JACC: BASIC TO TRANSLATIONAL SCIENCE

VOL. 9, NO. 2, 2024

© 2024 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN

COLLEGE OF CARDIOLOGY FOUNDATION. THIS IS AN OPEN ACCESS ARTICLE UNDER

THE CC BY-NC-ND LICENSE (http://creativecommons.org/licenses/by-nc-nd/4.0/).

EDITORIAL COMMENT

Radiation to llluminate the

®

Path of Neuromodulation for
Pulmonary Hypertension*

Karl-Philipp Rommel, MD,*" Lukas Hobohm, MD,%“ Alexander M.K. Rothman, MD,®¢ Philipp Lurz, MD, PuD¢

ulmonary hypertension (PH) poses a signifi-

cant global health challenge, impacting

approximately 1% of the population. Etiologi-
cally, the condition can be categorized into 5 distinct
groups, each characterized by varying pathologic
drivers, prevalence rates, and therapeutic options.
Although pulmonary arterial hypertension (PAH), or
World Health Organization Group 1 PH, is relatively
uncommon and amenable to medical therapies, the
heterogeneous therapeutic responses with limiting
side effects and persistent progression of the disease
contribute to substantial morbidity, mortality, and
quality of life. Consequently, there is a pressing
need for additional treatment targets.’

A growing body of evidence indicates that the
autonomic nervous system may be a viable target
for therapeutic intervention. Sympathomimetics such
as methamphetamine and related diet suppressants
including aminorex, fenfluramine derivatives, and
benfluorex increase sympathetic activity and cause
PAH.” In patients with PAH (not associated with drug
use), autonomic activity has shown correlations with
clinical deterioration, 6-minute walk distances, right
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atrial dimensions, neurohumoral activation, and
adverse remodeling of the right ventricle, character-
ized by fibrosis, hypertrophy, and capillary
vasculopathy.’

Consequently, the concept of pulmonary artery
denervation (PADN) has emerged, with demonstrated
feasibility using various techniques such as surgery,
endovascular radiofrequency ablation, and ultra-
sound ablation. Key observations from these in-
terventions include a reduction in pulmonary artery
pressures, an increase in cardiac output, and a
decrease in pulmonary vascular resistance (PVR),
coupled with improvements in 6-minute walk tests.
Notably, recent applications of these interventional
procedures to patients with group 2 and 3 PH have
yielded promising results, marking an exciting new
therapeutic avenue for an expanding patient
population.>#

The technical principle underlying this interven-
tion revolves around the destruction of nerve fibers
along the pulmonary arteries. Preclinical studies have
unveiled variations in the distances, sizes, and dis-
tributions of these nerve fibers along the main stem
and branches of the pulmonary artery. This diversity
underscores potential challenges and uncertainties in
terms of ablation localization and tissue penetration,
particularly when using an endovascular approach.*

Stereotactic body radiotherapy (SBRT) is an
advanced technique designed to deliver precise, high
doses of radiation to specific targets in the body,
minimizing exposure to surrounding normal tissue.
Initially developed for intracranial, orbital, and base
of skull tumors, SBRT has evolved to address a
diverse range of targets. Its potential application in
the cardiovascular system, particularly the concept of
“radioablation” for ventricular tachycardia patients,
has attracted significant interest.” Observational case
series involving patients with refractory ventricular
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arrhythmias have demonstrated the efficacy of SBRT
in reducing arrhythmic events. The technique’s suc-
cess is attributed to its ability to deliver energy effi-
ciently to challenging areas, often inaccessible with
traditional endo- or epicardial ablation catheters. In
addition, SBRT achieves this with high precision and
homogeneous distribution within the myocardium,
creating fully transmural ablation lines. Furthermore,
SBRT offers the potential for a fully noninvasive
procedure, thereby potentially reducing the risk of
interventional complications.” The application of
SBRT has also been explored preclinically in ablation
procedures involving the pulmonary veins and renal
arteries.®

In this issue of JACC: Basic to Translational Science,
Xu et al” present a study proposing that the benefits
of SRBT could also be leveraged for PADN. The au-
thors used a canine model, inducing acute PAH in 20
beagles through infusion of a thromboxane A2
agonist, resulting in a dose-dependent increase in
pulmonary artery pressures, which was reversible
within 15 minutes on discontinuation of the infusion.
Subsequently, half of the dogs underwent PADN us-
ing SRBT with a relatively high radiation dose of
45 Gy and an average procedure time of nearly one
and a half hours.

In repeated hemodynamic challenges with throm-
boxane A2 at 1 and 6 months, the SBRT group
exhibited attenuated increases in systolic and mean
pulmonary artery pressures compared with baseline
and the control group. To a lesser extent, PVR was
reduced at 6 months in the SBRT group compared
with baseline, and cardiac output increased over time
in the SBRT group, although without statistical sig-
nificance. The authors also provide evidence, both
histologic and serologic, indicating effective reduc-
tion of neuronal activity in the pulmonary arteries.

The authors should be commended for integrating
the concepts of PADN and SRBT to enhance the
thoroughness of PADN, potentially improving
procedural success and mitigating interventional
complications.

The fundamental objective of PADN is to achieve
effective perivascular nerve destruction, a critical
aspect given the challenges posed by large vascular
dimensions, high blood flow, and variable distribu-
tion and distances of nerve fibers from the lumen.
Drawing from experiences with renal denervation
and the limited data available in the PADN domain, it
becomes evident that interventional techniques may
differ in their potential to fully destroy sympathetic
fibers circumferentially along the pulmonary artery.®
Radiofrequency approaches are generally acknowl-
edged to be safe and effective but have limitations in
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terms of penetration depth and circumferential
coverage. Additionally, they share the potential for
adverse endothelial lesions with intravascular ultra-
sound approaches, which itself are limited by
vascular dimensions and the need for high energy
delivery. Surgical methods, although deemed to be
the most comprehensive in denervating the pulmo-
nary artery, are highly invasive. Consequently, SRBT
theoretically poses an attractive alternative that
could optimize the completeness of denervation.

On reflection on procedural safety, however, the
purported advantages of SRBT may not be as evident,
especially considering the well-established safety
profiles of both renal artery denervation and PADN.
Contrary to the authors’ assertion, clinically relevant
restenosis rates after renal artery denervation are
infrequent and have not been described after PADN.
Additionally, these procedures can be conducted in
routine cathlab settings with minimal preprocedural
imaging and short procedure times.® In contrast,
SRBT demands substantial logistical efforts,
involving extensive preprocedural imaging and
treatment in dedicated and specialized oncologic in-
stitutions. Although the procedure appears to be
relatively safe in the current study, the authors did
note minimal texture changes and inflammatory cell
infiltration in tissue adjacent to the ablation sites.
This underscores the point that the use of radiation in
SRBT is not entirely devoid of side effects.

When extrapolating from preclinical findings to
clinical practice, it is essential to consider the specific
experimental model used. In this study, the authors
used a canine model with repeated induction of PH
through the infusion of a thromboxane A2 agonist,
consistent with a previous study on PADN.* Throm-
boxane A2, an endogenous eicosanoid, induces
platelet aggregation and vasoconstriction, and
elevated levels have been implicated in experimental
and clinical PAH. Although vasoconstriction is a key
mediator of PH pathology, it is important to note that
the thromboxane A2 model does not fully replicate
the small pulmonary artery vasculopathy responsible
for the progressively increasing PVR observed in pa-
tients with PAH. Notably, PH in this model is entirely
reversible after discontinuation of the infusion,
highlighting that the hemodynamic effects of PADN
are not mediated by its impact on small-vessel
structural changes.

Although the exact mechanisms of action of PADN
remain unclear, the study by Xu et al” and previous
research indicate that pulmonary hemodynamics in
PH are indeed influenced by sympathetic tone. PH is
associated with an early and progressive decrease in
pulmonary artery compliance, leading to an increase
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in pulsatile afterload through pathologic wave re-
flections from the distal pulmonary circulation.’
Pulmonary artery compliance is dynamic and is
affected by instantaneous hemodynamics like pul-
monary artery pressure, cardiac output, and left atrial
pressures.® Although the nonlinear elasticity of ar-
teries contributes to this phenomenon, the discussed
observations suggest that aspects related to pulmo-
nary arterial compliance could be positively influ-
enced by PADN. This again supports the modulation
of sympathetic tone as a potential therapeutic avenue
in PH.

In conclusion, the study by Xu et al” combines 2
emerging and appealing approaches in cardiovascular
medicine, namely, pulmonary neuromodulation to
treat PH and precision ablation by SBRT. The work
corroborates the concept of pulmonary vascular
nerve destruction to improve pulmonary hemody-
namics, stresses the need for comprehensive and
complete ablation, and provides some mechanistic
insights. However, whether SBRT will prove superior

Neuromodulation for Pulmonary

to new iterations of endovascular PADN devices able
to achieve enhanced tissue penetration and circum-
ferential ablation safely and in a timely manner will
need to be established. Similarly, further insights into
exact mechanisms by which pulmonary neuro-
modulation causes improvement in hemodynamics
are needed to facilitate future patient selection and
maximize procedural benefits of PADN, in particular
when expanding the procedure to the large, more
heterogeneous population of group 2 PH patients.
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