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Circular Sympathetic Pulmonary
Artery Denervation in Cardiac Surgery Patients
with Mitral Valve Defect, Atrial Fibrillation
and High Pulmonary Hypertension
Objective

Investigate the influence of the sympathetic denervation of the pulmonary trunk and the orifices of the
pulmonary arteries on the degree of pulmonary hypertension (PH) and outcomes of the surgical
treatment of atrial fibrillation (AF) in patients with mitral valve defects, complicated AF, and high PH.

Material and methods

We analyzed the surgical treatment of 140 patients with mitral valve defect, concomitant AF, and high
PH – pulmonary artery systolic pressure (PASP) gradient more than 40 mm Hg. The group of interest
included 51 patients (46 patients with severe mitral stenosis and five patients with grade 4 mitral
valve regurgitation). All patients underwent mitral valve correction (47 valve replacement surgeries
and 4 valve-sparing interventions), biatrial Maze IV procedure, and additionally, denervation of the
pulmonary trunk and the orifices of the pulmonary arteries. The control group included 89 patients
diagnosed with mitral valve defect, AF, and PH with PASP > 40 mm Hg. However, unlike in patients
of interest, denervation of the pulmonary arteries was not performed.

Results

Circular radiofrequency denervation of the pulmonary trunk and the orifices of the pulmonary
arteries using a clamp-destructor is an effective and safe method, significantly reduces secondary PH
(p=0.018), promotes reverse remodeling of the heart chambers, left atrium in particular (p=0.01),
and improves outcomes of the Maze IV procedure (p=0.022) by restoring sinus rhythm in patients
with mitral valve defects, complicated AF, and high PH.

Conclusion

This technique must be studied further involving a more significant number of patients, analyzing
long-term results, and using this technique in patients with non-valvular causes of secondary PH.
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A

trial fibrillation (AF) is one of the most common structural changes of the left atrial walls, which leads
cardiac arrhythmias. Its incidence is 2 % of the to the formation of pathological re-entry circles due
population, and it has been tending to increase in the past to the electrical and morphological remodeling and
decade [1, 2]. This type of arrhythmia is detected in 30– the formation of electrical conduction blocks [6, 7].
84 % of patients with cardiac valvular disease. AF reduces Thus, correction of the valve apparatus is a priority
the effectiveness of surgical treatment and quality of life for successful treatment of AF [2, 8]. However, even
of these patients, increases the risk of thromboembolic adequate correction of mitral valve defects in patients
complications, promotes worsening of heart failure, with preoperative AF restores sinus rhythm in only 8.5–
and ultimately increases mortality [2–5]. The natural 20 % of patients; other patients require additional surgery
course of mitral valve defect promotes dilation and [9–11].
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In the natural course of mitral valve defects, the cardiopulmonary bypass for the concomitant correction
incidence of which reaches 8 % of the population [12], of heart valve disease. These techniques include
various structural changes develop, so an individual epicardial ablation of the anterior wall of the pulmonary
approach is required in each case [13]. The primary trunk and of the pulmonary arterial orifices with a
complications of mitral valve defects are AF, worsening monopolar electrosurgical cautery pencil [30], and also
of secondary pulmonary hypertension (PH), dilation circular ablation of the pulmonary trunk and the orifices
of the heart chambers, and the onset of comorbidities of the pulmonary arteries with a bipolar destructor [13,
[14, 15]. Worsening of secondary PH during progression 31]. Despite these research reports, there is currently
of the mitral valve defect contributes to an overload on no standard technique for the surgical treatment of PH,
the right heart, onset of relative tricuspid insufficiency, which is why an optimal algorithm for surgical treatment
and consequently, poor prognosis of the disease. Quality of PH patients must be found.
Objective: Investigate the influence of the sympathetic
of life decreases and chances of premature death
denervation of the pulmonary trunk and the orifices
increase [16].
The modern classification of mitral valve defects of the pulmonary arteries on the degree of PH and on
specifies the presence of PH with an increase in outcomes of the surgical treatment of AF in patients with
resting pulmonary artery pressure > 25 mm Hg, mitral valve defects, complicated AF, and severe PH.
according to magnetic resonance imaging (MRI) and
echocardiography (EchoCG) [17, 18]. At a 2013 Cong Material and Methods
ress held in Nice, a classification of PH was proposed
We analyzed the surgical treatment of 140 patients
with five main groups of pulmonary hypertension: 1) with mitral valve defect, concomitant AF, and severe PH,
pulmonary arterial hypertension; 2) PH due to hypoxia i.e., pulmonary artery systolic pressure (PASP) gradient
and / or chronic lung disease; 3) PH due to left heart more than 40 mm Hg. The surgical intervention in these
disease; 4) chronic thromboembolic PH; 5) idiopathic patients included the correction of the mitral valve defect,
PH [19]. The onset of severe PH in patients with heart specifically valve replacement or reconstructive surgeries,
valve diseases reduces the effectiveness of surgical and Maze IV biatrial radiofrequency ablation with a
treatment of mitral valve defects, prolongs remodeling bipolar AtriCure clamp.
of the heart chambers, and reduces the effects of surgical
The experimental group (Group 1) included 51
correction of AF [20]. Pathomorphological aspects of patients, 46 patients with severe mitral stenosis and
severe PH are due to an imbalance between vasodilators five patients with grade 4 mitral valve regurgitation. All
and vasoconstrictors in the presence of morphological of these patients underwent correction of mitral valve
remodeling of the vessel wall [21–23].
defect (47 valve replacements and four valve-sparing
In 1962, Osorio and Russek [24] first proved the surgeries), biatrial Maze IV procedure, and denervation
presence of sympathetic plexuses in the pulmonary of the pulmonary trunk and the orifices of the pulmonary
artery adventitia, which produce spasm of pulmonary arteries PADN).
arterioles and increase pressure in the pulmonary
Criteria for inclusion in the experimental group
circulation. Subsequently, these data were confirmed by included mitral valve defect, AF, severe PH (PASP > 40
Baylen et al. [25] and by Juratsch et al. [26]. Effective mm Hg), and postembolic secondary PH. All patients
treatment of severe PH remains a challenge of modern were informed preoperatively about a planned additional
medicine. Medicinal drugs are expensive and are not PADN procedure, which was scheduled with the main
always effective in reducing PH [27].
stage of the surgical correction. Informed consent for
The first techniques of surgical correction of PH were additional radiofrequency ablation of the pulmonary
attempted in 2013 by Chen et al. [28], who proposed trunk and the orifices of the pulmonary arteries was
denervation of pulmonary arteries using an endovascular signed according to Good Clinical Practice (GCP) and
catheter, and they achieved a significant reduction in the Declaration of Helsinki.
pulmonary arterial pressure. Briongos Figuero et al. [29]
The control group (Group 2) included 89 patients with
also demonstrated the feasibility of surgical denervation the same diagnosis of mitral valve defect, complicated AF,
of the sympathetic plexuses of the pulmonary arteries and severe AF. However, these patients did not undergo
and showed that a high preoperative degree of secondary the PADN procedure.
PH closely correlates with persistent severe PH in
Statistical data analysis was carried out using Statistica
the postoperative period, even after correction of 12.0. Quantitative data are presented as mean and
the mitral valve defect (odds ratio of 1.761; p=0.03). standard deviation (M±SD). For rank values or for nonTechniques for surgical treatment of PH are also used in normal distributions, median, upper, and lower quartiles
36
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Ultimately, the pulmonary artery denervation
(Me [Q1; Q3]) are presented. Due to the non-normal
distribution of the rank and quantitative data, statistical procedure included six ablation lines: two lines in the
significance of differences was calculated using the Mann- distal pulmonary artery and two lines in the orifices of
Whitney test (pm-u). The differences between relative the right and left pulmonary arteries.
The average time of the pulmonary artery denervation
values of qualitative data were assessed using the χ2 test.
When at least one cell of a 2x2 table had less than five procedure was 5.5±1.5 min. It was followed by antegrade
observations, the Fisher’s exact test was used. Differences cardioplegia by introduction of Custodiol solution
in mean values were considered statistically significant if into the aortic root. The main stage of the surgery, i.e.,
correction of heart valve disease and Maze IV, was
error probability (p) was less than 0.05.
The main clinical and demographic characteristics of performed after cardiac arrest.
The duration of myocardial ischemia was 85.2±26.6
the subjects in Group 1 and Group 2 are listed in Table 1.
Intergroup comparisons show more severe conditions in min, and the duration of cardiopulmonary bypass was
Group 1 subjects, specifically age, EUROSCORE score, 114.1±33.4 min.
The duration of patients’ stay in the intensive care unit
left ventricular dilatation, right heart dilatation, left
was 2.4±3.1 days. The postoperative management of the
ventricular contractility, and degree of PH.
Denervation of the pulmonary trunk and the orifices experimental group did not differ from that of the control
of the pulmonary arteries was performed circularly group. Transthoracic EchoCG was performed in 3, 6, 12,
using a bipolar radiofrequency AtriCure ablation clamp. and 24 mos after the surgery to monitor the dynamics of
During cardiopulmonary bypass, the pulmonary trunk PH regression.
bifurcation was isolated, and two circular ablation lines
were made in the distal pulmonary trunk with three Results
applications of the ablation clamp.
One patient in each group died due to acute heart
Next, orifices of the right and left pulmonary arteries failure in the early postoperative period. No specific
were isolated, followed by applying similar ablation lines complications associated with the proposed technique
(two lines with three clamp applications on each). The of surgical treatment of severe PH were observed in any
orifice of the right pulmonary artery was isolated to the group. All patients had positive postoperative dynamics
right of the aorta, in the projection of the transverse sinus. of echocardiographic parameters (Table 2).
Table 1. Clinical and demographic characteristics of patients before the surgery (n=140)
Parameters, unit of measurement

Group 1 (n=51)

Group 2 (n=89)

Pm-u

23 / 28

28 / 61

0.108

59.4±5.2

55.8±8.3

0.005

RHD

76

85

0.072

IE

20

9

0.072

Sex (male /female)
Age, years
Nosology, %

CTDS

4

6

0.657

Long-persistent

86

84

0.751

Persistent

8

2

0.117

Paroxysmal

24

13

0.164

2.63±1.37

2.74±1.74

0.688

Atrial flutter, %

14

20

0.337

Brachiocephalic atherosclerosis with more than 50% stenosis, %

18

17

0.905

History of CVA, %

8

8

0.996

Type of AF, %
Duration of arrhythmia, years

5 [4; 8]

4 [3; 6]

0.004

Duration of cardiopulmonary bypass, min

EUROSCORE score, points

111 (87-130)

136 (118–151)

<0.001

Duration of aortaic clamping, min

79 (67–102)

107 (92–128)

<0.001

Tricuspid insufficiency, degree

2 (1–3)

2 (2–3)

0.095

CHF, NYHA functional class

3 (3–4)

3 (3–4)

0.058

Values are means±SD, means with (range), or median (Me) and upper, and lower quartiles (Me [Q1; Q3]). Group 1 = Experimental
Group; Group 2 = Control Group. Intergroup differences were calculated with the Mann-Whitney test. CVA, cerebrovascular accident;
IE, infective endocarditis; CTDS, connective tissue dysplasia; RHD, rheumatic heart disease; CHF, chronic heart failure.
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Table 2. Changes of echocardiographic parameters in patients of interest
Group 1
Group 2
Pm-u
(group of interest; n=51)
(control group; n=89)
Baseline
2 [1; 3]
2 [2; 3]
0.095
Tricuspid
insufficiency, degree
At 24 months
0 [0; 0]
1 [1; 1]
<0.001
Baseline
3 [3; 4]
3 [3; 4]
0.058
CHF, NYHA
functional class
At 24 months
2 [2; 2]
2 [2; 3]
0.023
Baseline
5.6 [5.4; 6.4]
5.5 [5.2; 5.7]
0.014
LVEDD, cm
At 24 months
4.6 [4.5; 5.3]
4.8 [4.6; 5.1]
0.896
Baseline
4 [3.8; 4.8]
3.8 [3.6; 4.1]
<0.001
LVESD, cm
At 24 months
3.2 [3; 3.6]
3.3 [3.1; 3.7]
0.625
Baseline
153.66 [135.34; 208.52]
143.2 [130.4; 160.04]
0.016
LVEDV, cm
At 24 months
97.34 [93.8; 135.34]
105.85 [97.34; 123.81]
0.858
Baseline
70 [61.95; 107.52]
61.95 [54.43; 71.2]
<0.001
LVESV, cm
At 24 months
42.55 [35; 54.43]
44.13 [36.46; 57.71]
0.691
Baseline
52.18 [49.11; 55.12]
56.26 [53.1; 57.98]
<0.001
LVEF, %
At 24 months
58.2 [56.26; 60.09]
57.94 [54.38; 63.27]
0.857
Baseline
3.6 [3.4; 4]
3.4 [3.2; 3.7]
0.003
RVESD, cm
In 24 months
2.9 [2.8; 3.2]
3 [2.9; 3.1]
0.156
Baseline
5.5 [5.3; 5.7]
5.4 [5.2; 5.6]
0.600
LA ESD, cm
At 24 months
4.1 [3.8; 4.3]
4.3 [4; 4.6]
0.010
Baseline
5.8 [5.6; 6]
5.6 [5.2; 5.9]
0.095
RA ESD, cm
At 24 months
4.5 [4.4; 5]
5 [4.4; 5.3]
0.073
Baseline
48 [45; 60]
46 [44; 50]
0.018
PASP gradient, mm Hg
At 24 months
23 [21; 28]
26 [23.5; 29.4]
0.519
Baseline
100
100
>0.05
AF, %
At 24 months
16±37
34±48
0.022
Values are means±SD or median (Me) and upper, and lower quartiles (Me [Q1; Q3]). Intergroup differences were calculated
with the Mann-Whitney test. EDD, end-diastolic dimension; LV, left ventricle; ESD, end-systolic dimension; EDV, end-diastolic volume;
ESV, end-systolic volume; EF, ejection fraction; RV, right ventricle; LA, left atrium; RA, right atrium; PASP, pulmonary artery systolic pressure;
CHF, chronic heart failure; AF, atrial fibrillation.
Parameters, a unit of measurement

Results shown in Table 2 demonstrate reverse
remodeling of the heart chambers, increased contractile
function of the left ventricle, and decrease in PH in the
experimental group (Group 1). In these patients, the
pulmonary trunk and the orifices of the pulmonary
arteries were denervated, in addition to the main stage of
the surgery. Although baseline performance was worse
(EchoCG measurements and age of the patients were
significantly different), the results in the experimental
group were comparable with those achieved in the
control group.
Blocking the sympathetic ganglia in the pulmonary
arteries eliminates spasms of small arteries and arterioles,
thus increasing the total capacity of the pulmonary
circulation, which resulted in a decrease in postoperative PH.
Changes in the mean values of PH in both study
groups are provided in Figure 1. These data demonstrate
the benefits of a comprehensive approach to the
correction of mitral valve defects, complicated AF, and
severe PH. Denervation of the pulmonary arteries of
the Group 1 patients with more severe PH produced a

significant reduction in pulmonary atrial pressure within
3 mos that was comparable to that in the control group.
However, the baseline pulmonary artery pressure was
significantly higher in the experimental group.
The reduction in PH with elimination of pulmonary
vascular spasm contributed to the reduction of left atrial
pressure.
Figure 2 shows the dynamics of postoperative left
atrial remodeling.
This diagram shows the most favorable results of the
reverse left atrial remodeling in the experimental group
(Group 1) within 12 months after the surgery. These
results were associated with blockade of the sympathetic
noradrenergic ganglia located in the distal pulmonary
trunk and in the orifices of the pulmonary arteries,
reduction of spasm in the hypertrophied muscle layer
of the arterioles, and vasodilation in the postoperative
period. The result was an increase in the vascular capacity
of the pulmonary circulation.
The complex cardiac remodeling increased the
effectiveness of the Maze IV procedure by reducing the

38
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Figure 1. Dynamics of pulmonary hypertension
in the experimental and control groups
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(p=0.744)

In 6 months
(p=0.985)
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In 12 months In 24 months
(p=0.327)
(p=0.519)

Statistical significance
was assessed using the Mann–Whitney test

Figure 2. Dynamics of the left atrial
remodeling in the experimental and control groups
(left atrial end-systolic dimension, cm)
5.6

5.48

5.4 5.42

1st group
(n=51)
2nd group
(n=89)

5.2
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4.9
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4.56

4.4

4.4
4.27

4.2
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4.11

Baseline
(p=0.6)

In 3 months
(p=0.755)

In 6 months In 12 months In 24 months
(p=0.965)
(p=0.05)
(p=0.01)

number of arrhythmias during the postoperative period.
Figure 3 shows the restoration of sinus rhythm after the
surgical correction of AF. Data show the percentage of
patients with sinus rhythm in each group.
These data demonstrate better recovery and
preservation of sinus rhythm in the experimental group
(Group 1), in which denervation of the pulmonary arteries
was performed in addition to correction of the valve
defects and surgical treatment of AF. The comprehensive
treatment applied to the experimental group produced
96.9 % effectiveness of the Maze IV procedure in 3 months
vs. 80 % in the control group (Group 2; p=0.008).
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Discussion

In this investigation, we analyzed the outcomes of
surgical treatment of high-degree secondary PH by
radiofrequency denervation of the distal pulmonary
trunk and the orifices of the right and left pulmonary
arteries in patients with mitral valve defects, AF, and
severe PH. The control group was composed of an
identical cohort of patients who also underwent the
correction of the mitral valve dysfunction and AF, but
without the correction of PH. Despite the short period
of observation and the small number of patients, the data
demonstrate more favorable results in left atrial reduction,
elimination of relative tricuspid insufficiency, restoration
and preservation of sinus rhythm, and as a consequence,
elimination of heart failure phenomena in Group 1, in
which a comprehensive surgical approach was applied.
At baseline, the experimental group was comprised
of critical patients, who were different from control
group patients in age, EUROSCORE score, dilatation
of the left and right ventricles, myocardial contractility,
and degree of PH. Echocardiography demonstrated
improved cardiac dynamics in the experimental group
patients after complex surgery. Thus, values became
comparable for the experimental and control groups
with regard to size of right and left ventricular chambers,
myocardial contractility, and degree of PH. Destruction
of sympathetic nerve plexuses in the pulmonary trunk
and in the orifices of the pulmonary arteries by the
radiofrequency ablation relaxes the smooth muscle of
the small pulmonary arteries and arterioles. This results
in vasodilation similar to that observed in the lower
limb vessels after lumbar sympathectomy. Overall, there
was an increase in pulmonary vascular capacity and a
decrease in PH. The decrease in the pulmonary artery
pressure in experimental patients of Group 1 was due
not only to the correction of mitral valve defects and
arrhythmias but was due also to the effects of the PADN
procedure.
The literature provides evidence of positive
results of both endovascular radiofrequency ablation
[28] and anterior wall ablation with a monopolar
electrosurgical pencil [6]. The technique employed in
the current investigation involved circular radiofrequency
denervation not only of the pulmonary trunk but also
of the orifices of the left and right pulmonary arteries.
This allowed maximum denervation of the sympathetic
nerve plexuses located in the adventitia of the pulmonary
arteries.
The proposed technique is technically straightforward,
does not affect the duration of myocardial ischemia, is
performed during cardiopulmonary bypass without
increasing the duration of aortic clamping, and caused no
40

Figure 3. The effectiveness of surgical treatment
of atrial fibrillation in the experimental group
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Statistical significance was calculated using the χ2 test.

complications. The denervation procedure was completed
in 5–7 minutes.
This research demonstrates the effectiveness, safety,
and practical implications of the proposed technique.
Moreover, when the concomitant Maze IV procedure is
performed, the same bipolar AtriCure clamp-destructor
is used for both surgical treatment of AF and the
additional correction of high-degree PH.

Conclusion

This investigation demonstrated that circular
radiofrequency denervation of the pulmonary trunk
and the orifices of the pulmonary arteries with a clampdestructor significantly reduced secondary pulmonary
hypertension, promoted reverse remodeling of the heart
chambers, particularly the left atrium, and improved
outcomes of the Maze IV procedure. These benefits
resulted from restoring and preserving sinus rhythm
in patients with mitral valve defects, complicated atrial
fibrillation, and severe pulmonary hypertension. This
technique must be studied further in a larger number
of patients in which long-term results are analyzed. In
addition, and using this technique in patients with nonvalvular causes of secondary pulmonary hypertension
should be evaluated.

No conflict of interest is reported.
The article was received on 08 / 08 / 19
ISSN 0022-9040. Kardiologiia. 2020;60(1). DOI: 10.18087/cardio.2020.1.n771

§

ORIGINAL ARTICLES | MITRAL VALVE DEFECT
REFERENCES
1. 		 Sulimov V.A., Lishuta A.S. Prospects of treatment of patients
with atrial fibrillation. Rational Pharmacotherapy in Cardiology.
2011;7(3):323–33. [Russian: Сулимов В.А., Лишута А.С. Перспективы лечения пациентов с фибрилляцией предсердий. Рациональная фармакотерапия в кардиологии. 2011;7(3):323-33]
2. 		 Trofimov N.A., Medvedev A.P., Babokin V.Е., Demarin O.I., Zhamlihanov N.H., Dragunov A.G. et al. Improvement of the results of
surgical correction of complex rhythm disturbances and prevention of their recurrence in cardiac surgery patients. Almanac of Clinical Medicine. 2015;38:74–80. [Russian: Трофимов Н.А., Медведев А.П., Бабокин В.Е., Демарин О.И., Жамлиханов Н.Х., Драгунов А.Г. и др. Улучшение результатов хирургической коррекции
сложных нарушений ритма и профилактика их рецидива у кардиохирургических пациентов. Альманах клинической медицины.
2015;38:74-80]
3. 		 Kim JS, Lee SA, Park JB, Chee HK, Chung JW. Preoperative risk factor
analysis of postoperative stroke after Cox-maze procedure with mitral
valve repair. BMC Cardiovascular Disorders. 2014;14(1):116. DOI:
10.1186/1471-2261-14-116
4. 		 Bokeria L.A., Shengelia L.D. Treatment of atrial fibrillation. Part
II. Current realities and future prospects. Annals of Arrhythmology.
2014;11(2):76–86. [Russian: Бокерия Л.А., Шенгелия Л.Д. Лечение фибрилляции предсердий. Часть II. Сегодняшние реалии и завтрашние перспективы. Анналы аритмологии. 2014;11(2):76-86].
DOI: 10.15275/annaritmol.2014.2.2
5. 		 Babokin V, Trofimov N. Prevention of Atrial Fibrillation Recurrence after the Maze IV Procedure. The Annals of Thoracic Surgery. 2019;pii:S000349751931478X. [Epub ahead of print]. DOI:
10.1016/j.athoracsur.2019.08.087
6. 		 Bogachev-Prokofiev A.V., Sapegin A.V., Pivkin A.N., Sharifulin R.M.,
Afanasyev A.V., Ovcharov M.A. et al. Evaluation of the new onset atrial fibrillation in patients with mitral valve lesion and left atrial enlargement. Annals of Arrhythmology. 2017;14(2):73–80. [Russian: Богачев-Прокофьев А.В., Сапегин А.В., Пивкин А.Н., Шарифулин Р.М.,
Афанасьев А.В., Овчаров М.А. и др. Оценка частоты возникновения фибрилляции предсердий у больных с пороками митрального клапана и атриомегалией. Анналы аритмологии. 2017;14(2):7380]. DOI: 10.15275/annaritmol.2017.2.2
7. 		 Babokin V.E., Shipulin V.M., Antonchenko I.V., Batalov R.E., Lukyanenok P.I., Aymanov R.V. et al. Radiofrequency labels in surgical
treatment of left ventricle postinfarction aneurysms and ventricular
tachycardias. Russian Journal of Thoracic and Cardiovascular Surgery.
2011;5:23–8. [Russian: Бабокин В.Е., Шипулин В.М., Антонченко И.В., Баталов Р.Е., Лукьяненок П.И., Айманов Р.В. и др. Радиочастотные метки в хирургическом лечении больных с постинфарктной аневризмой левого желудочка и желудочковыми тахикардиями.
Грудная и сердечно-сосудистая хирургия. 2011;5:23-8]
8. 		 Mamchur S.Е., Homenko Е.A., Chistyukhin O.M., Kurilin M.Yu., Ivanov A.Yu. Efficiency and safety of radiofrequency ablation of slow
pathways of atrioventricular conduction in irrigated mode using non-fluoroscopic navigation mapping. Journal of arrhythmology. 2012;69:28–31. [Russian: Мамчур С.Е., Хоменко Е.А., Чистюхин О.М., Курилин М.Ю., Иванов А.Ю. Эффективность и безопасность радиочастотной аблации медленных путей атриовентрикулярного проведения в орошаемом режиме с использованием
нефлюороскопического навигационного картирования. Вестник
аритмологии. 2012;69:28-31]
9. 		 Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B et al.
2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Europace. 2016;18(11):1609–78.
DOI: 10.1093/europace/euw295
10. Vaskovskiy V.A., Serguladze S.Yu. Possibilities and prospects of surgical treatment of atrial fibrillation. Annals of Arrhythmology.
2016;13(2):64–72. [Russian: Васковский В.А., Сергуладзе С.Ю.
Возможности и перспективы хирургического лечения фибрилляции предсердий. Анналы аритмологии. 2016;13(2):64-72]. DOI:
10.15275/annaritmol.2016.2.1

11. Gillinov AM, Gelijns AC, Parides MK, DeRose JJ, Moskowitz AJ, Voisine P et al. Surgical Ablation of Atrial Fibrillation during Mitral-Valve Surgery. New England Journal of Medicine.
2015;372(15):1399–409. DOI: 10.1056/NEJMoa1500528
12. Belozerov Yu.M., Osmanov I.M., Sh.M. Magomedov. Mitral valve
prolapse in children and adolescents. Vol. 1. -M.: Medpraktika-M;
2009. – 132 p. [Russian: Белозеров Ю.М., Османов И.М., Магомедова Ш.М. Пролапс митрального клапана у детей и подростков. Том 1. - М.: Медпрактика-М, 2009. – 132 с]. ISBN 978-598803-200-7
13. Trofimov N.A., Medvedev A.P., Dragunov A.G., Babokin V.Е.,
Nikol’skiy A.V., Mizurova T.N. et al. Denervation of pulmonary trunk
and pulmonary orifice in patients with surgically corrected mitral
valve disease against high pulmonary hypertension. Almanac of Clinical Medicine. 2017;45(3):192–9. [Russian: Трофимов Н.А., Медведев А.П., Драгунов А.Г., Бабокин В.Е., Никольский А.В., Мизурова Т.Н. и др. Денервация легочного ствола и устьев легочных артерий у пациентов с хирургической коррекцией патологии митрального клапана на фоне высокой легочной гипертензии. Альманах
клинической медицины. 2017;45(3):192-9]. DOI: 10.18786/20720505-2017-45-3-192-199
14. Trofimov N.A., Medvedev A.P., Babokin V.E., Zhamlikhanov N.Kh.,
Dragunov A.G., Gartfelder M.V. et al. Efficiency of surgical treatment of mitral insufficiency with atrial fibrillation of nonishemic
etiology. Medical Almanac. 2014;5(35):165–9. [Russian: Трофимов Н.А., Медведев А.П., Бабокин В.Е., Жамлиханов Н.Х., Драгунов А.Г., Гартфельдер М.В. и др. Эффективность оперативного лечения митральной недостаточности, с фибрилляцией предсердий неишемической этиологии. Медицинский альманах.
2014;5(35):165-9]
15. Shipulin V.M., Kozlov B.N., Krivoschekov E.V., Kazakov V.A.,
Lezhnev A.A., Babokin V.E. et al. Morphofunctional characteristics of the myocardium of patients with post-infarction remodeling
as a possible cause of adverse results of surgical treatment. Thoracic and cardiovascular surgery. 2009;5:37–41. [Russian: Шипулин В.М., Козлов Б.Н., Кривощеков Е.В., Казаков В.А., Лежнев
А.А., Бабокин В.Е. и др. Морфофункциональная характеристика миокарда пациентов с постинфарктным ремоделированием как возможная причина неблагоприятных результатов оперативного лечения. Грудная и сердечно-сосудистая хирургия.
2009;5:37-41]
16. Zheleznev S.I., Demidov D.P., Afanasiev A.V.,
Nazarov V.M., Demin I.I., Bogachev-Prokofiev A.V. et al. Radiofrequency denervation of the pulmonary artery in surgical correction of dysplastic mitral valve defects with high pulmonary
hypertension. Russian Journal of Cardiology. 2016;21(11):70–
2. [Russian: Железнев С.И., Демидов Д.П., Афанасьев А.В.,
Назаров В.М., Демин И.И., Богачев-Прокофьев А.В. и др. Радиочастотная денервация легочной артерии при хирургической коррекции диспластических пороков митрального клапана с высокой легочной гипертензией. Российский кардиологический журнал. 2016;21(11):70-2]. DOI: 10.15829/15604071-2016-11-70-72
17. Hurdman J, Condliffe R, Elliot CA, Davies C, Hill C, Wild JM et al.
ASPIRE registry: Assessing the Spectrum of Pulmonary hypertension Identified at a REferral centre. European Respiratory Journal.
2012;39(4):945–55. DOI: 10.1183/09031936.00078411
18. Bogunetsky A.A., Usov V.Yu., Babokin V.E. Magnetic resonance
imaging of the heart with contrast enhancement: prognostic role
in determining arrhythmogenic focus. Bulletin of Siberian Medicine. 2014;13(1):98–102. [Russian: Богунецкий А.А., Усов
В.Ю., Бабокин В.Е. Магнитно-резонансная томография сердца с контрастным усилением: прогностическая роль в определении аритмогенного очага. Бюллетень сибирской медицины.
2014;13(1):98-102]
19. Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, Denton C, Ghofrani A et al. Updated Clinical Classification of Pulmo-

ISSN 0022-9040. Kardiologiia. 2020;60(1). DOI: 10.18087/cardio.2020.1.n771

41

§

ORIGINAL ARTICLES | MITRAL VALVE DEFECT

20.

21.
22.

23.

24.

25.

42

nary Hypertension. Journal of the American College of Cardiology.
2013;62(25):D34–41. DOI: 10.1016/j.jacc.2013.10.029
Trofimov N.A., Medvedev A.P., Babokin V.E., Dragunov A.G., Efimova I.P., Gartfelder M.V. et al. Effectiveness of PADN-procedure in patients with high pulmonary hypertension against background of mitral
valve dysfunction complicated by atrial fibrillation and effect on preservation of sinus rhythm in postoperative period. Medical Alphabet.
2018;4(37):18–24. [Russian: Трофимов Н.А., Медведев А.П., Бабокин В.Е., Драгунов А.Г., Ефимова И.П., Гартфельдер М.В. и др. Эффективность процедуры PADN у пациентов с высокой легочной
гипертензией на фоне дисфункции митрального клапана, осложненной фибрилляцией предсердий, и влияние на сохранность синусового ритма в послеоперационном периоде. Медицинский алфавит. 2018;4(37):18-24]
Rubin LJ. Primary Pulmonary Hypertension. New England Journal of Medicine. 1997;336(2):111–7. DOI: 10.1056/
NEJM199701093360207
Galie N, Manes A, Negro L, Palazzini M, Bacchi-Reggiani ML, Branzi A. A meta-analysis of randomized controlled trials in pulmonary arterial hypertension. European Heart Journal. 2008;30(4):394–403.
DOI: 10.1093/eurheartj/ehp022
Hoeper MM, Barberà JA, Channick RN, Hassoun PM, Lang IM,
Manes A et al. Diagnosis, Assessment, and Treatment of Non-Pulmonary Arterial Hypertension Pulmonary Hypertension. Journal
of the American College of Cardiology. 2009;54(1):S85–96. DOI:
10.1016/j.jacc.2009.04.008
Osorio J, Russek M. Reflex Changes on the Pulmonary and Systemic
Pressures Elicited by Stimulation of Baroreceptors in the Pulmonary
Artery. Circulation Research. 1962;10(4):664–7. DOI: 10.1161/01.
RES.10.4.664
Baylen BG, Emmanouilides GC, Juratsch CE, Yoshida Y, French WJ,
Criley JM. Main pulmonary artery distention: A potential mechanism for acute pulmonary hypertension in the human newborn infant.
The Journal of Pediatrics. 1980;96(3):540–4. DOI: 10.1016/S00223476(80)80863-8

26. Juratsch CE, Jengo JA, Castagna J, Laks MM. Experimental Pulmonary Hypertension Produced by Surgical and Chemical Denervation of the Pulmonary Vasculature. Chest. 1980;77(4):525–30. DOI:
10.1378/chest.77.4.525
27. Guazzi M, Vitelli A, Labate V, Arena R. Treatment for Pulmonary Hypertension of Left Heart Disease. Current Treatment Options in Cardiovascular Medicine. 2012;14(4):319–27. DOI: 10.1007/s11936012-0185-6
28. Chen S-L, Zhang F-F, Xu J, Xie D-J, Zhou L, Nguyen T et al. Pulmonary Artery Denervation to Treat Pulmonary Arterial Hypertension. Journal of the American College of Cardiology.
2013;62(12):1092–100. DOI: 10.1016/j.jacc.2013.05.075
29. Briongos Figuero S, Moya Mur JL, García-Lledó A, Centella T, Salido L, Aceña Navarro Á et al. Predictors of persistent pulmonary
hypertension after mitral valve replacement. Heart and Vessels.
2016;31(7):1091–9. DOI: 10.1007/s00380-015-0700-2
30. Bogachev-Prokofev A.V., Zheleznev S.I., Afanas’ev A.V., Fomenko M.S., Demidov D.P., Sharifulin R.M. et al. Denervation of pulmonary artery during mitral valve surgery in patients with high
pulmonary hypertension. Circulatory pathology and cardiac surgery. 2015;19(4):19–25. [Russian: Богачев-Прокофьев А.В., Железнев С.И., Афанасьев А.В., Фоменко М.С., Демидов Д.П., Шарифулин Р.М. и др. Аблация ганглионарных сплетений легочной
артерии при хирургическом лечении пороков митрального клапана у пациентов с высокой легочной гипертензией. Патология
кровообращения и кардиохирургия. 2015;19(4):19-25]
31. Trofimov N.A., Medvedev A.P., Dragunov A.G., Nikol’skiy A.V.,
Mizurova T.N., Gartfel’der M.V. et al. Method of surgical treatment
of secondary pulmonary hypertension in the case of patients having surgical correction of mitral valve pathology. Medical Almanac.
2017;3(48):33–7. [Russian: Трофимов Н.А, Медведев А.П, Драгунов А.Г., Никольский А.В., Мизурова Т.Н., Гартфельдер М.В. и др.
Способ хирургического лечения вторичной легочной гипертензии у пациентов с хирургической коррекцией патологии митрального клапана. Медицинский альманах. 2017;3(48):33-7]

ISSN 0022-9040. Kardiologiia. 2020;60(1). DOI: 10.18087/cardio.2020.1.n771

