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Beyond medications: is pulmonary artery denervation the 
answer for pulmonary arterial hypertension?
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Pulmonary arterial hypertension (PAH), characterised as the 
remodelling of small pulmonary arteries and increased pulmonary 
vascular resistance, is a major cause of progressive right heart fail-
ure and premature death. Major therapeutic advances have been 
achieved in the past 30 years, with the introduction of novel com-
pounds targeting the three key humoral pathways, involving vaso-
constrictors (endothelin-1 [ET-1]), as well as vasodilators (nitric 
oxide [NO] and prostacyclin I2 [PGI2]), in the development and 
progression of PAH. Evidence shows that the current targeted 
drugs, especially combination therapy, can improve clinical symp-
toms, haemodynamics, functional capacity, and even survival in 
PAH. Unfortunately, the disease remains incurable and the prog-
nosis is still poor.

Under these circumstances, could therapeutic breakthroughs for 
PAH be achieved from a totally different pathogenic mechanism 
(i.e., the neural pathway)? In this issue of AsiaIntervention, Zhang 
and colleagues, led by Dr Shao-Liang Chen1 from Nanjing First 
Hospital in China, write about their efforts over the last decade to 
find another way out.

Article, see page 58

The pulmonary vasculature is predominantly innervated by sym-
pathetic nerves (SNs, ~71%), with branches forming an adventi-
tial nerve plexus, releasing and metabolising >40% of circulating 
catecholamines2. Increased SN activity and circulating catechola-
mines have been demonstrated in patients with PAH, suggesting 
that SN overactivation plays a critical role in the pathophysiology 
of PAH.

Balloon dilation of the main pulmonary artery, which causes 
a reflex increase in pulmonary artery pressure and pulmonary 
vascular resistance, would be sensed by baroreceptor structures 
embedded in the adventitia at the pulmonary artery bifurcation. 
However, this balloon inflation-induced pulmonary hypertension 
could be abolished by transthoracic surgical removal of adipose 
and connective tissues surrounding the main pulmonary artery 
trunks and bifurcations, where SNs could be identified, as shown 
in experimental canine models in 19803. In 2012, the same anti-
acute pulmonary hypertension effect was also demonstrated in 
canine models using percutaneous transcatheter pulmonary artery 
denervation (PADN) innovated by Chen et al. They found in the 
course of experimental research that SN endings mostly locate 
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subintimally around the pulmonary artery bifurcation4. In the fol-
lowing years, they proved that PADN could effectively induce 
permanent SN injury without major complications, consequently 
improving haemodynamics and pulmonary artery remodelling 
in chronic pulmonary hypertension canine models by inhibiting 
inflammation, abnormal proliferation and vasoconstriction of pul-
monary vascular beds5. The results were also supported by another 
experimental study on rats using transthoracic PADN by Zhang 
et al, who illustrated that the improvement in pulmonary hyper-
tension might also result from the inhibition of renin-angiotensin-
aldosterone system axis activation after PADN6.

Emerging preclinical data provided the efficacy and safety of 
PADN as a novel potential treatment for PAH. Accordingly, Chen 
et al conducted the first-in-man PADN-1 phase I study in 2012, 
which included 21 idiopathic PAH patients who were refractory to 
optimal targeted medications; 13 underwent PADN. The reduction 
in mean pulmonary artery pressure was 20% immediately after 
the procedure and 35% at 3-month follow-up, accompanied by 
a 92-metre increase in 6-minute walking distance7.

In the current issue of AsiaIntervention, Zhang et al report on 
the long-term outcome of PADN for PAH, which was the first 
study in this area so far. Patients with World Health Organization 
(WHO) Functional Class I to IV were all enrolled. Even patients 
with WHO Functional Class III/IV had a 3-year mortality of 
17.6%, which provided promising evidence for further investiga-
tion of this technique for PAH. Further studies should focus on 
procedure improvement, including advanced instruments, precise 
ablation targets and tailored strategies. This study also had some 
limitations. It would be interesting to include a control group with 
drug therapy only. Additionally, most patients received monother-
apy, which may affect the long-term outcome.

Inspired by Chen’s pioneering work on PADN, more and 
more medical teams around the world are dedicated to furthering 
research on PADN for pulmonary hypertension. Multiple technical 
improvements to PADN have been introduced, such as 3-dimen-
sional anatomical reconstruction of the right ventricular outflow 
tract and pulmonary arteries using a remote magnetic navigation 
system, as well as non-contact in-depth ablation using therapeutic 
intravascular ultrasound.

PAH remains a global challenge because not all patients respond 
well to the current targeted drugs. PADN is an effective method 
and can serve as an alternative for those non-responders to medi-
cation. Novel technologies for enhancing the effect of PADN need 
to be developed and tested in adequately-powered trials.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
1. Zhang H, Zhang C, Kan J, Yang Z, Gu H, Fan F, Gu H, 
Wang Q, MD; Zhang J, Xie D, Zhang G, Guo X, Yin Y, Chen SL. 
Long-term mortality after pulmonary artery denervation stratified 
by baseline functional class in patients with pulmonary arterial 
hypertension. AsiaIntervention. 2022;8:58-68.
2. Verity MA, Bevan JA. Fine structural study of the terminal effe-
cror plexus, neuromuscular and intermuscular relationships in the 
pulmonary artery. J Anat. 1968;103:49-63.
3. Juratsch CE, Jengo JA, Castagna J, Laks MM. Experimental pul-
monary hypertension produced by surgical and chemical denerva-
tion of the pulmonary vasculature. Chest. 1980;77:525-30.
4. Chen SL, Zhang YJ, Zhou L, Xie DJ, Zhang FF, Jia HB, Wong SS, 
Kwan TW. Percutaneous pulmonary artery denervation completely 
abolishes experimental pulmonary arterial hypertension in vivo. 
EuroIntervention. 2013;9:269-76.
5. Zhou L, Zhang J, Jiang XM, Xie DJ, Wang JS, Li L, Li B, 
Wang ZM, Rothman AMK, Lawrie A, Chen SL. Pulmonary Artery 
Denervation Attenuates Pulmonary Arterial Remodeling in Dogs 
With Pulmonary Arterial Hypertension Induced by Dehydrogenized 
Monocrotaline. JACC Cardiovasc Interv. 2015;8:2013-23.
6. Huang Y, Liu YW, Pan HZ, Zhang XL, Li J, Xiang L, Meng J, 
Wang PH, Yang J, Jing ZC, Zhang H. Transthoracic Pulmonary 
Artery Denervation for Pulmonary Arterial Hypertension. 
Arterioscler Thromb Vasc Biol. 2019;39:704-18.
7. Chen SL, Zhang FF, Xu J, Xie DJ, Zhou L, Nguyen T, Stone GW. 
Pulmonary artery denervation to treat pulmonary arterial hyperten-
sion: the single-center, prospective, first-in-man PADN-1 study 
(first-in-man pulmonary artery denervation for treatment of pulmo-
nary artery hypertension). J Am Coll Cardiol. 2013;62:1092-100.




