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Research objective. Evaluation of the influence of various modes of radiofrequency circular exposure on immunohistochemical parameters 

of pulmonary trunk tissues in the experiment on animals (pigs). 

Materials and methods. The experiments were made on outbred pigs – 12 animals. During the experiment 3 groups were formed, 4 animals 

in each. The first experimental group comprised 188 histological samples of pulmonary artery (PA) after circular radiofrequency exposure 

on PA using an ablator clamp. Two lines of ablation impact on the pulmonary trunk and two lines of impact on each mouth of PA were 

performed with the formation of 6 ablation lines. The ablation was performed until the target level of tissue impedance between the ablator 

jaws corresponding to the values for transmural damage was reached. The second experimental group comprised 162 histological samples 

of PA after circular denervation of the pulmonary trunk and mouths of both PAs according to the described method. The ablation was 

completed upon reaching 50% of the impedance level relative to the impedance values for transmural damage. The third group – control, 

without circular radiofrequency exposure (55 histological samples). The obtained material was studied by light microscopy, typical general 

pathological processes were recorded with the help of staining with hematoxylin and eosin. The changes in the connective tissue (fibrous, 

muscle) were found with the help of Van Gieson staining. The thermoablative effect degree was assessed using semi-quantitative analysis 

of pathological processes (Olpred stain intensity assessment). In order to assess the degree of impact on the nerve fibers of different layers 

of PA, an immunohistochemical study (IHC) of the samples was carried out in all three groups. The expression of S-100 protein and 

synaptophysin was evaluated.  

Conclusion. Average optic density of the samples of the ablation groups was significantly lower than in the control group (p <0.001). When 

calculating the specific area of the connective tissue disconnection, its greater value was determined in “the edge zones” of the sections in 

both experimental groups, which is due to mechanical compression of tissues, compaction of their structure and, as a result, an increase in 

capacitive characteristics as a current collector and conductor for radio frequency rate ( p = 0.056). IHC analysis of preparations made it 

possible to qualitatively assess the damage to the trunks and endings of peripheral nerve fibers in the adventitial and intimal layers of PA 

section after radiofrequency exposure in the experimental groups.  

In the first experimental group the active expression of synaptophysin and protein S-100 of sympathetic nerve fibers was absent in the 

adventitial and, as a rule, in the intimal layers. In the preparations obtained from PA of animals of the second experimental group, the activity 

of synaptophysin in synaptic fibers and expression of protein S-100 of endothelium vasa vasorum were also not determined in the adventitial 

layer. At the same time, the positive reaction of protein S-100 and synaptophysin was observed in the nerve endings and ganglia in the 

intimal layer of PA preparations of the second group.  

The circular denervation of PA using subthreshold rate of radiofrequency exposure corresponding to 50% of the impedance of PA tissues 

from the corresponding impedance values in case of transmural damage, made it possible to avoid irreversible damage to the nerve endings 

and ganglia of PA intimal layer, thereby preserving the physiological neuroreflex regulation of PA and entire pulmonary circulation. Thus, 

the cascade of pathological reflexes, factors of pulmonary hypertension advance connected with the spasm of precapillary mouth of the 

pulmonary arterioles is turned off.  

 
Keywords: secondary pulmonary hypertension, radiofrequency ablation, denervation of pulmonary arteries, histological study.  
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INTRODUCTION 

The mortality from cardiovascular diseases (CVD) all over 

the world takes first positions in statistic reports. According 

to the data of World Health Organization (WHO), 17.5 

million people died from CVD in 2019, which is 31% of 

deaths in the world [1]. Pulmonary hypertension (PH) is one 

of the urgent issues of cardiovascular surgery [2, 3].  

PH is a hemodynamic and pathophysiological state 

characterized by the increased mean pressure in the 

pulmonary artery (PPA) ≥ 25 mm Hg at rest measured at 

through-venous heart catheterization [4]. PH epidemiology 

affects about 1% of the population, at the age over 65 years 

it is found with 10% of patients [3]. Nevertheless, the 

incidence and prevalence rates of various PH clinical 

groups differ significantly [5, 6].  

The PH initial form is mediated by the mutation in 2q33 

chromosome responsible for the proliferation of endothelial 

cells. Secondary PH is a multifactor disease with patients 

with systemic affection of heart left chambers after past 

thromboembolisms, chronic diseases of respiratory system 

on the background of metabolic disorders [4, 7, 8]. 

 

The classification (2018) describes 5 cases of PH: 

pulmonary arterial hypertension (PAH); pulmonary 

hypertension connected with the pathology of heart left 

chambers; pulmonary hypertension associated with 

respiratory system diseases and/or hypoxemia; chronic 

thromboembolic pulmonary hypertension and other types of 

obstruction of pulmonary arteries; pulmonary hypertension 

with unclear or multiple mechanisms [3, 9, 10]. 

The increased activity of sympathetic nerve system is one of 

the universal mechanisms participating in the pulmonary 

hypertension pathogenesis [11, 12]. According to the 

experimental data, when the arterial pressure in PA increases 

and its opening closes completely, the resistance and 

pulmonary pressure spike [13, 14, 15]. At the same time, the 

diastolic pressure in left and right ventricles, pressure in 

aorta and cardiac output remain unchanged. The regularity 

revealed allows assuming that baroreceptors, providing the 

reflex arc of pulmopulmonary reflex, are situated close to 

pulmonary trunk bifurcation [5]. 

 

 

 

 

The histological substantiation of the existence of 

sympathetic nerve structures in the adventitial layer of 

pulmonary arteries regulating the tonus of pulmonary 

arterioles and contributing to increased pressure in pulmonary 

circulation, was for the first time highlighted by the group of 

authors supervised by J. Osorio in 1962 [16]. Later, those 

results were confirmed in the works by B.G. Baylen [17] and 

C.E. Juratsch [13, 18, 19]. According to the researchers, 80% 

of sympathetic nerves are situated in proximal and distal 

sections of pulmonary trunk bifurcation (bifurcation region, 

mouths of right and left PАs and pulmonary trunk region <2 

mm before bifurcation) within 2.5-3 mm from the opening. 

With pigs, the nerve trunks with large diameters over 300 

mcm are concentrated in proximal segments of pulmonary 

arterial tree, and distal segments are mainly represented by 

nerve trunks with smaller diameters located close to the 

opening (< 1 mm) [13]. The arterial baroreceptors are situated 

in the adventitial layer of the vessel wall, therefore, it is 

important to selectively act upon the adventitial and partially 

medial shells to achieve the complete stop of these receptors’ 

functioning.  

In 2013 Chen et al. for the first time applied radiofrequency 

ablation of PA in the area of pulmonary trunk bifurcation in 

the experiment on animals (dogs). The immediate results of 

the surgical treatment were encouraging and contributed to 

significant decrease in pulmonary hypertension [20].  

Denervation of pulmonary arteries is a new pathogenetically 

substantiated treatment method. The denervation procedure 

can be performed by the method of radiofrequency ablation 

of the pulmonary trunk, in the vessel wall of which the most 

part of nerve fibers of the sympathetic nerve system is 

concentrated [21].  

Thus, the new stage of denervation of pulmonary arteries 

assumes the development of selective and minimally invasive 

methods of destruction of sympathetic nerve plexuses in PA 

adventitia without injuring the neighboring anatomic 

structures.      

Research objective. Evaluation of the influence of various 

modes of radiofrequency circular exposure on 
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immunohistochemical parameters of pulmonary trunk 

tissues in the experiment on animals (pigs).  

 

Materials and methods 

The experiments were made on outbred pigs. The work with 

laboratory animals was carried out according to the 

investigation protocol in compliance with Geneva 

Convention of 1985 and Helsinki Declaration of 2000 on 

humanistic attitude to animals.  

The investigation comprised the analysis of the material 

collected from 12 animals. During the experiment 3 groups 

were formed, 4 animals in each.  

In the first group (experimental) the pigs underwent left-side 

thoracotomy in the phlebonarcosis state, the pulmonary 

trunk was identified. The circular mechanical clamping of 

the pulmonary trunk with an ablator clamp and 

radiofrequency exposure on the vessel walls with embedded 

jaw electrodes were carried out. Two lines of ablation impact 

on the pulmonary trunk and two lines of impact on each 

mouth of PA were performed with the formation of 6 

ablation lines (Figs. 1, 2). 

 

Figure 1. Scheme of circular PA denervation 

1 – pulmonary trunk, 2 – mouths of right and left PAs, 3 – 

lines of applying circular ablation action 

 

The radiofrequency exposure was applied in the controlled 

manner due to the energy supplied from the computer-

programmed hardware-based generator (Fig. 2). During the 

ablation, the continuous hardware-based monitoring of the 

tissue conductivity with computerized calculation of the 

impedance and its demonstration in the dynamic graphical 

form was carried out, as well as by the computational 

boundaries of the assumed level of transmural damage of the 

tissues.     

 

Figure 2. Circulation ablation of pulmonary artery with an 

ablator clamp in the experiment 

 

The ablation was performed until the target impedance level 

of the tissues between the ablator jaws corresponding to the 

values for the transmural damage was reached. After PA 

circular denervation was completed, all animal groups were 

taken away from the experiment. The pulmonary trunk in the 

region of its bifurcation into right and left branches was 

studied (Fig. 1). 
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Figure 3. Photo of PA fixation in jaws under their cross-clamping 

The first group was represented by 188 histological samples 

and split into subgroups A and B. During the circular 

ablation impact on the pulmonary artery tissues, the parallel 

jaws of the ablator clamp non-uniformly act upon the 

pulmonary trunk forming conditional “edge zones” in the 

vessel duplication areas (Figure 3). Therefore, it was 

considered reasonable to distinguish two subgroups in the 

first experimental group: 1А and 1B based on the impact 

area. Subgroup 1А comprised the regions of the central zone 

of PA cross cut (92 histological samples). Subgroup 1B 

comprised the regions of “the edge zone” (96 histological 

samples). 

The second experimental group comprised 4 animals who 

underwent left-side thoracotomy in the phlebonarcosis state 

with PA identification and circular denervation of the 

pulmonary trunk and mouths of both PAs with the formation 

of six impact lines following the described technique. The 

ablation impact mode in the second experimental group was 

controlled by the impedance level of PA tissues. The 

ablation was completed upon reaching 50% of the 

impedance level relative to the impedance values for 

transmural damage. The material was collected in 2 hours 

after the completion of PA circular denervation, then all 

animal groups were taken away from the experiment. The 

pulmonary trunk was collected in the region of its 

bifurcation into right and left branches (162 histological 

samples). 

The second group consisted of subgroup 2А – regions of PA 

cross cut central zone (76 histological samples) and 

subgroup 2B comprising the regions of “the edge zone” of 

the cuts of preparations (86 histological samples). 

The third group (control group) consisted of 4 animals who 

underwent phlebonarcosis with further left-side 

thoracotomic access and collection of PA samples without 

circular radiofrequency exposure. Then the animals were 

taken away from the experiment (55 histological samples). 

After that two cuts were formed from PA wall samples 

obtained, in each of which 6 fields were singled out for visual 

analysis, and then, in the course of finding the optic density, 

up to ten additional repeated computations were made for 

each vision field. After the radiofrequency impact onto PA 

material, all samples were exposed in 10% solution of neutral 

buffered formalin. All exposed material was in the solution 

with the volume 10 and more times exceeding the volume of 

the material itself. The samples were treated in the solution 

within 36 hours at room temperature. 

The material obtained was studied by light microscopy 

method, typical general pathological processes were recorded 

with the help of staining with hematoxylin and eosin. The 

changes in the connective tissue (fibrous, muscle) were found 

with the help of Van Gieson staining. The thermoablative 

effect degree was assessed using semi-quantitative analysis 

of pathological processes (Olpred stain intensity assessment), 

computed for all ten vision fields of all pathological processes 

revealed. The possibility of their mathematical assessment 

was carried out due to the application of computer 

morphometry demonstrated on the photos of the preparations’ 

cuts obtained by photo camera OlympusSP350 in the optics 

of microscope LeicaCME. 

In order to assess the degree of impact on the nerve fibers of 

different PA layers and vasa vasorum in PA adventitia, an 

immunohistochemical study (IHC) of the samples was carried 

out in all three groups. The expression of S-100 protein in 

sympathetic nerve fibers and endothelium vasa vasorum was 

evaluated where it is obligately present and expressed under 

normal flow of metabolic processes and preserved transport 

function of cell membranes. The expression of synaptophysin 

– glycoprotein of synaptic membranes in sympathetic nerve 

fibers was studied in the preparations under investigation, the 

absence of expression of which indicates the irreversible 

affection of the conductive nerve tissue.  

The results were statistically assessed with the application of 

software “SPSS Statistics 26”. The numerical data were 

described using mean and standard deviation (M±σ). To 

check the statistical hypotheses, Student t-test was applied if 

PA FRONT WALL 

FRONT JAW 

BACK JAW 
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the normal distribution of initial data was available, and in 

case of unequal dispersions Mann-Whitney rank-sum test 

was used. When building up the contingency tables to 

compare and check the samplings of all 4 groups, Kruskal-

Wallis test (for numerical and rank-sum data) and Pearson’s 

chi-squared test (for qualitative data) were applied. The 

differences were considered significant at the level p<0.05 

[29]. 

The first stage of the investigation of the obtained 

histological material of PA tissues was light microscopy 

(LM) to reveal the qualitative indications of radiofrequency 

and mechanical impact.  

The clear differentiation of PA wall layers with the 

preserved architectonics was visualized in the control group 

preparations under LM, the phenomena of pericellular and 

pericapillar swellings were absent, the areas of fibrinoid 

necrosis were not determined (Fig. 4). 

 

Figure 4. LМ. Central region (control group) of PA wall 

cross cut (magnification: 200x, staining: hematoxylin and 

eosin) 

Designations: 1 – adventitial layer with preserved 

architectonics, pericellular swelling is absent; 2 – structure 

of medial layer cells is preserved, pericellular swelling is 

absent 

 

Figure 5. LМ. Central region (group 1А) of PA wall cross 

cut in the area of radiofrequency exposure (magnification: 

200x, staining: hematoxylin and eosin) 

Designations: 1 – fibrinoid necrosis in adventitial layer, 2 – 

formation of cavity structures in adventitial layer 

 

The regions of fibrinoid necrosis, phenomena of 

disorganization of elastic muscle fibers with the phenomena 

of karyorhexis and karyolisis in firoblasts and smooth muscle 

myocytes were observed in the first experimental group in 

central areas (subgroup 1А). The changes described above in 

the consistent manner were registered in the adventitial shell 

with the distribution onto PA wall medial area, sometimes the 

damage had transmural character with the affection of 

subendothelial structures and was represented in the samples 

in the form of fibrinoid necrosis and metachromasy of the 

connective tissues fibers (Fig. 5). 

The depth and area of fibrinoid necrosis, as well as 

metachromasy phenomena were more vividly expressed and 

more often had the transmural character in “the edge zones” 

(subgroup 1В); after the radiofrequency exposure the deep 

transmural disorganization of the walls of PA tissue was 

observed in the area of mechanical compression of the 

duplication of PA tissues (Fig. 6). 

 

Figure 6. LМ. “Edge zone” (group 1B) of the cross cut of 

ablation impact region (magnification: 200x, staining: 

hematoxylin and eosin) 

Designations: 1 – fibrinoid necrosis in adventitial layer, 2 – 

formation of cavity structures in adventitial layer 
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Figure 7. LМ. Central region (group 2А) of the cross cut 

of ablation impact region (magnification: 200x, staining: 

hematoxylin and eosin) 

Designations: 1 – separation of fibers of adventitia 

structures, emergence of cavity formations of different sizes, 

2 – myxomatosis, moderate pericellular and pericapillar 

swelling of medial layer structures 

 

Figure 8. LМ. Central region (group 2А) of ablation 

impact cross cut (magnification: 200x, staining: 

hematoxylin and eosin) 

Designations: 1 – endothelium without damages, 2 – intimal 

layer without damages 

 

The changes in PA tissues of the second experimental group 

after the radiofrequency exposure were registered under 

light microscopy in the adventitial layer in the form of 

fibrinoid necrosis with the transition onto the medial layer 

in the form of myxomatosis, pericellular and pericapillar 

swelling phenomena (Fig. 7). In the second investigation 

group the endothelium and intimal structures did not 

demonstrate the indications of irreversible structural 

damages in the preparations of pulmonary artery under light 

microscopy (Fig. 8). 

Van Gieson staining of the preparations was also used to 

assess the depth (transmurality) of thermoablation effect 

onto the connective tissue. Pathological indications were 

absent on PA cross cuts in the control group: separation of 

collagen fibers and swelling of elastic fibers, fibrinoid 

necrosis zones were absent (Fig. 9). 

 

Figure 9. LМ. (Control group). Cross cut region of ablation 

impact (magnification: 200x, staining: hematoxylin and 

eosin) 

Designations: 1 – separation of collagen and swelling of 

elastic fibers are absent in medial layer and adventitia, 

fibrinoid necrosis zones are absent  

 

On the cuts of tissues stained according to Van Gieson, the 

regions of disorganization of the connective tissue fibers were 

determined in the preparations of subgroup 1А with the 

distribution onto PA adventitial and medial layers in the 

central zone. In the tissues of “the edge parts” of the vessel 

(subgroup 1B) the regions of fiber separation, disorganization 

of subendocrinal areas were registered   apart from the 

abovementioned changes (Fig. 10). The transmural character 

of the damages of PA walls was determined in all 

preparations of subgroup 1B. 

 

Figure 10. LМ. “Edge zone” (group 1B) of ablation impact 

region cross cut (magnification: 200x, staining: hematoxylin 
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2 
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and eosin) 

Designations: 1 – regions of destruction of fibrous tissue 

fibers in adventitial layer, 2 – perivascular swelling of vasa 

vasorum 

 

The immunohistochemical investigation (IHC) was carried 

out for the selective assessment of the damages of nerve 

fibers of intimal and adventitial layers of PA walls, as well 

as for the assessment of the structures of PA vasa vasorum. 

When conducting IHC, a high expression of protein S-100 

in sympathetic nerve fibers located intimally and in the 

adventitial layer as well as in the endothelium of PA vasa 

vasorum was revealed in PA wall in the control group (Fig. 

11), synaptophysin expression was also high in the control 

group (Fig. 12). 

 

Figure 11. LМ (IHC). Control group. Expression of 

protein S-100 in pulmonary artery wall. Magnification: 

200x 

Designations: 1 – sympathetic nerve fiber providing 

intensive positive staining for protein S-100, 2 – vasa 

vasorum endothelium providing intensive positive coloring 

for protein S-100 

 

Figure 12. LМ (IHC). Control group. Expression of 

synaptophysin in sympathetic nerve fibers. Magnification: 

200x 

Designations: 1 – sympathetic nerve fibers providing 

intensive positive staining for synaptophysin of synaptic 

membranes 

 

Figure 13. LМ (IHC). Group 1А. Absence of expression of 

protein S-100 in sympathetic nerve fibers in the zone of 

irreversible ablation damage of PA adventitia. 

Magnification: 200x 

Designations: 1 – sympathetic nerve fibers, without 

expression of protein S-100, 

2 – zone of ablation damage of pulmonary artery adventitial 

shell 

 

Figure 14. LМ (IHC). Group 1B. Absence of expression of 

protein S-100 in sympathetic nerve fibers in the zone of 

intima irreversible damage. Magnification: 100x 100 

Designations: 1 – sympathetic nerve fibers, without 

expression of protein S-100 

1 
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Figure 15. LМ (IHC). Group 1B. Negative reaction to 

protein of synaptic membranes in sympathetic nerve fibers 

in the zone of adventitia irreversible damage. 

Magnification: 100x 

Designations: 1 – absence of reaction to synaptophysin in 

sympathetic nerve fibers  

 

When conducting IHC, the absence of expression of protein 

S-100 in sympathetic nerve fibers located both intimally and 

in adventitia were determined in subgroups 1А and 1B of the 

first experimental group (Figs. 13, 14), the negative reaction 

to the protein of synaptic membranes in sympathetic nerve 

fibers in the abovementioned zones was also revealed (Fig. 

15). 

During IHC analysis, the positive expression of protein S-

100 and synaptophysin in the nerve fibers of intimal layers 

of subgroups 2А and 2B was noted in the second 

experimental group (Fig. 16). The reaction to the protein of 

synaptic membranes, as well as vasa vasorum endothelium 

to protein S-100 in PA adventitial layer was negative (Fig. 

17). 

 

Figure 16. LМ (IHC). Group 2B. Expression of protein S-

100 in intimal layer of pulmonary artery wall. 

Magnification: 200x 

Designations: 1 – sympathetic nerve fiber providing intensive 

positive staining for protein S-100 

 

Figure 17. LМ (IHC). Group 2А. Negative reaction to 

protein of synaptic membranes in sympathetic nerve fiber of 

adventitial layer. Magnification: 200x 

Designations: 1 – absence of reaction to synaptophysin in 

sympathetic fiber 

 

The results of light microscopy and IHC objectively 

demonstrated the depth and degree of changes in PA 

preparations of experimental groups in the investigation after 

PADN procedure.  

 

Results and discussion 

The effect of radiofrequency exposure and mechanical impact 

by the ablator clamp jaws on the pulmonary artery tissues was 

evaluated based on the score method of semi-quantitative 

analysis of pathological processes (assessment of staining 

intensity by Olpred) (Fig. 18). 

 

Figure 18. System of score assessment of staining intensity 

by Olpred 

 

The table on each indication for all investigation groups was 

formed to conduct the intergroup analysis of histological 

results (Table 1). 

The analysis of morphometrical and morphological data 

obtained during the experiment: area and depth of fibrinoid 

necrosis, availability of metachromasy, phenomena of 

disintegration of collagen fibers evidently demonstrated 

1 

1 
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deeper changes in PA wall after the circular denervation in 

the first experimental group in relation to the second 

experimental group.  

The damage of nerve fibers in the first group, practically 

obligately had transmural character and was confirmed by 

ICH, in particular, by the absence of synaptophysin 

expression and negative reaction to protein S-100 of 

sympathetic nerve fibers both in adventitial and intimal layers 

of PA.     

Table 1. Analysis of pathological indications of radiofrequency exposure and mechanical impact 

Pathological indication 

1st experimental group 2nd experimental group 
Control 

group 

(n=55) 

1А 

(central part, 

n=92) 

1B 

(edge part, 

n=96) 

2А 

(central part, 

n=76) 

2B 

(edge part, 

n=86) 

Fibrinoid necrosis 3 3-4 2 2-3 0 

Depth of fibrinoid necrosis in the vessel 

wall (mcm) 
587 ± 84 726 ± 58 

 

286±54 

 

322±74 
0 

Area of fibrinoid necrosis to the total 

area of the vessel wall (in %) 
14.7 ± 5.0 23.4±8.1 8.1 ± 3.3 12.1± 4.2 0 

Metachromasy 2-3 4 2 2-3 0 

Disintegration of media collagen fibers  3 4 2 3 0 

It should be pointed out that the most density of pathological 

indications was observed in the preparations of “the edge 

zones” (subgroups 1B and 2B) of each separately taken 

experimental group, which is probably conditioned by the 

mechanical compression of the tissues, compaction of their 

structure and, consequently, the improvement of capacity 

characteristics as a current collector and conductor for 

radiofrequency energy. The indications of considerable 

pathological disorganization of PA tissues were not 

observed in the control group, and indexes of ICH 

investigation demonstrated positive synaptophysin 

expression and positive reaction to protein S-100 of 

sympathetic nerve fibers both in adventitial and intimal 

layers of PA.   

To compare the disorganization degree of fibrous structures 

of the vessel media the optic density index was calculated, 

which equals the decimal logarithm of the difference of light 

transmission through the object (Table 2). The mean optic 

density of the samples of the first ablation group was 

evidently lower than of the second and control groups 

(р<0.001) despite the presence of differences in the 

disorganization degree of fibrous structures of the connective 

tissue of the middle PA layer between the samples of the 

subgroups (subgroup 1А – 0.1665±0.0025, subgroup 1B – 

0.1505±0.0022). When calculating the specific area of 

connective tissue disintegration, its average value in the 

samples of the central part (subgroup 1А) was 30%, and in 

the samples of “the edge part” (subgroup 1B) – 43.2% from 

the area of the tissues in the visual field. The similar 

correlation of the values of comparative optic density of PA 

wall and mean specific area of disorganization of the 

connective tissue was observed in the preparations of the 

second group, respectively subgroups 2A and 2B (subgroup 

2А – 0.2177±0.09, subgroup 2B – 0.1948±0.042). 

Table 2. Comparative assessment of density and distribution degree of determined pathological indications 

Pathological indication 

1st experimental group 
2nd experimental group 

Control group 

(n=55) 1А 

(n=92) 

1B  

(n=96) 

2А 

(n=76) 

2B 

(n=86) 

Mean comparative optic density of PA 

wall (M±σ) 

0.1665* 

±0.025 

0.1505* 

±0.0022 

0.2177* 

±0.09 

0.1948* 

±0.042 

0.3326* 

±0.05 

Mean value of specific area of 

disorganization of connective tissue 

(р±σр%) 

30±4.2 43.2±1.9 21.4±1.6 28.9±2.2 - 
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The value of comparative optic density of PA wall was also 

greater in “the edge zones” of subgroup 2B В – 28.9% in 

relation to the value in subgroup 2А – 21.4%, respectively. 

The described differences in morphometrical indexes of “the 

edge zones” from the central regions in the experimental 

groups can be explained by the factor of mechanical impact 

of ablator clamp onto the medial layer of the artery wall at 

bending. However, the tissue compaction has probably the 

primary meaning, and, as a result, the improvement of its 

current conductive and capacity characteristics resulting in 

increased total effective dose of the delivered 

radiofrequency energy, and, consequently, in increased 

pathological changes in PA wall. 

The evident morphological criteria of irreversible 

destruction of sympathetic nerve fibers and ganglia 

circularly in the adventitial layer of the pulmonary trunk and 

bifurcation of PA applying both investigated ablation modes 

were obtained during the experiment. However, the 

application of the first ablation mode in the first 

experimental group was accompanied by the obligate affect 

of nerve structures of the intimal layer in “the edge zones” 

(subgroup 1B), as well as in some regions of the central 

impact zone (subgroup 1А).  

Thus, the reflexogenic zones and baroreceptors located in 

the intimal layer of the pulmonary artery main branches 

were damaged in the first experimental group, which could 

result in Parin’s reflex turn-off. The reflexive mechanism of 

venous return to the heart and pulmonary vessels is very 

important and is connected with the impact of elevated 

intravascular pressure in PA on the intima baroreceptors of 

PA, as a result, the frequency of heart beat and intravascular 

pressure in systemic circulation decrease, which, eventually, 

decreases the venous return to the pulmonary circulation 

vessels. Parin’s reflex plays an important role in the off-

loading of pulmonary circulation vessels protecting the right 

ventricle from the overload and preventing decompensation 

of pulmonary circulation, including the development of 

acute pulmonary edema. Therefore, the damaging of the 

intimal layer of the artery vessels will have a negative effect 

onto the work of one of the compensatory mechanisms 

activated with patients in the course of LH development. 

The results of the application of the second mode of PA 

radiofrequncy ablation in the second experimental group 

allow making the conclusion on the lack of systemic 

damages of vasoconstrictive sympathetic nerve fibers in the 

intimal layer of PA wall samples under investigation. Thus, 

the execution of circular denervation of pulmonary trunk 

and mouths of PA in the mode of radiofrequency exposure 

sufficient to achieve only 50% level of tissue impedance in 

relation to the impedance values during transmural damage, 

allowed producing the circular damage of PA adventitia not 

destructing the reflective zones in the artery intimal layer.   

 

 

Conclusion 

The morphometrical, morphological and 

immunochistochemical criteria of the efficiency of two 

different modes of circular radiofrequency denervation of 

pulmonary artery were analyzed in the experiment. The 

results of three groups were analyzed: first experimental 

group – animals whose PA was taken after the circular 

denervation following the described technique with the 

impedance indexes corresponding to transmural damage at 

the moment of ablation. The second experimental group 

comprised pigs whose PA was taken after the circular 

denervation following the described technique but with the 

application of less radiofrequency exposure rates sufficient to 

achieve only 50% level of the tissue impedance in relation to 

the impedance values under transmural damage. The third 

control group did not undergo ablation.  

At the first stage, the morphological pathological indications 

in different PA wall layers were evaluated with the help of 

light microscopy with hematoxylin and eosin and Van Gieson 

staining: fibrinoid necrosis, metachromasy, karyorhexis and 

karyolisis, fibrinoid swelling and myxomatosis. 

Objectification of the abovementioned changes was achieved 

by morphometrical investigations; semi-numerical indexes of 

pathological processes and quantitative values of fibrinoid 

necrosis spreading, which were evidently higher in the 

materials of the first group and had the transmural character 

of the damage.   

The observed mean comparative optic density of PA wall and 

disintegration specific area of the connective tissue were 

evidently lower in the first experimental group in relation to 

the second group of the investigation (р <0.001), the 

minimum mean optic density was obtained in the samples of 

the tissues of subgroup 1B.   

Especially evident changes were observed in “the edge 

zones” (subgroup 1B), they occurred in the form of increased 

spreading depth of fibrinoid necrosis and metachromasy 

spreading onto medial and intimal layers, and also occurred 

in the form of the decreased optic density of the investigated 

tissues in relation to similar samples from the central zones.   

In the second experimental group the tendency to greater 

alteration in subgroup 2B in relation to subgroup 2А was 

preserved. However, in subgroup 2B the abovementioned 

changes were not evidently determined in the intimal layer 

and did not have transmural character. The endothelium 

damage observed in the preparations of subgroup 2B, 

apparently had the mechanical genesis due to the formation 

of arterial wall duplication under the ablator clamp jaws.   

ICH analysis of the preparations allowed qualitatively 

evaluating the damage of trunks and endings of peripheral 

nerve fibers in adventitial and intimal layers of PA cut after 

radiofrequency exposure in the experimental groups.   

In the first experimental group the active expression of 

synaptophysin and protein S-100 of sympathetic nerve fibers 

was absent in adventitial and, as a rule, intimal layers. In the 
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preparations obtained from PAs of the animals of the second 

experimental group, synaptophysin activity in synaptic 

fibers and expression of S-100 protein of vasa vasorum 

endothelium were also not determined in the adventitial 

layer, at the same time, the positive reaction of protein S-

100 and synaptophysin was revealed in nerve endings and 

ganglia in PA intimal layer of the preparations of the second 

group.   

Thus, in the experiment on animals when conducting PA 

circular denervation, the application of subthreshold rates of 

radiofrequency exposure corresponding to 50% value of the 

impedance of PA tissues from the corresponding impedance 

values under transmural damage allowed avoiding 

irreversible damages of nerve endings and ganglia of PA 

intimal layer, thus preserving the physiological 

neuroreflectory regulation of PA and the whole pulmonary 

circulation. The results obtained during the experiment 

demonstrate the efficiency of radiofrequency ablation of 

sympathetic ganglia and nerve fibers of the adventitial layer 

along the entire circumference of PA cut when reaching 50% 

level of the tissue impedance in relation to the impedance 

level at the moment of transmural damage. Thus, the cascade 

of pathological reflexes, factors of LH advance connected 

with the spasm of precapillary mouth of pulmonary 

arterioles is turned off.   
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