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Although outcome has improved over the past years  
long-term prognosis remains  unsatisfactory

Benza RL, et al. Chest 2012
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Nuovi farmaci o nuove 
strategie terapeutiche?



Agenda

• Rehabilitation
• Continuous PAP monitoring system
• Pulmonary artery denervation (PADN)
• Right-to-left shunt: atrial flow regulator (AFR), Potts, 

PDA stenting



The role of sympathetic nervous system activation (SNA)

A Constantine  et al, Trends in Cardiovasc Med 2021;31:252–260

Major drivers of PAH:
- Endothelial dysfunction
- PA smooth muscle proliferation
- Vasoconstriction

As pulmonary vascular disease progresses… 
compensatory activation of: 
- sympathetic nervous system
- renin-angiotensin-aldosterone-system

B-blockers
RAAS drugs



35 male rats
(Sprague Dawley)

Arterioscler Thromb Vasc Biol. 2019;39:704-718

PA denervation attenuated RV 
hypertrophy and fibrosis

Technique 

• Better effort tolerance
• Better haemodynamics

PA denervation reduced RV volumes

PAH PAH



Interventional options for pulmonary artery denervation 
(PADN)

Catheter-based approaches

radiofrequency 
ablation 

high-energy endovascular 
ultrasound

A Constantine  et al, Trends in Cardiovasc Med 2021



High-output burst electric stimulation applied to the pulmonary artery to 
determine ablation sites based on the autonomic responses

Targeting the ablation sites for PADN



• 13 patients with idiopathic PAH not responding adequately to medical therapy

2013: first-in-man experience 
with PADN 

JACC 2013

• mPAP from 55+5 mmHg to 36+5 mmHg, (p<0.01)
• 6MWT from324+21 m to 491+38 m (p<0.005) 
• Tei index from 0.7+0.04 to 0.50+0.04 (p<0.001).



PADN for patients with different 
PH forms

Circ Cardiovasc Interv 2015

• 94% mPAP reduction >10% (mPAP -7 mmHg)
• Mean 6MWT increase: +95 m

• 66 patients with different forms of PH



Hoeper M, Galie N, Circ Cardiovasc Interv 2015

• Serious concerns about the withdrawal of targeted therapies for 
investigative reasons  (unethical!)

• No control group
• All-cause mortality 12% (procedure? Drugs withdrawal?)
• Incorrect PH classification (PAH group II doesn’t exist)
• Medications do not meet current standards of care (i.e. prostacyclin 

analogues in 89% of Gr2 PH patients)

Weaknesses of the study



Zang H, JACC Cardiovasc Interv 2015

PADN for patients with 
Combined post and pre-

capillary PH (Cpc-PH)

New-onset HF randomized to PADN + sildenafil (n = 48) or sham denervation + sildenafil (n = 50). 

• Acute HF (HF therapies up-titrated during the follow-up)
• Sildenafil is not standard practice (post-capillary PH)
• Fall in PAWP is difficult to explain

Concerns

• Exercise capacity improved in PADN+S patients: 6MWD +83 m vs +15 m (p< 0.001). 
• Fall in PVR (6.4±3.2 to 4.2 ±1.5WU, p < 0.001) 
• Fall in PAWP (22.2±6.6 to 16.1±6.2 mmHg, p = 0.01)



Pulmonary artery denervation: lights and shadows

• safety and feasibility procedure 
• positive (yet not conclusive) 
signals of efficacy

• carefully designed large multicentre 
randomized trials
• clarify the technique’s mechanisms of 
action
• how can PADN  influence the severe, 
fixed, obstructive PAH lesions?
• long-term results
• variable degrees of delayed 

reinnervation (see heart Tx) possible



Blanc J et al. N Engl J Med 
2004;350:623

Two boys with supra-systemic
PAH (TGA after ASO) and right 
ventricular failure (4 and 14 yo).

Reverse Potts shunt or PDA stenting as palliation for 
severe PAH in childhood: 
transforming a IPAH in CHD-PAH…

Boudjemline Y et al, Can J Cardiol 2017;33(9):1188-
1196

Three boys with supra-systemic
PAH and right ventricular failure (2-9 yo).



After stent deployment in the arterial duct, a 
significant increase in right-to-left shunt was obtained.

Tiny PDA (white arrow) with exclusive right-to-left shunt

Cardiology in the young, 2015

90%

75%

R-to-L shunt
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Modified from J. Vettukattil, Grand rapid, MI, USA 

Atrial flow regulator (AFR) device 
(Occlutech®) in PAH  



Pulmonary Circulation 2021;11(1):1–10

• 39 PAH patients (9 children) 
- 34/39 syncope
- 27/39 right-heart failure

• No procedural complications
• 37 months follow-up

• 6MWD increased (310+58 vs 376+182) 
• None developed syncope
• SpO2 reduced (96+6% vs 92+5%)
• RAP reduced (9.5 vs 6.9 mmHg)
• CI increased (2.4+0.8 vs 3.0+1.0 L/min/m2) 



Pulmonary Circulation 2021;11(1):1–10



• Surgical and percutaneous Potts shunt leads to a significant 
desaturation of the lower limbs (brain circulation oxygenation 
preserved).

• Percutaneous Potts shunt needs a PDA (complications with covered 
stents in absence of PDA).

• AFR offers a safe and controlled septostomy in adults and children.
• Patients show acute benefits in symptoms, RV function haemodynamics 

and survival.

• Early implantation is better than high-risk procedures at a very  
advanced stage (timing!!!). 

Potts shunt and AFR device in PAH  



New 
techniques


