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Abstract

OBJECTIVES: Pulmonary arterial hypertension (PAH) is a cardiopulmonary disease that affects the pulmonary vasculature, leading to
increased afterload and eventually right ventricular (RV) remodelling and failure. Bilateral sympathectomy (BS) has shown promising
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results in dampening cardiac remodelling and dysfunction in several heart failure models. In the present study, we investigated whether BS
reduces pulmonary arterial remodelling and mitigates RV remodelling and failure.

METHODS: PAH was induced in male Wistar rats by intraperitoneal injection of monocrotaline. Rats were divided into 3 groups, involving
untreated PAH (n = 15), BS-treated PAH (n = 13) and non-manipulated control rats (n = 13). Three weeks after PAH induction, the rats were
anaesthetized and RV function was assessed via the pressure-volume loop catheter approach. Upon completion of the experiment, the
lungs and heart were harvested for further analyses.

RESULTS: BS was found to prevent pulmonary artery remodelling, with a clear reduction in a-smooth muscle actin and endothelin-1 ex-
pression. RV end-systolic pressure was reduced in the BS group, and preload recruitable stroke work was preserved. BS, therefore, miti-
gated RV remodelling and cardiomyocyte hypertrophy and diminished oxidative stress.

CONCLUSIONS: We showed that thoracic BS may be an important treatment option for PAH patients. Blockade of the sympathetic path-
way can prevent pulmonary remodelling and protect the RV from oxidative stress, myocardial remodelling and function decay.

Keywords: Sympathetic blockade • Pulmonary hypertension • Ventricular remodelling • Pulmonary artery remodelling • Oxidative stress

ABBREVIATIONS

BS Bilateral sympathectomy
NO Nitric oxide
PADN Pulmonary artery denervation
PAH Pulmonary arterial hypertension
PASMC Pulmonary arterial smooth muscle cell
PVR Pulmonary vascular resistance
RV Right ventricular
SNS Sympathetic nervous system

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a cardiopulmonary dis-
ease that affects both the pulmonary vasculature and the right
ventricle (RV). Irrespective of the primary aetiology, PAH is char-
acterized by vascular remodelling of the pulmonary artery result-
ing in increased pulmonary vascular resistance (PVR), which leads
to high RV afterload and the development of RV failure—the
leading cause of death in PAH patients [1, 2]. While current thera-
peutic approaches are symptomatic and based on vasodilative
and antiproliferative drugs, none of the standard treatments are
curative [3].

A vicious cycle between states of oxidative stress and inflam-
mation aggravates PAH development and activates the sympa-
thetic nervous system (SNS) [4]. Norepinephrine released by the
SNS promotes pulmonary arterial smooth muscle cell (PASMC)
remodelling via the ERK-1/2 pathway [5]. Autonomic nervous sys-
tem imbalance is associated with disease progression, which
leads to RV failure and increased mortality [6]. Expectedly, sym-
pathetic blockade has been shown to be effective in dampening
ventricular dysfunction in several heart failure models.

Bilateral sympathectomy (BS) has been observed to prevent
cardiac remodelling and preserve left ventricular (LV) function in
experimental models of myocardial infarction [7] and dilated car-
diomyopathy [8]. In PAH models, partial sympathetic blockade
inhibited ERK-1/2-mediated vascular remodelling in PASMCs [9]
and attenuated PAH progression via the nitric oxide (NO) path-
way [10]. Nevertheless, the underlying mechanisms of sympathet-
ic blockade still remain elusive.

As SNS seems to play a central role in PAH development and
RV failure, we aimed to investigate whether BS ameliorates pul-
monary artery remodelling and secondary RV failure and to

evaluate its mechanism of action in a monocrotaline-induced
PAH rat model.

MATERIALS AND METHODS

Ethics statement

All experiments were performed in accordance to the Ethical
Principles for Animal Research proposed by the Brazilian College
of Animal Experimentation. Approval was obtained from the
Animal Subject Committee of the University of S~ao Paulo
Medical School (CEUA-FMUSP # 033/17).

Animals and procedures

Male Wistar rats, weighing an average of 350 ± 30 g, were randomly
divided into 3 groups: untreated PAH group (PAH, n = 15); BS-
treated PAH group (BS, n = 13); and control group (n = 13). PAH was
induced in both the PAH and BS groups through a single intraperi-
toneal injection of monocrotaline (60 mg/kg; Sigma Aldrich, San
Luı́s, MO, USA), while control group was not manipulated.

Before PAH induction in the BS group, bilateral sclerosis of the
stellate ganglion was performed as previously described [8]. BS
was confirmed by the observation of bilateral and non-reversible
palpebral ptosis.

Right ventricular function evaluation

Three weeks after PAH induction, the rats were submitted to RV
function evaluation using a pressure–volume conductance sys-
tem. Further details are described in the Supplementary Material.

Histological and immunohistochemistry analyses

At the end of the experimental protocol, all the rats were euthan-
ized by exsanguination. The lungs and heart were removed and
processed for analyses.

Lung and heart homogenate assays

Lung and heart samples were weighed and homogenized for fur-
ther analyses. Detailed procedures are described in the
Supplementary Material.
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Cardiomyoblast assays

Rat H9C2 cardiomyoblasts were used to assess mitochondrial
oxidative stress and hypertrophy. Detailed procedures are
described in the Supplementary Material.

Statistical analysis

All data were analysed using Prism 9.0 (GraphPad Software Inc,
CA, USA) and are expressed as median and interquartile interval.
The minimal number of 7 rats per group was defined based on
the expected difference of more than one interquartile variation
in morphometric and haemodynamic variables. The differences
between groups were assessed via the Kruskal–Wallis test, fol-
lowed by the Benjamini–Hochberg method of false discovery
rate, with P-values adjusted to 0.05 to account for adjusting for
each end-point for the 3 pairwise comparisons.

RESULTS

No deaths occurred in the control group, while 2 deaths were
observed in the untreated PAH group. BS decreased PAH-
associated mortality, with no deaths reported in the BS group. At
the end of the experimental protocol, the rats were randomly
assigned for either haemodynamic analyses (n = 7 per group) or
molecular and biochemical analyses (n = 6 per group).
Morphological data of the lung and heart were obtained in all
the surviving animals. Both exhaled O2 and CO2 and blood gases
(PO2 and PCO2) did not differ between the groups.

BS decreased pulmonary artery remodelling,
atelectasis and fibrosis

As expected, the pulmonary arterial and arteriolar walls were
thicker in untreated PAH rats compared to control rats (Fig. 1A;
PAH: 24 127 ± 11 854 mm2; control: 8787 ± 2666 mm2). BS decreased
arterial wall thickness by 52.3%, and the arterial wall thickness of
BS-treated PAH rats did not differ from that of control rats.

Untreated PAH rats exhibited increased arterial muscularization
compared to control rats, as evidenced by an increase in aSMA-
positive areas (Fig. 1B). BS inhibited the increase in muscularization
when compared to the untreated PAH group and had a tendency
to decrease muscularization when compared to the control group.

Besides pulmonary arterial remodelling, untreated PAH rats
demonstrated a higher degree of pulmonary atelectasis when
compared to control rats (Table 1). BS reduced, but did not miti-
gate, pulmonary atelectasis in PAH rats to levels similar to those of
the control group. Atelectasis did not stem from the occurrence of
pulmonary oedema or inflammation, as these did not differ be-
tween the groups. However, pulmonary fibrogenesis was increased
in untreated PAH rats and was reduced in the BS group. Thus, BS
reduced pulmonary arterial remodelling and atelectasis in PAH
rats, presumably by mitigating fibrogenic responses.

Noradrenaline decrease attenuated vascular
constriction

A decrease in noradrenaline expression (Fig. 2A), but not in
adrenaline expression (Fig. 2B), was observed in the BS group.

ET-1 expressions in lung blood vessels did not differ between the
control and PAH groups, However, ET-1 expression in the BS
group was significantly lower than that of the PAH group
(Fig. 2C). VEGF expression in lung homogenates of the PAH
group was lower than that of the control group. BS did not alter
VEGF expression (Fig. 2D). In terms of NO metabolites, no (sig-
nificant) differences were shown in the nitrate (Fig. 2E) and nitrite
(Fig. 2F) levels of PAH and BS lung homogenates.

BS mitigated RV remodelling and dysfunction

Untreated PAH rats showed greater RV remodelling compared
to control rats (Fig. 3). In PAH rats, right ventricular end-systolic
pressure (RVESP) and pulmonary vascular resistance (PVR) were
significantly higher than those of control rats, while HR was not
(Table 2), suggesting the development of RV failure. Indeed, the
indicators for contraction efficacy, including PRSW and dP/dT
max, were lower in PAH rats than in control rats, while those
for relaxation efficacy did not differ between the 2 groups. BS
restored PRSW and normalized both RVESP/MAP and PVR,
which may be associated with the prevention of RV failure
(Fig. 4A). No differences in the remaining parameters were
observed among the groups.

PAH rats demonstrated maladaptive remodelling with
enlarged RV chambers and thicker RV wall than the control
group (Fig. 3). BS was shown to prevent RV chamber dilation in
relation to the PAH group. Furthermore, the BS group exhibited
thinner RV walls compared to the PAH group, but no differences
were observed in terms of LV wall thickness. There was no differ-
ence in the percentage of RV myocardial connective tissue be-
tween the 3 groups [control: 0.7% (0.2–1.6); PAH: 1.1% (0.3–3.7);
BS: 0.7% (0.1–1.4); P = 0.318].

RV failure associated with cardiomyocyte
hypertrophy and mitochondrial stress,
which were precluded by BS

The RV failure in PAH rats coincided with RV cardiomyocyte
hypertrophy, which was precluded by BS (Fig. 5A). LV cardio-
myocytes were unaffected, and their sizes did not differ between
the groups. Cardiomyocyte hypertrophy associates with mito-
chondrial stress. Indeed, myocyte mtDNA copy number was
lower in PAH rats than in control rats, and the loss of mtDNA
was precluded by BS (Fig. 5B). Concurrently, oxidative stress, as
indicated by radical scavenging activity (Fig. 5C) and lipid peroxi-
dation products (Fig. 5D), was apparent in the RV of untreated
PAH rats and was also mitigated by BS.

Sympathetic stimuli associated with increased
oxidative stress in cardiomyoblasts

Adrenergic stimulation by phenylephrine is known to induce cel-
lular hypertrophy in cultured cardiomyoblasts. Stimulated cardio-
myoblasts in our study showed increased mitochondrial oxidative
stress, which was mitigated by the strong antioxidant Trolox
(Fig. 6A). As expected, phenylephrine stimulation increased the
activity of a hypertrophy-reported construct, which was reduced
by co-treatment with Trolox (Fig. 6B). These data suggest that ad-
renergic stimulation of cardiomyocytes directly evokes mitochon-
drial stress, which can culminate to cellular hypertrophy.
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Figure 1: Arterial wall (n = 13) and a-actin smooth muscle analysis (n = 6). White: control group; grey: pulmonary arterial hypertension group; red: bilateral sympathec-
tomy group. PAH: pulmonary arterial hypertension; BS: bilateral sympathectomy. (A) Representative photomicrography under 20� augmentation of the arteries
(arrow) stained with haematoxylin and eosin. Kruskal–Wallis P-value = 0.013. (B) Representative photomicrography under 20� augmentation of the arteries (arrow)
marked for smooth muscle a-actin, counterstained with haematoxylin. Kruskal–Wallis P-value <0.001.

Table 1: Lung histology

Control, n = 13 PAH, n = 13 BS, n = 13 P-Value

Pulmonary atelectasis, % 0.0 (0.0–3.9)a 17.8 (0.0–48.9) 0.0 (0.0–15.0)a 0.0001
Pulmonary oedema, % 1.7 (0.6–3.4) 6.1 (2.1–13.3) 6.2 (0.0–7.1) 0.1189
Inflammatory infiltrate, % 2.8 (1.0–6.7) 4.5 (0.2–9.1) 7.0 (1.0–10.4) 0.4480
Pulmonary fibrosis, % 8.9 (5.6–15.6)a 21.1 (11.1–41.7) 12.2 (6.7–22.2)a 0.0140

Data presented as median and interquartile interval.
aBenjamini–Hochberg method of false discovery rate P < 0.05 versus PAH group.
BS: bilateral sympathectomy; PAH: pulmonary arterial hypertension.
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Figure 3: Cardiac morphometric analyses and representative photomicrographs of gross heart sections stained with haematoxylin and eosin. Right ventricular cham-
ber (A), right ventricular (B) and left ventricular (C) wall thickness. N = 13 per group. White: control group; grey: pulmonary arterial hypertension group; red: bilateral
sympathectomy group. BS: bilateral sympathectomy; PAH: pulmonary arterial hypertension. #The lumen of the right ventricle.

Figure 2: Noradrenaline (A), adrenaline (B), endothelin-1 (C) and VEGF (D) protein expression and nitric oxide metabolites (E and F) in lung homogenates. N = 7 per
group. White: control group; grey: pulmonary arterial hypertension group; red: bilateral sympathectomy group. BS: bilateral sympathectomy; PAH: pulmonary arterial
hypertension.
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DISCUSSION

Our study showed that BS can mitigate pulmonary vascular
remodelling and RV failure in a rat model of PAH. Untreated
PAH rats presented with pulmonary blood vessel wall hyper-
trophy, accompanied by increased PVR, lung fibrosis and atelec-
tasis. Such pathological changes were mitigated by BS.
Pulmonary vascular remodelling and increased PVR result in the

development of RV failure, which represents the primary cause
of mortality in PAH patients. Untreated PAH rats developed RV
failure secondary to PAH and presented with increased PVR,
RVESP, dP/dT max and RVESP/MAP, as well as decreased PRSW.
At the pathophysiological level, the RV of PAH rats showed mal-
adaptive hypertrophy and dilatation, with cardiomyocyte hyper-
trophy, oxidative stress and diminished mitochondrial copy
number, which were mitigated following treatment with BS.

Table 2: Heart function

Control, n = 7 PAH, n = 7 BS, n = 7 P-Value

Global haemodynamics
Heart rate, bpm 328 (263 to 353) 319 (289 to 370) 334 (283 to 372) 0.533
Mean arterial pressure, mmHg 68 (63 to 85) 82 (71 to 95) 93 (78 to 105) 0.085
Cardiac output, ml/min 24.6 (13.3 to 36) 26.2 (8.9 to 45.4) 27.1 (8.4 to 44) 0.945

RV function
End-diastolic pressure, mmHg 2.2a (1.2 to 6.2) 8.9 (1.7 to 13.9) 1.6a (0.3 to 12.8) 0.0007
End-systolic pressure, mmHg 25a (18 to 29) 52 (36 to 82) 42 (28 to 53) 0.0005
End-diastolic volume, ll 120.9 (85.7 to 171.3) 121 (83.2 to 178.6) 134.4 (95.9 to 176.2) 0.492
End-systolic volume, ll 54.9 (30.9 to 71.7) 57.3 (20.3 to 81.8) 66 (10.1 to 85.5) 0.693
Ejection fraction, % 65 (36 to 87) 70 (33 to 86) 56 (31 to 71) 0.339
Stroke volume, ll 79 (40.5 to 106) 80.1 (27.3 to 122.7) 72.8 (26.5 to 126.2) 0.978
Stroke work, mmHg ml 2.06 (0.58 to 3.54) 2.2 (0.39 to 10.33) 3.09 (0.39 to 4.85) 0.917
dP/dT min, mmHg/s -860a (-1349 to -600) -2332 (-6298 to -1204) -2229 (-2557 to -910) 0.001
dP/dT max, mmHg/s 1072a (862 to 1861) 2443 (1465 to 7299) 2166 (1294 to 2850) 0.002
tau, ms 14.5 (8.9 to 28.7) 11.6 (3.1 to 34.5) 10.8 (7.7 to 33.2) 0.850

Global and right ventricular haemodynamics parameters. Data are presented as median and interquartile interval.
aBenjamini–Hochberg method of false discovery rate P < 0.05 versus PAH group.
BS: bilateral sympathectomy; PAH: pulmonary arterial hypertension; RV: right ventricular.

Figure 4: Data for right ventricular end-systolic pressure/mean arterial pressure relation (A), pulmonary vascular resistance (B) and right ventricular preload recruit-
able stroke work (C). The representative pulmonary vein loop response to preload manoeuvre of each group (D–F). N = 7 per group. White: control group; grey: pul-
monary arterial hypertension group; red: bilateral sympathectomy group. BS: bilateral sympathectomy; PAH: pulmonary arterial hypertension.
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Hence, we conclude that BS can elicit beneficial effects in experi-
mental PAH and may offer a therapeutic benefit to PAH patients.

Sympathetic overactivity has been linked to pulmonary artery
remodelling in PAH [9]. In pulmonary arteries, vascular contrac-
tion is primarily controlled by the a1-adrenoceptor, which has a
high affinity for norepinephrine. Norepinephrine induces
PASMCs [5], which results in increased muscularization of the
pulmonary arteries. Blockade of the sympathetic tone attenuates

ERK activation and, thus, diminishes norepinephrine-induced
pulmonary artery muscularization [9].

Sympathetic blockade has been investigated as an alternative
to pharmacological therapy in the treatment of PAH. Pulmonary
artery denervation (PADN) represents one of the alternative
treatments based on modulation of the sympathetic system.
PADN was performed on a monocrotaline-induced PAH dog
model and was shown to improve haemodynamics and

Figure 6: H9C2 cardiomyoblast assays. MitoSOX analysis (A) and hypertrophy reporter assay (B). N = 6 per group. White: control group; dark grey: phenylephrine +
vehicle group; light grey: phenylephrine + Trolox group. PE: phenylephrine.

Figure 5: Right ventricular cellular analyses. Cardiomyocyte cellular hypertrophy (A) measured in the right and left ventricle. Mitochondrial copy number (B). Radical
scavenging activity (C). Lipid peroxidation (D). N = 13 per group. White: control group; grey: pulmonary arterial hypertension group; red: bilateral sympathectomy
group. BS: bilateral sympathectomy; PAH: pulmonary arterial hypertension.
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pulmonary artery remodelling [11]. Chen et al. evaluated the
effects of PADN on patients with idiopathic PAH with 3 months
of follow-up. PADN decreased mean pulmonary arterial pressure
and improved the 6-min walk test [12]. In a larger study [13]
involving 66 patients who underwent PADN and discontinued
other targeted treatment, 94% reported at least a 10% decrease
in mean pulmonary arterial pressure within 1 year of follow-up.
However, no control group was included in this study.

Thoracic sympathetic blockade has emerged as an alternative
management of PAH [9, 10]. In this regard, a left superior cervical
ganglion blockade has been reported to prevent PASMC prolifer-
ation and increase NO availability in the lungs [10]. Similarly,
transection of the right cervical sympathetic trunk suppressed
pulmonary artery remodelling and prevented RV failure [9]. In a
myocardial infarction model [7], BS has been proven more effect-
ive in protecting the myocardium from remodelling than unilat-
eral sympathectomy. Based on this, the present study opted for
bilateral, rather than unilateral, sympathetic blockade, and aimed
to protect both the RV and the pulmonary arteries.

Endothelial dysfunction in the pulmonary arteries contributes
to vascular remodelling and the increase in PVR in PAH [14]. In
our model, ET-1 did not differ between the control and PAH
groups. However, serum ET-1 levels have been described to be
elevated in PAH patients [1]. In healthy subjects, noradrenaline
and ET-1 synergism regulate vascular tone [15]. In our study, BS
decreased noradrenaline levels in the lungs, consequently dimin-
ishing ET-1 expression in the pulmonary blood vessels. As a con-
sequence, vasoconstriction was decreased, as observed by the
lowered PVR and a-SMA expression, which associated with
decreased vascular proliferation in this study and others [9, 16].
ET-1 is a potent vasoconstrictor associated with PASMC vascular
remodelling, and PVR increases with PAH progression. Notably,
ET-1 has been a target for PAH treatment, particularly with endo-
thelin receptor antagonists such as Bosentan [17].

Alongside endothelin, NO plays an important role in PAH de-
velopment. To analyse NO levels, most studies quantify endothe-
lial NO synthase protein expression in the lungs. However, lung
endothelial NO synthase expression is mostly unchanged or
increased in experimental PAH studies, but enzyme activity is
uncoupled, which produces superoxide instead of NO [18]. Since
nitrates and nitrites represent the major subproducts of NO,
quantifying their levels in lung homogenates allows for the as-
sessment of NO availability in the tissue. In our study, NO levels
remained unchanged in the untreated PAH group, suggesting
that BS is not involved in this pathway.

In terms of VEGF, most studies have confirmed that it is over-
expressed in the lungs of both chronic hypoxic and
monocrotaline-induced PAH models [19, 20]. However, VEGF
blockade associated with worsened pulmonary fibrosis in a rat
model of PAH [21]. Interestingly, our results showed diminished
VEGF lung expressions in the PAH group and the lack of effects
of sympathetic blockade on these levels.

With regard to myocardial changes, BS has been shown to be
superior to unilateral sympathectomy in a myocardial infarction
model. BS not only preserved LV function but also prevented LV
remodelling and myocardial fibrosis. In contrast, unilateral left
sympathectomy failed to prevent LV remodelling, and it was
associated with increased fibrosis and decay of function, prob-
ably due to the hypertrophy of the contralateral ganglion. BS was
equally effective in a rat model of doxorubicin-induced heart fail-
ure. It was shown to decrease apoptotic markers and reduce
myocardial fibrosis and thereby associated with maintained LV

ejection fraction and myocardial contractile efficiency, as well as
increase PRSW [8]. Since RV remodelling and further heart failure
represent the leading cause of death in PAH patients, RV protec-
tion is an important outcome to be analysed.

Pathological remodelling increases energy demand through
unfavourable cardiac geometry, with increased neurohormonal
stimulation and impaired calcium handling, which can result in
mitochondrial stress and metabolic imbalance [22]. Untreated
PAH rats in our study demonstrated an increase in myocardial
peroxidation damage associated with diminished endogenous
radical scavenging activity. The increase in oxidative stress was
accompanied by a decrease in myocardial mitochondrial copy
number. Sympathetic blockade by BS, therefore, associated with
preserved radical scavenging activity, reduced levels of lipid per-
oxidation, and consequently the maintenance of mitochondrial
copy number.

As a result of preserved metabolic balance, RV remodelling
was prevented. By preserving myocardial reserves, thoracic BS
associated with the maintenance of both cardiomyocyte size and
RV geometry. While RV hypertrophy can initially compensate for
the augmented afterload (PVR) and maintain cardiac output, it is
rarely fully compensatory and will eventually lead to RV failure.
In line with this, our analysis of PRSW in untreated PAH rats
demonstrated a lack of stroke work reserve in the RV.

The aforementioned results suggest a potential link between
adrenoceptor activity, mitochondrial stress and cardiomyocyte
hypertrophy. To investigate this correlation, we stimulated H9C2
cardiomyoblasts with phenylephrine, an adrenergic a1-agonist,
and found that adrenergic stimuli associated with an increase in
mitochondrial superoxide, which was alleviated by the addition
of an antioxidant. We further investigated the relationship be-
tween adrenergic stimulated oxidative stress and cardiomyoblast
hypertrophy and observed that phenylephrine-stimulated cardi-
omyoblasts were indeed hypertrophied. Notably, stimulated car-
diomyoblasts treated with an antioxidant demonstrated reduced
cellular hypertrophy, suggesting a strong link between the sym-
pathetic pathway and myocardial oxidative stress, and its conse-
quences to RV remodelling.

Limitations

The monocrotaline model is one of the most commonly used
animal models for PAH. Monocrotaline induces PAH through dir-
ect endothelial lesion formation, which is comparable to drug-
and toxin-related PAH seen in humans. However, the monocro-
taline model does not fully mimic complex idiopathic PAH,
which is, clinically, the most common form of PAH [23]. Another
limitation involves the time points used in assessing the effects of
BS on PAH. Therefore, it was not possible to distinguish the direct
effects of BS on the lungs from those on the RV, particularly be-
cause PVR is closely linked to afterload and thus RV failure. Since
we studied BS prior to monocrotaline induction, we can only
theorize its effects on patients with developed PAH. In this re-
gard, sympathetic blockade was able to prevent PASCM muscula-
rization, the primary pathological change in PAH, as previously
reported by other authors [9, 10]. Regarding the clinical practice,
BS can be performed surgically by thoracoscopy, as routinely
used in the treatment of patients with hyperhidrosis. About the
best moment for the application on patients, given that myocar-
dial remodelling is a continuous process, it seems reasonable to
expect to have BS intervention performed immediately after the
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PAH diagnosis or at any time point. Nonetheless, further investi-
gations regarding BS are warranted to assess its potential benefits
in pulmonary artery reverse remodelling.

CONCLUSIONS

Bilateral thoracic sympathetic blockade prevented pulmonary
vascular remodelling and RV failure in our experimental PAH
model. While sympathetic activation evoked pulmonary arterial
muscularization, elevated PVR, augmented myocardial oxidative
stress and induced cardiac remodelling and failure, BS prevented
all these pathophysiological changes and consequently main-
tained RV function. Our data suggest that BS may provide a
therapeutic benefit to PAH patients.
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