
PRECLINICAL RESEARCH

Renal Denervation Reduces
Pulmonary Vascular Remodeling
and Right Ventricular Diastolic Stiffness
in Experimental Pulmonary Hypertension
Denielli da Silva Gonçalves Bos, MSC,a,b Chris Happé, MSC,a,b Ingrid Schalij, BSC,a,b Wioletta Pijacka, PHD,c

Julian F.R. Paton, PHD,c Christophe Guignabert, PHD,d,e Ly Tu, PHD,d,e Raphaël Thuillet, BSC,d,e

Harm-Jan Bogaard, MD, PHD,a Albert C. van Rossum, MD, PHD,f Anton Vonk-Noordegraaf, MD, PHD,a

Frances S. de Man, PHD,a,b M. Louis Handoko, MD, PHDb,f

VISUAL ABSTRACT

da Silva Gonçalves Bos, D. et al. J Am Coll Cardiol Basic Trans Science. 2017;2(1):22–35.

HIGHLIGHTS

� Neurohormonal dysfunction (increased

sympathetic nervous system and renin

angiotensin-aldosterone system) play an

important role in pulmonary hypertension

progression.

� In this proof-of-concept study we

demonstrated in 2 pulmonary hyperten-

sion rat models that renal denervation

therapy improved pulmonary vascular

remodeling, lowered right ventricular

afterload, and decreased right ventricular

stiffness.

� Renal denervation effects may be

associated with a suppression of the

renin-angiotensin-aldosterone system.
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SUMMARY

Neurohormonal overactivation plays an important role in pulmonary hypertension (PH). In this context, renal

denervation, which aims to inhibit the neurohormonal systems, may be a promising adjunct therapy in PH. In

this proof-of-concept study, we have demonstrated in 2 experimental models of PH that renal denervation

delayed disease progression, reduced pulmonary vascular remodeling, lowered right ventricular afterload, and

decreased right ventricular diastolic stiffness, most likely by suppression of the renin-angiotensin-aldosterone

system. (J Am Coll Cardiol Basic Trans Science 2017;2:22–35) © 2017 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/).

P ulmonary hypertension (PH) is a fatal disease
characterized by excessive pulmonary
vascular remodeling and increased right ven-

tricular (RV) afterload, subsequently leading to RV
maladaptive remodeling and failure (1,2).

Neurohormonal mediators, such as the sympathetic
nervous system (SNS) and renin angiotensin-
aldosterone system (RAAS) are involved in the pro-
gression of PH and may contribute to pulmonary
vascular remodeling and RV dysfunction (3–6). In-
creased levels of SNS activity have been reported in PH
patients (7,8) and are associated with disease pro-
gression and prognosis (9). Previously reported evi-
dence by our group and others showed that systemic
(10) and local (11) RAAS activities are increased in PH
patients and are also associated with disease progres-
sion (4). Additionally, we demonstrated that chronic
angiotensin II type 1 (AT1)–receptor blocker treatment
delayed disease progression, reduced pulmonary
vascular remodeling, and improved RV diastolic
function in a PH animal model (4). Furthermore, pre-
vious studies in experimental PH provided evidence
that modulation of the sympathetic system improved
RV systolic function (12,13) and pulmonary vascular
remodeling (12,14). Therefore, targeting the RAAS and
SNS could be a promising therapy in PH (1,3,5).

In this context, renal denervation (RD) might be
pertinent. RD aims to abolish afferent and efferent
renal nerve signaling (15–17). Afferent renal nerve
activation is sympathoexcitatory (18,19), whereas
renal efferent nerve activation results in vasocon-
striction, sodium retention, release of renin from
the juxtaglomerular cells, and contributes to

angiotensin II and aldosterone production
(20,21), both of which exacerbate PH. In the
present study, we investigate the effect of RD
treatment on pulmonary vascular remodeling
and cardiac function in 2 well-established PH
animal models (4,22,23).

METHODS

All experiments were approved by the Institutional
Animal Care and Use Committee of the VU University,
Amsterdam, the Netherlands (FYS 13-05 and 14-10)
and performed according to the Declaration of Hel-
sinki conventions for the use and care of animals.

EXPERIMENTAL PH. In this study we investigated
the effects of RD-therapy in 2 PH animal models:
monocrotaline (MCT) and sugen 5416 combined with
chronic hypoxia (SuHx) (4,22,23). PH status was
confirmed by echocardiography at week 2 (MCT
model) and week 6 (SuHx model); at this point
animals were randomized to sham surgery or RD
surgery. At end-of-study (week 6 for MCT; week 10 for
SuHx, or when animals manifest signs of right heart
failure), echocardiography and RV catheterization
with pressure-volume analyses were performed. An
overview flow of the study design can be found in
Supplemental Figure S1A and S1B (4,13).

SURGICAL RD. Thirty minutes before anesthesia
(isoflurane induction: 4.0% in 1:1 O2/air mix; main-
tenance: 2.0% in 1:1 O2/air mix), rats received an
injection of analgesia (buprenorphine; 0.1 mg/kg
subcutaneously). Bilateral flank incisions were per-
formed and the kidneys were approached retroperi-
toneally. The renal arteries and veins were stripped
from the adventitia. All visible renal nerve bundles
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AB BR E V I A T I O N S

AND ACRONYM S

AT1 = angiotensin II type 1

Ea = right ventricular afterload

Eed = right ventricular

stiffness

Ees = right ventricular

contractility

MCT = monocrotaline model

PH = pulmonary hypertension

RAAS = renin angiotensin-

aldosterone system

RD = renal denervation

SNS = sympathetic nervous

system

SuHx = sugen combined with

hypoxia model
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