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Although outcome has improved over the past years
long-term prognosis remains unsatisfactory
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Nuv f\n farmaci o nhuove
strategle terapeutiche?
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Agenda

. Rehabilitati

« Pulmonary artery denervation (PADN)
 Right-to-left shunt: atrial flow regulator (AFR), Potts,
PDA stenting



The role of sympathetic nervous system activation (SNA)

Major drivers of PAH:

- Endothelial dysfunction

- PA smooth muscle proliferation
- Vasoconstriction

Disease mechanisms

Dysregulation of vascular tone

Abnormal proliferation row clors "-l;’llm ular AS pu | monary Vascu Iar disease prOg resses. .
S oy D compensatory activation of:
o sympathetic nervous system

Mitochondrial dysfunction overactivity
renin-angiotensin-aldosterone-system

Neurohumoral activation
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B-blockers
RAAS fd.\ru\gs

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



Transthoracic Pulmonary Artery Denervation for
Pulmonary Arterial Hypertension

Sympathetic Nerve Distribution and Pulmonary Artery Remodeling

Yuan Huang, Yi-Wei Liu, Hai-Zhou Pan, Xiao-Ling Zhang, Jun Li, Li Xiang, Jian Meng,
Pei-He Wang, Jun Yang, Zhi-Cheng Jing, Hao Zhang

25 ills 7 8 Arterioscler Thromb Vasc Biol. 2019;39:704-718

(Sprague Dawley)

Concept map of surgery

Concept map of surgery

separation of pulmonary artery removal of adipose and connective tissues covering with surgical tissue patch control

Technique PA denervation reduced RV volumes PA denervation attenuated RV
hypertrophy and fibrosis

+ Better effort tolerance
+ Better haemodynamics



Interventional options for pulmonary artery denervation
(PADN)

+

Catheter-based approaches

radiofrequency high-energy endovascular
ablation ultrasound

A Constantine et al, Trends in Cardiovasc Med 2021



Circulation: Cardiovascular Interventions

o

Pulmonary Artery Denervation by Determining Targeted

Ablation Sites for Treatment of Puimonary Arterial Ta rg eti ng the a blati o n Sites fo r PAD N

Hypertension

Taishi Fujisawa, MD, Masaharu Kataoka, MD, Takashi Kawakami, MD, Sarasa Isobe, MD,
Kazuaki Nakajima, MD, Akira Kunitomi, MD, Shin Kashimura, MD, Yoshinori Katsumata,
MD, Takahiko Nishiyama, MD, Takehiro Kimura, MD, Nobuhiro Nishiyama, MD,
Yoshiyasu Aizawa, MD, Mitsushige Murata, MD, Keiichi Fukuda, MD, and Seiji Takatsuki,
MD

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

Superior view Posterior view

Left PA Left PA . @ Aorta
) Right PA N A\

,t‘;/ nght PA

Left PA

/]

anm llllllllllllllllllllllll‘illl.
Bradycardia without changes of blood pressure: ablation sites =

]
@
& PR Yo 2P AR Pl VB w v

® Cough © Twitching of diaphragm
@ Changes of blood pressure without bradycardia

560ms 564 ms 584 ms 600ms 624ms 640ms
556mMs 552MS ¢——r¢———> ¢—> ————P————>p———> 616 ms 628 ms
>

| bl NJ\WMW W‘."W‘AN'WMWU‘JWW .W\ o Ao

>

High-frequency stimulation




Pulmonary Artery Denervation to Treat
Pulmonary Arterial Hypertension

€r,

2013: first-in-man experience
with PADN

[T An 8-F Long Sheath Was Inserted Through the Femoral Vein and Advanced to the MPA

«  mPAP from 55+5 mmHg to 36+5 mmHg, (p<0.01)
«  B6MWT from324+21 m to 491+38 m (p<0.005)
« Tei index from 0.74+0.04 to 0.50+0.04 (p<0.001).



Pulmonary Vascular Disease

OPEN

Hemodynamic, Functional, and Clinical Responses to

Pulmonary Artery Denervation in Patients With 717)71111110 nary P A D N fo r p a ti e n ts W i t h d iffe re n t

Arterial Hypertension of Different C

Phase II Results From the Pulmonary Artery Denervation-1 Study P H fo rm s

Shao-Liang Chen, MD; hang, ; Du-Jiang Juan Zhang. MD;
Ling Zhou, MD; Alexar M.K. Rothman, g W. Stone, MD

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



Letter by Hoeper and Gali¢ Regarding Article,
“Hemodynamic, Functional, and Clinical
Responses to Pulmonary Artery Denervation in

Patients With Pulmonary Arterial Hypertension

of Different Causes: Phase II Results From the Wea knesses of the Study
Pulmonary Artery Denervation-1 Study”

To the Editor:

t‘geper 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)



Pulmonary Artery Denervation
Significantly Increases 6-Min Walk

Distance for Patients With PADN for patients With

Combined Pre- and Post-Capillary

Pulmonary Hypertension Combined post and pre_

Associated With Left Heart Failure
The PADN-5 Study

21:9 H, JACC Cardiovasc Interv 2015

capillary PH (Cpc-PH)

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

» Exercise capacity improved in PADN+S patients: 6MWD +83 m vs +15 m (p< 0.001).

« Fallin PVR (6.4+£3.2 t0 4.2 £1.5WU, p < 0.001)
* Fall in PAWP (22.2+6.6 to 16.1+£6.2 mmHg, p = 0.01)

Concerns

» 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

FIGURE 3 Changes of 6-Min Walk Distance Over the Time in Both Sildenafil and
PADN Groups

1-maonth 2-manth 3-month G-manth

After randomization

Pulmonary artery denervation (PADN) resu lted in significant improvements in 6-min walk

distance.



ghts and shadows

 carefully designed Iargehﬁulticentre
randomized trials

clarify the technique’s mechanisms of
action

how can PADN influence the severe
fixed, obstructive PAH IeS|ons?

long-term results

variable degrees of detayed

relnnervatlon (see h__egrt Tx) possible
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Reverse Potts shunt or PDA stenting as palliation for

severe PAH in childhood:

transforming a IPAH in CHD-PAH...

‘ Two boys with supra-systemic

PAH (TGA after ASO) and right
ventricular failure (4 and 14 yo).

blood flow to
lower body

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

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

D
-

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



Patent ductus arteriosus stenting for palliation of severe
pulmonary arterial hypertension in childhood

) , 1~ . 1 ) ) 1 . .2 . 1
Michele D’Alto,” Giuseppe Santoro, Maria T. Palladino, Francesco Parisi,” Maria G. Russo

Cardiology in the young, 2015
|

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

R-to-L shunt

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



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

Post- AFR

RV

} LV
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Vettukattil, Grand rapid, MI, USA



Study of the effect of Occlutech Atrial Flow Regulator
on symptoms, hemodynamics, and echocardiographic
parameters in advanced pulmonary arterial hypertension

Kothandam Sivakumar @, Gopalavilasam R. Rohitraj, Monica Rajendran and
Nithya Thivianathan

Department of Pediatric Cardiology, Institute of Cardio Vascular Diseases, Madras Medical Mission, Chennai, India

I 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

*  SpO, reduced (96+6% vs 92+5%)

*  RAP reduced (9.5 vs 6.9 mmHg)

« CI increased (2.440.8 vs 3.0+1.0 L/min/m?2)




Study of the effect of Occlutech Atrial Flow Regulator
on symptoms, hemodynamics, and echocardiographic
parameters in advanced pulmonary arterial hypertension

Kothandam Sivakumar @, Gopalavilasam R. Rohitraj, Monica Rajendran and
Nithya Thivianathan

Department of Pediatric Cardiology, Institute of Cardio Vascular Diseases, Madras Medical Mission, Chennai, India

Pulmonary Circulation 2021;11(1):1-10 Small septostomy risks |¢mm Optimal shunt mp| Large septostomy risks
Premature closure Better O, transport Life-threatening hypoxia

|

Right to left atrial shunt
Hypoxaemia

Right atrial decompression
Relief of venous congestion

Right ventricle offloading Improved left heart filling
Improved right ventricle function Increased cardiac output

Right heart failure - 27/39 patients Syncope in 34/39 patients
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Potts shunt and AFR device in PAH

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!!!).
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