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Pulmonary Arterial Hypertension and Left Heart Disease
Phenotype: A Challenging Crossroad

Riccardo Scagliola® b ¢

Abstract

Although pulmonary arterial hypertension (PAH) usually affects
young people with a low burden of cardiovascular comorbidities, epi-
demiologic changes over time have been providing a codified pheno-
type of subjects with PAH, characterized by a hemodynamic profile
compatible with pure pre-capillary pulmonary hypertension (PH),
associated with increased risk factors for left heart disease (LHD).
Compared with the younger subjects belonging to the classical PAH
phenotype, those with PAH and LHD phenotype share several dis-
tinctive features. They include: 1) the older mean age at diagnosis
of PAH; 2) peculiar hemodynamic features, characterized by a trend
toward lower values of mean pulmonary arterial pressure and pul-
monary vascular resistances, and higher values of pulmonary artery
wedge pressure; 3) greater clinical deterioration; 4) more impaired
exercise capacity; 5) higher mortality risk; 6) weaker response to
PAH-targeted treatment; and 7) higher rate of PAH drug discontinu-
ation. Physicians must be aware of such peculiar phenotype of PAH.
This is advisable for providing a comprehensive diagnostic workup,
in order to reduce the risk of PH misclassification and provide the
most appropriate decision-making approach.
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Introduction

Pulmonary hypertension (PH) is a hemodynamic condition
characterized by mean pulmonary arterial pressure (mPAP) >
20 mm Hg at rest. This definition encompasses heterogeneous
pathophysiological disorders and a wide spectrum of clinical
comorbidities. Such heterogeneity actively impacts its natural
history and therapeutic approaches. Specifically, PH related
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to left heart disease (LDH) is defined by pulmonary arterial
wedge pressure (PAWP) values > 15 mm Hg. This post-cap-
illary form of PH includes several clinical conditions, such as
heart failure with reduce or preserved ejection fraction, left-
sided valvular heart disease, and other congenital or acquired
conditions leading to increased left atrial pressure and its back-
ward transmission to pulmonary circulation [1]. Conversely,
pulmonary arterial hypertension (PAH) is a peculiar type of
pre-capillary PH, defined by PAWP values < 15 mm Hg, to-
gether with pulmonary vascular resistance (PVR) > 2 Wood
Units. In this context, epidemiologic changes over time have
progressively codified a distinct subset of PAH subjects, char-
acterized by a hemodynamic profile of purely pre-capillary
PH, together with risk factors for LHD, who share several
clinical and instrumental features with PH due to LHD. In this
regard, a potential crossroad between these two kinds of PH
has been hypothesized [2, 3].

Epidemiology

Ltaief et al pointed out the pathophysiology, hemodynamic as-
sessment, diagnostic algorithm, and therapeutic strategies in
PH associated with LHD [4]. However, in this context, dif-
ferential diagnosis between pre-capillary and occult post-cap-
illary PH may not always be easily recognizable. Specifically,
progressive changes in the demographics of PAH in the last
decades underscored a codified phenotype of patients with an
increased mean age and risk factors for LHD at the incident
diagnosis of PAH. Data from the European COMPERA (Pro-
spective Registry of Newly Initiated Therapies for Pulmonary
Hypertension) registry and AMBITION (Ambrisentan and
Tadalafil in Patients with Pulmonary Arterial Hypertension)
trial showed a higher rate of patients with PAH and age over
65 years, and an increased burden of risk factors for LHD,
compared with the younger counterparts [5, 6]. Therefore,
the term “atypical PAH” was initially introduced to identify
a hybrid phenotype of subjects with a pure pre-capillary PH
profile associated with comorbidities and risk factors for LHD,
particularly for heart failure with preserved ejection fraction
(HFpEF), in whom a pathophysiological crosstalk between
these two clinical entities has been hypothesized [1, 7]. How-
ever, to date there is still no unanimous consensus on a shared
definition of this challenging PAH phenotype. Specifically, the
AMBITION trial defined the presence of LHD phenotype by
the contextual presence of at least three risk factors of left ven-
tricular (LV) diastolic dysfunction. They include: 1) history of
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systemic arterial hypertension; 2) diabetes mellitus; 3) a body
mass index > 30 kg/m?; and historical evidence of coronary
artery disease (established by at least one of the following: 1)
history of myocardial infarction; 2) history of percutaneous
coronary intervention; 3) positive stress test; 4) previous coro-
nary artery bypass graft; 5) stable angina; or 6) angiographic
evidence of > 50% stenosis in > 1 epicardial vessel) [6]. On the
contrary, in the COMPERA registry, the presence of a single
risk factor for LV diastolic dysfunction was sufficient for de-
fining this patient’s PAH phenotype [5]. Nevertheless, all the
aforementioned PAH registries have still adopted the former
hemodynamic criteria for defining PAH, involving more strin-
gent values of mPAP and PVR, but identical targets of PAWP.
This could represent a potential limitation for further specula-
tions on the demographic changes of subjects with PAH over
the last decades. Epidemiologic data referring to the updated
PAH hemodynamic criteria, together with shared classification
criteria defining LHD risk factors, are advisable in order to
better categorize this codified PAH subset.

Pathophysiology

Despite its pure pre-capillary hemodynamic profile, the pe-
culiar epidemiologic features of this PAH population have
raised further insights suggesting a potential pathophysiologic
crossroad between PAH and PH due to LHD, especially re-
lated to HFpEF [7]. This intriguing perspective is suggested
by several points of convergence and shared neurohormonal
pathways predisposing to right ventricular (RV) failure and
pulmonary vascular disease in these two PH phenotypes. The
progressive impairment of the nitric oxide (NO)-cyclic guano-
sine monophosphate (¢cGMP) pathway has been extensively
investigated both in subjects with idiopathic PAH and in pa-
tients with PH due to LHD. Endothelial dysfunction and the
upregulation of phosphodiesterase type 5 in PAH are the main
responsible processes of low intracellular levels of cGMP [8].
Similarly, increased inflammatory status and oxidative stress
in HFpEF cause cGMP phosphorylation and inhibition of NO
delivery, thus leading to endothelial impairment and loss of
vascular elastance [9]. Additionally, the endothelin-1 (ET-1)
pathway has been reported to play a pivotal role in both PAH
and PH due to LHD, as it favors pulmonary vasoconstriction,
vascular remodeling, and smooth muscle cell proliferation in
patients with PAH. Similarly, ET-1 has been shown to represent
an early biochemical marker of pulmonary vascular disease
and RV impairment in patients with HFpEF [10]. Furthermore,
the decreased production of prostacyclin due to endothelial
dysfunction, as well as the impaired balance between vasodi-
lator mediators and vasoconstrictors molecules, such as ET-1
and thromboxane-A2, remains a pathobiological hallmark in
PAH, and is exacerbated in subjects with contextual LHD risk
factors and comorbidities. Taken together, the aforementioned
molecular changes and impaired signaling pathways lead to
several pathophysiological consequences, such as pulmonary
vasoconstriction, smooth muscle cell proliferation, and platelet
aggregation, and contribute to the development of a complex
architectural wall derangement including concentric lesions

and plexiform lesions. As a consequence of these histopatho-
logic signatures, a maladaptive RV remodeling may occur, and
reflects a chronic right-sided pressure overload which is the
common scenario seen in the final stage in both PH phenotypes
[11]. Ventricular-arterial coupling includes several adaptive
mechanisms provided as a reactive adaptation to the increased
RV afterload. They include: 1) homeometric adaptation (rep-
resented by RV concentric hypertrophy and enhanced contrac-
tility, in order to preserve RV systolic and diastolic function
and maintain an adequate stroke volume at minimal energetic
dissipation) [12]; and 2) heterometric adaptation (a maladap-
tive RV remodeling leading to an increased RV end-diastolic
volume due to RV free wall stretching and distension in or-
der to restore the stroke volume and secure the cardiac output,
with a higher oxygen consumption and energetic dissipation)
[3, 11, 13, 14]. These compensatory mechanisms are especial-
ly damaged in the elderly, who are prone to modulating RV
remodeling through cardiomyocyte loss, fiber reorientation,
and replacement with fibrous tissue, thus providing a weaker
age-related response to pulmonary afterload, compared with
younger PAH subjects [15]. Subsequently, when a maladaptive
RV remodeling process proceeds and the aforementioned com-
pensatory mechanisms are not sufficient to preserve the cardiac
output, ventricular-arterial uncoupling occurs, and reflects the
discordance between RV contractility and pulmonary vascular
compliance, the prolonged contraction time of RV muscular
fibers, and loss of ventricular interdependence secondary to
the increased RV afterload. This in turn leads to RV dyssyn-
chrony and further dilatation, with a progressive reduction of
stroke volume and cardiac output [16-19]. Of note, although a
potential overlap between PAH and PH due to LHD is conceiv-
able, this pathophysiological crossroad remains only partial. In
this regard, data on clinical benefits of PAH-targeted therapy
in patients with PH due to LHD (characterized by a pure post-
capillary hemodynamic profile) are very limited [1, 2]. Further
investigation of shared pathophysiological findings and mo-
lecular signatures in subjects with PAH and LHD phenotype is
needed for better elucidating the pathogenic link between PAH
and risk predictors for LHD in these kinds of patients.

Hemodynamic Features

Several data from the literature have shown a distinct hemo-
dynamic profile of subjects with PAH and LHD phenotype,
characterized by a trend toward higher PAWP values and lower
mean PAP and PVR, compared with the younger counterparts
without LHD risk factors [20, 21] (Fig. 1). Similarly, the older
age at PAH diagnosis and the increasing prevalence of LHD
comorbidities raise uncertainties in adequately distinguishing
between pre-capillary and post-capillary PH in this population
subset. These concerns should be advisable, as they predispose
to several implications on the therapeutic approach in these
kinds of patients [22-24]. The increasing mean age at PAH
diagnosis and the high rate of comorbidities predisposing to
LHD raise several concerns about the threshold level of PAWP
used to discriminate between pre-capillary and post-capillary
PH in these kinds of patients [25]. The inclusion eligibility

2 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | https://cr.elmerpub.com



Scagliola

Cardiol Res. 2025;000(000):000-000

Higher rate
of PAH drug
interruption

Older age
at diagnosis
of PAH

Peculiar
hemodynamic
features

Weaker
response to
PAH therapy

Worse
functional
class

Poorer
exercise
capacity

Figure 1. Features of patients with PAH and LHD phenotype. LHD: left
heart disease; PAH: pulmonary arterial hypertension.

criterium of a baseline PAWP cut-off value raised to 18 mm Hg
in the REVEAL (Registry to Evaluate Early and Long-term PAH
Disease Management) registry predisposed to a high likelihood of
misclassifying patients with PH due to LHD as subjects belong-
ing to the PAH phenotype [26]. The limitations and uncertainties
concerning the use of clear hemodynamic thresholds for a proper
PH categorization also include different methods of PAWP meas-
urements, which often lead to a mean difference of PAWP values
between 4 and 6 mm Hg. Potential pitfalls and limitations which
may hinder occult post-capillary PH include: 1) discrepancies in
PAWP reading, due to the respirophasic variations of the intratho-
racic pressure during the respiratory cycle; 2) the lack of a stand-
ardized method of calibration of the zero reference level during
right heart catheterization; 3) the impact of volume depletion on
LV unloading, due to pharmacological diuresis and/or low volume
intake; and 4) a direct measure of LV end-diastolic pressure, par-
ticularly when PAWP measures are not reliably obtainable [9, 27].

Non-Invasive Tools

Despite several precautions for the hemodynamic assessment
of PAH in subjects with LHD phenotype, hemodynamic find-
ings alone are often insufficient for a proper characterization
of this patient population, especially whether invasive results
are not consistent with the preliminary clinical suspicion of
these kinds of patients. Therefore, several non-invasive tools
are helpful in providing further insights for properly pheno-
typing these kinds of patients. They include: 1) clinical find-
ings of heart failure (e.g., signs and symptoms of lung and/or
peripheral congestion, such as pulmonary crackles, peripheral
edema, ascites, jugular turgor, and hepatojugular reflux; the
presence of S3 and/or S4 sounds, signs of valvular dysfunc-
tions such as heart murmurs, clinical manifestations like asthe-

nia, fatigue, orthopnea, bendopnea, and paroxysmal nocturnal
dyspnea); 2) 12-lead electrocardiogram (ECG) (assessing si-
nus vs. non-sinus rhythm, signs of atrial enlargement, LV or
RV hypertrophy, left vs. right axis deviation ischemic or load-
induced changes in ventricular repolarization); 3) chest X-ray
(e.g., enlargement of right vs. left heart chambers, pulmonary
arterial dilatation, peripheral pulmonary arterial pruning, hilar
congestion, Kerley B lines, or pleural effusions); 4) transtho-
racic echocardiography (assessing signs of LV systolic and/or
diastolic dysfunction; left atrial enlargement; left-sided valvu-
lar disease); 5) cardiac biomarkers (with particular reference
to increased levels of high-sensitivity troponin and natriuretic
peptides - especially brain natriuretic peptide or N-terminal
pro-brain natriuretic peptide - that provide supporting informa-
tion on the likelihood of heart failure, particularly if confirmed
by other non-invasive tools). In line with the aforementioned
non-invasive findings, several HFpEF prediction algorithms
have been provided (e.g., the H2FPEF and HFA-PEFF scores),
although a shared multi-layered prediction model is still miss-
ing to date [28-30]. For these reasons, comprehensive diagnos-
tic models incorporating hemodynamic and non-invasive data
should be provided, instead of relying on the pure hemody-
namic measurements alone [31-34].

Clinical Outcomes and Response to Pharmaco-
logical Treatment

Compared with younger patients with a classical PAH phe-
notype, elderly subjects with PAH and LHD phenotype have
shown to become symptomatic at lower values of PVR, and to
present with worse functional class and more impaired exer-
cise capacity at diagnosis of PAH [1, 2, 6, 35]. These data raise
the suspicion of a progressively decline of the RV capability to
generate high pulmonary pressures over time, thus hypothesiz-
ing that older individuals have a less physiological functional
reserve to cope with the progressive increase in pulmonary ar-
terial pressures and RV impairment, than their younger coun-
terparts [22, 36]. Data from the literature highlight the effect
of the aging modulation on RV remodeling by several mecha-
nisms, including cardiomyocyte loss and fibrosis substitution;
increased peak pressure; and myocardial fiber reorientation,
finalized to alter biomechanical properties in a similar way to
those occurring in response to RV pressure overload [15]. Ad-
ditionally, older patients with PAH and LHD phenotype have
shown to present a higher mortality risk, a weaker response to
PAH-targeted treatment, and a higher rate of PAH drug dis-
continuation, compared with the younger counterparts [31,
35, 37]. The higher rate of LHD comorbidities, as well as a
persistent delay in confirming PAH diagnosis seems to be the
main reasons of such a poorer prognostic outcome and worse
therapeutic response in this patient population [1, 38]. The first
plausible explanation seems to be the persistent delay in diag-
nosing PAH in this population subset, usually due to the longer
duration of symptoms, which are commonly attributed to the
older age and other more prevalent comorbidities, rather than
suspecting a timely diagnosis of PAH [22, 32, 33]. Addition-
ally, a higher rate of LHD-associated comorbidities seems to
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be also actively involved in the worse clinical outcome and the
weaker pharmacological response in patients with PAH and
LHD phenotype [15, 38]. Specifically, several reports suggest
how cardiovascular risk factors, such as the impaired lipid me-
tabolism, diabetes mellitus, and insulin resistance, significant-
ly impact on worsening outcomes on clinical impairment, poor
prognostic outcome, and weak therapeutic response in patients
with PAH, taking into account their pathogenic role in system-
ic inflammation and coronary microvascular dysfunction, and
their implications on RV impairment in PAH subjects [39, 40].

Therapeutic Approaches

To date, little evidence-based recommendations are provided
for guiding therapeutic strategies of subjects with PAH and
LHD phenotype, as they are often under-represented in ran-
domized therapeutic trials, because of their advanced age and
the contextual presence of cardiovascular comorbidities [2, 41,
42]. As reported in the latest clinical practice guidelines from
the European Society of Cardiology and the European Respir-
atory Society, initial monotherapy is recommended, in order to
reduce the high risk of side effects (such as fluid retention and/
or a decline in the peripheral oxygen saturation) in this popula-
tion subset [1, 35, 43]. Registry data support the use of phos-
phodiesterase type S inhibitors (PDESI) as a primary treatment
option for subjects with PAH and LHD phenotype, as the use
of endothelial receptor antagonists has been associated with
an increased risk of fluid overload. Little experience is known
about the use of prostacyclin analogues or prostacyclin recep-
tor antagonists in this patient population [6, 13, 41]. In this
regard, the therapeutic features of sildenafil on cardiovascular
comorbidities and risk factors have been widely investigated
in either animal models or humans, showing favorable effects
either on RV and LV systolic function, or on microcirculation
through an acute improvement of coronary functional reserve
in patients with microvascular coronary dysfunction, while lit-
tle is known on their long-term effects in this population sub-
set [44-46]. Additionally, PDESI have also shown a similar
efficacy and safety pharmacological profile, either in elderly
subjects with PAH and LHD phenotype, or in the younger PAH
counterparts, as shown in the post-hoc analysis of the rand-
omized, double-blind, placebo-controlled phase 3 PHIRST-1
(Pulmonary Arterial Hypertension and Response to Tadalafil)
trial [47]. On the other hand, little is known on the therapeutic
role of neurohormonal inhibitors (NEUI) (e.g., beta-blockers,
angiotensin-converting enzyme inhibitors, angiotensin-2 re-
ceptor antagonists, and angiotensin receptor-neprilysin inhibi-
tor) in patients with PAH and LHD phenotype, as these medi-
cations are not currently labelled in PAH guidelines, unless
required for the management of cardiovascular comorbidities,
for which they are recommended instead [1, 48]. In this clini-
cal scenario, data from the literature pointed out the pivotal
role of chronic activation of neurohormonal axis in PAH, thus
providing novel insights into the potential effects of the neuro-
hormonal blockade as hypothetical therapeutic target on these
kinds of patients [49, 50]. However, to date, data related to the
therapeutic effects of NEUi in subjects with PAH and LHD

phenotype are scarce and often limited to single-center retro-
spective analysis [51, 52]. Further double-blind, randomized,
placebo-controlled trials are warranted to better define the
proper therapeutic approach in this population subset.

Conclusions

Epidemiologic changes over time underscored a peculiar phe-
notype of subjects with PAH and LHD risk profile. Despite
their pure pre-capillary profile, patients with PAH and LHD
phenotype are characterized by distinct hemodynamic features,
together with a greater clinical deterioration and impaired ex-
ercise capacity, as well as a weaker response to PAH-targeted
treatment and a higher rate of PAH drug discontinuation, com-
pared with younger subjects with the classical PAH pheno-
type. A comprehensive diagnostic algorithm involving hemo-
dynamic measurements and non-invasive findings should be
advisable, in order to minimize the risk of underestimating and
misclassifying occult forms of post-capillary PH in this popu-
lation subset.
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