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ABSTRACT
Introduction: Pulmonary artery denervation is rapidly evolving method for treatment of pulmonary hypertension. 
The purpose of our first-in-man study is to assess the effectiveness of cryoablation for pulmonary artery denervation 
in patients with pulmonary hypertension secondary to a left heart disease.

Methods: 24 patients with combined post capillary pulmonary artery hypertension (mPAP ≥25 mm Hg, PCWP 
>15 mm Hg, PVR >3.0 WU or DPG ≥ 7 mm Hg (or both) were included in the study. The effectiveness of 
cryodenervation was assessed according to the changes in clinical status, functional capacity and pulmonary 
hemodynamics during 12-month follow-up.

Results: There were no complications during and immediately following the cryoablation procedure. There was 
significant increase in functional capacity measured by 6MWT: 319 ± 18 m before cryodenervation and 502 ± 22 
m (p<0.05) at 12 months follow-up. The N-terminal pro–brain natriuretic peptide value decreased from 2928 ± 
223 ng/mL at baseline to 989 ± 67 ng/mL (p<0.05). The right heart catheterization demonstrated the distinctive 
reduction of mean pulmonary artery pressure (mPAP) from 59 ± 6 to 32 ± 4 mm Hg, pulmonary vessel resistance 
(PVR) from 9,3 ± 2,2 to 3,4 ± 1,5 WU and diastolic pulmonary gradient (DPG) from 11 ± 2.1 to 8 ± 0.8 mm Hg 
(p<0.05). Also the decrease of pulmonary capillary wedge pressure (PCWP) from 23 ± 3.5 to 19 ± 2.3 mm Hg was 
also observed (p<0.05). 

Conclusions: This is the first clinical study to demonstrate the clinical, functional and hemodynamic benefits of 
cryoablation procedure in patients with combined postcapillary PAH caused by left heart diseases.
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Introduction
Pulmonary artery hypertension (PAH) – one of the most negative 
consequences of different cardiovascular diseases and it’s associated 
with poor prognosis. The leading causes of cardiovascular 
death ischemic heart disease, arterial hypertension, pulmonary 
thromboembolism deteriorate severely with the onset of pulmonary 
hypertension (the 5-year survival rate is less than 50%) [1]. The 

high pulmonary pressure as a result of idiopathic pulmonary artery 
hypertension (IPAH), chronic obstructive pulmonary disease, 
structural heart disease is also a life-threatening situation. The 
main reason of high mortality rate is a rapid progression of heart 
failure due to a poor compensatory ability of right ventricle and 
low effectiveness of drug therapy. 

The pulmonary hypertension is associated with enhanced 
sympathetic activity, that has been proven in several experimental 
studies. In 1980 Juratsch et al. successfully attempted surgical 
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pulmonary denervation and chemical sympathectomy for lowering 
pulmonary artery pressure caused by distension of the pulmonary 
artery [2]. Subsequent animal-based experiments [3,4] and the 
widespread successful use of radiofrequency ablation in patients 
with cardiac arrhythmias and high arterial blood pressure [5,6] 
paved the way for this method as a new treatment of pulmonary 
hypertension.

Clinical studies of pulmonary artery denervation (PADN) 
technique started in 2012. A single-center PADN-1 study (first-
in-man pulmonary artery denervation for treatment of pulmonary 
artery hypertension) included 21 patients with precapillary type 
idiopathic pulmonary artery hypertension mean pulmonary artery 
pressure (mPAP) > 25 mmHg, pulmonary capillary wedge pressure 
(PCWP) < 15 mmHg, pulmonary vessels resistance (PVR) > 3 
WU (Wood Units). This study reported the significant reduction 
of pulmonary pressure after denervation procedure, carried out 
by the radiofrequency system with special dedicated circular-
tip catheter [7]. The phase II from the PADN-1 study included 
66 patients with different types of PAH: precapillary IPAH and 
postcapillary pulmonary hypertension as well, associated with left 
ventricular dysfunction (mPAP > 25 mmHg, PCWP > 15 mmHg, 
PVR > 3 WU). The results of denervation procedure in this study 
demonstrated the distinctive reduction of mPAP and significant 
improvement of functional capacity, measured by 6MWD [8]. 
Despite the initial positive results of PADN in patients with 
postcapillary PH secondary to left heart failure, the clinical benefit 
of such interventions remains controversial.

Catheter Cryoablation is new exiting and promising treatment 
modality to address the issue of pulmonary hypertension. 
Offering patients, a higher safety profile and less discomfort 
than radiofrequency ablation, catheter cryoablation is a safe 
and efficient alternative for clinicians treating different kind of 
cardiac arrhythmias. The purpose of our study was to assess the 
safety and effectiveness of Catheter Cryoablation for pulmonary 
artery denervation procedure (Cryodenervation) in patients with 
pulmonary hypertension secondary to a left heart disease.

Methods
Patient selection
Patients with left ventricular dysfunction and CHF (chronic heart 
failure) II-IV functional class, according to NYHA classification, 
underwent preliminary echocardiographic measurements. Patients 
with a systolic pulmonary arterial pressure (sPAP) ≥ 30 mm Hg 
were eligible for consequent right heart catheterization.

Right Heart Catheterization
Right atrial (RA) pressure, right ventricular (RV) pressure, 
systolic pulmonary artery pressure (sPAP), diastolic pulmonary 
artery pressure (dPAP), pulmonary capillary wedge pressure 
(PCWP) were measured, cardiac output (CO) were derived using 
thermodilution method with a 7-F flow-directed Swan-Ganz 
catheter. Then mean pulmonary artery pressure (mPAP) = (sPAP-
dPAP/3+dPAP), pulmonary vessels resistance (PVR) = (mPAP−
PCWP]/CO) and diastolic pulmonary gradient (DPG) = (dPAP−

PCWP) were calculated. All measurements and calculations were 
made before and 12-months after the Cryoablation procedure. 
24 patients were enrolled in the study according to inclusion and 
exclusion criteria.

Inclusion and exclusion criteria
Inclusion criteria: age ≥18 years, mean PAP (mPAP) ≥25 mm Hg, 
a pulmonary capillary wedge pressure (PCWP) >15 mm Hg, PVR 
>3.0 WU or DPG ≥ 7 mm Hg (or both); written consent to undergo 
the procedure. Exclusion criteria: severe renal dysfunction 
(creatinine clearance <30 ml/min); systemic active infection, 
cancer, inability to provide consent.

This study was approved by local Ethics Committee of the National 
Medical Research Center for Therapy and Preventive Medicine.

Assessment of N-terminal pro–B-type natriuretic peptide 
levels
Blood samples (taken in the supine position) were obtained in the 
morning to measure the levels of N-terminal pro–B-type natriuretic 
peptide (NT-proBNP) before and 12 months after cryoablation 
procedure.

Cryoablation Procedure
First a 9-Fr long sheath was inserted through the femoral vein 
and advanced to the main pulmonary artery (MPA). A baseline 
pulmonary artery angiography was performed using standard 6 Fr 
pig-tail catheter to identify the PA bifurcation level and the ostiums 
of the right and left pulmonary arteries (Figure 1). Cryoablation 
procedure was performed using Cardiac Cryoablation Catheter 
System (Medtronic, Ireland) which included Cryoconsole and a 
single-point Freezor™ MAX Cardiac Cryoablation Catheter. After 
withdrawing the sheath and pushing slightly the cryoablation 
catheter at the ostium of the left pulmonary artery, the single-point 
tip of the catheter was placed at the ostium of the left pulmonary 
artery within 2 mm from its orifice (Figure 2). The tip angulation 
was formed by steering handle to ensure the proper contact with 
the vessel wall. Rotating the single-point tip the cryoablation was 
applied in a circular way around the ostium with the pace of 2 
mm. The following ablation parameters were used at each spot: 
temperature minus 75-80°C, time = 120s. At average, from 7 to 10 
ablation spots would be made at the ostium. The same procedure 
would be performed at the ostium of the right pulmonary artery 
(Figure 3). The electrocardiogram and hemodynamic pressure were 
monitored and continuously recorded throughout the procedure, 
the cryoablation would be stopped automatically in case of the 
sudden temperature change.

Assessment of functional capacity
Functional capacity was determined before and 12 months after 
the cryoablation using the standard 6 minutes walking distance test 
(6MWD) according to the guidelines of the American Thoracic 
Society protocol. Dyspnea was assessed using the Borg scale 
at peak exercise during 6MWD test [9]. The functional class of 
chronic heart failure (CHF) was assessed according to 6MWD 
measurement and clinical status using NYHA classification [10].
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Figure 1: Pulmonary artery angiography.

Figure 2: Cryoablation of the left pulmonary artery.

Figure 3: Cryoablation of the right pulmonary artery.

Follow-up
Patients were monitored in the intensive care unit for at least 24 
hours before discharge from the hospital. Clinical follow-up was 
12 months period: patients were hospitalized for assessment of 
clinical status and right heart catheterization, 6MWD, and NT-
proBNP measurement.

Endpoints and definitions
The primary endpoints were: the changes in clinical status 
according to NYHA classification; the occurrence of adverse 
clinical events (all-cause death, the lack of improvement in CHF 
functional class, rehospitalization during follow-up period due 
to worsening clinical status); the changes in functional capacity 
(measured by 6 MWT) and in NT-proBNP level. The secondary 
endpoint was the dynamic of hemodynamic parameters (mPAP, 
PWCP, PVR, DPG) at 12-month follow-up examination.

Statistical Analysis
Continuous variables are expressed as mean ± SD. Differences in 
continuous variables were analyzed using paired-sample Student 
t tests. The categorical variables were compared using the Fisher 
exact test. Statistical significance was defined as p value < 0.01. 
All analyses were performed using the statistics program SPSS 
version 20.0 for Windows (SPSS Institute, Chicago, Illinois).

Results
Patients were being included in the study between April 2018 and 
April 2019. All patients had clinical symptoms of chronic heart 
failure: dyspnea, fatigue, peripheral edema. Among the 24 patients, 
18 (75%) had pulmonary hypertension secondary to left heart 
disease with reduced left ventricular ejection fraction (re-LVJF) – 
5 patients (20.8%) had aortic valve disease, 7 patients (29.2%) had 
ischemic heart disease with previous myocardial infarction and 6 
(25%) patients had dilated cardiomyopathy; 6 (25%) patients had 
pulmonary hypertension with preserved left ventricular ejection 
fraction (pre-LVJF) secondary to systemic arterial hypertension.

Table 1: Baseline characteristics.
Cryodenervation 
(n=24)

Age, yr 64 ± 14
Male, n (%) 16 (66.7)
Symptoms, n (%)
Syncope
Fatigue
Chest pain
Dyspnea
Peripheral edema

4 (16.7)
20 (83.3)
12 (50)
24 (100)
24 (100)

Medication, n (%)
β-blockers
Calcium-channel blockers
Angiotensin-converting enzyme inhibitors (ACEI)
Angiotensin II receptor antagonists (ARA)
Diuretics
Digoxin
Combination of drugs
Oxygen

21 (87.5%)
12 (50%)
13 (54.2%)
11 (45.8%)
20 (83.3%)
7 (29.2%)
24 (100%)
4 (16.7%)

Reduced left ventricular ejection fraction (re-LVJF), 
n (%)
Preserved left ventricular ejection fraction (pre-
LVJF), n (%)

18 (75%)
6 (25%)

Functional class, n (%) 
II
III
IV

5 (20.8)
8 (33.3)
11 (45.9)
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Table 2: Baseline hemodynamic measurements.
Cryodenervation 

(n=24)
Right atrial pressure, mm Hg 12.1 ± 2.4
Systolic right ventricular pressure, mm Hg 87.8 ± 21.3
Systolic pulmonary artery pressure, mm Hg 85.7 ± 18.8
Diastolic pulmonary artery pressure, mm Hg 35.7 ± 7.7
Mean pulmonary artery pressure, mm Hg 53.4 ± 14.7
Pulmonary wedge capillary pressure, mm Hg 23 ± 3.5
Diastolic pulmonary gradient, mm Hg 11 ± 2.1
Cardiac output, L/min 2.8 ± 1.3
Pulmonary vessel resistance, Wood Units 5.2 ± 1.8

Procedural Outcomes
The median number of cryoablation sites was 10.8 ± 0.9, the 
median duration of cryoablation was 22 (18–25) minutes. There 
were no complications during and immediately following the 
cryoablation procedure (death, arrhythmias, PA perforation, 
acute thrombus formation in the right heart or at the access site, 
bleeding). All patients tolerated the procedure without the need 
for sedative or analgesic agents. Three patients developed sinus 
bradycardia during the cryoablation, none of them required special 
treatment.

12 months follow-up
During 12-months of follow-up one patient died for non-cardiac 
reason (severe gastric bleeding), 19 patients reported significant 
relief of symptoms and increase in exercise tolerance, 2 patients 
did not demonstrate any clinical improvement and 2 more needed 
rehospitalization because of deterioration of CHF status.

Table 3: Clinical outcomes at 12 months.
Cryodenervation 

(n=24)
Death, n (%) 1 (4.2)
No clinical improvement, n (%) 2 (8.4)
Rehospitalization, n (%) 2 (8.4)
Symptoms relief and increase in exercise tolerance 
n (%) 19 (79%)

Functional capacity and NT-proBNP level before and 12 months 
after cryoablation procedure.

There was statistically significant increase in functional capacity 
measured by 6MWT: 319 ± 18 m before cryodenervation and 
502 ± 22 m 12 months after procedure. The N-terminal pro–brain 
natriuretic peptide value decreased from 2928 ± 223 ng/mL at 
baseline to 989 ± 67 ng/mL at 12 months follow-up.

Table 4: The changes in 6 MWT and NT-proBNP level.
Before the 

cryoablation
12 months 
follow-up P

NT-proBNP level, ng/mL 2928 ± 223 989 ± 67 p < 0.01
6 MWT, m 319 ± 18 502 ± 22 p < 0.01

Hemodynamic responses to the cryoablation procedure
At 12 months follow-up the right heart catheterization (performed 
in 23 patients) demonstrated the significant improvements 
in parameters related to pulmonary hypertension. There was 
distinctive reduction of mean pulmonary artery pressure (mPAP) 
from 59 ± 6 to 32 ± 4 mm Hg, pulmonary vessel resistance (PVR) 
from 9,3 ± 2,2 to 3,4 ± 1,5 WU and diastolic pulmonary gradient 
(DPG) from 11 ± 2.1 to 8 ± 0.8 mm Hg. Moreover, the decrease of 
pulmonary capillary wedge pressure (PCWP) from 23 ± 3.5 to 19 
± 2.3 mm Hg was also observed.

Table 5: Hemodynamic changes at 12 months follow-up.
Before the PADN 12 months follow-up P

mPAP, mm Hg 53.4 ± 14.7 44 ± 9.4 p < 0.01
PVR, Wood units 5.2 ± 1.8 3.3 ± 0.2 p < 0.01
DPG, mm Hg 11 ± 2.1 8 ± 0.8 p < 0.01
PCWP, mm Hg 23 ± 3.5 19 ± 2.3 P < 0.01

Discussion
Pulmonary artery hypertension (PAH) is condition caused by 
different hemodynamic mechanisms. Over the past two decades 
most of the studies have been focused on the research and 
treatment of precapillary pulmonary hypertension. Precapillary 
pulmonary hypertension is characterized by an increased mPAP 
(> 25 mm Hg), pulmonary vessel resistance – PVR (> 3 WU) 
and normal pulmonary capillary wedge pressure – PCWP (< 15 
mm Hg). Normal PCWP (< 15 mm Hg) is indicator of preserved 
left ventricular function. The most common reasons behind 
development of precapillary pulmonary hypertension are chronic 
pulmonary thromboembolism, chronic obstructive lung disease 
and idiopathic pulmonary arterial hypertension.

The hypothesis of sympathetic overreaction as a trigger in the 
development and progression of different pathologic condition has 
been the object of particular scientific interest for a long time. The 
leading role of enhanced sympathetic activity in setting PAH was 
established in several experimental and clinical studies. Increased 
circulating catecholamine levels and high sympathetic nerve traffic 
in patients with severe PAH have been reported in the studies by 
Velez-Roa et al. [11] and Wensel et al. [12]. These finding were 
confirmed by another evidences enhanced muscle sympathetic 
nerve activity and impaired heart rate variability [13] conditions 
correlated strongly with advanced PAH.

The sympathetic overreaction leads to vasoconstriction 
prevalence (e.g., thromboxane A2, endothelin, and serotonin) 
over vasodilatation (e.g., prostacyclin, nitric oxide, and vasoactive 
intestinal peptide) and to significant morphologic changes in the 
pulmonary circulation consequently. Anatomic and pathological 
studies have revealed hypertrophy of the muscular layer and 
general remodeling of a small arterioles and main arteries of 
pulmonary vessel bed [14,15]. Furthermore, vasoconstriction 
mechanism and general pulmonary vascular remodeling result in 
RV strain and development of right heart failure.

It has been well established fact that right heart failure is condition 
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very difficult to treat. The existing medications have very 
limited ability to slow down PAH progression and have not been 
associated with significant improvements in clinical symptoms, 
functional capacity or long-term prognosis according to several 
studies [16,17]. Besides, the severe side effects and high cost 
are serious limitation for patients receiving drug therapy for the 
treatment of pulmonary artery hypertension. Several randomized 
control trials in patients with PAH (IPAH, chronic thromboembolic 
pulmonary hypertension and associated PAH) demonstrated very 
modest clinical and hemodynamic response from a different drugs 
combination: the average improvement of functional capacity as 
assessed by 6MWT was 35.61 m, and the mean reduction in the 
mPAP was only 2.86 mm Hg [18,19].

The unsatisfactory effects of medical therapy in patients with 
PAH and proven evidences of enhanced sympathetic activity 
as a leading mechanism in pathogenesis of PAH were the main 
stimulus behind the development a new non-medical treatment 
and its implementation into clinical practice. The data, gathered 
from morphologic studies, demonstrated that the innervation of the 
pulmonary artery is predominantly sympathetic [20,21]; with 23 
bundles of large nerve trunks around bifurcation of PA diminishing 
in size rapidly in the direction to the arterioles. Other experimental 
studies discovered the superficial location of PA nerve trunk (at 
the PA bifurcation level) very close to the intimal surface [22,23]. 
These findings have proven to be favorable for sympathetic 
ablation at this specific location and substantiate the methodology 
to carry out PADN at the main pulmonary artery and at the ostium 
of left and right pulmonary arteries.

The potential benefit of PADN in lowering pulmonary pressure 
rise was clearly demonstrated in experimental model. The authors 
studied hemodynamic effects of PADN in animal laboratory 
performing acute occlusion one of the main PA branches [24]. 
The results showed that during occlusion of left interlobar PA, 
mPAP and PVR increased significantly reaching peak values after 
5 min, and that this pressure rise was completely abolished after 
PADN at the MPA bifurcation level. The experimental success of 
PADN and also proven clinical effectiveness of renal denervation 
for the treatment of the refractory arterial hypertension postulated 
the potential clinical benefit of the pulmonary artery denervation 
[25,26].

In 2013 Chen et al. published results of the first phase PADN-1 
first-in-human study [7]. The purpose of the study was to evaluate 
effectiveness and safety of radiofrequency pulmonary artery 
denervation in patients with idiopathic pulmonary hypertension. 
IPAH is a typical precapillary pulmonary hypertension and it is 
characterized by an increased mPAP (> 25 mm Hg), pulmonary 
vessel resistance – PVR (> 3 WU) and normal pulmonary capillary 
wedge pressure – PCWP (< 15 mm Hg). In this study were included 
only patients with IPAH refractory to medical therapies. Out of 
a total of 21 patients, 13 patients received the pulmonary artery 
denervation (PADN) procedure; the other 8 patients who refused 
the PADN procedure were assigned to the control group. The 
major findings in this study were that PADN was safe, associated 

with significant hemodynamic improvements and increase in 
functional capacity. Authors reported at 3-month follow-up 
reduction of mPAP (from 55 ± 5 mmHg to 36 ± 5 mmHg, p<0.01) 
and improvement of the 6MWT (from 324 ± 21 m to 491 ± 38 m, 
p<0.006) in the PADN group with no significant changes of mPAP 
and 6 MWT in the control group.

Although the pathogenesis and treatment of precapillary pulmonary 
hypertension have received most of attention from a recent 
studies, the postcapillary PAH is far more common and difficult 
to manage. Apart from precapillary PAH, postcapillary PAH is a 
common complication of a chronic heart failure secondary to left 
side disease either with reduced or preserved ejection function. 
Any type of left heart disease might result in a rise of pulmonary 
venous pressure: ischemic heart disease, valve disease or any 
other obstructive lesion, systemic arterial hypertension. Left 
ventricular disturbances in systolic or diastolic function leads to 
increased left ventricular diastolic filling pressure, which in turn 
creates hemodynamic condition for the backward transmission 
of increased left ventricular filling pressure to the left atrium and 
pulmonary veins. This status is known as passive or isolated post-
capillary (Ipc) pulmonary artery hypertension (PAH), with elevated 
mPAP and PCWP but without an elevation of pulmonary vascular 
resistance (PVR) or diastolic pulmonary gradient (DPG) [27]. The 
effective management of PAH at this stage depends mostly on the 
background disease. Moreover, the special medications targeting 
the elevating pulmonary artery pressure is not recommended 
and lowering pulmonary vessel resistance (PVR) is considered 
as potential harm because of possible overload of impaired left 
ventricular function. The potential mechanisms behind this 
unfavorable effect are a large amount of blood return following 
mPAP reduction and CO increases (hyperkinetic status).

The development of postcapillary PAH due to the progression of left 
heart diseases is not only an important sign of clinical worsening, 
but also a turning point in sympathetic neurohumoral response. 
The enhanced sympathetic activation may trigger vasoconstriction, 
global vascular remodeling and consequent development of 
“overreactive” or “out of proportion” pulmonary hypertension. 
This condition is also known as Combined postcapillary PAH 
(CpcPAH), which is defined as a DPG of ≥ 7 mm Hg or PVR of 
>3 Wood units (WU), or both [28]. These hemodynamic changes 
are associated with more severe clinical status and poor clinical 
outcomes. controversy still exists regarding the routine treatment 
of CpcPAH with drugs targeting pulmonary arterial hypertension 
(PAH). This controversy underlines the importance of fully 
understanding the neurohumoral mechanisms in these patients 
behind the increased pulmonary artery pressure. Taking into 
account, that superimposed pulmonary arterial vasoconstrictor 
component is one of the major mechanisms of CpcPAH, the 
potential of pulmonary artery denervation (PADN) to target the 
sympathetic over activation is quite promising.

Second phase of PADN-1 study included 66 patients with pulmonary 
hypertension of different causes, such as idiopathic pulmonary 
artery hypertension and PAH secondary to left-sided heart failure 
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[8]. At 12 months after procedure of pulmonary denervation the 
6MWD increased by a mean of 94 ± 73 m, the N-terminal pro–
brain natriuretic peptide value decreased from 2229 ± 2922 ng/
mL at baseline to 917 ± 947 ng/mL and the mean paired WHO 
class was 2.7 ± 0.6 at baseline compared to 1.9 ± 0.7 at the last 
follow-up (P<0.001). These results clearly demonstrated that 
PADN procedure was associated with significant improvements in 
exercise capacity and cardiac function in patients with precapillary 
and combined postcapillary PAH as well.

The PADN-5 randomized sham-controlled study, which included 
98 patients with Combined postcapillary Pulmonary Artery 
Hypertension Associated with Left Heart Failure, showed much 
favorable clinical results in radiofrequency denervation group over 
medical treatment (sildenafil) group [29]. This is first randomized 
clinical trial studied the effectiveness of PADN in patients with 
CpcPAH using a sham-procedure control group. These findings 
confirmed previous reports about the safety and efficacy of PADN 
for patients with CpcPAH. Moreover, the authors demonstrated 
significantly less frequent clinical worsening with PADN compared 
with sildenafil therapy. 

The Catheter Cryoablation is a rapidly advancing method for 
the treatment of cardiac arrhythmias. Recent studies have found 
cryoablation to be very effective in symptoms relief and improving 
long-term prognosis in patients with different kind of heart rhythm 
and conduction disorders. For a example, the catheter cryoablation 
for pulmonary vein isolation (PVI) in atrial fibrillation (AF) 
has become an established treatment option as alternative for 
radiofrequency catheter ablation [30,31]. Moreover, cryoablation 
method has some advantages over radiofrequency ablation that 
makes this procedure more preferable in clinical practice.

Experimental studies have demonstrated that cryoablation did 
not induce stenosis of PV or coronary sinus and was associated 
with less activation of platelet and a lower thrombogenic 
tendency than RF energy [32,33]. Furthermore, the cryoablation 
procedure is conducted with few adjunctive tools and with non-
general anesthesia in most cases, which may support the wide-
spread utilization of this method. Typically, the time required to 
perform cryoablation procedure is much shorter in comparison to 
radiofrequency ablation; and patients generally experience less 
pain than with radiofrequency ablation. Additionally, moderate 
sedation during cryoablation procedures has been reported to 
result in similar efficacy and patient satisfaction as general 
anesthesia while reducing procedure costs [34,35] Together, these 
results reinforce the safety of cryoablation in real-world practice 
and suggest that cryoablation might be applicable for effective 
destruction of different type of tissues without general anesthesia.
The widespread use of cryoablation in modern world, the similar 
effectiveness of cryoablation and radiofrequency ablation 
in managing cardiac arrhythmias encouraged us to perform 
cryoablation procedure for sympathetic pulmonary artery 
denervation. We postulated that proven efficacy of radiofrequency 
PADN and favorable anatomical characteristics (mostly 
sympathetic innervation of pulmonary artery) substantiated the 

use of cryoablation for destruction of sympathetic fibers located 
at the bifurcation of the main pulmonary trunk. The main goal of 
our study was to evaluate the impact of modulated sympathetic 
activity after cryodenervation in patients with pulmonary artery 
hypertension. To the best of our knowledge, this is the first study 
to report hemodynamic, functional, and clinical responses to 
cryoablation procedure in patients with combined postcapillary 
PAH secondary to left heart disease. 

We assessed changes of hemodynamic parameters, functional 
capacity and clinical status at 12-months follow-up period. First 
of all, we did not register any complication related to cryoablation 
procedure during the hospital stay. The procedure was tolerated 
well by all patient, none of them reported any pain or discomfort 
during intervention. There were no requirements for general 
anesthesia and all patients received mild sedation. 

The major finding of our study is that the cryoablation PADN 
procedure was associated with significant changes in hemodynamic 
parameters, functional capacity and clinical status after 12 months. 
Favorable 12 months outcomes were evidenced by improvements 
in pulmonary hemodynamic, increased stamina as shown by 
6MWD, decreased N-terminal pro–brain natriuretic peptide 
level, and a low rehospitalization rate due to heart failure related 
events. The right heart catheterization, performed 12 months after 
cryoablation revealed statistically significant reduction of mPAP, 
PVR and DPG. These positive trends might indicate the possibility 
of a changes in stiffness and remodeling of vascular wall as a result 
of modulated sympathetic activity. The hemodynamic changes 
of pulmonary circulation were quite predictable and anticipated. 
These improvements were clearly demonstration of better 
pulmonary hemodynamic and less resistance of microcirculatory 
vascular bed. Interestingly, there was significant reduction of 
PCWP after cryoablation a clear mark of better left ventricular 
function. Fortunately, these finding did not prove our concerns 
that larger amount of blood return following PVR reduction and 
increased cardiac output (hyperkinetic status) would lead to further 
pulmonary vein congestion and left ventricular overloading. 
In fact, the decrease in PCWP might be explained by potential 
positive role of cryoablation PADN for left ventricular remodeling. 
These finding are consistent with scientific data indicated the 
positive impact of renal arteries denervation on left ventricular 
function and clinical status in patients with chronic left heart 
disease [36,37]. Neurohumoral disbalance and predominantly 
sympathetic activation are most likely behind the same damaging 
effect on myocardium and pulmonary circulation as well. There 
are scientific evidences that enhanced sympathetic drive may 
induce inflammation response and facilitate immune activation 
in the most body tissues that in turn leads to insulin resistance, 
peripheral vasoconstriction, renal insufficiency and aggravation of 
heart failure [38,39]. Furthermore, peripheral vascular constriction 
and left ventricular remodeling aggravate left ventricular function. 
Consequent pulmonary vein congestion, development of isolated 
postcapillary pulmonary artery hypertension (IpcPAH) and then 
combined postcapillary pulmonary artery hypertension (CpcPAH) 
complete the vicious circle with further exacerbation the existing 
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neurohumoral disbalance with prevalent sympathetic drive. 

Potentially, combined pulmonary and renal denervation are justified 
and would have clinical effect in patients with left hear disease 
deteriorating into progression of pulmonary hypertension. Both 
procedures eliminate factors and sympathetic-parasympathetic 
disbalance contributing to worsening left hear disease (with 
either preserved or reduced EF) and progression of pulmonary 
hypertension.

Conclusion
This is the first clinical study to demonstrate the clinical, functional 
and hemodynamic benefits of cryoablation procedure in patients 
with CpcPAH secondary to left heart diseases. Randomized 
clinical trials are needed to prove favorite outcomes after treatment 
with cryoablation in this patient population.

Study Limitations
The study included the small number of patients without a control 
group. Although the long-term results of cryoablation in patients 
with CpcPAH are encouraging, more multicenter and randomized 
trials must be done in a larger cohort of patients before clinical 
efficacy of this method is determined.
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