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Abstract
Aim To obtain real-world evidence about the features and risk stratification of pulmonary arterial hypertension (PAH) with 
a left heart disease (LHD) phenotype (PAH-LHD).
Methods and results By reviewing the records of consecutive incident PAH patients at 7 tertiary centers from 2001 to 
2021, we selected 286 subjects with all parameters needed to determine risk of death at baseline and at first follow-up 
with COMPERA and COMPERA 2.0 scores. Fifty seven (20%) had PAH-LHD according to the AMBITION definition. 
Compared with no-LHD ones, they were older, had higher BMI, more cardiovascular comorbidities, higher E/e’ ratio and 
left atrial area, but lower BNP concentrations and better right ventricular function and pulmonary hemodynamics. Survival 
was comparable between PAH-LHD and no-LHD patients, although the former were less commonly treated with dual PAH 
therapy. Both COMPERA and COMPERA 2.0 discriminated all-cause mortality risk of PAH-LHD at follow-up, but not 
at baseline. Risk profile significantly improved during follow-up only when assessed by COMPERA 2.0. At multivariable 
analysis with low-risk status as reference, intermediate-high and high-risk, but not LHD phenotype, were associated with 
higher hazard of all-cause mortality. Results were comparable in secondary analyses including patients in the last 10 years 
and atrial fibrillation and echocardiographic abnormalities as additional criteria for PAH-LHD.
Conclusions In real life, PAH-LHD patients are frequent, have less severe disease and are less likely treated with PAH drug 
combinations than no-LHD. The COMPERA 2.0 model may be more appropriate to evaluate their mortality risk during 
follow-up and how it is modulated by therapy.
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Introduction

A growing number of patients diagnosed with pulmonary 
arterial hypertension (PAH) has features suggestive of 
concomitant left heart disease (LHD), albeit not clinically 
overt, nor sufficient to cause an elevation in pulmonary 
artery wedge pressure (PAWP) during rest right heart cath-
eterization (RHC) beyond the 15-mmHg threshold, which 
would lead to diagnosis of group 2 pulmonary hypertension 
(PH) [1–3]. A LHD phenotype is more likely when estab-
lished risk factors for LHD, including cardiovascular (CV) 

comorbidities, are present and when PAWP is at the upper 
limit of the normal range [4, 5].

In an analysis of the Comparative, Prospective Registry 
of Newly Initiated Therapies for Pulmonary Hypertension 
(COMPERA) registry, about 25% of patients with idio-
pathic PAH had ≥ 3 risk factors for LHD, namely arterial 
hypertension, diabetes mellitus (DM), body mass index 
(BMI) > 30 kg/m2, coronary artery disease (CAD), and 
atrial fibrillation (AF) [6]. The most accurate definition 
of PAH with a LHD phenotype (hereafter, PAH-LHD) has 
been proposed by the steering committee of the Study of 
First-Line Ambrisentan and Tadalafil Combination Ther-
apy in Subjects With Pulmonary Arterial Hypertension 
(AMBITION) and includes both clinical and hemodynamic 
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parameters [7]. A post-hoc study showed that 13.0% of the 
participants in the Prostacyclin (PGI2) Receptor Agonist 
In Pulmonary Arterial Hypertension (GRIPHON) phase 3 
trial had PAH-LHD as per AMBITION criteria [8], but in 
the real-world scenario the prevalence of PAH-LHD has 
been reported to be > 30% [9].

According to current European Society of Cardiology 
(ESC) / European Respiratory Society (ERS) guidelines, 
therapeutic decisions in PAH should be based on the pre-
dicted risk of 1-year mortality [10]. Two risk assessment 
approaches have been developed by analyzing the COM-
PERA population, i.e. COMPERA [11] and COMPERA 
2.0 [12]. The latter is based on readily available variables 
and provides a more granular risk stratification than the 
former, as well as than other risk estimates [13, 14]. The 
ESC/ERS guidelines recommend that COMPERA 2.0 
should be used for risk re-evaluation during follow-up 
[10].

External validation of the COMPERA 2.0 has been 
attained in general PAH populations from registries, 
[15–18], but data about its performance in patients with 
PAH-LHD are lacking.

Methods

Study population

The study sample was drawn form a retrospective data-
base of patients with PAH, followed between April 2001 
and November 2021 at seven tertiary care centers (Trieste 
University Hospital, Trieste, Italy; Hammersmith Hospital, 
London, United Kingdom; IRCCS Ospedale Policlinico San 
Martino, Genova, Italy; University Hospital Spedali Civili 
of Brescia, Brescia, Italy; Fondazione G. Monasterio, Pisa, 
Italy; Niguarda Hospital, Milan, Italy; Udine University 
Hospital, Udine, Italy) [17].

PAH was diagnosed according to ESC/ERS guidelines 
and all patients underwent a complete diagnostic work-up 
to exclude PH of other groups. The hemodynamic cut-offs 
applied to define pre-capillary PH were mean pulmonary 
artery pressure (mPAP) ≥ 25 mmHg, PAWP ≤ 15 mmHg, 
and pulmonary vascular resistance (PVR) > 3 Wood units 
(WU). For the purpose of this analysis, we considered only 
patients with no missing information related to the variables 
required to perform risk stratification by the COMPERA 
and COMPERA 2.0 scores, both at diagnosis and within 
12 months from diagnosis. Therefore, follow-up RHC was 
needed.

The study was approved by the institutional review board 
and was conducted in accordance with the ethical guidelines 
of the 1975 Declaration of Helsinki.

Left heart disease phenotype

Patients were classified as having PAH-LHD according to 
the criteria established for the amendment of AMBITION 
[7], if they had: (i) more than 2 risk factors for left ventric-
ular (LV) diastolic dysfunction between arterial hyperten-
sion, DM, BMI ≥ 30 kg/m2 or history of significant CAD 
(clinical criteria); or (ii) PVR between 3 and 3.75 WU, 
or PVR between 3.75 and 6.25 WU if PAWP was 13 to 
15 mmHg (hemodynamic criteria) (Table 1). As per study 
design, none had PAWP ≥ 16 mmHg, i.e. group 2 PH.

As a secondary analysis, we expanded the clinical cri-
teria suggestive for LHD, by including AF and echocar-
diographic signs of LHD (Table 1) [9].

Risk assessment

The risk category at baseline and at the first follow-up was 
determined by calculating the COMPERA and COMPERA 
2.0 scores (Supplementary Tables S1 and S2). For the for-
mer, we assigned 1 to 3 points (1 if low risk; 2 if inter-
mediate risk; and 3 if high risk) to each of the following 
5 variables, using the thresholds for low-, intermediate- 
and high-risk proposed by the 2015 ESC/ERS guidelines: 
World Health Organization Functional Class (WHO-FC), 
6-min walking distance (6MWD), brain natriuretic pep-
tide (BNP) or N-terminal pro-B-type natriuretic peptide 
(NT-proBNP), cardiac index (CI), and right atrial pres-
sure (RAP). The mean score rounded to the next integer 
defined the patient global risk as low, intermediate, or high 
[11, 19].

For COMPERA 2.0, WHO-FC, 6MWD, and BNP or NT-
proBNP were assigned a score between 1 and 4 according 
to the cut-offs set by the COMPERA investigators [12] and 
applied by the 2022 ESC/ERS guidelines [10]. The rounded 
mean score distinguished the patient risk status in low (mean 
score = 1), intermediate-low (mean score = 2), intermediate-
high (mean score = 3), or high (mean score = 4).

Statistical analysis

Normality was assessed with the Shapiro–Wilk test. Cat-
egorical and continuous variables are reported as count 
and percentage, mean ± standard deviation (SD) or median 
[interquartile range, IQR]. Patients’ characteristics were 
compared by chi-squared test, Fisher exact test, 2-sided stu-
dent t test or Mann–Whitney test, as appropriate.

Kaplan–Meier curves for 7-years survival were esti-
mated and compared across risk categories in the two 
groups of patients (no-LHD and LHD) using the log-rank 
test. Cox regression analysis was performed to assess the 
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relationship between LHD status, risk strata and 7-year all-
cause mortality.

The survival analyses were repeated after excluding 
patients with a PAH diagnosis before 2013, in order to limit 
the time frame of the analysis to a period during which the 
standards of PAH therapy had been similar.

P-values < 0.05 were considered significant. Statistical 
analyses were performed using R software (R version 3.6.1).

Results

Patient characteristics

Two-hundred eighty-six patients were included in the 
analysis, mostly females (69%) with a mean age of 
58 ± 16 years and a diagnosis of idiopathic, hereditary, 
drug-induced or connective tissue disease-associated PAH 
(Table 2). Systemic sclerosis was the most common con-
nective tissue disease (66 out of 91 subjects, 72.5%). Half 
of the patients were in WHO-FC III and median natriuretic 

peptide levels were high (948 ng/L for NT-proBNP and 
253 pg/mL for BNP). After diagnosis, 40% of patients 
were treated with upfront dual oral combination therapy 
and the proportion rose to 55% during follow-up.

Fifty-seven (20%) patients had PAH-LHD according 
to the AMBITION criteria (Table 2). Of them, 16 had 
clinical features and 34 had hemodynamic features of 
PAH-LHD; only 7 fulfilled both clinical and hemody-
namic criteria. When AF was added to the risk factors 
for LHD, 37 (13%) patients had clinical characteristics 
of PAH-LHD.

Subjects with PAH-LHD were older, had higher BMI 
and more often CV comorbidities than no PAH-LHD ones. 
They had better parameters of right ventricular (RV) func-
tion and pulmonary hemodynamics; however, they had 
worse measures of LV diastolic function, i.e. E/e’ ratio, 
left atrial area, and PAWP. BNP concentrations were lower 
in the LHD than no-LHD group (Table 2). Vasoreactivity 
testing was positive in 28 patients: 21 (9.3%) without and 
7 (12.3%) with PAH-LHD (P = 0.50). A fluid challenge 
had not been performed in any patient.

Table 1  Criteria for definition 
of a left heart disease phenotype 

LV, left ventricular; BMI, body mass index; DM, diabetes mellitus; CAD, coronary artery disease; AF, atrial 
fibrillation; LVEF, left ventricular ejection fraction; PVR, pulmonary vascular resistance; PAWP, pulmo-
nary artery wedge pressure

Main analysis
Patients with at least one of the following:
(i) Clinical criteria:
 ≥ 3 of the following risk factors for LV diastolic dysfunction
- BMI ≥ 30 kg/m2

- history of systemic hypertension
- DM (any type)
- history of significant CAD
(ii) Hemodynamic criteria:
- PVR between 3 and 3.75 WU
- PVR between 3.75 to 6.25 WU in the presence of PAWP of 13 to 15 mmHg
Secondary analysis
Patients with at least one of the following:
(i) Clinical criteria:
(ia) ≥ 3 of the following risk factors for LV diastolic dysfunction:
- BMI ≥ 30 kg/m2

- history of systemic hypertension
- DM (any type)
- history of significant CAD
(ib): 2 of the above listed risk factors for LV diastolic dysfunction and ≥ 1 among:
- AF
- LVEF < 50%
- at least moderate mitral or aortic valve disease
- left atrial dilation
(ii) Hemodynamic criteria:
-PVR between 3 and 3.75 WU
-PVR between 3.75 to 6.25 WU in the presence of PAWP of 13 to 15 mmHg
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Table 2  Characteristics of the 
study population according to 
the main analysis criteria for a 
left heart disease phenotype

Overall
(N = 286)

no-LHD
(N = 229)

PAH-LHD
(N = 57)

P

Female 198 (69) 162 (71) 36 (63) 0.34
Age at diagnosis, years 58 ± 16 57 ± 16 65 ± 13  < 0.001
PAH classification 0.4
IPAH/HPAH/drug induced 139 (49) 117 (51) 22 (39)
CTD 91 (32) 70 (31) 21 (37)
PoPH 30 (10) 23 (10) 7 (12)
Other 26 (9) 19 (8) 7 (12)
BMI, Kg/m2 26.4 ± 6 25.7 ± 5.6 29.3 ± 6.5  < 0.001
SBP, mmHg 124 ± 18 122 ± 17 130 ± 18 0.007
DBP, mmHg 76 ± 12 76 ± 12 76 ± 10 0.98
WHO-FC 0.3
I 19 (7) 17 (8) 2 (4)
II 84 (30) 63 (28) 21 (38)
III 142 (51) 113 (50) 29 (52)
IV 36 (13) 32 (14) 4 (7)
HR, bpm 82 ± 16 83 ± 16 77 ± 13 0.02
Hypertension 119 (42) 83 (36) 36 (63)  < 0.001
CAD 38 (13) 20 (9) 18 (32)  < 0.001
Atrial fibrillation 41 (16) 27 (13) 14 (28) 0.01
VHD 33 (12) 24 (11) 9 (16) 0.35
Diabetes 56 (20) 31 (14) 25 (44)  < 0.001
CKD 59 (21) 44 (19) 15 (26) 0.32
Synus rhythm 262 (92) 215 (94) 47 (82) 0.01
DLCO, % 50 ± 20 50 ± 20 47 ± 20 0.48
6MWD, m 308 [192 – 408] 308 [192 – 408] 310 [240 – 405] 0.5
Haemoglobin, g/dL 13.9 ± 2.1 14.1 ± 2.2 13.3 ± 1.9 0.01
Creatinine, mg/dL 1.04 ± 0.54 1.01 ± 0.43 1.16 ± 0.83 0.22
NT-proBNP, ng/L 948 [261 – 2534] 1032 [281 – 2974] 447 [226 – 1415] 0.24
BNP, ng/L 253 [87 – 624] 320 [96 – 744] 126 [64 – 255] 0.004
Baseline echocardiography
LVEF, % 59 ± 7 59 ± 7 60 ± 6 0.80
Mitral E peak, m/s 0.53 ± 0.24 0.51 ± 0.23 0.62 ± 0.28 0.02
Mitral E/A ratio 0.81 ± 0.44 0.81 ± 0.47 0.80 ± 0.23 0.14
Mitral E/e’ ratio 8.3 ± 4.5 7.8 ± 3.9 10.5 ± 5.8  < 0.001
LA area,  cm2 18 ± 6 18 ± 6 21 ± 7 0.001
RV basal diameter, cm 4.8 [4.3 – 5.4] 4.8 [4.3 – 5.4] 4.8 [4.3 – 5.4] 0.92
TAPSE, mm 17 ± 8 17 ± 9 20 ± 5  < 0.001
FAC, % 28 ± 11 27 ± 10 34 ± 10  < 0.001
RVSP, mmHg 67 ± 22 69 ± 22 60 ± 19 0.02
eRAP, mmHg 8 ± 4 8 ± 4 6 ± 4 0.03
TAPSE/sPAP 0.26 ± 0.14 0.25 ± 0.13 0.33 ± 0.14  < 0.001
RVOT-AccT, ms 76 ± 20 75 ± 20 78 ± 21 0.41
RA area,  cm2 24 ± 7 24 ± 7 23 ± 7 0.53
Pericardial effusion 79 (29) 66 (30) 13 (24) 0.50
Baseline right heart catheterization
sPAP, mmHg 75 ± 21 78 ± 20 64 ± 20  < 0.001
dPAP, mmHg 31 ± 11 32 ± 11 24 ± 7  < 0.001
mPAP, mmHg 47 ± 13 49 ± 13 39 ± 11  < 0.001
PAWP, mmHg 9 ± 4 9 ± 3 12 ± 5  < 0.001
RAP, mmHg 8 ± 4 8 ± 5 8 ± 4 0.26
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Subjects with PAH-LHD were less commonly treated 
with phosphodiesterase type 5 inhibitors/guanylate 
cyclase stimulators and dual oral therapy, while they were 
more often prescribed with beta-blockers and angioten-
sin-converting enzyme inhibitors or angiotensin receptor 
blockers, as expected considering their comorbidities.

The first disease reassessment including RHC was 
done 7 ± 5 months after diagnosis. The distribution of 
WHO-FC significantly changed only in patients without 
a LHD phenotype (Fig. 1), but the two groups had similar 
rates of ≥ 1 class improvement (31% in no-LHD and 38% 
in LHD, P = 0.30). Changes in 6MWD (+ 30 [-10; + 96] 
vs + 12 [0; + 62] meters, P = 0.71) and in natriuretic pep-
tide concentrations (-46 [-79; -2] % vs –26 [-64; + 9] %, 
P = 0.08) were numerically, but not significantly, greater 
in the no-LHD group (Fig. 1).

Risk assessment

At baseline, risk distribution was significantly differ-
ent between patients with vs without a LHD phenotype 
according to the COMPERA model, with more subjects 
with PAH-LHD being at low risk and less at high risk 
(P = 0.03). By contrast, no difference was found with the 
COMPERA 2.0 model (P = 0.4).

Irrespective of the presence of a LHD phenotype, the 
majority of patients were classified at intermediate risk 
with the COMPERA score (Fig. 2). Using the COMPERA 
score, a significant reduction in the proportion of subjects 
at high or intermediate risk was observed only for the no-
LHD group. Conversely, when the COMPERA 2.0 score 
was calculated, risk improvement was significant in both 

Data are expressed as n (%), mean ± SD or median [IQR], as appropriate
PAH, pulmonary arterial hypertension; IPAH, idiopatic PAH; HPAH, hereditary PAH; CTD, connective 
tissue disease; PoPH, porto-pulmonary hypertension; BMI, body mass index; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; WHO-FC, World Health Organization functional class; HR, heart rate; 
CAD, coronary artery disease; VHD, valvular heart disease; CKD, chronic kidney disease; DLCO, diffusion 
capacity of carbon monoxide; 6MWD, six-minute walking distance; LVEF, left ventricular ejection frac-
tion; LA, left atrium; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; FAC, fractional 
area change; RVSP, right ventricular systolic pressure; eRAP, estimated right atrial pressure; RVOT-AccT, 
right ventricle outflow tract acceleration time; RA, right atrium; mPAP, dPAP and sPAP for mean, diastolic 
and systolic pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; RAP, right atrial pres-
sure; CO, cardiac output; CI, cardiac index; PVR, pulmonary vascular resistance; ERA, endothelin receptor 
antagonist; PDE5i, phosphodiesterase type 5 inhibitor; GCs, guanylate cyclase stimulator; ACEi, angioten-
sin converting enzyme inhibitors; ARB, angiotensin receptor blocker

Table 2  (continued) Overall
(N = 286)

no-LHD
(N = 229)

PAH-LHD
(N = 57)

P

CO, L/min 4.21 ± 1.55 3.93 ± 1.31 5.33 ± 1.91  < 0.001
CI, L/min/m2 2.38 ± 0.81 2.27 ± 0.66 2.84 ± 1.13  < 0.001
PVR, WU 10.1 ± 5.57 11.1 ± 5.36 5.93 ± 4.39  < 0.001
Therapy after diagnosis
ERA 174 (61) 144 (63) 30 (53) 0.21
PDE5i/GCs 192 (67) 161 (70) 31 (54) 0.03
Prostanoid 14 (5) 14 (6) 0 0.12
Dual oral 114 (40) 99 (43) 15 (26) 0.03
Beta-blockers 64 (22) 37 (16) 27 (47)  < 0.001
ACEi/ARB 71 (25) 48 (21) 23 (40) 0.004
Anticoagulation 80 (28) 64 (28) 16 (28) 1
Amiodarone 3 (1) 3 (1) 0 0.89
Digoxin 10 (4) 9 (4) 1 (2) 0.69
Therapy at first disease reassessment
ERA 206 (72) 173 (76) 33 (58) 0.008
PDE5i/sGC 214 (75) 179 (78) 35 (61) 0.009
Prostanoid 40 (14) 37 (16) 3 (5) 0.03
Dual oral 156 (55) 136 (59) 20 (35)  < 0.001
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groups, with 60.3% and 64.9%, respectively, reaching the 
low or intermediate-low risk status (Fig. 2).

Survival

The median follow-up duration was 2.9 [1.8–4.7] years for 
patients without a LHD profile and 2.8 [1.0–4.9] years for 
those with PAH-LHD (P = 0.39). The Kaplan–Meier esti-
mated survival rates at 1, 3 and 5 years were 96%, 82% 
and 65%, and 96%, 88% and 76%, respectively (log-rank 
P = 0.30). Within each risk stratum, as calculated by either 
the COMPERA or the COMPERA 2.0 approach, survival 

was comparable between patients with or without a LHD 
phenotype (Supplementary Fig. S1-S4).

Survival curves according to risk status at diagnosis and 
first disease reassessment based on the COMPERA and 
COMPERA 2.0 scores are shown in Fig. 3 and Fig. 4. While 
all-cause mortality was significantly different across base-
line COMPERA and COMPERA 2.0 risk strata in no-LHD, 
either method for risk stratification failed to discriminate 
the prognosis in PAH-LHD risk subgroups. However, both 
COMPERA and COMPERA 2.0 risk categories differenti-
ated mortality at first disease revaluation regardless of the 
presence of a LHD phenotype.

Fig. 1  Changes in World Health 
Organization functional class 
(a), six-minute walking distance 
(b) and natriuretic peptide con-
centrations (c) among patients 
with (red in panels b and c) and 
without (blue in b and c) a left 
heart disease (LHD) phenotype. 
*** indicates P < 0.001 
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At Cox regression analysis, higher risk status, but not 
LHD, was associated with increased all-cause mortality 
(Table 3). Remarkably, intermediate-low risk, as determined 
by COMPERA 2.0, both at baseline and first reassessment 
was not associated with reduced survival as compared with 
low-risk status.

Secondary analyses

By definition, more patients (80, 28%) had PAH-LHD in 
the secondary analysis with expanded clinical criteria for a 
LHD phenotype (Supplementary Table S3). Again, most had 
either clinical (n = 39) or hemodynamic (n = 29) criteria for 
PAH-LHD, with only 12 subjects presenting both.

The comparison between the groups with and without 
a LHD phenotype was consistent with the main analysis. 

Like in this latter, a significant improvement in WHO-
FC was only found in no-LHD patients, while changes 
in natriuretic peptides or 6MWD were not significantly 
different between the LHD and no-LHD groups (Supple-
mentary Fig. S5).

A significant change in the distribution of risk classes 
from baseline to follow-up was observed only with COM-
PERA 2.0 (Supplementary Fig. S6). Survival analyses 
were consistent with those of the main analysis (Supple-
mentary Fig. S7 and S8).

The characteristics of patients with vs without a LHD 
phenotype were also alike in the main analysis when only 
patients from 2013 to 2021 were considered (Supplemen-
tary Table S4), as was the survival analysis by COMPERA 
strata (Supplementary Fig. S9 and S10).

Fig. 2  Changes in risk cat-
egories from baseline to first 
disease reassessment according 
to the COMPERA and COM-
PERA 2.0 models in patients 
without (a) and with (b) a left 
heart disease (LHD) phenotype 
according to the main analysis 
criteria. *, ** and *** indicate 
P < 0.05, P < 0.01 and P < 0.001, 
respectively
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Discussion

In this multicentric cohort followed at tertiary centers in 
Italy and UK for the last 20 years, 1 in 5 patients with PAH 
had features suggestive of concealed LHD. Although most 
often treated with single therapy, they had a survival similar 
to those without features of LHD. In these subjects, both the 
COMPERA and COMPERA 2.0 tools performed better in 
predicting prognosis at follow-up than at baseline. However, 
only COMPERA 2.0 reflected the effect of therapy by reclas-
sifying a significant proportion of patients into the low and 
intermediate-low risk strata.

The age of the PAH population has progressively 
increased worldwide. Mean age of PAH patients in the 
Swiss PH registry rose from 53 ± 16 years between 2000 
and 2004 to 60 ± 15 years between 2009 and 2012 [20]. Both 
the COMPERA registry and the Registry to Evaluate Early 
and Long-term PAH Disease Management (REVEAL), 2 
large-scale ongoing observational studies in Europe and 
USA, now include sizable numbers of old individuals with 
PAH [21, 22].

This demographic shift explains why risk factors for LHD 
have become common among PAH patients. By convention, 
LHD is considered likely when at least 3 diseases are present 

among the following: arterial hypertension, DM, obesity, 
and CAD. AF is also often taken into account, as it is mostly 
associated with LHD. The frequency of patients with such a 
clinical profile has been shown to range from approximately 
16% to 25% [6, 9, 23].

It should be highlighted that having conditions that pre-
dispose to LV diastolic dysfunction does not necessarily 
implicate elevated left heart filling pressures at rest. Pulmo-
nary hemodynamics may be indicative of combined post- 
and pre-capillary PH, rather than of pre-capillary PH, even 
if the aforementioned risk factors for LHD do not cluster in 
one patient. Likewise, a classical PAH hemodynamic profile, 
with high PVR and low PAWP, may be observed in spite 
of concomitant comorbidities heralding LHD. This consid-
eration is buttressed by the observation that a minority of 
the patients in our registry had coexistence of clinical and 
hemodynamic criteria for occult LHD (7 out of 57, 12.3% 
in the main analysis; and 12 out of 80, 15% in the secondary 
analysis). A similar finding was made in the post-hoc analy-
sis of the GRIPHON trial, in which 55.6% met the clinical 
definition of PAH-LHD, 39.4% the hemodynamic one, and 
just 5% both [8]. In an Italian study of elderly PAH patients, 
there was even no overlap between clinical or hemodynamic 
criteria for PAH-LHD [9].

Fig. 3  Survival curves according to risk strata at baseline, as assessed by the COMPERA (left) and COMPERA 2.0 (right) models, in patients 
with (dashed lines) and without (solid lines) a left heart disease (LHD) phenotype
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Being the classification of PAH-LHD quite discord-
ant by means of clinical or hemodynamic parameters, the 
combination of either type of information, as adopted by 
the AMBITION steering committee, appears to be the 
most effective way not to miss subjects with PAH-LHD. 

To the best of our knowledge, this is the first report of 
the real-life frequency of PAH-LHD as per AMBITION 
criteria. The prevalence we found (20%) is higher than 
the one described in the GRIPHON trial (13%); however, 
enrollment in the latter was not allowed if PVR was < 5 

Fig. 4  Survival curves according to risk strata at first disease reassessment, as assessed by the COMPERA (left)  and COMPERA 2.0 
(right) models, in patients with (dashed lines) and without (solid lines) a left heart disease (LHD) phenotype

Table 3  Cox regression analysis 
evaluating the association of 
risk status and a left heart 
disease phenotype (main 
analysis criteria) with 7-year 
all-cause mortality

HR 95% IC P

LHD vs no-LHD 0.69 0.36 – 1.30 0.25
Baseline COMPERA risk (vs low risk)
Intermediate risk 2.22 1.05 – 4.67 0.04
High risk 3.80 1.66 – 8.70 0.002
COMPERA risk at first reassessment (vs low risk)
Intermediate risk 2.27 1.25 – 4.14 0.007
High risk 10.99 5.48 – 22.03  < 0.001
Baseline COMPERA 2.0 risk (vs low risk)
Intermediate-low 1.16 0.41 – 3.29 0.78
Intermediate-high 2.94 1.15 – 7.51 0.02
High 6.30 2.41 – 16.43  < 0.001
COMPERA 2.0 risk at first reassessment (vs low risk)
Intermediate-low 1.74 0.73 – 4.11 0.21
Intermediate-high 4.51 2.01 – 10.14  < 0.001
High 11.17 4.54 – 27.44  < 0.001
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WU or age was > 75 years, thus favoring the selection of 
individuals without PAH-LHD.

Compared with those without LHD, the patients with 
PAH-LHD in this study had signs of LV diastolic dysfunc-
tion, indicating that adopted definition reliably identifies 
PAH-LHD. They also had milder PH and RV impairment 
with lower concentrations of BNP and, although not to a 
significant extent, NT-proBNP. Nonetheless, functional 
status, as determined by WHO-FC class and 6MWD, was 
alike in the no-LHD and PAH-LHD groups. This finding 
is in contrast with previous investigations, which related 
higher symptom burden and worse functional capacity to CV 
comorbidities [22–26], possibly because the patients without 
a LHD phenotype in our cohort had more advanced PAH. 
Modulation of natriuretic peptide levels by neurohormonal 
inhibitors in subjects with PAH-LHD is also possible and 
may have influenced the differences as compared with those 
without a LHD phenotype.

The principles of PAH treatment have evolved in the long 
time period covered by this analysis, justifying the relatively 
low use of 2 oral drugs we found at both diagnosis and fol-
low-up. With this shortcoming acknowledged, it is notable 
that dual therapy in patients with PAH-LHD was almost half 
as frequent as in patients without a LHD phenotype. This 
prescription pattern has already been noted by other authors 
and is supported by current guidelines, which recommend 
that treatment of PAH with comorbidities should be cautious 
and start with 1 drug [10, 24–27].

However, there may be patients with PAH-LHD who ben-
efit from combination therapy. In the GRIPHON trial, the 
reduction in the risk of a morbidity/mortality event attained 
with selexipag was consistent in participants fulfilling or 
not the AMBITION definition of PAH-LHD, and 80% were 
already on an endothelin receptor antagonist and/or a phos-
phodiesterase type 5 inhibitor at the time of randomization, 
with 30% on dual treatment [8]. In a recent, single-center 
study from the Netherlands, the rate of dual therapy and 
the subsequent hemodynamic and functional response were 
not different between PAH patients with vs without a high 
probability of heart failure with preserved ejection fraction 
according to the H2FPEF score [28].

In our cohort, the improvement in WHO-FC, 6MWD, and 
NT-proBNP/BNP levels was somehow smaller in patients 
with than without a LHD phenotype, but survival was com-
parable, suggesting that a less aggressive therapy in PAH-
LHD might be appropriate.

Stratification of the risk of 1-year mortality is now man-
datory in PAH management, since treatment intensity and 
subsequent escalation are based on predicted survival in 
the current therapeutic algorithm [10, 29]. While a com-
prehensive assessment incorporating clinical, functional, 
imaging, and hemodynamic variables is preferred at base-
line, a simplified approach including a limited number of 

measurements is accepted for long-term follow-up [10, 
30–32]. Most proposed tools for streamlined evaluation of 
risk in PAH distinguish 3 profiles with increasingly worse 
prognosis: low, intermediate, and high [11, 14, 33]. The 
majority of patients are classified at intermediate risk despite 
having various severity of disease; thereby, the treatment 
generically advised for the broad intermediate-risk category 
may not always be suitable. This flaw is overcome by the 
COMPERA 2.0 model, which further divides the interme-
diate-risk class in intermediate-low and intermediate-high. 
Furthermore, the COMPERA 2.0 4-strata model is more 
sensitive to modifications of risk from baseline to follow-up 
than other models [12].

CV comorbidities have already been shown to negatively 
influence the performance of PAH risk scores at baseline 
[24, 25, 27]. In our study COMPERA and COMPERA 2.0 
failed to stratify the risk of all-cause mortality in patients 
with PAH-LHD at baseline, but showed good discrimination 
capacity at follow-up. Importantly, treatment of PAH-LHD 
resulted in a significantly greater proportion of subjects with 
intermediate-low or low risk at first disease reassessment. 
This is clinically meaningful, since the intermediate-low 
and low risk classes were associated with better survival 
in multivariable analysis. It is also noteworthy that a LHD 
phenotype did not portend an increased risk of death after 
multiple adjustment.

Overall, these data validate the use of COMPERA 2.0 for 
follow-up risk re-estimation in the difficult setting of PAH-
LHD. Interestingly, in the aforementioned Dutch investiga-
tion, the percentage of PAH patients in the COMPERA 2.0 
intermediate-low and low risk categories increased from 
baseline to follow-up regardless of the H2FPEF score [28].

The present work has limitations. Risk stratification in 
PAH was implemented in the last years of the study period, 
as were some medications. Nonetheless, risk assessment at 
follow-up by COMPERA 2.0 was effective, confirming the 
usability of this tool even in patients not managed according 
to the standards of care for PAH. Furthermore, the results 
of a sensitivity analysis focusing on patients enrolled from 
2013 onwards were in the same direction as those of the 
main analysis. Second, our cohort was selected based on the 
previous hemodynamic definition of PAH, instead of that 
given by the most recent guidelines. We decided to do so to 
facilitate the interpretation of the results of this analysis in 
the light of other ones, as the cut-offs of mPAP ≥ 25 mmHg, 
PAWP ≤ 15 mmHg, and PVR > 3 WU have been used in 
all other studies conducted so far to validate risk scores in 
PAH. Third, an exaggerated response to rapid infusion of 
saline may be another tool to unmask LHD in patients with 
PAWP ≤ 15 mmHg, but it was not evaluated in the patient 
sample we analysed. Fourth, the inclusion of patients with 
RHC at follow-up may have led to an underestimation of the 
frequency of PAH-LHD.
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Conclusions

The prevalence of PAH-LHD is high in tertiary PH centers. 
This PAH phenotype tends to be captured by either clinical 
or hemodynamic criteria, is associated with less severe vas-
cular remodeling and RV impairment, and is most commonly 
treated with single PAH therapy. Nonetheless, long-term 
survival is comparable to that of PAH without concealed 
LHD. The 4-strata COMPERA 2.0 model allows adequately 
stratifying patients with PAH-LHD during follow-up.
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