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Abstract

https://www.peertechz.com/journals/journal-of-cardiovascular-medicine-and-cardiology

Background: The aim of this study was to evaluate the impact of sympathetic denervation of the pulmonary trunk and main pulmonary arteries on outcomes of
surgical treatment in patients with mitral valve dysfunction, complicated by atrial fibrillation (AF) and severe Pulmonary Hypertension (PH).

Method: Between September 2013 and July 2019, 140 patients with mitral valve dysfunction, concomitant AF and severe PH (mean pulmonary arterial pressure,
MPAP, greater than 40 mmHg) who underwent cardiac surgery were analyzed. In the Denervation group, 51 patients underwent mitral valve surgery, biatrial Maze IV
procedure and radiofrequency denervation of trunk and both main pulmonary arteries (pulmonary artery denervation, PADN). In the control group, 89 patients underwent

the same surgery stages without PADN procedure.

Results: Circular pulmonary artery denervation (PADN) contributes to a significant reduction in secondary PH (p = 0.018), reverse remodeling of the heart chambers,
in particular the left atrium (p = 0.01), is an effective and safe method, and improves the results of the Maze IV procedure (p = 0.022) due to the sinus rhythm restoration,

in patients with mitral valve dysfunction, complicated by AF and PH.

Conclusions: Circulatory PADN additional to mitral valve surgery and Maze procedure represents a safe and effective treatment method for patients with mitral valve
dysfunction, complicated by AF and severe PH. It is necessary to continue the study of this technique involving a larger number of patients, to analyze long-term outcomes

and use this technique in patients with non-valvular causes of secondary PH.

Abbreviations

AF: Atrial Fibrillation; LADs: Left Atrium Anterior-Posterior
Diameter in Systole; LVEDV: Left Ventricular End-Diastolic
Volume; LVEF: Left Ventricular Ejection Fraction; LVESV: Left
Ventricular End-Systolic Volume; LVIDd: Left Ventricular
Internal Diameter in diastole; LVIDs: Left Ventricular Internal
Diameter in Systole; MPAP: Mean Pulmonary Arterial Pressure;
PADN: Pulmonary Artery Denervation; PH: Pulmonary
Hypertension; RADs: Right Atrium Anterior-posterior
Diameter in Systole; RVD: Right Ventricular Basal Diameter;
TVI: Tricuspid Valve Insufficiency

Introduction

During the natural course of the mitral valve defects that
reach 9.3% of the population [1], there are various structural
changes that require the use of an individual approach in
each case. The main reasons are the etiological factors, the
occurrence of AF, the growth of secondary PH, dilation of the
heart chambers, comorbid pathology, etc. [2,3]. The growth of
secondary PH on the background of the progression of mitral
heart disease, contributes to the right heart overload, occurrence
of tricuspid valve insufficiency and, as a consequence, poor
prognosis, premature death and reduced quality of life of this
category of patients [4].

Effective treatment of severe PH is the stumbling block of
modern medicine. Medication drugs are still expensive and not
at all cases allow enough to reduce PH [5].

The first methods for the surgical correction of PH were
proposed by S.L. Chen in 2013, which proposed to perform
pulmonary denervation using an endovascular catheter
and achieved a significant reduction in pressure in the
pulmonary artery [6]. The feasibility of surgical denervation
of the sympathetic plexuses in the pulmonary arteries was also
demonstrated in the works of S. Briongos Figuero et al., who
showed that a severe of secondary PH in the preoperative period
closely correlates with high persistent PH in the postoperative
period, even after correction of mitral valve disease (odds ratio
1.761; p = 0.03) [7]. Later, methods of surgical treatment of PH
under extracorporeal circulation with simultaneous correction
of valvular heart disease were presented, consisting in epicardial

ablation of the anterior wall of the trunk and main pulmonary
arteries using a monopolar stick electrode [8] and also another
method of circular ablation of the trunk and main pulmonary
arteries using a bipolar destructor were described [9]. This
study evaluates the impact of sympathetic denervation of the
pulmonary trunk and main pulmonary arteries on outcomes of
surgical treatment in patients with mitral valve dysfunction,
complicated by AF and severe PH.

Material and methods
Patients

The analysis of surgical treatment of 140 patients with
mitral valve disease, concomitant AF and severe PH has been
carried out. Surgical intervention in these patients consisted in
the correction of a mitral valve disease (replacement or repair).
Due to the arrhythmic history, biatrial radiofrequency ablation
was performed according to the Maze IV scheme using isolator
synergy bipolar clamps under the control of transmurality. In
the Denervation group, 51 patients (46 patients with severe
mitral stenosis and 5 with 4th degree mitral valve insufficiency)
underwent mitral valve surgery (47 valve replacement, 4 valve
repair) plus biatrial Maze IV procedure and PADN. The criteria
for inclusion in the denervation group were the presence of
a mitral valve disease, AF, severe PH, absence of significant
coronary artery lesions. The study has been approved by local
ethical committee. All the studied patients before the operation,
without fail, were informed about the upcoming additional
procedure PADN, which was planned to be performed with the
main stage of surgical correction, signed informed voluntary,
according to the principles of clinical practice (Good Clinical
Practice - GCP), in accordance with the Helsinki Declaration.
In the control group, 89 patients, who also had severe mitral
valve dysfunction, underwent the same surgery stages without
PADN procedure.

Surgical technique

Denervation of the trunk and orifices of bilateral pulmonary
arteries was performed by circular line with a Isolator Synergy
Bipolar radiofrequency Clamps. On beating heart with the
concomitant use of cardiopulmonary bypass, bifurcations of the
pulmonary trunk were identified, followed by the application
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of 2 circular lines to the distal region of the pulmonary trunk,
3 appliques each (Figure 1). Then, the orifices of bilateral
pulmonary arteries were isolated followed by the application of
similar ablation lines. The orifice of the right pulmonary artery
was isolated by the right of the aorta, in the projection of the
transverse sinus of the heart. Procedure in the final represents
6 ablation lines, 2 at the level of the distal part of the pulmonary
trunk and 2 at the orifices of bilateral pulmonary arteries
(Figure 2). Myocardial protection with antegrade cardioplegia
was performed into the aortic root and, after the cardiac arrest,
the main stage of the operation was performed - correction of
valvular heart dysfunction and the Maze IV procedure.

Follow-Up

At intensive care unit and before discharge the monitoring
of echocardiography indicators was carried out for all patients.
Postoperative management of patients of the Denervation
group did not differ from the management of patients in
the control group. All patients were followed prospectively
with annual visits. The dynamics of the reduction of PH was
controlled by the results of transthoracic echocardiography in
3, 6, 12, 24 months after surgery.

Statistical analyses

Statistical processing of the results was carried out in the
program “SPSS Statistics 26”. Quantitative data were given
as mean and standard deviation (M * o), with rank values or
incorrect distribution, as median and upper and lower quartiles

Figure 2: The orifices of bilateral pulmonary arteries ablation.
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(Me; {Q1-Q31). Due to the irregular nature of the distribution,
for rank and quantitative data, the statistical significance of
the differences was estimated by the Mann-Whitney test (p,
o). For qualitative data (relative values), the differences were
evaluated by the chi-square test (y2). When the number of
observations in at least one of the values of Table 1 was less
than 5, the calculation was carried out using Fisher’s exact test.
The probability value (p) was considered acceptable at p <0.05.

Results

Patients of the Denervation group (n = 51) and Control
(n = 89) were comparable in terms of the main clinical
and demographic values (Table 2). Intergroup differences
characterize Denervation group as more severe (by age,
EuroSCORE II, left ventricle and right chambers dilation, LVEF,
PH degree). Despite the significant difference in the age of the
compared groups of patients, the influence of this factor is
estimated as small, and the PASP value is important [10].

Mean overall PADN procedure time was 5,5+1,5 minutes.
Mean overall aortic cross-clamp time was 85,2 + 26,6 minutes,
cardiopulmonary bypass time was 114,1 + 33,4 minutes.
Patients stay in the intensive care unit for 2.4 + 3.1 days. The
mortality was by one patient in each group, and was caused
by progressive acute heart failure in the intrahospital period
specific complications associated with the proposed method of
surgical treatment of severe PH were not observed.

Positive dynamics of echocardiographic parameters in
the postoperative period was observed in all patients (Table
1). The table results demonstrate reverse remodeling of heart
chambers, improvement of LVEF, reduction in PH in the
Denervation group. On initially worst values of the Denervation
group, the comparable results were achieved with the control
group that had a significant difference in echocardiographic
values and patient age.

The changes of mean values of PAP in research groups
demonstrated at Figure 3. It demonstrates advantages of
combined approach to correction of mitral valve dysfunction
in patients with AF and PH. PADN performed on Denervation
group patients with higher PH, helps to achieve significantly
lower MPAP in pulmonary circulation after 3 months in
comparison of control group.

Improvement of echocardiography dimensions of left
atrium demonstrated at Figure 4. The presented time curve
demonstrates the better results of reverse remodeling of the
left atrium in the denervation group already 12 months after

surgery.

The final result of the complex remodeling of the heart is
the better maintenance of sinus rhythm in the postoperative
period. Surgical treatment of AF, that was carried out in patients
of both groups, demonstrates the results presented in Figure 5
(data are presented in% of patients with sinus rhythm in each
denervation group). The presented data demonstrate the better
indicators of sinus rhythm maintenance in the group, where the
correction of valvular pathology and surgical treatment of AF
was supplemented with pulmonary denervation. An integrated
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Table 1: Postoperative changes of tracked echocardiographic data.

Denervation group

Control group

Val
(n =51) (n =89) pValue
before surger 2(1-3 2(2-3 0.095
TVI degree gery (1-9) 23)
after 24 months 0 (0-0) 1(1-1) <0.001
NYHA class before surgery 3(3-4) 3(3-4) 0.058
after 24 months 2(2-2) 2 (2-3) 0.023
LVIDd, cm before surgery 5.6 (5.4-6.4) 5.5(5.2-5.7) 0.014
after 24 months 4.6 (4.5-5.3) 4.8 (4.6-5.1) 0.896
before surgery 4(3.8-4.8) 3.8 (3.6-4.1) <0.001
LVIDs, cm
after 24 months 3.2(3-3.6) 3.3(3.1-3.7) 0.625
LVEDV cm before surgery 153.66 (135.34-208.52) 143.2 (130.4-160.04) 0.016
’ after 24 months 97.34 (93.8-135.34) 105.85 (97.34-123.81) 0.858
LVESV om before surgery 70 (61.95-107.52) 61.95 (54.43-71.2) <0.001
' after 24 months 42.55 (35-54.43) 44.13 (36.46-57.71) 0.691
LFEV % before surgery 52.18% 56.26% <0.001
i after 24 months 58.2% 57.94% 0.857
RVD. cm before surgery 3.6 (3.4-4) 3.4 (3.2-3.7) 0.003
' after 24 months 2.9(2.8-3.2) 3(2.9-3.1) 0.156
LADs, cm before surgery 5.5(5.3-5.7) 5.4 (5.2-5.6) 0.600
after 24 months 4.1 (3.8-4.3) 4.3 (4-4.6) 0.010
before surgery 5.8 (5.6-6) 5.6 (5.2-5.9) 0.095
RADs, cm
after 24 months 4.5 (4.4-5) 5(4.4-5.3) 0.073
before surgery 48 (45-60) 46 (44-50) 0.018
MPAPR, mmHg
after 24 months 23 (21-28) 26 (23.5-29.4) 0.519
AF % before surgery 100% 100% >0.05
P after 24 months 16% 34% 0.022

TVI: Tricuspid Valve Insufficiency; LVIDd: Left Ventricular Internal Diameter in diastole; LVIDs: Left Ventricular Internal Diameter in Systole; LVEDV: Left Ventricular End-
Diastolic Volume; LVEF: Left Ventricular Ejection Fraction; RVD: Right Ventricular Basal Diameter; LADs: Left Atrium Anterior-Posterior Diameter in Systole; MPAP: Mean

Pulmonary Arterial Pressure

Table 2: Preoperative Patients Characteristics (n = 140). RVD, cm 3.6310.33 3.4610.3 0.003
Denervation group Control group LADs, cm 5.48+0.35 5.4210.67 0.600
p Value '
(n =51) (n =89)
RADs, cm 5.710.41 5.56+0.57 0.095
Gender (male/female) 23/28 28/61 0.108
MPAP, mmHg 50.028.67 46.87:6.78  0.018
Age at operation, years 59.43+5.18 55.81+8.26 0.005 . . . . . .
TVI: Tricuspid Valve Insufficiency; LVIDd: Left Ventricular Internal Diameter in
Cause of mitral valve disease diastole; LVIDs: Left Ventricular Internal Diameter in Systole; LVEDV: Left Ventricular
Rheumatic fever 74% 87% 0.072 End-Diastolic Volume; LVEF: Left Ventricular Ejection Fraction; RVD: Right Ventricular
. i . . Basal Diameter; LADs: Left Atrium Anterior-Posterior Diameter in Systole; MPAP:
Infective endocarditis 20% 9% 0.096 Mean Pulmonary Arterial Pressure
Degenerative 6% 4% 0.657
Type of AF . .
P approach in the Denervation group allows, after 3 months, to
- i L 9 . . .
Long-term persistent 86% 84% 0.751 achieve the preservation of sinus rhythm at the level of 99.6%,
Persistent 8% 2% 0.117 while in the control group this indicator is at the level of 80%
Paroxysmal 6% 14% 0.164 (p = 0.008).
Arrhythmia history, years 2.631+1.37 2.74+1.74 0.688 COHC]USiOH
Atrial flutter 14% 20% 0.337
Carotid stenosis >50% 18% 17% 0.905 The prevalence of AF is one of the highest among heart
. o ; .
Past medical history of a stroke 8% 8% 0.996 rat.e disturbance, reaches 2% in population and has a Fenfiency
to increase over the past 10 years [11]. The arrhythmia tightly
EuroSCORE 5.71%2.27 4.65+1.87 0.004 . . .
correlates with up to 24.6% of valvular heart disease patients,
Cardiopulmonary bypass time, min 114.1+33.44 119.47449.52  0.511 decreases cardiac surgery effectiveness and quality of life,
Aortic cross-clamp time, min 85.2426.64 90.424¢32.45  0.359 increases risk of thromboembolic events, progression of heart
TVI, degree 1.94+0.81 2.18+0.81 0.095 failure, and, as an entire result, increases mortality [12-14].
NYHA class 3.4340.5 3.9740.47 0.058 Mitral valve dysfunction due to the natural course, provokes
left atrial dilatation, and on base of structural alterations
LVIDd, cm 5,8410,6 5,590,55 0.014 . . .
and electrical blocks the aberrant re-entry is forming [15].
LVIDs, em 4.25¢0,54 392:052 <000 Thus valve surgery is the high-priority goal to successful AF
LVEDV, cm 171.47+41.33  154.99£36.59  0.016 treatment. But even adequate correction of the mitral valve
LVESV, cm 825242526  68.45¢22.52  <0.001 pathology in patients with preoperative AF leads to the sinus
LVEF 52.45% 56.36% <0.001 rhythm restoration only in 8.5-200/0, and additional Surgical
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intervention is required [16-18]. PH is defined as a mean
pulmonary arterial systolic pressure greater than 25 mmHg,
severe PH — greater than 40 mmHg [19,20].

The presence of severe PH in patients with valvular
pathology reduces the effectiveness of cardiac surgery,
promotes a more prolonged adverse remodeling of the heart
chambers and reduces the effectiveness of surgical treatment
of AF. Pathological aspects of severe PH are caused by an
imbalance between vasodilators and vasoconstrictors on the
background of morphological remodeling of the vessel wall
[21-23]. In 1962, Osorio J. et al, for the first time proved the
existence of sympathetic plexus in the adventitia of the trunk
and main pulmonary arteries, that are responsible for the
spasm of pulmonary arterioles and increased pressure in the
pulmonary circulation [24]. Later, this data was also confirmed
in the research works of Baylen [25] and Juratsch [26].

This work represents an analysis of the results of surgical
treatment of a high degree secondary PH, by radiofrequency
denervation of the distal pulmonary trunk and the orifices of
bilateral pulmonary arteries under the control of transmurality.
The control group is identical to the cohort of patients,
where correction of mitral valve dysfunction and AF is also
performed, but without correction of severe PH. Despite the
short observation time and a small sample of patients, the
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Figure 3: MPAP changes in research groups.
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Figure 4: Improvement of echocardiography dimensions of left atrium.
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Figure 5: The maintenance of sinus rhythm in the studied groups; statistical

significance is calculated by chi-square test.

presented results demonstrate significantly better results of
cardiac chamber remodeling, improvement in ejection fraction,
reduction in PH, and better maintenance of sinus rhythm in the
denervation group.

Elimination of severe PH in this case is caused not only by
correction of mitral valve dysfunction, but also by denervation
of sympathetic nerve fibers located in the trunk and orifices of
bilateral pulmonary arteries, which leads to spasm elimination
of small arteries and arterioles, vasodilation and, as a result,
increasing in the capacity of the pulmonary circulation and
pressure reducing in the left atrial. The proposed method is
simple in technical performance, does not affect the time of
myocardial ischemia, since it is performed on the on-pump
beating-heart, and in our cases was not accompanied by any
complications. The mean denervation time was 5-7 minutes.

As a result of this work, the effectiveness, safety, and
practical significance of the proposed methodology were
demonstrated. In addition, when the Maze IV procedure is
performed simultaneously, the same Isolator Synergy Bipolar
Clamps is used, both for the surgical treatment of AF and for
the correction of severe PH. The use of bipolar clamping allows
circular denervation to be performed, which, in our opinion,
is more effective in comparison with the ablation technique of
only the anterior wall of the pulmonary trunk and the orifices
of bilateral pulmonary arteries.

Based on the conducted research, it can be concluded that
circular radiofrequency denervation of the trunk and orifices
of bilateral pulmonary arteries, using a destructor clamp, is an
effective and safe method, and also improves the results of the
Maze IV procedure due to better maintenance of sinus rhythm
in patients with mitral valve dysfunction complicated by AF
and severe PH. It is necessary to continue the study of this
technique with the involvement of a larger number of patients,
the analysis of long-term results and the use of this technique
in patients with non-valvular causes of secondary PH.
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