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Abstract: Pulmonary arterial hypertension (PAH) in the elderly is often associated with left heart disease
(LHD), prompting concerns about the use of pulmonary vasodilators. The PATRIARCA registry enrolled
>70 year-old PAH or chronic thromboembolic pulmonary hypertension (CTEPH) patients at 11 Italian
centers from 1 December 2019 through 15 September 2022. After excluding those with CTEPH, post-
capillary PH at the diagnostic right heart catheterization (RHC), and/or incomplete data, 23 (33%)
of a total of 69 subjects met the criteria proposed in the AMBITION trial to suspect LHD. Diabetes
[9 (39%) vs. 6 (13%), p = 0.01] and chronic kidney disease [14 (61%) vs. 12 (26%), p = 0.003] were more
common, and the last RHC pulmonary artery wedge pressure [14 & 5 vs. 10 £ 3 mmHg, p < 0.001] was
higher and pulmonary vascular resistance [5.56 =+ 3.31 vs. 8.30 & 4.80, p = 0.02] was lower in LHD
than non-LHD patients. However, PAH therapy was similar, with 13 (57%) and 23 (50%) subjects,
respectively, taking two oral drugs. PAH medication patterns remained comparable between LHD
and non-LHD patients also when the former [37, 54%] were identified by atrial fibrillation and
echocardiographic features of LHD, in addition to the AMBITION criteria. In this real-world snapshot,
elderly PAH patients were treated with pulmonary vasodilators, including combinations, despite a
remarkable prevalence of a LHD phenotype.
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1. Introduction

Pulmonary hypertension (PH) is classified in five groups according to hemodynamic
profile and pathological findings [1]. Group 1 PH, or pulmonary arterial hypertension
(PAH), has historically been described in young patients. For instance, in the 1980s, within
US National Institutes of Health (NIH) registry of PAH, the mean age was 36 =+ 15 years [2].
By contrast, the elderly population mostly shows a post-capillary PH profile associated with
left heart disease (LHD, group 2 PH), pre-capillary PH, but in the presence of severe lung
disease (group 3 PH), or chronic thromboembolic pulmonary hypertension (CTEPH) [3,4].

Over the past years, several authors have reported that the age at PAH diagnosis is
rising. In the Swiss Pulmonary Hypertension registry, which has enrolled PAH patients
since 1998, the mean age has increased from 53 & 16 years between 2000 and 2004 to
60 £ 15 years in the period between 2009 and 2012 [5]. A sizable proportion of subjects
diagnosed with PAH in the elderly was also found in the French National registry, the
US Registry to evaluate early and long-term pulmonary arterial disease management
(REVEAL), and the European multicenter Comparative, Prospective Registry of Newly
Initiated Therapies for Pulmonary Hypertension (COMPERA) [6-8].

Compared to younger PAH patients, older ones more often have risk factors for LHD,
such as coronary artery disease (CAD), systemic hypertension, diabetes, and chronic kidney
disease (CKD), or established LHD [9,10]. This may, in turn, affect the efficacy and safety
of pulmonary vasodilators. A pre-specified analysis of the Ambrisentan and Tadalafil in
Patients with Pulmonary Arterial Hypertension (AMBITION) trial compared patients with
and without a LHD phenotype, according to clinical and hemodynamic parameters, as
defined by a protocol amendment [11]. Compared to the trial participants without a LHD
profile, those with a LHD phenotype were older (62.1 £ 10.2 vs. 54.4 & 14.6 years) and
had lower six-minute walk distance (6MWD) (330.5 vs. 363.7 m), mean pulmonary artery
pressure (mPAP, 42.2 4 12.4 vs. 48.7 £ 12.5 mmHg), and pulmonary vascular resistance
(PVR, 512.1 £ 293.2 vs. 824.9 £ 402.1 dyne*sec/ cm5). Furthermore, they benefited less
from PAH therapy and discontinued it more frequently [11].

We evaluated the presence of a LHD phenotype and the pattern of pulmonary va-
sodilator prescription in a cohort of elderly patients with PAH enrolled in the multicenter
PATRIARCA registry.

2. Materials and Methods

PATRIARCA (Registro dell’iPertensione ArTeriosa polmonaRe e ipertenslone pol-
monAre cRonica tromboemboliCa nell’Anziano) is a registry conducted at 11 centers in
Northern Italy assessing the characteristics of PAH and inoperable, persistent, or relapsing
CTEPH in the elderly. Following >20 PAH/CTEPH patients was required to join the study
as an indicator of sufficient expertise in these diseases.

The registry consists of 2 phases: a cross-sectional one that is concluded and has
provided the data used for the present work, and a prospective one that is planned to
start. For the first phase of the study, the investigators recorded data on clinical, ECG,
echocardiography, laboratory, and hemodynamic features, as well as on medical therapy, for
all consenting consecutive >70 year-old patients with PAH or CTEPH evaluated between
1st December 2019 and 15th September 2020. The earliest visit performed during the
study period was the reference, and missing information at the time of the reference visit
was added if available within 3 months. Hemodynamic measurements at the time of the
diagnosis were also retrieved, even if they were obtained before 70 years of age.

All patients were managed at each PH center in accordance with contemporary inter-
national guidelines. Data were entered into an electronic clinical report form (eCRF) using
RedCap (Research Electronic Data Capture) [12]. The study protocol was in accordance
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with the ethical guidelines of the 1975 Declaration of Helsinki, and the registry was initially
approved by the institutional ethics committee of the IRCCS Ospedale Policlinico San
Martino in Genova (coordinating center, approval 421/2018 CER Liguria).

For the present analysis, only individuals with a diagnosis of PAH made at 65 years
of age or older were considered. Moreover, we excluded subjects without the following
hemodynamic parameters available from the last RHC: mPAP, pulmonary artery wedge
pressure (PAWP), cardiac output (CO), and PVR.

The included patients were divided into two groups according to the presence of
elements suggestive for LHD, as established by two different approaches (Table 1).

Table 1. Criteria for left heart disease phenotype definition.

Main Analysis

Patients with at least one of the following criteria:

(i) Clinical criteria: > 3 of the following risk factors for LV diastolic dysfunction
-BMI > 30 Kg/m?
-history of systemic hypertension
-diabetes mellitus (any type)
-history of significant CAD

(if) Hemodynamic criteria:

-PVR between 3 and 3.75 WU
-PVR between 3.75 and 6.25 WU in the presence of PAWP between 13 and 15 mmHg

Secondary analysis

Patients with at least one of the following criteria:

(i) Clinical criteria. Either:

(ia) >3 of the following risk factors for LV diastolic dysfunction

-BMI > 30 Kg/m?

-history of systemic hypertension
-diabetes mellitus (any type)
-history of significant CAD

(ib) 2 risk factors for LV diastolic dysfunction and >1 of the following:

-permanent AF

-LV hypertrophy

-LVEF <50%

-at least moderate mitral or aortic valve disease
-LA dilation

(if) Hemodynamic criteria:

-PVR between 3 and 3.75 WU
-PVR between 3.75 and 6.25 WU in the presence of a PAWP between 13 and 15 mmHg

Clinical and hemodynamic criteria for left heart disease definition for the main and secondary analysis. AF,
atrial fibrillation; LV, left ventricular; BMI, body mass index; CAD, coronary artery disease; LVEF, left ventricular
ejection fraction; LA, left atrium; PVR, pulmonary vascular resistance; PAWP, pulmonary artery wedge pressure.

For the main analysis, a LHD phenotype was defined as in the AMBITION trial [11].
As a secondary analysis, we expanded the clinical criteria suggestive for LHD, including
permanent atrial fibrillation (AF) and echocardiographic parameters if the patients had
only 2 risk factors for LV dysfunction (see Table 1 for details).

Normality was assessed with the Shapiro-Wilk test. Continuous variables are pre-
sented as mean =+ standard deviation (SD) or median [interquartile range, IQR], depending
on the distribution. Categorical variables are reported as absolute count and percentages.
For comparison of normally distributed continuous data, group differences were tested by
means of 2-sided student t test, while the 2-sided Mann-Whitney test was used for non-
normally distributed variables. Frequency distributions between groups were compared
with the chi-squared test or Fisher exact test, as appropriate.

p-values < 0.05 were considered as statistically significant. All statistical analyses were
performed using R software (R version 3.6.1).
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3. Results

One-hundred eighty elderly patients with PAH or CTEPH were included in the registry
between 1 December 2019 and 15 September 2020 (Supplementary Table S1 summarizes
the contribution of each center). After excluding those who had been diagnosed with
PAH before 65 years of age, with CTEPH, with post-capillary PH at diagnostic RHC,
and/or without complete hemodynamic profile, 69 patients were included in the analysis
(Figure 1, Table 2). These subjects were mostly female (64%) with a PAH diagnosis made
at a mean age of 73 £ 4 years. At the first RHC, mPAP was 44 £ 12 mmHg, mean PAWP
10 = 3 mmHg, mean cardiac index (CI) 2.1 + 0.8 L/min, and mean PVR 9.1 &+ 4.3 WU.
Comorbidities were common: 45 (65%) had systemic hypertension, 17 (25%) had CAD,
31 (45%) had chronic obstructive pulmonary disease or interstitial lung disease (although
of severity not deemed sufficient to account for group 3 PH), and 26 (38%) had CKD.
The last available RHC was performed at a median of 15 (IQR 4-33) months after PAH
diagnosis, and the hemodynamic profile was characterized by mean PAWP, PVR, and CI of
11 + 4 mmHg, 7.39 4 4.53 WU and 2.74 + 0.81 L/min/m?, respectively. Sixty-three (91%)
patients were taking PAH drugs and 36 (52%) were taking dual oral combination therapy.

180 patients > 65 years with
PAH or CTEPH

111 excluded for:
-diagnosis < 65 years
> -incomplete hemodynamic data
-CTEPH
-post-capillary PH at diagnosis

h 4
69 patients included
in the analysis

: !

Main analysis Secondary analysis
-46 No LHD profile -32 No LHD profile
-23 LHD phenotype -37 LHD phenotype

Figure 1. Flow-chart depicting the selection process of the study sample. PAH, pulmonary arterial hy-
pertension; CTEPH, chronic thromboembolic pulmonary hypertension; PH, pulmonary hypertension;
LHD, Left heart disease.

Table 2. Characteristics of the study population according to the main analysis criteria.

Overall No LHD LHD
Main Analysis (1 = 69) Phenotype Phenotype p
(n = 46) (n =23)
Demographics
Age at diagnosis, years 73t4 734 73t4 0.95
Age at enrolment, years 77 £5 77 £ 4 77 £ 4 0.77
Female 44 (64) 29 (63) 15 (65) 0.86
Weight, Kg 64 +15 63 + 14 69 + 16 0.13
Height, cm 163 £9 162 +9 165 £ 8 0.20
BSA, m? 1.70 £0.22 1.67 +0.22 1.76 £ 0.22 0.11

BMI, Kg/m? 24 £5 24 +4 25+£5 0.27
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Table 2. Cont.
Overall No LHD LHD
Main Analysis (1 = 69) Phenotype Phenotype p
(n = 46) (n=23)

Clinical and echocardiographic parameters
WHO-FC I-II 32 (46) 21 (46) 11 (48) 0.80
Systemic hypertension 45 (65) 27 (59) 18 (78) 0.11
Diabetes 15 (22) 6 (13) 9(39) 0.01
CAD 17 (25) 8 (17) 9 (39) 0.05
Permanent AF 3(4) 2 (4) 14) 1
Pulmonary disease 31 (45) 22 (48) 9 (39) 0.49
CKD 26 (38) 12 (26) 14 (61) 0.003
SBP, mmHg 124 + 15 124 + 15 124 +15 0.98
DBP, mmHg 724+9 73+9 70+9 0.22
SO,, % 95 [93; 97] 95 [93; 97] 95 [93; 97] 0.76
6MWD, meters 304 £ 199 315 £ 116 278 £ 127 0.35
LVEF <50% 4 (6) 2 (4) 2(9) 0.22
LVH 17 (25) 10 (22) 7 (30) 0.37
LA dilation 31 (45) 19 (41) 12 (52) 0.48
TAPSE, mm 20+ 5 21+4 19+5 0.27
TRV, m/s 3.81+0.76 391+0.71 3.60 + 0.82 0.12
TAPSE/TRV 56+ 1.9 55+1.9 58+21 0.68
RVSP, mmHg 57 [42;77] 62 [43; 80] 48 [38; 66] 0.15
RA dilation 53 (77) 34 (74) 19 (83) 0.38
Pericardial effusion 11 (16) 8 (17) 3(13) 0.64
Most recent RHC
RAP, mmHg 7 [4;10] 6[3;9] 8[5; 11] 0.06
mPAP, mmHg 41+10 42 +£11 38+8 0.10
dPAP, mmHg 25+9 27 + 10 23+ 6 0.13
sPAP, mmHg 70 £ 20 71 £ 21 66 £ 18 0.31
PAWP, mmHg 11+4 10+3 14+5 <0.001
RAP/PAWP ratio 0.60 [0.46; 0.75] 0.60 [0.40; 0.75]  0.67 [0.46; 0.81] 0.61
PVR, WU 7.39 +4.53 8.30 £ 4.80 5.56 £+ 3.31 0.02
Cardiac output, L/min 459 +£1.43 446 + 1.55 485+ 1.15 0.29
Cardiac index, 2.74 +0.81 2.67 +0.82 2.88 + 0.79 0.30
L/min/m
Diagnosis to last RHC . ) )
interval, months 15 [4; 33] 13 [4; 30] 18 [5; 38] 0.59
Treatment
No PAH therapy 6(9) 4(9) 2(9) 1
Bosentan - - -
Ambrisentan 17 (25) 12 (26) 5(22) 0.69
Macitentan 32 (46) 21 (46) 11 (48) 0.74
ERA 49 (71) 33 (72) 16 (70) 0.85
Sildenafil 22 (32) 11 (24) 11 (48) 0.05
Tadalafil 25 (36) 18 (39) 7 (30) 0.48
Riociguat 3(4) 3(7) 0 0.21
PDE5i/GCs 50 (73) 32 (70) 18 (78) 0.45
Dual oral combination
therapy 36 (52) 23 (50) 13 (57) 0.61
Selexipag 6(9) 49) 29) 1
Treprostinil - - -
Epoprostenol i.v. 1(1) 1(2) 0 0.47
Inhaled iloprost 2 (3) 2 (4) 0 0.31
Beta blockers 9 (13) 5(11) 4(17) 0.45
RASi 23 (33) 10 (22) 13 (57) 0.004
MRA 32 (46) 20 (44) 12 (52) 0.44
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Table 2. Cont.

Overall No LHD LHD
Main Analysis (1 = 69) Phenotype Phenotype p
(n=46) (n=123)

Furosemide 57 (83) 38 (83) 19 (83) 1
Digoxin 6(9) 5(11) 1(4) 0.37
Amiodarone 9 (13) 4(9) 5(22) 0.14
Warfarin 11 (16) 8(17) 3(13) 0.69
DOAC 11 (16) 6 (13) 5(22) 0.31
SAPT 22 (32) 12 (26) 10 (44) 0.14
Statins 26 (38) 13 (28) 13 (57) 0.02
Ezetimibe 3(4) 1(2) 2(9) 0.22
Antidiabetic drugs 12 (17) 49 8 (35) 0.007

Characteristics of patients with and without a left heart disease (LHD) phenotype according to the main analysis
criteria. Data are expressed as n (%), mean + SD, or median [IQR], as appropriate. BSA, body surface area;
BMI, body mass index; PAH, pulmonary arterial hypertension; WHO-FC, World Health Organization functional
class; CAD, coronary artery disease; AF, atrial fibrillation; CKD, chronic kidney disease; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SO, oxygen saturation; 6MWD, six minute walking distance; LVEF,
left ventricular ejection fraction; LVH, left ventricular hypertrophy; LA, left atrium; TAPSE, tricuspid annular
plane systolic excursion; TRV, tricuspid regurgitant velocity; RVSP, right ventricular systolic pressure; RA, right
atrium; RHC, right heart catheterization; RAP, right atrial pressure; mPAP, dPAP and sPAP for mean, diastolic
and systolic pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular
resistance; ERA, endothelin receptor antagonist; PDE5i, phosphodiesterase type 5 inhibitor; GCs, guanylate cyclase
stimulator; RASi, renin-angiotensin system inhibitors; MRA, mineralcorticoid receptor antagonist; DOAC, direct
oral anticoagulant; SAPT, single antiplatelet therapy.

According to the main analysis criteria, 23 (33%) patients had a LHD phenotype:
17 based on hemodynamic criteria and six based on clinical criteria (Figure 2). Of note,
no patient with hemodynamic parameters suggestive for LHD had >3 risk factors for LV
diastolic dysfunction, and the six patients with clinical criteria did not have pulmonary
hemodynamics indicating LHD at the last RHC.

50-

40-

w
=

Number of patients
N
o

&
2

Main analysis Secondary analysis

B No LHD [ LHD, clinical criteria
. LHD, hemodynamic criteria |! LHD, clinical and hemodynamic criteria

Figure 2. Number of patients with and without a left heart disease (LHD) phenotype according to
main and secondary analysis criteria.

The characteristics of the patients with and without a LHD profile are listed in Table 2.
Patients with a LHD phenotype more commonly had diabetes and CKD, and had higher
PAWP and lower PVR. They also had higher right atrial pressure (RAP), although not
to a significant extent, but a similar RAP/PAWP ratio. There were no differences in
functional class, G(MWD, and echocardiographic parameters. No substantial disparities in
PAH treatment were identified, while there was a greater use of renin-angiotensin inhibitors
(RASi) and statins in patients meeting the LHD criteria (Table 2).
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Patients” characteristics according to whether they had clinical or hemodynamic
criteria for a LHD phenotype are shown in Supplementary Tables 52 and S3. Patients with
a clinical LHD profile had a burden of comorbidities similar to the one in the primary
analysis, but a similar rate of RASi use and lower PAWP than those without clinical LHD
characteristics. Patients with a hemodynamic LHD phenotype had comparable prevalence
of systemic hypertension, diabetes, and CAD compared with the non-LHD group, but
higher RAP and lower peak tricuspid regurgitant velocity. They also had a greater use of
RASi and amiodarone.

According to the secondary analysis criteria, 37 (54%) patients were classified as having
a LHD phenotype (Figure 2): 20 based on the modified clinical criteria, 8 based on the
hemodynamic criteria, and 9 patients based on both (Supplementary Table 54). As expected,
subjects with a profile suggestive for LHD showed higher frequency of LV hypertrophy, left
atrial dilation, and comorbidities. They also had higher RAP and non-significantly lower
PVR. No differences in PAH therapy were observed, while patients with hemodynamics
indicative of LHD were more frequently on RASi.

Twenty-nine patients had a LHD phenotype using only the expanded clinical criteria
(Supplementary Table S5). Of note, 16 (55%) of them had a PAWP < 13 mmHg at the last
available RHC and 8 of the 40 subjects without a clinical LHD profile had hemodynamic
criteria for LHD.

4. Discussion

The demographics of patients with PH have changed over time, with an increasing
number of elderly individuals with PAH [3-9,13-15].

Here, we evaluated a real-world population of subjects with a diagnosis of PAH made
after 65 years of age. The cohort we assessed had a median age at PAH diagnosis of
73 years, in line with the recent literature. In the COMPERA registry, the median age of
incident idiopathic PAH was 71 years, and as many as 63% of the patients were older than
65 years [8]. We found a high rate of comorbidities, such as systemic hypertension (65%),
diabetes (22%), and CAD (25%), again similar to that observed in previous investigations.
In the subgroup of patients who were at least 75 years enrolled in the Swedish SPAHR
registry, the prevalence of these conditions was 66%, 30%, and 26%, respectively [10].

Thus, we confirm that comorbidities that predispose to LHD are common among old
subjects with PAH. This clinical background sheds doubts about the reliability of PAH
diagnosis when PAWP is just slightly below or exactly at the 15-mmHg threshold. Following
this reasoning, it is now recommended to identify patients with a LHD phenotype by
combining clinical, ECG, and echocardiographic information, instead of relying only on the
value of PAWP [1,16]. Indeed, RHC can fail to discriminate between pre- and post-capillary
PH [1,17,18].

According to the criteria applied in the AMBITION trial, 33% of patients in our cohort
had a LHD phenotype. This proportion rose to 54% when other parameters suggestive of
LHD were taken into account. It can be argued that many of these cases might have been
misclassified as pre-capillary PH at the first RHC. However, we included only patients with
hemodynamic measurements consistent with the definition of pre-capillary PH. In addition,
the patients enrolled in the PATRIARCA registry were followed at dedicated PH centers,
and PAWP at the last available RHC was 11 £+ 4 mmHg, similar to that reported in the
COMPERA (10 & 3 mmHg) and REVEAL (9 + 4 mmHg) registries [6,8]. Interestingly, our
primary analysis highlighted a disconnection between clinical and hemodynamic criteria
to suspect occult LHD, which we believe is worth being further investigated.

The implications of the coexistence of PAH and a LHD phenotype are important:
clinical outcomes tend to be worse [9,10,19], and pulmonary vasodilators could be detri-
mental [1,20,21].

Recently, McLaughlin et al. compared the patients with a LHD phenotype recruited
during the first months of the AMBITION trial (ex-primary analysis set) and those enrolled
after the adoption of a protocol amendment aiming at reducing the risk of subclinical LHD
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(primary analysis set) [11]. The ex-primary analysis set showed benefit from PAH treatment,
but this was less pronounced as compared with the primary analysis set. Furthermore, they
had a greater incidence of adverse events and study drug discontinuation [11].

Most subjects in PATRIARCA were treated with pulmonary vasodilators, with half
taking dual oral combination therapy. This frequency is higher than the ones reported
in COMPERA (31.6% one year after PAH diagnosis) and in the Swedish registry (14%
and 9% in the age groups 65-74 years and >75 years, respectively) [8,10]. This finding
could partly depend on the different periods covered previously and by our studies, since
sequential or upfront use of more than one drug was optional in the past, but has recently
become the standard of care [1,22,23]. Nonetheless, only 9% of the sample we analyzed
was treated with triple oral therapy, including selexipag. No patient received subcutaneous
treprostinil, and intravenous epoprostenol was administered only to one subject, indicating
that treatment of PAH in the elderly is less aggressive than recommended, as already
described [24].

The latest clinical practice guidelines form the European Society of Cardiology and
the European Respiratory Society put emphasis on the increasing number of patients with
idiopathic PAH and cardiopulmonary comorbidities, recommending initial monotherapy
with an endothelin receptor antagonist or a phosphodiesterase type 5 inhibitor, irrespective
of risk stratification, given the higher risk of fluid retention in this population [25]. Yet, a
retrospective analysis of PAH patients treated at Amsterdam UMC showed an improvement
in hemodynamic and imaging parameters despite the presence of a LHD phenotype, as
identified by a high H2FPEF score [26]. About 90% of these subjects received pulmonary
vasodilators and around 40% received double oral combination therapy. It is noteworthy
that changes in the 4-strata risk profile were comparable among patients with low- and
high-H2FPEF scores [26]. We do not have longitudinal data to determine the effects of PAH
drugs in the PATRIARCA cohort. However, the large use of these medications suggests
that they were well-tolerated.

This study is limited by the observational nature, with the possibility of selection
and survival bias, lack of standardization of registered variables, and missing follow-up
data. Nevertheless, the participating centers enrolled all consecutive patients meeting
the inclusion criteria. The sample size was modest because we focused on a subgroup of
subjects with a rare disease and who were enrolled during the SARS-CoV-2 pandemic. The
small number of included patients is the most likely explanation for the lack of statistically
significant difference in the prevalence of some risk factors for LHD, such as hypertension
and CAD, in the distribution of WHO-FC classes, and in 6 MWD between the no-LHD and
LHD groups. We also acknowledge that other scores and approaches may be employed to
predict occult LHD in individuals with PAH. Finally, echocardiographic and hemodynamic
parameters were obtained from the last available examination, with a possible influence of
the therapies prescribed meanwhile.

5. Conclusions

In the real world, a substantial proportion of elderly PAH patients is treated with pul-
monary vasodilators despite having clinical or hemodynamic clues of LHD. Clinical trials
and large observational studies are needed to better evaluate PAH drugs in this population.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jem11237136/s1, Table S1: Patient enrollment among the Italian
multicenter PATRIARCA registry; Table S2: Baseline characteristics according to the presence of
main analysis’ clinical criteria suggestive for left heart disease; Table S3: Baseline characteristics
according to the presence of hemodynamic criteria suggestive for left heart disease; Table S4: Baseline
characteristics of the study population according to the secondary analysis criteria; Table S5: Baseline
characteristics of the study population according to the secondary analysis’ clinical criteria suggestive
for left heart disease.


https://www.mdpi.com/article/10.3390/jcm11237136/s1
https://www.mdpi.com/article/10.3390/jcm11237136/s1

J. Clin. Med. 2022, 11, 7136 90f 10

Author Contributions: Conceptualization, R M. and P.A ; Data curation, RM., EB., D.C, M.C,, A.G,,
SG,ML,CML,GP,CP,IR,CS,LS,PS, DS, AV, LV, MV. and PA; Formal analysis, M.T.
and P.A.; Investigation, P.A.; Methodology, M.T. and P.A.; Supervision, P.A.; Writing—original draft,
M.T. and P.A.; Writing—review and editing, P.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of IRCCS Ospedale Policlinico San
Martino in Genova (protocol code 421/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used for the analysis presented in the manuscript can be
provided by the corresponding author upon request.

Conflicts of Interest: P.A. had speaker and/or advisor fees from Janssen and MSD outside the scope
of the submitted work.

References

1.

10.

11.

12.

13.

14.

Galie, N.; Humbert, M.; Vachiery, J.L.; Gibbs, S.; Lang, I.; Torbicki, A.; Simmonneau, G.; Peacock, A.; Vonk Noordegraaf, A.;
Beghetti, M.; et al. 2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force
for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European
Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International
Society for Heart and Lung Transplantation (ISHLT). Eur. Heart ]. 2016, 37, 67. [CrossRef]

D’Alonzo, G.E; Barst, R.].; Ayres, S.M.; Bergofsky, E.H.; Brundage, B.H.; Detre, K.M.; Fishman, A.P.; Goldring, R.M.; Groves, B.M.;
Kernis, ].T.; et al. Survival in patients with primary pulmonary hypertension. Results from a national prospective registry. Ann.
Intern. Med. 1991, 115, 343-349. [CrossRef]

Pugh, M.E; Sivarajan, L.; Wang, L.; Robbins, LM.; Newman, ].H.; Hemnes, A.R. Causes of pulmonary hypertension in the elderly.
Chest 2014, 146, 159-166. [CrossRef]

Vistarini, N.; Morsolini, M.; Klersy, C.; Mattiucci, G.; Grazioli, V.; Pin, M.; Ghio, S.; D’Armini, A.M. Pulmonary endarterectomy in
the elderly: Safety, efficacy and risk factors. J. Cardiovasc. Med. 2016, 17, 144-151. [CrossRef]

Mueller-Mottet, S.; Stricker, H.; Domenighetti, G.; Azzola, A.; Geiser, T.; Schwerzmann, M.; Weilenmann, D.; Schoch, O.; Fellrath,
J.-M.; Rochat, T.; et al. Long-term data from the Swiss pulmonary hypertension registry. Respiration 2015, 89, 127-140. [CrossRef]
Humbert, M.; Sitbon, O.; Chaouat, A.; Bertocchi, M.; Habib, G.; Gressin, V.; Yaici, A.; Weitzenblum, E.; Cordier, ].-F.; Chabot,
F.; et al. Pulmonary arterial hypertension in France: Results from a national registry. Am. J. Respir. Crit. Care Med. 2006, 173,
1023-1030. [CrossRef]

Badesch, D.B.; Raskob, G.E.; Elliott, C.G.; Krichman, A.M.; Farber, HW.; Frost, A.E.; Barst, R.J.; Benza, R.L.; Liou, T.G.; Turner, M.;
et al. Pulmonary arterial hypertension: Baseline characteristics from the REVEAL Registry. Chest 2010, 137, 376-387. [CrossRef]
Hoeper, M.M.; Huscher, D.; Ghofrani, H.A.; Delcroix, M.; Distler, O.; Schweiger, C.; Grunig, E.; Staehler, G.; Rosenkranz, S.;
Halank, M.; et al. Elderly patients diagnosed with idiopathic pulmonary arterial hypertension: Results from the COMPERA
registry. Int. J. Cardiol. 2013, 168, 871-880. [CrossRef]

Ling, Y;; Johnson, M.K;; Kiely, D.G.; Condliffe, R.; Elliot, C.A.; Gibbs, ].S.R.; Howard, L.S.; Pepke-Zaba, ].; Sheares, K.K.K.; Corris,
P.A,; et al. Changing demographics, epidemiology, and survival of incident pulmonary arterial hypertension: Results from the
pulmonary hypertension registry of the United Kingdom and Ireland. Am. J. Respir. Crit. Care Med. 2012, 186, 790-796. [CrossRef]
Hjalmarsson, C.; Radegran, G.; Kylhammar, D.; Rundqvist, B.; Multing, J.; Nisell, M.D.; Kjellstrom, B. Impact of age and
comorbidity on risk stratification in idiopathic pulmonary arterial hypertension. Eur. Respir. ]. 2018, 51, 1702310. [CrossRef]
McLaughlin, V.V,; Vachiery, J.L.; Oudiz, R.J.; Rosenkranz, S.; Galie, N.; Barbera, J.A.; Frost, A.E.; Ghofrani, H.A.; Peacock, A.].;
Simonneau, G.; et al. Patients with pulmonary arterial hypertension with and without cardiovascular risk factors: Results from
the AMBITION trial. ]. Heart Lung Transplant. 2019, 38, 1286-1295. [CrossRef] [PubMed]

Harris, PA,; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, ].G. Research electronic data capture (REDCap)-A metadata-
driven methodology and workflow process for providing translational research informatics support. . Biomed. Inform. 2009, 42,
377-381. [CrossRef] [PubMed]

Radegran, G.; Kjellstrom, B.; Ekmehag, B.; Larsen, F.; Rundqvist, B.; Blomquist, S.B.; Gustafsson, C.; Hesselstrand, R.; Karlsson,
M.; Kornhall, B.; et al. Characteristics and survival of adult Swedish PAH and CTEPH patients 2000-2014. Scand. Cardiovasc. ].
2016, 50, 243-250. [CrossRef] [PubMed]

Frost, A.E.; Badesch, D.B.; Barst, R.J.; Benza, R.L.; Elliott, C.G.; Farber, H.W.; Krichman, A.; Liou, T.G.; Raskob, G.E.; Wason, P.;
et al. The changing picture of patients with pulmonary arterial hypertension in the United States: How REVEAL differs from
historic and non-US Contemporary Registries. Chest 2011, 139, 128-137. [CrossRef] [PubMed]


http://doi.org/10.1093/eurheartj/ehv317
http://doi.org/10.7326/0003-4819-115-5-343
http://doi.org/10.1378/chest.13-1900
http://doi.org/10.2459/JCM.0000000000000327
http://doi.org/10.1159/000370125
http://doi.org/10.1164/rccm.200510-1668OC
http://doi.org/10.1378/chest.09-1140
http://doi.org/10.1016/j.ijcard.2012.10.026
http://doi.org/10.1164/rccm.201203-0383OC
http://doi.org/10.1183/13993003.02310-2017
http://doi.org/10.1016/j.healun.2019.09.010
http://www.ncbi.nlm.nih.gov/pubmed/31648845
http://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
http://doi.org/10.1080/14017431.2016.1185532
http://www.ncbi.nlm.nih.gov/pubmed/27146648
http://doi.org/10.1378/chest.10-0075
http://www.ncbi.nlm.nih.gov/pubmed/20558556

J. Clin. Med. 2022, 11, 7136 10 of 10

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

McGoon, M.D.; Benza, R.L.; Escribano-Subias, P; Jiang, X.; Miller, D.P,; Peacock, A.].; Pepke-Zaba, J.; Pulido, T.; Rich, S,;
Rosenkranz, S.; et al. Pulmonary arterial hypertension: Epidemiology and registries. J. Am. Coll. Cardiol. 2013, 62, D51-D59.
[CrossRef] [PubMed]

Vachiéry, ] L.; Tedford, R.J.; Rosenkranz, S.; Palazzini, M.; Lang, I.; Guazzi, M.; Coghlan, G.; Chazova, I.; De Marco, T. Pulmonary
hypertension due to left heart disease. Eur. Respir. J. 2019, 53, 1801897. [CrossRef]

Hoeper, M.M.; Lam, C.S.; Vachiery, J.L.; Bauersachs, J.; Gerges, C.; Lang, LM.; Bonderman, D.; Olsson, K.M.; Gibbs, J.S.R,;
Dorfmuller, P; et al. Pulmonary hypertension in heart failure with preserved ejection fraction: A plea for proper phenotyping
and further research. Eur. Heart |. 2017, 38, 2869-2873. [CrossRef]

Halpern, S.D.; Taichman, D.B. Misclassification of pulmonary hypertension due to reliance on pulmonary capillary wedge
pressure rather than left ventricular end-diastolic pressure. Chest 2009, 136, 37-43. [CrossRef]

Rose, J.A.; Cleveland, ].M.; Rao, Y.; Minai, O.A.; Tonelli, A.R. Effect of Age on Phenotype and Outcomes in Pulmonary Arterial
Hypertension Trials. Chest 2016, 149, 1234-1244. [CrossRef]

Bermejo, J.; Yotti, R.; Garcia-Orta, R.; Sanchez-Fernandez, P.L.; Castafio, M.; Segovia-Cubero, J.; Escribano-Subias, P.; Roman,
J.A.S.; Borras, X.; Alonso-Gomez, A,; et al. Sildenafil for improving outcomes in patients with corrected valvular heart disease
and persistent pulmonary hypertension: A multicenter, double-blind, randomized clinical trial. Eur. Heart ]. 2018, 39, 1255-1264.
[CrossRef]

Rosenkranz, S.; Gibbs, ].S.R.; Wachter, R.; De Marco, T.; Vonk-Noordegraaf, A.; Vachiery, ].L. Left ventricular heart failure and
pulmonary hypertension. Eur. Heart J. 2016, 37, 942-954. [CrossRef] [PubMed]

Burks, M; Stickel, S.; Galie, N. Pulmonary Arterial Hypertension: Combination Therapy in Practice. Am. |. Cardiovasc. Drugs
2018, 18, 249-257. [CrossRef]

Sitbon, O.; Gaine, S. Beyond a single pathway: Combination therapy in pulmonary arterial hypertension. Eur. Respir. Rev. 2016,
25,408-417. [CrossRef] [PubMed]

Campean, [.A.; Lang, I.M. Treating pulmonary hypertension in the elderly. Expert Opin. Pharmacother. 2020, 21, 1193-1200.
[CrossRef] [PubMed]

Humbert, M.; Kovacs, G.; Hoeper, M.M.; Badagliacca, R.; Berger, R.M.; Brida, M.; Carlsen, J.; Coats, A.].; Escribano-Subias, P;
Ferrari, P; et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur. Heart J. 2022, 43,
ehac237. [CrossRef] [PubMed]

Kianzad, A.; van Wezenbeek, J.; Celant, L.R.; Oosterveer, F.P.; Noordegraaf, A.V.; Meijpoom, L.J.; Frances, S.; Bogaard, H.J.;
Handoko, M.L. Idiopathic pulmonary arterial hypertension patients with a high H2FPEF-score: Insights from the Amsterdam
UMC PAH-cohort. ]. Heart Lung Transplant. 2022, 41, 1075-1085. [CrossRef]


http://doi.org/10.1016/j.jacc.2013.10.023
http://www.ncbi.nlm.nih.gov/pubmed/24355642
http://doi.org/10.1183/13993003.01897-2018
http://doi.org/10.1093/eurheartj/ehw597
http://doi.org/10.1378/chest.08-2784
http://doi.org/10.1016/j.chest.2015.11.008
http://doi.org/10.1093/eurheartj/ehx700
http://doi.org/10.1093/eurheartj/ehv512
http://www.ncbi.nlm.nih.gov/pubmed/26508169
http://doi.org/10.1007/s40256-018-0272-5
http://doi.org/10.1183/16000617.0085-2016
http://www.ncbi.nlm.nih.gov/pubmed/27903663
http://doi.org/10.1080/14656566.2020.1739270
http://www.ncbi.nlm.nih.gov/pubmed/32228234
http://doi.org/10.1093/eurheartj/ehac237
http://www.ncbi.nlm.nih.gov/pubmed/36017548
http://doi.org/10.1016/j.healun.2022.05.007

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

