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Abstract

BACKGROUND

Despite major advances in pharmacologic treatment, patients with pulmonary
arterial hypertension (PAH) still have a considerably reduced life expectancy. In
this context, chronic hyperactivity of the neurohormonal axis has been shown to
be detrimental in PAH, thus providing novel insights on the role of neuroho-
rmonal blockade as a potential therapeutic target.

AIM

To evaluate the application and prognostic effect of neurohormonal inhibitors
(NEUi) in a single-center sample of patients with idiopathic PAH and risk factors
for left heart disease.

METHODS

We analyzed data retrospectively collected from our register of right heart cathet-
erizations performed consecutively from January 1, 2005 to October 31, 2018.
Patients on beta-blocker, angiotensin-converting enzyme inhibitor, angiotensin
receptor blocker or mineralocorticoid receptor antagonist at the time of right heart
catheterization were classified as NEUi users and compared to NEUi non-
recipients.

RESULTS

Complete data were available for 57 PAH subjects: 27 of those (47.4%) were taking
at least one NEUi at the time of right heart catheterization and were compared
with the remaining 36 NEUi non-recipients. NEUi users were older and had a
higher cardiovascular risk profile compared to non-recipients. Additionally, NEUi
non-users had a higher probability of dying during the course of follow-up than
NEUi recipients (56.7% vs 25.9%, log-rank P = 0.020).
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CONCLUSION

The above data highlighted a subgroup of patients with PAH and comorbidities for left heart
disease in which NEUi use has shown to be associated with improved survival. Future prospective
studies are needed to identify the most appropriate therapeutic strategies in this subset
population.

Key Words: Pulmonary arterial hypertension; Left heart disease; Neurohormonal inhibitors; Prognostic
outcome; Right heart catheterization; Pharmacological treatment
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Core Tip: In this observational study we underscored an increase in risk predictors for left heart disease
among patients with idiopathic pulmonary arterial hypertension. Data were retrospectively collected from
a single-center sample of patients with idiopathic pulmonary arterial hypertension who underwent right
heart catheterization from January 1, 2005 to October 31, 2018. Among them, subjects treated with
neurohormonal inhibitors showed a significantly better prognostic outcome during the course of follow-up
as compared to neurohormonal inhibitor non-recipients.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a life-threatening cause of right ventricular failure, charac-
terized by endothelial dysfunction and pulmonary vascular remodeling[1]. Despite major advances in
pharmacologic treatment, patients with PAH still have a considerably reduced life expectancy. In this
context, chronic hyperactivity of the neurohormonal axis has been shown to be detrimental in PAH,
thus providing novel insights on the role of neurohormonal blockade as a potential therapeutic target
[2]. To date, neurohormonal inhibitors (NEUi) are not currently labelled in PAH by contemporary
guidelines, while they are used to treat PAH subjects with concomitant risk factors for left heart disease
(LHD), for which they are instead scheduled for[3,4].

In recent years, further investigations have challenged the paradigm according to which PAH and
pulmonary hypertension (PH) due to LHD are considered two separate pathophysiological entities. The
AMBITION (Ambrisentan and Tadalafil in Patients with Pulmonary Arterial Hypertension) trial found
a higher than expected prevalence of risk predictors for LHD among PAH patients[5]. In the same way,
data from the COMPERA (Comparative, Prospective Registry of Newly Initiated Therapies for
Pulmonary Arterial Hypertension) and other registry reports showed a significant trend towards an
increased age and a higher percentage of cardiovascular comorbidities at diagnosis of PAH, together
with a weaker response to targeted PAH therapy[6,7]. So the emerging definition of “atypical PAH’ or
‘PAH with comorbidities” has been coined to identify such a hybrid PH phenotype with a purely
precapillary hemodynamic profile and risk predictors for LHD, in which a concealed post-capillary
involvement may be supposed[8,9]. In this way, the favorable impact of NEUi in this subset population
has been hypothesized, by targeting cardiovascular risk factors and hidden LHD.

MATERIALS AND METHODS

We evaluated retrospectively collected data of subjects who underwent right heart catheterization
(RHC) in a single-center cohort followed in the Cardiology Unit of University Hospital San Martino in
Genoa, Italy from January 1, 2005 up to October 31, 2018. Following the current European Society of
Cardiology and European Respiratory Society guidelines for the diagnosis and treatment of pulmonary
hypertension[3], PAH was defined hemodynamically by mean pulmonary arterial pressure = 25 mmHg,
together with pulmonary artery wedge pressure < 15 mmHg and pulmonary vascular resistance > 3
Wood units, in the absence of other identifiable etiologies of precapillary PH.

We selected patients with idiopathic PAH and complete information about demographics,
biochemical data and drug therapy at the time of RHC. Patients with PAH and associated clinical
conditions, such as PH due to lung disease and/or hypoxia, chronic thromboembolic PH or PH related
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to unclear or multifactorial mechanisms, were ruled out of the observational analysis. Subjects with a
diagnosis of LHD (defined by instrumental signs of left ventricular systolic or diastolic dysfunction or
left heart valvular disease) did not undergo hemodynamic assessment by RHC and were excluded from
the study population, according to our guidelines recommended study protocol[3,10].

In order to rule out occult post-capillary PH in patients suspected of having PAH, rapid fluid
administration of 500 mL 0.9% NaCl solution within 5 min (by pressure cuff, C-fusor 500, Smiths
Medical, Minneapolis, MN, United States) was performed, and the response of pulmonary artery wedge
pressure to shifts in volume status was recorded within 2 min after the fluid challenge[11,12].

Patients on beta-blocker, angiotensin-converting enzyme inhibitor, angiotensin receptor blocker or
mineralocorticoid receptor antagonist at the time of RHC were classified as NEUi users and compared
with NEUi non-recipients. Comparisons between NEUi users and NEUi non-users were performed in
terms of demographics, cardiovascular risk factors, biochemical samples, hemodynamic parameters and
prognostic outcome.

This study was conducted in accordance with the principles of the Declaration of Helsinki, and the
ethics committee of the Medical University of Genoa approved the protocol. Due to the retrospective
design, written informed consent to participate in the study was not applicable.

Statistical analysis was carried out using the Statistica 13.1 software for Windows (StatSoft, Inc.,
Tulsa, OK, United States). Quantitative variables were expressed either as number (percentage of total)
or mean * standard deviation. The statistical significance of the results between the two groups was
determined by means of either y? test or t-test, as appropriate. Death from any cause was assessed by
Kaplan-Meyer survival analysis. A P value < 0.05 was considered statistically significant.

RESULTS

Complete data were available for 57 patients affected by idiopathic PAH. The majority of them were
female (64.9%), mean age was 63.6 + 10.6 years and mean follow-up period was 4.2 + 3.0 years. Mean
pulmonary arterial pressure, pulmonary artery wedge pressure and pulmonary vascular resistance
were 45.0 £ 14.9 mmHg, 11.0 £ 2.8 mmHg and 8.8 £ 5.0 Wood units, respectively. Twenty-seven patients
(47.4%) were under treatment with at least one NEUi at the time of RHC and constituted the NEUi user
group: 15 (26.3%) were taking angiotensin-converting enzyme inhibitor/angiotensin receptor blocker
and 12 (21.1%) beta-blockers, while 6 (10.5%) were taking mineralocorticoid receptor antagonists. The
remaining 36 subjects of the study population belonged to the NEUi non-recipients.

The two groups were comparable in terms of PAH-specific drugs taken during the follow-up period,
as well as of prognostic determinants for PAH provided by the current European guidelines, including
World Health Organization functional class, 6-min walking distance, right atrial pressure, cardiac index
and N-terminal pro-brain natriuretic peptide plasmatic levels (P = not significant). NEUi users were
significantly older (67.6 £ 11.9 years vs 60.1 + 14.5 years, P = 0.039), had a lower glomerular filtration rate
(68.7 £22.7 mL/min/1.73 m* vs 73.7 £ 24.7 mL/min/1.73 m? P = 0.022), a higher body mass index (25.9
+4.4vs23.5+3.5, P=0.025), an increased prevalence of smoking habits (51.9% vs 20.0%, P = 0.025) and
increased systemic arterial hypertension (74.1% vs 40.0%, P = 0.020) compared to non-recipients.
Additionally, 5 NEUi recipients (18.5%) underwent coronary artery revascularization compared to
NEUi non-users (P = 0.046). Baseline characteristics and statistical results are summarized in Table 1.
NEUi non-users had a higher probability of dying during the course of follow-up than NEUi recipients
(56.7% vs 25.9%, log-rank P = 0.020) (Figure 1).

DISCUSSION

The reported data detected a significantly higher cardiovascular risk profile in the study population,
encountering more than 50% of subjects with arterial hypertension and more than 30% with smoking
habits and dyslipidemia. Albeit limited by the retrospective nature of the investigation, the small size
and the single-center origin of the sample examined, these findings are in agreement with the results
from the AMBITION trial and substantiated by registry data supporting that PAH with cardiovascular
comorbidities is a codified PH entity in clinical practice[5,7]. However, to date these data have not been
acknowledged by the current international guidelines on PH, which still fail to consider patients with
PAH and cardiovascular comorbidities as belonging to a defined clinical subset[3,13]. This lack in the
current state of regard for PH has limited further speculation on the potential therapeutic effects of
NEUi in these kinds of patients. In this regard, the analysis of the two patient populations studied
herein showed a significantly higher cardiovascular risk profile for LHD among NEUi users, in whom a
better prognostic outcome has been observed compared to NEUi non-recipients.

A plausible explanation to these observations comes from the beneficial effects of NEUi use on
cardiovascular comorbidities, which tended to cluster in the NEUi users group acting mainly on
systemic inflammation and microvascular circulation, with consequent worsening of right ventricular
impairment and survival[14,15]. In the same line, data from the literature pointed out a plausible
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Table 1 Baseline characteristics of the study population

Variable NEUi non-users, n= 30 NEUi users, n =27 P

Age in yr 60.1+14.5 67.6+11.9 0.039
Men/Women, n (%) 11 (36.7)/19 (63.3) 9 (33.3)/18 (66.7) 0.988
Follow-up in yr 40+27 45+33 0.504
Dead at follow-up, 1 (%) 17 (56.7) 7 (25.9) 0.038
BMI in kg/m? 235+35 259+44 0.025
Arterial hypertension, 7 (%) 12 (40.0) 20 (74.1) 0.020
Smoking habits, 1 (%) 6 (20.0) 14 (51.9) 0.025
Dyslipidemia, 7 (%) 7(23.3) 12 (44.4) 0.160
Diabetes mellitus, 1 (%) 2(6.7) 5 (18.5) 0.339
Supraventricular arrhythmias, 1 (%) 4 (13.3) 7 (25.9) 0.386
Coronary artery disease, 1 (%) 0(0) 5(18.5) 0.046
eGFR in mL/min/1.73 m® [CKD-EPI] 737 £247 58.7 £22.7 0.022
WHO-FC 22+0.76 2.3+047 0.572
6MWD in m 383.9 £129.7 374.3 £145.1 0.845
NT-proBNP in ng/mL 714.9 £ 692.4 808.7 £ 617.9 0.593
Systolic PAP in mmHg 74.7 £26.3 71.0+21.3 0.569
Diastolic PAP in mmHg 275+11.6 263+9.6 0.681
Mean PAP in mmHg 46.2+16.1 43.6 £13.6 0.509
Right atrial pressure in mmHg 83+£3.9 10.5+5.0 0.063
PAWP in mmHg 105+29 11.7+25 0.105
PVR in Wood unit 9.0+£54 8.6+4.6 0.789
Cardiac index in L/min/m? 26109 24+0.6 0.258

BMI: Body mass index; NEUi: Neurohormonal inhibitors; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; eGFR: Estimated glomerular

filtration rate; NT-proBNP: N-terminal pro-brain natriuretic peptide; PAP: Pulmonary arterial pressure; PAWP: Pulmonary artery wedge pressure; PVR:

Pulmonary vascular resistance; 6MWD: 6-min walking distance; WHO-FC: World Health Organization functional class.

Jaishideng®

overlap between idiopathic PAH and PH due to LHD in terms of pathophysiologic mechanisms,
prognostic outcomes and response to targeted PAH-specific treatment[11,14]. In the analysis conducted
by Obokata et al[16], the activation of the endothelin signaling pathway seemed to contribute to right
ventricular functional impairment in subjects with heart failure with preserved ejection fraction, while
endothelin-1 is also historically known for its pathogenic role in developing PAH by pulmonary
vasoconstriction, smooth muscle cell proliferation and pulmonary vascular remodeling.

Several studies emphasized a proposed paradigm whereby metabolic syndrome and cardiovascular
comorbidities could reinforce PH in patients with LHD by exploiting molecular pathways actively
involved in developing PAH, like a deranged interplay between decreased microvascular nitric oxide
availability and enhanced endothelin expression[17-20]. Therefore, the close relationship between these
two PH phenotypes raised the hypothesis of a potential continuum disease, in which PAH with risk
factor for LHD lies in-between. For these reasons, it is possible to assume that the better prognostic
outcome observed in NEUI recipients of our study population could also be intrinsically related to an
intermediate pathophysiologic standpoint in the spectrum of disease (phenotypically closer to PH due
to LHD albeit with a hemodynamic profile comparable with precapillary PH) rather than solely ascribed
to the therapeutic properties of neurohormonal axis blockers on cardiovascular comorbidities.

Finally, considering the aforementioned upregulation of the neurohormonal axis in PAH and its
deleterious properties on worsening right heart failure in the long-run, a direct favorable implication of
NEUi on right ventricular function and pulmonary circulation in this study population may be also
taken into account[2,21].
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Figure 1 Survival curves of the study population according to neurohormonal inhibitors users or non-users. NEUi: Neurohormonal inhibitors.
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CONCLUSION

In conclusion, our data highlighted a codified subset of patients with PAH and a comorbidity profile for
LHD, lying between the extremes of a pathophysiological continuum, in which NEUi use has been
shown to be associated with a better prognostic outcome. Further investigation is required to define the
proper pharmacological treatment in patients with PAH and hidden LHD.

ARTICLE HIGHLIGHTS

Research background
Despite new insights in pharmacological treatment, patents with pulmonary arterial hypertension
(PAH) still have a considerably reduced life expectancy.

Research motivation

Chronic hyperactivity of the neurohormonal axis has been shown to be detrimental in PAH, thus
providing novel insights on the role of neurohormonal inhibitors (NEUi) as a new potential therapeutic
target.

Research objectives
To assess the use and prognostic impact of NEUi in a single-center cohort of subjects with idiopathic
PAH and risk factors for left heart disease.

Research methods

This was a single-center, retrospective observational study, involving 57 subjects with idiopathic PAH,
confirmed by right heart catheterization. Patients on beta-blocker, angiotensin-converting enzyme
inhibitor, angiotensin receptor blocker or mineralocorticoid receptor antagonist at the time of right heart
catheterization were classified as NEUi users and compared to NEUi non-recipients.

Research results

NEUi users were significantly older (67.6 + 11.9 years vs 60.1 + 14.5 years, P = 0.039), had a higher body
mass index (25.9 + 4.4 vs 23.5 £ 3.5, P = 0.025), a lower estimated glomerular filtration rate (58.7 + 22.7
mL/min/1.73 m? vs 73.7 £ 24.7 mL/min/1.73 m? P = 0.022) and more frequent systemic arterial
hypertension (74.1% vs 40.0%, P = 0.020) and smoking habits (51.9% vs 20.0%, P = 0.025) compared to
non-recipients. Mortality rate was significantly higher among NEUi non-users than in NEUi users
(56.7% vs 25.9%, P = 0.038). NEUi non-users were more likely to die over the course of follow-up (log-
rank P = 0.020).

Research conclusions
Our analysis highlighted a subset of patients with PAH and cardiovascular comorbidities in which
NEUi use has been shown to be associated with improved survival.
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Research perspectives
Future prospective studies are needed to identify the most appropriate therapeutic strategies in this
subset population.
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