographic indicators. A statistically significant diffe-
rence was noted in the distribution of patients accor-
ding to the course of atrial fibrillation and heart failure 
grade according to the New York Heart Association 
classification (p <0.001) (Table 1). The distribution of 
pa tients according to the risk of development of throm-
boembolic complications (CHA2DS2-VASC score) and 

Fig. 4. Positioning of the stapler during resection of the 
left atrium appendage.

Table 1

Preoperative characteristics of patients

Indicator
Medtronic group 

(n=140)

AtriCure group 

(n=92)
p-value

Age, years 59 (53.3; 64) 56.5 (49.61) >0.05

Number of male/female patients, n (%) 110 (78.6)/30 (21.4) 62 (67.4)/30 (32.6) >0.05

Duration of atrial fibrillation, years 5 (2; 9.7) 4 (2; 7) >0.05

Body mass index, kg/m2 29 (26; 33) 29 (27; 32) >0.05

Arterial hypertension, n (%) 106 (75.7) 71 (77.2) >0.05

Ischemic heart disease, n (%) 39 (27.9) 32 (34.8) >0.05

Thyroid pathology, n (%) 30 (21.4) 21 (22.8) >0.05

COPD, n (%) 13 (9.3) 15 (16.3) >0.05

Kidney pathology, n (%) 14 (10) 12 (13) >0.05

Diabetes mellitus, n (%) 14 (10) 11 (12) >0.05

CVA/TIA, n (%) 11 (7.9) 4 (4.3) >0.05

Form of atrial fibrillation, n (%)

• Paroxysmal
• Persistent
• Long-term persistent

17 (12.1)
38 (27.1)
85 (60.7)

13 (14.1)
58 (63)

21 (22.8)
<0.001

EHRA index, n (%)

• I 
• II 
• III 
• IV

30 (21.4)
87 (62.6)
23 (16.4)

-

22 (23.9)
46 (50)
23 (25)
1 (1.1)

>0.05

NYHA grade, n (%)

• 0
• I 
• II 
• III 

35 (25)
17 (12.1)
79 (56.4)
9 (6.4)

10 (10.9)
41 (44.6)
36 (39.1)
5 (5.4)

<0.001

Note: Quantitative data are presented as Me (Q1; Q3), where Me is the median, and Q1 and Q3 are the lower and upper quartiles, 
respectively. True results are highlighted in bold. COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular 
accident; EHRA, European Heart Rhythm Association Scale of Atrial Fibrillation-related Symptom; NYHA, New York Heart 
Association functional classification of heart failure; TIA, transient ischemic attack.
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Table 2

Distribution of patients  according to CHA2DS2-VASC Score

Risk of thromboembolic complications
CHA2DS2-VASC Score

Total
0 1 2 3 4 5 6

Medtronic group (n=140)
Quantity 3 25 55 32 17 5 3 140

Group % 2.1 17.9 39.3 22.9 12.1 3.6 2.1 100

AtriCure group (n=92)
Quantity 4 9 19 35 18 7 0 92

Group % 4.3 9.8 20.7 38.0 19.6 7.6 0.0 100

bleeding (HAS-BLED score) is presented in Tables 2 

and 3, respectively.

All patients who were admitted to the hospital for 

surgical ablation underwent a comprehensive pre-

ope  rative examination, which included laboratory 

and instrumental diagnostic methods (Table 4). Atrial 

fibrilla tion was diagnosed based on modern recom-

mendations and criteria adopted by the inter national 

medical community [13].

Preoperative and intraoperative echocardiography 

parameters are presented in Tables 5 and 6, res-

pectively.

Primary results 

The analysis of operational data in the study groups 

revealed a significant difference in the duration of the 

surgical intervention. Such a difference was attributed 

to performing a modified ablation technique using 

Medtronic equipment, i.e., a change in the electrode 

curvature and an increase in the number of applica-

tions [14]; as a result, the ablation time also differed 

statistically significantly between the groups (Fig. 5). 

A difference was also found in the duration of stay in 

the intensive care unit, i.e., 1 and 2 days for groups 1 

and 2, respectively (p <0.001).

To analyze perioperative complications, we used the 

systematic classification of complications proposed 

previously [15]. All complications were divided into 

minor and major complications. The nature and fre quen-

cy of intraoperative and postoperative complications 

(within 30 days after surgery) are presented in Table 7.

No lethal outcomes occurred in our study. Intra-

operative bleeding that required access conversion 

occurred in 6 (4.3%) patients in group 1 (a thoracotomy 

Table 3

Distribution of patients according to the risk of bleeding according to HAS-BLED Score

Risk of hemorrhagic complications
HAS-BLED Score

Total
0 1 2 3 4

Medtronic group (n=140)
Quantity 28 59 35 13 5 140

Group % 20.0 42.1 25 9.3 3.6 100

AtriCure group (n=92)
Quantity 9 16 51 13 3 92

Group % 9.8 17.4 55.4 14.1 3.3 100

Table 4

Algorithm of preoperative evaluation

Research methods

Laboratory Instrumental

• Clinical blood test
• Biochemical blood test (alanine aminotransferase,

aspartate aminotransferase, creatinine, amylase,
and total bilirubin)

• Short coagulogram
• Common urine test
• Pro-B-natriuretic peptide
• Thyroid hormones
• HBsAg (hepatitis В surface antigen), anti-HCV

(antibodies to hepatitis C virus), RW (Wassermann’s
test), and human immunodeficiency virus

• Echocardiography
• Transesophageal echocardiography
• Coronary angiography (according to indications)
• Fibrogastroduodenoscopy
• Ultrasound duplex scanning of brachiocephalic arteries
• Ultrasound duplex scanning of the veins of lower

extremities
• Ultrasound duplex scanning of the arteries of the lower

extremities
• Function of external respiration
• Computed tomography/chest X-ray
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was performed in two patients) and 1 (1.1%) patient in 
group 2 (p >0.05).

In both groups, the majority of the complications 
(>50%) were minor ones and did not affect the 

prognosis and date of discharge from the hospital. 
The incidence of major (life-threatening) complica-
tions was at an acceptable level, occurring in 2 (1.4%) 
and 1 (1.1%) patients in groups 1 and 2, respectively.

Table 5

Preoperative echocardiographic parameters

Echocardiographic parameters
Medtronic group 

(n=140)

AtriCure group 

(n=92)
p-value

Left ventricular ejection fraction, % 57 (53; 60) 63 (58; 68) >0.05

Indexed volume of the left atrium, mL/m2 41 (35; 47) 40.5 (33; 49) >0.05

End-diastolic volume of the left ventricle, ml 108 (95; 130) 113 (96; 134) >0.05

End-diastolic volume of the left ventricle, ml 47 (38; 59) 41 (35; 55) >0.05

Note: Quantitative data are presented as Me (Q1; Q3), where Me is the median, Q1 and Q3 are the lower and upper quartiles, 
respectively.

Table 6

Intraoperative data

Intraoperative indicators
Medtronic group 

(n=140)

AtriCure group 

(n=92)
p-value

Duration of surgery, min 145.5 (120; 172.5) 130 (105; 150) 0.02

Ablation duration, min 32 (30.7; 39.8) 22 (20.5; 24) 0.001

Resection of the left atrial appendage, 
number of patients, n (%)

138 (98.6) 85 (92.4) 0.031

Blood loss, mL 40 (20; 180) 35 (20; 135) >0.05

Cardioversion on the operating table, 
number of patients, n (%)

71 (50.7) 37 (40.2)  >0.05

Duration of artificial lung ventilation, h 4.75 (3.37; 6.15) 4.5 (3.2; 6) >0.05

Duration of stay in the intensive care unit, days 1 (1; 1) 2 (2; 2) <0.001

Note: Quantitative data are presented as Me (Q1; Q3), where Me is the median, Q1 and Q3 are the lower and upper quartiles, 
respectively. True results are highlighted in bold.

Fig. 5. Operative time and time of ablation time in the studied groups (p <0,05).
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The nature of the rhythm at hospital discharge is 

presented in Table 8. Sinus rhythm was registered in 

93.6% of the patients in group 1 and 85.9% in group 2 

(p <0.05).

DISCUSSION

The results of this study corresponded to the fin dings 

of international studies in the field of thoracoscopic 

arrhythmology [16, 17]. Moreover, a significant part of 

the complications occurred during the learning period, 

i.e., the period of technology introduction in clinics when 

both surgeons and anesthesiologists-resuscitators were 

trained on a new procedure in cardiac surgery. In this 

study, 50% of intraoperative complications occurred 

during this period. Naturally, as experience increases, 

the number of complications will decrease even more to 

reach the level of endovascular arrhythmology.

The interpretation of treatment results, namely, the 

recurrence of atrial fibrillation upon hospital discharge, 

is not an entirely correct task because in most cases 

such arrhythmias during the first 3 months are caused 

by incisional arrhythmias [18–20]. Nevertheless, the 

data obtained demonstrate encouraging results.

Our analysis of the safety and efficacy of thora-

coscopic ablation methods (Medtronic and AtriCure) 

showed that both methods provide acceptable imme-

diate treatment results, regardless of the form of atrial 

fibrillation and duration of arrhythmological history. 

In our opinion, treatment results will depend on the 

experience of the surgical and anesthesia team. Cer-

tainly, before the so-called learning curve, surgeons 

will encounter various complications. According to our 

experience, the learning curve on average corresponds 

to the first 50–70 surgeries, but as experience is gained, 

the number of complications will decrease, as will the 

severity of these complications.

In the Russian literature, very few studies have focu-

sed on thoracoscopic ablation in patients with isolated 

atrial fibrillation. The present study demonstrated that 

both techniques provide comparable immediate results 

in the treatment of patients with isolated atrial fibrilla tion. 

A somewhat similar result was obtained by our Dutch 

colleagues [10]. In our opinion, the approach using 

Medtronic equipment is more convenient for mastering 

thoracoscopic ablation because only a few instruments 

are used, and it demonstrates acceptable results. In 

Table 7

The nature and frequency of intraoperative and postoperative complications

Complications
Medtronic group 

(n=140)

AtriCure group 

(n=92)
p-value

Intraoperative complications

Bleeding requiring sterno-/thoracotomy, n (%) 6 (4.3) 1 (1.1) >0.05

Postoperative major complications

Total number, n (%) 2 (1.4) 1 (1.1) >0.05

• Respiratory failure requiring artificial lung ventilation
>1 day, n (%)

1 (0.7) 0 (0.0) >0.05

• CVA/TIA, n (%) 1 (0.7) 0 (0.0) >0.05

• Multisystem organ failure, n (%) 0 (0.0) 1 (1.1) >0.05

Postoperative minor complications

Total number, n (%) 4 (2.8) 4 (4.3) >0.05

• Implantation of a pacemaker, n (%) 2 (1.4) 0 (0.0) -

• Puncture of the pleural cavity, n (%) 2 (1.4) 3 (3.3) >0.05

• Infectious complications, n (%) 0 (0.0) 1 (1.1) >0.05

Note: CVA, cerebrovascular accident; TIA, transient ischemic attack.

Table 8

Heart rhythm at discharge from the hospital

Rhythm
Medtronic group 

(n=140)

AtriCure group 

(n=92)
p-value

Sinus rhythm, n (%) 131 (93.6) 79 (85.9) <0.05

Atrial fibrillation, n (%) 6 (4.3) 11 (11.9) 0.028

Pacemaker rhythm, n (%) 3 (2.1) 2 (2.2) >0.05

Note: True results are highlighted in bold.
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addition, the approach using AtriCure technology, due 

to the use of a linear electrode, enables modifying the 

“box lesion” pattern to “Dallas lesion” and performing 

right atrial isolation, i.e.,., achieving a complete biatrial 

scheme. The implementation of biatrial ablation pat-

terns and the electrophysiological prerequisites for this 

approach were described in detail by Cox [21].

In the Russian literature, the issues of thoracoscopic 

ablation in patients with heart failure, with both preserved 

and reduced ejection fraction, are scarcely covered. 

Further studies, including multicenter ones, are required 

to evaluate the safety and efficacy of thoracoscopic 

ablation strategies in the long-term period.

CONCLUSION

A comparative analysis of two thoracoscopic abla-

tion strategies, i.e., using Medtronic and AtriCure tech-

nologies, in the treatment of patients with isolated 

atrial fibrillation showed comparable immediate results 

in terms of the number of intraoperative and early 

postoperative complications, and they do not signi-

ficantly differ in efficiency in the early postoperative 

period. Further research is required to evaluate the 

long-term efficiency of these strategies.

ADDITIONAL INFORMATION

Author contribution. A.S.  Zotov — treatment of 

patients, participation in the operation, processing 

and discussion of the results of the study, writing the 

text of the article, management of patient treatment; 

O.Yu. Pidanov — treatment of patients, participation in 

the operation, discussion of the results of the study, 

management of patient treatment; I.S.  Osmanov  — 

treatment of patients, participation in the operation, 

processing and discussion of the results of the study, 

writing the text of the article, search and analytical 

work; A.V. Troitsky — discussion of the results of the 

study, management of patient treatment; A.A. Silaev — 

treatment of patients, participation in the operation, 

management of patient treatment; E.R.  Sakharov  — 

treatment of patients, participation in the operation, 

writing the text of the article; V.N.  Sukhotin  — 

treatment of patients, participation in the operation; 

O.O. Shelest — writing the text of the article, search 

and analytical work; R.I.  Khabazov  — discussion 

of the results of the study, management of patient 

treatment; D.A. Timashkov — discussion of the results 

of the study, management of patient treatment; search 

and analytical work. The authors made a substantial 

contribution to the conception of the work, acquisition, 

analysis, interpretation of data for the work, drafting 

and revising the work, final approval of the version 

to be published and agree to be accountable for all 

aspects of the work.

Funding source. The study was funded by Federal 

Scientific and Clinical Centre of Specialized Medical Care 

and Medical Technologies, Federal Biomedical Agency.  

Competing interests. The authors declare that 

they have no competing interests.

REFERENCES
1. Van Laar C., Kelder J., van Putte B.P. The totally thoracoscopic 

maze procedure for the treatment of atrial fibrillation. Int 
Cardio Vascular Thoracic Sur. 2017;24(1):102–111. doi: 
10.1093/icvts/ivw311

2.  Je H.G., Shuman D.J., Ad N. A systematic review of minimally 
invasive surgical treatment for atrial fibrillation: a comparison of 
the Cox-Maze procedure, beating-heart epicardial ablation, and 
the hybrid procedure on safety and efficacy. Eur J Cardiothoracic 
Sur. 2015;48(4):531–541. doi: 10.1093/ejcts/ezu536

3.  Haissaguerre M., Jaïs P., Shah D.C., et al. Spontaneous 
initiation of atrial fibrillation by ectopic beats originating in the 
pulmonary veins. N Engl J Med. 1998;339(10):659–666. doi: 
10.1056/NEJM199809033391003

4.  Kalifa J., Tanaka K., Zaitsev A.V., et al. Mechanisms of wave 
fractionation at boundaries of high-frequency excitation in 
the posterior left atrium of the isolated sheep heart during 
atrial fibrillation. Circulation. 2006;113(5):626–633. doi: 
10.1161/CIRCULATIONAHA.105.575340

5.  Todd D.M., Skanes A.C., Guiraudonet G., et al. Role of the 
posterior left atrium and pulmonary veins in human lone atrial 
fibrillation: electrophysiological and pathological data from 
patients undergoing atrial fibrillation surgery. Circulation. 2003; 
108 (25): 3108–3114. doi: 10.1161/01.CIR.0000104567.72914.BF

6.  Oral H., Özaydin M., Tada H., et al. Mechanistic significance of 
intermittent pulmonary vein tachycardia in patients with atrial 
fibrillation. J Cardiovascul Electrophysiol. 2002; 13 (7): 645–650. 
doi: 10.1046/J.1540-8167.2002.00645.X

7.  Morillo C.A., Klein G.J., Jones DL, et al. Chronic rapid atrial pacing: 
structural, functional, and electrophysiological characteristics 
of a new model of sustained atrial fibrillation. Circulation. 1995; 
91 (5):1588–1595. doi: 10.1161/01.CIR.91.5.1588

8.  Kumagai K., Yasuda T., Tojoet H., et al. Role of rapid focal 
activation in the maintenance of atrial fibrillation originating 
from the pulmonary veins. Pacing Clin Electrophysiol. 
2000;23(11):1823–1827. doi: 10.1111/j.1540-8159.2000.tb07029.x

9.  Roberts-Thomson K.C., Stevenson I.H., Kistler P.M., et al. 
Anatomically determined functional conduction delay in 
the posterior left atrium: relationship to structural heart 
disease. J Am College Cardiol. 2008;51(8):856–862. doi: 
10.1016/J.JACC.2007.11.037

10.  Harlaar N., Verberkmoes N.J., van der Voort P.H., et al. Clamping 
versus nonclamping thoracoscopic box ablation in long-
standing persistent atrial fibrillation. J Thoracic Cardiovascul 
Sur. 2020;160(2):399–405. doi: 10.1016/j.jtcvs.2019.07.104

11.  Пиданов О.Ю., Зотов А.С. Торакоскопическая хирургия фиб-
рилляции предсердий. Москва: Ваш формат, 2020. С. 73–110. 
[Pidanov OY, Zotov AS. Thoracoscopic surgery of atrial fib-
rillation. Moscow: Vash format; 2020. Р. 73–110. (In Russ).]

12.  Van Laar C., Geuzebroek G.S., Hofman F.N., van Putte B.P. 
The totally thoracoscopic left atrial maze procedure for the 
treatment of atrial fibrillation. Multimedia Manual Cardiothor 
Sur. 2016;2016:mmv043. doi: 10.1093/mmcts/mmv043

13. Steinberg J.S., O’Connell H., Li S., Ziegler P.D. Thirty-second gold 
standard definition of atrial fibrillation and its relationship with 

Re
tra

cte
d

09
.0

1.
20

23
. R

et
ra

ct
ed

 b
y 

th
e 

Ed
ito

ria
l b

oa
rd

 d
ue

 to
 th

e 
Pu

bl
ic

at
io

n 
et

hi
cs

 v
io

la
tio

n 
in

 te
rm

s 
of

 a
ut

ho
rs

hi
p.



13

ORIGINAL RESEARCH

www.clinpractice.ru

Vol 13 №3
2022

subsequent arrhythmia patterns: analysis of a large prospective 
device database. Circulation Arrhythmia Electrophysiol. 2018;
11(7):e006274. doi: 10.1161/CIRCEP.118.006274

14. Вачев С.А., Богачев-Прокофьев А.В., Зотов А.С., и др.
Хирургическое лечение фибрилляции предсердий: тех-
нология выполнения торакоскопической радиочас-
тотной фрагментации левого предсердия  // Ангиоло-
гия и сосудистая хирургия. 2019. Т.  25, №  4. С.  146–158.
[Vachev SA, Bogachev-Prokofiev AV, Zotov AS, et al. Surgical
treatment of atrial fibrillation: technology for performing
thoracoscopic radiofrequency fragmentation of the left
atrium. Angiol Vascul Sur. 2019;25(4):146–158. (In Russ).]
doi: 10.33529/ANGIO2019416

15.  Vos L.M., Kotecha D., Geuzebroek G.S., et al. Totally thora cos-
copic ablation for atrial fibrillation: a syste matic safety analysis.
Europace. 2018;20(11):1790–1797.  doi: 10.1093/europace/eux385

16.  Haldar S., Khan H.R., Boyalla V., et al. Thoracoscopic surgical
ablation versus catheter ablation as first-line treatment for
long-standing persistent atrial fibrillation: the CASA-AF
RCT. Southampton (UK): NIHR Journals Library; 2021. doi:
10.3310/eme08180

17.  Phan K, Phan S, Thiagalingam A, et al. Thoracoscopic
surgical ablation versus catheter ablation for atrial fibrilla-
tion. Eur J Cardio-Thoracic Sur. 2016;49(4):1044–1051. doi:
10.1093/ejcts/ezv180

18.  Kron J., Kasirajan V., Wood M.A., et al. Management of
recurrent atrial arrhythmias after minimally invasive surgical
pulmonary vein isolation and ganglionic plexi ablation for
atrial fibrillation. Heart Rhythm. 2010;7(4):445–451. doi:
10.1016/j.hrthm.2009.12.008

19.  Stulak J.M., Suri R.M., Burkhar H.M., et al. Surgical ablation
for atrial fibrillation for two decades: are the results of
new techniques equivalent to the Cox maze III procedure?
J Thoracic Cardiovasc Sur. 2014;147(5):1478–1487. doi:
10.1016/j.jtcvs.2013.10.084

20.  Huo Y., Schoenbauer R., Richter S., et al. Atrial arrhythmias
following surgical AF ablation: electrophysiological findings,
ablation strategies, and clinical outcome. J Cardiovasc Electro-
physiol. 2014;25(7):725–738. doi: 10.1111/jce.12406

21. Cox J.L., Churyla A., Malaisrie S.C., et al. A hybrid maze procedure
for long-standing persistent atrial fibrillation. Ann Thorac Surg.
2019;107(2):610–618. doi: 10.1016/j.athoracsur.2018.06.064

AUTHORS’ INFO

The author responsible for the correspondence:
Aleksandr S. Zotov, MD, PhD; 
address: 28, Orekhovy blvd, Moscow, 
115682, Russia;
e-mail: zotov.alex.az@gmail.com; eLibrary SPIN: 9315-6570;
ORCID: https://orcid.org/0000-0003-0494-0211

Co-authors:
Oleg Yu. Pidanov, MD, PhD; 
e-mail: 9681@mail.ru; eLibrary SPIN: 8264-7791;
ORCID: https://orcid.org/0000-0003-2017-9258

Ilkin S. Osmanov, MD; 
e-mail: dr.osmanov@bk.ru;
eLibrary SPIN: 9214-2606;
ORCID: https://orcid.org/0000-0002-8114-529X

Aleksandr V. Troitskiy, MD, PhD; 
e-mail: dr.troitskiy@gmail.com; eLibrary SPIN: 2670-6662;
ORCID: https://orcid.org/0000-0003-2143-8696

Aleksandr A. Silayev, MD, PhD; 
e-mail: Surgeon-Alex@yandex.ru;
ORCID: https://orcid.org/0000-0002-3798-1936

Emil R. Sakharov, MD; 
e-mail: sakharoom@gmail.com;
eLibrary SPIN: 6744-9462;
ORCID: https://orcid.org/0000-0003-1057-2777

Vladimir N. Sukhotin, MD; 
e-mail: vladimir.suhotin@yandex.ru;
ORCID: https://orcid.org/0000-0001-6897-4483

Oleg O. Shelest, MD; 
e-mail: toshelest@gmail.com;
ORCID: https://orcid.org/0000-0002-0087-9049

Robert I. Khabazov, MD, PhD; 
e-mail: khabazov119@gmail.com; eLibrary SPIN: 8264-7791;
ORCID: https://orcid.org/0000-0001-6801-6568

Denis A. Timashkov, MD; 
e-mail: denistima@gmail.com;
ORCID: https://orcid.org/0000-0003-2831-1284

Re
tra

cte
d

09
.0

1.
20

23
. R

et
ra

ct
ed

 b
y 

th
e 

Ed
ito

ria
l b

oa
rd

 d
ue

 to
 th

e 
Pu

bl
ic

at
io

n 
et

hi
cs

 v
io

la
tio

n 
in

 te
rm

s 
of

 a
ut

ho
rs

hi
p.




