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ABSTRACT
Objective To optimise treatment of patients with 
pulmonary arterial hypertension (PAH), the 2015 European 
Society of Cardiology/European Respiratory Society 
guidelines recommend using risk stratification, with 
the aim of patients achieving low- risk status. Previous 
analyses of registries made progress in using risk 
stratification approaches, however, the focus is often on 
patients with a low- risk prognosis, whereas most PAH 
patients are in intermediate- risk or high- risk categories. 
Using only six parameters with high prognostic relevance, 
we aimed to demonstrate a pragmatic approach to 
individual patient risk assessment to discriminate between 
patients at low risk, intermediate risk and high risk of 
death.
Methods Risk assessment was performed combining six 
parameters in four criteria: (1) WHO functional class, (2) 
6 min walk distance, (3) N- terminal pro- brain natriuretic 
peptide (BNP)/BNP plasma levels or right atrial pressure 
and (4) cardiac index or mixed venous oxygen saturation. 
Assessments were made at baseline and at first follow- up 
after 3–4 months.
Results 725 PAH treatment- naive patients were analysed. 
Survival estimates between risk groups were statistically 
significant at baseline and first follow- up (p<0.001), even 
when the analysis was performed within PAH etiological 
subgroups. Similar results were observed in 208 
previously treated PAH patients. Furthermore, patients who 
remained at or improved to low risk had a significantly 
better estimated survival compared with patients who 
remained at or worsened to intermediate risk or high risk 
(p≤0.005).
Conclusion The simplified risk- assessment method 
can discriminate idiopathic, connective- tissue- disease- 
associated and congenital- heart- disease- associated 
PAH patients into meaningful high- risk, intermediate- risk 
and low- risk groups at baseline and first follow- up. This 
pragmatic approach reinforces targeting a low- risk profile 
for PAH patients.

INTRODUCTION
Pulmonary arterial hypertension (PAH) is a 
rare disease characterised by remodelling of 
the distal pulmonary vasculature and is ulti-
mately fatal.1 2 Over the past two decades, 
numerous randomised controlled trials have 
been performed, leading to the approval 
of compounds acting on three pathways of 
PAH pathobiology.1 2 The ability to target 
the nitric oxide, endothelin and prostacyclin 
pathways has allowed the development of 

Key questions

What is already known about this subject?
 ► Current pulmonary arterial hypertension guidelines 
recommend to assess the risk profile and to achieve 
a low- risk status in all patients. Different risk strat-
ification approaches have been proposed based on 
previous analyses of registries. However, the meth-
odology of these analyses is either not easy- to- use 
at the bedside or incomplete.

What does this study add?
 ► A pragmatic and easy- to- use approach with only 
six highly prognostic relevant parameters (function-
al class, 6 min walking distance, brain natriuretic 
peptides plasma levels, right atrial pressure, cardiac 
index and mixed venous oxygen saturation) is able 
to well discriminate among patients at low, interme-
diate and high risk of death.

How might this impact on clinical practice?
 ► The proposed simplified risk stratification tool may 
favour current guidelines application in clinical prac-
tice and may be useful in clearly distinguish, besides 
the low- risk profile, patients that are at intermediate 
risk versus high risk. Indeed, because of their differ-
ent prognosis, the two latter categories of patients 
should receive a different treatment intensity.
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tailored treatment approaches,1 2 resulting in improved 
patient outcomes.3 4 Despite these advances, prognosis 
remains poor for patients with PAH. In order to opti-
mise patient management, the current 2015 European 
Society of Cardiology (ESC)/European Respiratory 
Society (ERS) PH Guidelines advocate for an approach 
that includes multiparametric risk stratification where 
patients are classified based on their disease severity. In 
this approach, prognostic clinical, exercise, biochem-
ical, imaging and haemodynamic parameters are used to 
characterise patients as low risk, intermediate risk or high 
risk according to 1- year risk of mortality.1 2 The parame-
ters were derived from observational research including 
the French registry risk equation5 and the Registry to 
Evaluate Early and Long- term PAH Disease Managment 
(REVEAL) risk score.6–9 In addition, the specific thresh-
olds employed are supported by post hoc analyses of 
recent large randomised controlled trials.10–12

Risk stratification in PAH patients based on the prog-
nostic parameters outlined in the 2015 ESC/ERS PH 
guidelines has been validated recently in three European 
registries.13–17 These analyses showed that PAH patients 
could be stratified into different mortality- risk groups 
at baseline and at first follow- up using a number of the 
prognostic parameters described in the guidelines.13–16 
For each registry, there were differences in the patients 
evaluated, the prognostic parameters considered, and 
the specific methods used to stratify patients. The 
Swedish and the Comparative, Prospective Registry of 
Newly Initiated Therapies for Pulmonary Hypertension 
(COMPERA) registries assessed cohorts of newly diag-
nosed PAH patients comprising idiopathic PAH (IPAH), 
connective- tissue- disease- associated PAH (CTD- PAH) and 
congenital- heart- disease- associated- PAH (CHD- PAH).14 15 
These registries assigned scores for low (score=1), inter-
mediate (score=2) and high (score=3) risk of 1- year 
mortality by calculating the mean score for up to eight 
parameters.14–16 The limitation of this approach in evalu-
ating the individual risk profile is based on the arbitrary 
attribution of the same scores to all the variables and on 
the final average value, which may be the result of param-
eters from all risks groups; moreover it is not a simple 
tool to use at the patient’s bedside without a calculator. 
The French Pulmonary Hypertension Registry (FPHR) 
stratified IPAH13 and CTD- PAH16 patients based on the 
number of low- risk criteria present. A greater number of 
low risk criteria, 0–4 or 0–3 depending on the parameters 
assessed, was indicative of lower mortality risk.13 16 The 
use of few parameters is attractive and the focus on low 
risk is aspirational, however, applying this approach in 
clinical practice may be problematic as the majority of 
PAH patients are unfortunately at intermediate risk and 
it may be important to differentiate these patients from 
the high- risk patients.

We performed retrospective analyses in a prospective 
PAH patient registry and included assessment of the overall 
PAH population, as well as assessment within specific 
aetiologies, including CTD- PAH and CHD- PAH. Patients 

were treated according to ESC/ERS PH guidelines.1 2 18–20 
The purpose of our study was to evaluate whether a prag-
matic approach based on four criteria could be used to 
differentiate between patients with low risk, intermediate 
risk and high risk of death. Our approach is based on 
the six parameters with highest prognostic relevance as 
assessed in recent registry analyses13–16: WHO functional 
class (WHO FC), 6 min walk distance (6MWD), N- ter-
minal pro- brain natriuretic peptide (NT- pro- BNP)/BNP 
or right atrial pressure (RAP) and cardiac index (CI) or 
mixed venous oxygen saturation (SvO2).

METHODS
Study population
The study complies with the Declaration of Helsinki.21 
Patient data were pseudonymised and the patients, or 
their legally authorised representative, provided written 
informed consent for their use.

PAH was diagnosed according to ESC/ERS PH guide-
lines.1 2 18–20 Consecutive patients with a diagnosis of idio-
pathic/heritable/drug- induced PAH (IPAH/HPAH/
DPAH), CTD- PAH and CHD- PAH were included in the 
analysis. The observation period was from February 2003 
to December 2017. All patients underwent clinical (WHO 
FC), exercise (6MWD), biochemical (NT- pro- BNP or 
BNP plasma levels) and haemodynamic (CI, RAP, SvO2) 
assessments at baseline. Haemodynamic assessments were 
carried out via right heart catheterisation. All patients 
with a positive response to acute vasodilator challenge 
were treated with calcium channel blockers. Patients who 
were naive to PAH therapy at baseline evaluation were 
treated according to ESC/ERS PH guidelines1 2 18–20 and 
underwent a complete re- assessment 3–4 months after 
the baseline evaluation. PAH specific sequential combi-
nation therapy was indicated according to a goal- oriented 
treatment strategy if treatment goals were not met.22

Risk stratification
Risk assessment was performed according to a simplified 
and practical version of the 2015 ESC/ERS PH risk strati-
fication strategy including the parameters with predictive 
value used and validated in the recent studies.13–15

The risk evaluation was based on four criteria including 
six parameters (table 1): clinical (WHO FC), exercise 
(6MWD), biochemical (NT- pro- BNP or BNP plasma 
levels) and haemodynamic (CI, RAP, SvO2).

The risk stratification strategy did not necessarily require 
results for all six of these parameters as NT- pro- BNP/
BNP plasma levels and RAP could be considered as 
being alternatives for the same criterium23 as could CI 
and SvO2 (table 1).24 Despite its arbitrariness we think 
that this can be considered a reasonable approach as 
we not only determined a correlation between RAP and 
both BNP (r=0.499, p<0.001) and NT- pro- BNP (r=0.381, 
p<0.001) and between CI and SvO2 (r=0.505, p<0.001), 
but also because the two pairings of parameters share 
similar pathophysiologic and prognostic information 
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and, in both cases, if both parameters in each pairing (ie, 
NT- pro- BNP/BNP plasma levels and RAP; CI and SvO2) 
were available, we chose the parameter with the worse 
prognostic value to avoid potential risk underestimation.

As set out in table 1, results from the parameter assess-
ments were used to stratify patients at low, intermediate 
or high risk of death. Patients considered to be at low 
risk were those who had at least three parameters with 
low- risk assessment and none with high- risk assessment; 
those patients at high- risk had CI or SvO2 and one other 
criterion with high- risk assessments; intermediate- risk 
patients were those that did not meet the above require-
ments for low or high risk.

Risk stratification was assessed at baseline with the first 
follow- up assessment undertaken 3–4 months after the 
baseline evaluation. As exploratory analyses, we exam-
ined the number of patients that could not be designated 
at low- risk despite permissive 3 low- risk criteria due to 
concurrent one high- risk criterion.

Statistics
Continuous variables were expressed as median (IQR) 
and categorical variables as n (%). Data comparisons 
were made with Wilcoxon- Mann- Whitney test. Correla-
tions were tested with Pearson correlation coefficient. 
Survival was displayed using Kaplan- Meier plots and the 
difference between subgroups tested for significance 
using the log- rank test. HRs for pairwise comparisons 
between risk- categories were estimated using Cox regres-
sion analysis. HRs for the single risk- score items were esti-
mated with Cox regression analysis, using the respective 
low- risk group as reference. All- cause death was consid-
ered and patients were censored as alive at the time of 
lung transplantation. Survival was evaluated from base-
line evaluation in our centre, rather than from diagnosis 
of PAH, to avoid immortal time bias.25

The c- statistic was used to compare the discrimination 
capacity against the most used risk stratification strate-
gies derived from the 2015 ESC/ERS PH Guidelines: (1) 
COMPERA risk assessment strategy [patients were cate-
gorised as low, intermediate, or high risk by assigning 
a grade (low=1, intermediate=2, high=3) according to 
thresholds prescribed by the 2015 ESC/ERS guidelines 
to these variables: WHO FC, 6MWD, BNP or NT- pro- BNP, 
RAP, CI and SvO2; the overall risk category is determined 
by computing the mean of the risk grades from available 
variables for each patient and rounding to the nearest 
integer]14–16; (2) the FPHR strategy [WHO FC, 6MWD, 
RAP and CI were considered for each patient and risk 
is defined by how many low- risk values, according to 
thresholds prescribed by the 2015 ESC/ERS guidelines, 
are assigned to a patient; the FPHR methodology defined 
only the low risk group anyway, as suggested in previous 
works, we considered the presence of three or four low- 
risk variables to be low risk, the presence of one or two 
low- risk variables to be intermediate risk, and no low- 
risk variables to be high risk].26 Akaike’s information 
criterion and Bayesian information criterion were also 
provided. The comparison with the REVEAL strategy 
was not performed because it considers also parameters 
that cannot be modified by PAH- specific treatment: for 
this reason, these parameters were not included in the 
2015 ESC/ERS guidelines risk table, which is, instead, 
closely integrated with the therapeutic algorithm. Statis-
tical analyses were performed using STATA/SE V.12.0 
(StataCorp).

Patient and public involvement
Patients were not involved in designing or conduct of the 
study.

Table 1 Simplified risk assessment in pulmonary arterial hypertension

Risk 
criteria

Determinants of prognosis*
(estimated 1- year mortality)

Low risk variables
(<5%)

Intermediate risk variables
(5%–10%)

High risk variables
(>10%)

A. WHO functional class I, II III IV

B. 6MWD >440 m 165–440 m <165 m

C. NT- pro- BNP/BNP plasma levels or
RAP

BNP <50 ng/L
NT- pro- BNP <300 ng/L or
RAP <8 mm Hg

BNP 50–300 ng/L
NT- pro- BNP 300–1400 ng/L or
RAP 8–14 mm Hg

BNP >300 ng/L
NT- pro- BNP >1400 ng/L or
RAP >14 mm Hg

D. CI or
SvO2

CI ≥2.5 L/min/m2

or
SvO2 >65%

CI 2.0 to 2.4 L/min/m2

or
SvO2 60%–65%

CI <2.0 L/min/m2

or
SvO2<60%

Individual risk category definition Low- risk definition Intermediate- risk definition High- risk definition

  At least three low- risk criteria 
and no high- risk criteria

Definitions of low or high risk not 
fulfilled

At least two high- risk criteria 
including CI or SvO2

*Most of these variables have been validated mostly for IPAH and the cut- off levels used above may not necessarily apply to other forms of 
PAH.
BNP, brain natriuretic peptide; CI, cardiac index; IPAH, idiopathic PAH; 6MWD, 6 min walk distance; NT- pro- BNP, N- terminal pro- brain 
natriuretic peptide; PAH, pulmonary arterial hypertension; RAP, right atrial pressure; SvO2, mixed venous oxygen saturation; WHO, World 
Health Organization.
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RESULTS
Patients
A total of 933 patients were eligible for inclusion, of which 
725 (77.7%) were treatment- naive and 208 (22.3%) were 
previously treated (figure 1) at baseline. The median 
follow- up time was 4.4 years. The primary cohort in this 
analysis was the treatment- naive group whose characteris-
tics are shown in table 2. The predictive value of each of 
the six parameters considered in the simplified risk table 
(table 1) in this primary cohort at baseline is shown in 
online supplemental figure 1.

Of the treatment- naive patients, 45.7% (n=331) were clas-
sified as IPAH, 8.7% (n=63) as HPAH, 1.5% (n=11) as DPAH, 
23.9% (n=173) as CTD- PAH, 20.2% (n=147) as CHD- PAH. 
The main reasons for unavailability of patient data at first 
follow- up (n=104) were patient death (n=56) and lost to 
follow- up (n=20) (figure 1). We also evaluated the cohort 
of previously treated patients and found they were similarly 
matched to the main cohort (online supplemental table 1) 
in regard to gender but they were younger and generally 
less impaired in regards to the percentage of patients catego-
rised as WHO FC III–IV, to the exercise capacity and to the 
haemodynamic parameters.

Survival by risk category at baseline
At baseline, for the overall treatment- naive population, 
18.8%, 60.7% and 20.5% of patients were in the low- 
risk, intermediate- risk and high- risk groups, respectively. 

Twelve- month survival for the low- risk, intermediate- 
risk and high- risk groups for the overall population was 
100.0%, 92.3% and 74.8%, respectively. Risk discrimina-
tion was similar to the COMPERA and the FPHR strat-
egies (online supplemental table 2). Survival estimates 
at baseline for the overall treatment- naive population, 
and IPAH/HPAH/DPAH, CTD- PAH and CHD- PAH 
subgroups, showed a statistically significant difference 
(p<0.001) between the risk groups (figure 2).

Pairwise comparisons in survival estimates between risk 
groups were also statistically significant in all cases with 
the exception of low- riskvs intermediate- risk groups in 
patients diagnosed with CHD- PAH (table 3 and online 
supplemental table 3).

In general, predicted survival at baseline was better for 
the IPAH/HPAH/DPAH and CHD- PAH subgroups than 
the CTD- PAH subgroup (figure 2).

Eleven patients (1.5%) had three low- risk criteria but 
also either CI or SvO2 high- risk criterion. Five patients 
(0.7%) had three low- risk criteria but also either RAP or 
NT- pro- BNP/BNP high- risk criterion. These two groups 
were designated as intermediate- risk group.

The previously treated population could also be differ-
entiated into meaningful high- risk, intermediate- risk and 
low- risk groups (online supplemental figure 2). Twelve- 
month survival for the low- risk, intermediate- risk and 
high- risk groups for the overall population was 100.0%, 

Figure 1 Patient disposition. 6MWD, 6 min walk distance; CHD, congenital heart disease; CTD, connective tissue disease; 
I/H/D, idiopathic/heritable/drug; PAH, pulmonary arterial hypertension.
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92.3% and 70.4%, respectively. Risk discrimination was 
similar to the COMPERA and the FPHR strategies (online 
supplemental table 2).

Survival by risk category at first follow-up
For the overall treatment- naive population with data 
from a follow- up assessment (n=621), 44.1% were in 
the low- risk group, 49.8% in the intermediate- risk 
group and 6.1% in the high- risk group. Twelve- month 
survival for the low- risk, intermediate- risk and high- risk 
groups for the overall population was 98.5%, 88.3% 
and 76.1%, respectively. Risk discrimination was similar 
to the COMPERA strategy and only slightly inferior to 
the FPHR strategy [c- statistic=0.692 (95% CI, 0.664 to 
0.720) vs 0.716 (95% CI, 0.686 to 0.747); p=0.014; online 
supplemental table 2]. The predicted survival esti-
mates at first follow- up were similar in patterns to those 
seen at baseline, showing statistically significant differ-
ences (p<0.001) between the risk groups in the overall 
population and in each sub group (figure 3). Pairwise 

comparisons in survival estimates between risk groups 
were also statistically significant in all cases with the 
exception of the comparison between intermediate- risk 
and high- risk groups in patients diagnosed with CTD- 
PAH (p=0.066) (table 3). Nineteen patients (3.1%) had 
three low- risk criteria but also either CI or SvO2 high- 
risk criterion and were designated as intermediate- risk 
group.

In a separate analysis, we evaluated the prognostic value 
of risk category at first follow- up taking into consideration 
the patients’ baseline status. In the overall treatment group 
and the three subgroups, patients who remained in or 
improved to low- risk had a significantly better estimated 
survival compared with patients who remained in or wors-
ened to intermediate or high risk (p≤0.005; figure 4). In all 
populations, similar outcomes were observed for patients in 
the low- risk group at first follow- up irrespective of their status 
at baseline. Similarly, the prognosis for patients in interme-
diate/high- risk at follow- up was comparable between those 

Table 2 Baseline treatment- naive patient characteristics

All IPAH/HPAH/DPAH CTD- PAH CHD- PAH

N, (%) 725 (100) 405 (55.9) 173 (23.9) 147 (20.2)

Male, n (%) 226 (31) 155 (38) 16 (9) 55 (37)

Age at diagnosis, years 51 (32–67) 51 (34–65) 66 (55–73) 30 (14–43)

Age at 1st Bologna evaluation, years 53 (36–67) 51 (35–65) 66 (55–73) 38 (26–52)

Aetiology, n (%) IPAH 331 (82)
HPAH 63 (15)
DPAH 11 (3)

SSc 138 (80)
Undiff/Mixed 16 (9)
SLE 11 (6)
Rheumatoid arthritis 5 (3)
Sjögren’s syndrome 3 (2)

Eisenmenger 86 (59)
Left- right shunt 23 (16)
Small 8 (5)
Corrected 30 (20)

WHO FC III–IV, n (%) 494 (68) 279 (69) 143 (83) 72 (49)

6MWD, m 389 (290–468)
n=686

402 (311–497)
n=394

317 (232–402)
n=152

421 (340–474)
n=140

BNP (ng/L) 146 (53–313)
n=72

135 (51–320)
n=43

152 (47–471)
n=24

175 (54–202)
n=5

NT- pro- BNP (ng/L) 807 (268–2237)
n=332

598 (247–1810)
n=189

1771 (632–4054)
n=79

720 (187–1283)
n=64

RAP, mm Hg 7 (4–10) 7 (4–10) 7 (4–12) 6 (4–9)

mPAP, mm Hg 53 (42–64) 52 (42–62) 46 (38–55) 69 (51–83)

PAWP, mm Hg 8 (6–10) 8 (6–10) 8 (6–10) 9 (7–11)

mBP, mm Hg 90 (82–99) 90 (82–99) 92 (85–104) 86 (78–93)

CI, L/min/m2 2.4 (1.9–2.9) 2.3 (1.9–2.8) 2.3 (1.9–2.9) 2.4 (1.9–3.2)

PVR, Wood units 11 (7–16) 11 (8–16) 9 (7–13) 15 (10–23)

SVR, Wood units 21 (17–26) 21 (17–26) 21 (17–28) 21 (17–26)

Art O2 saturation, % 95 (92–97) 95 (93–97) 95 (93–97) 90 (83–95)

SvO2 saturation, % 65 (57–71) 64 (57–70) 63 (54–69) 70 (64–76)

All non- percentage values are median (25th–75th percentile).
Art O2, arterial oxygen; BNP, brain natriuretic peptide; CHD, congenital heart disease; CI, cardiac index; CTD, connective tissue disease; 
DPAH, drug- induced PAH; HPAH, heritable PAH; IPAH, idiopathic PAH; mBP, mean blood pressure; mPAP, mean pulmonary arterial pressure; 
6MWD, 6 min walk distance; NT- pro- BNP, N- terminal probrain natriuretic peptide; PAH, pulmonary arterial hypertension; PAWP, pulmonary 
artery wedge pressure; PVR, pulmonary vascular resistanc; RAP, right atrial pressure; SLE, systemic lupus erythematosus; SSc, systemic 
sclerosis; SvO2, mixed venous oxygen saturation; SVR, systemic vascular resistance; WHO FC, WHO functional class.
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who remained in intermediate/high risk and those who 
worsened to intermediate/high risk.

DISCUSSION
Our data support the use of a risk assessment approach 
based on four criteria derived from up to six param-
eters outlined as prognostic variables for PAH in the 
2015 ESC/ERS PH guidelines. The approach can 
discriminate between PAH patients at baseline and first 
follow- up and can do so in patients with CTD- PAH and 
CHD- PAH as well as IPAH patients. The intermediate- 
risk group appears to be the larger at both baseline and 
first follow- up and has a statistically different mortality as 
compared with low- risk and high- risk groups except in 
patients with CHD- PAH, where it tended to be closer to 

the low- risk group at baseline, and in patients with CTD- 
PAH, where it tended to be closer to the high- risk group 
at first follow- up. The predominance of the intermediate- 
risk group at baseline and first follow- up and the worse 
outcome as compared with the low- risk group has also 
been observed in the other registries studies.13–15 We also 
showed that the outcome of patients who improved to 
the low- risk category at first follow- up was similar to that 
of patients who remained in low- risk group from base-
line. Similarly, patients who worsened to intermediate/
high risk had outcomes comparable to patients who 
were in the intermediate- risk/high- risk group at baseline 
and remain in intermediate- risk/high- risk group at first 
follow- up. The above points support the 2015 ESC/ERS 
PH guidelines recommendation to consider the low- risk 

Figure 2 Risk stratification at baseline for (A) overall treatment- naive patient population, (B) IPAH/HPAH/DPAH, (C) CTD- PAH 
and (D) CHD- PAH subgroups. CHD, congenital heart disease; CTD, connective tissue disease; DPAH, drug- induced PAH; 
HPAH, heritable PAH; IPAH, idiopathic PAH; PAH, pulmonary arterial hypertension.

Table 3 Log- rank test p values for pairwise comparisons of risk groups at baseline and follow- up

Risk- group comparison All IPAH/HPAH/DPAH CTD- PAH CHD- PAH

Baseline Low versus intermediate <0.001 <0.001 0.006 0.122

Low versus high <0.001 <0.001 <0.001 <0.001

Intermediate versus high <0.001 <0.001 <0.001 <0.001

Follow- up Low versus intermediate <0.001 <0.001 <0.001 0.012

Low versus high <0.001 <0.001 <0.001 <0.001

Intermediate versus high <0.001 0.004 0.066 <0.001

CHD, congenital heart disease; CTD, connective tissue disease; DPAH, drug- induced PAH; HPAH, heritable PAH; IPAH, idiopathic PAH; PAH, 
pulmonary arterial hypertension.

 on O
ctober 19, 2021 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2021-001725 on 19 O
ctober 2021. D

ow
nloaded from

 

http://openheart.bmj.com/


7Dardi F, et al. Open Heart 2021;8:e001725. doi:10.1136/openhrt-2021-001725

Pulmonary vascular disease

Figure 3 Risk stratification at follow- up for (A) overall treatment- naive patient population, (B) IPAH/HPAH/DPAH, (C) CTD- 
PAH and (D) CHD- PAH subgroups. CHD, congenital heart disease; CTD, connective tissue disease; DPAH, drug- induced PAH; 
HPAH, heritable PAH; IPAH, idiopathic PAH; PAH, pulmonary arterial hypertension.

Figure 4 Change in risk stratification from baseline to follow- up for (A) overall treatment- naive patient population, (B) IPAH/
HPAH/DPAH, (C) CTD- PAH and (D) CHD- PAH subgroups. CHD, congenital heart disease; CTD, connective tissue disease; 
DPAH, drug- induced PAH; HPAH, heritable PAH; IPAH, idiopathic PAH; PAH, pulmonary arterial hypertension.
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profile as treatment goal for PAH patients and to imple-
ment treatment escalation in both intermediate- risk and 
high- risk groups in IPAH, CTD- PAH and CHD- PAH. In 
addition, this recommendation applies to both treatment 
naive and previously treated patients at baseline.

The simplified risk assessment performed in our 
study (table 1) allows a straightforward identification, 
at the patient’s bedside, of low, intermediate and high 
risk without the need for a ‘score and average method’ 
requiring a calculator14 15 or a low- risk oriented strategy 
that may miss the distinction between intermediate- risk 
and high- risk patients. In our study, as well as in other 
experiences, these two groups include the majority of 
the patients, have different mortality rates and may then 
require different treatment approaches as suggested in 
the 2015 ESC/ERS PH guidelines. The reduced number 
of parameters used for the proposed pragmatic risk 
assessment approach (table 1) may facilitate its imple-
mentation in clinical practice. In addition, grouping 
parameters that are pathophysiologically correlated such 
as NT- pro- BNP/BNP and RAP or CI and SvO2 provide 
flexibility and may avoid data redundancy or excessive 
influence of specific mechanisms on the risk- stratification 
assessment. Despite its simplicity our model has a risk 
discrimination similar to that of the COMPERA model 
and, moreover, the latter seems to overestimate mortality 
in intermediate risk patients in our registry both at base-
line and at follow- up evaluation. Taking into account the 
comparison with the FPHR model it should be under-
lined that it was aimed at identifying only low- risk patients; 
anyway, if we arbitrarily define intermediate risk as the 
presence of one or two low- risk variables and high risk as 
the absence of low- risk variables included in the FPHR 
method, as done in previous works,15 our model has a 
similar risk discrimination capacity at baseline evaluation 
in both treatment naïve and previously- treated popula-
tions and only a slightly lower discrimination capacity at 
follow- up evaluation.

The proposed definition of low- risk patients in our 
simplified risk table (table 1) does not allow a pure non- 
invasive approach as proposed in other studies13 17 due to 
the need to rule out all high- risk criteria including CI or 
SvO2. Interestingly, in our study, only approximately 2% 
and 3% of patients at baseline or first follow- up, respec-
tively, could not be designated low- risk despite permissive 
WHO FC, 6MWD and NT- pro- BNP/BNP due to concur-
rent high- risk RAP or CI or SvO2. In accordance with these 
data, the non- invasive approach provides an acceptable 
accuracy in identifying the majority of low- risk patients. 
However, in specific cases such as young patients, the use 
of haemodynamic data may reinforce the reliability of the 
low- risk estimate and the distinction from intermediate- 
risk group, providing a better guidance for treatment 
decision making, in particular at the first follow- up. On 
the other side of the risk spectrum, the proposed high- 
risk definition (table 1), which by necessity includes the 
measurement of CI or SvO2, provides a clear distinction 
between intermediate- and high- risk groups which have a 

relevant difference in mortality (figures 2A and 3A). Our 
data suggest that haemodynamic data, having a relevant 
prognostic role (online supplemental figure 1), should 
always be collected at baseline and first follow- up, in 
particular in WHO FC III PAH patients to identify high- 
risk subjects requiring parenteral prostacyclin analogues 
as recommended by the 2015 ESC/ERS PH guidelines.

Our dataset is large enough to allow assessment of 
IPAH, CTD- PAH and CHD- PAH patients. Across the three 
aetiologies, all patients in the low- risk group show 100% 
survival, at baseline, and >97% survival, at first follow- up, 
with 12- month Kaplan- Meier estimates in IPAH, CTD- PAH 
and in CHD- PAH patients. For the intermediate- risk and 
high- risk curves, we see that CTD- PAH patients appear 
to have reduced survival confirming a more refractory 
disease, as compared with the IPAH patients, and that 
the CHD- PAH patients have, as expected, better survival 
compared with the IPAH patients. In both the IPAH and 
CTD- PAH cohorts, the intermediate- risk groups’ survival 
are closer to the high- risk group survival, while for the 
CHD- PAH population, the intermediate- risk group 
survival is closer to the low- risk group. This different 
behaviour of the intermediate- risk group survival across 
the three aetiologies may suggest a less aggressive treat-
ment escalation in intermediate- risk CHD- PAH patients.

The first follow- up data showing the outcome of patients 
who remained in low risk from baseline versus those who 
improved to low risk, and the patients who remained in 
intermediate/high risk versus those who worsened to 
intermediate/high risk are extremely important. These 
data indicate the prognostic relevance of improving 
the risk category for our patients as well as preventing 
deterioration.

Limitations
The limitations of our simplified approach include the 
validation by retrospective analyses of a prospective 
registry as in all other studies on this topic.

Our complete data set included approximately 
200 patients who were already receiving treatment when 
referred to our centre. While the analyses of these patients 
at baseline showed similar results, analyses at follow- up 
have not been included as we encountered significant 
heterogeneity in the timing of first follow- up assessments 
making interpretation of these data problematic.

We have not included our evaluation data from other 
investigations such as echocardiography, MRI and cardio-
pulmonary exercise test because they were not systemati-
cally assessed at both baseline and follow- up.

CONCLUSIONS
The simplified version of the 2015 ESC/ERS PH guide-
lines recommendation for risk assessment in PAH 
patients is able to discriminate into meaningful high- risk, 
intermediate- risk and low- risk groups in treatment- naive 
IPAH, CTD- PAH and CHD- PAH patients at baseline and 
first follow- up. The baseline evaluation appears to have 
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prognostic relevance also in patients already treated with 
PAH medications. This pragmatic approach confirms the 
appropriateness of the low- risk profile as a treatment goal 
for PAH patients. The non- invasive strategy for low- risk 
designation seems to be accurate in up to 98% but not 
all cases. The proposed simplified risk stratification may 
facilitate the implementation of the risk- oriented treat-
ment strategy of the 2015 ESC/ERS PH guidelines.
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Supplementary Table 1. Demographic, clinical, functional and hemodynamic characteristics at 

baseline for all treatment-naive patients and all previously-treated patients.  

 
Treatment-Naive  Previously-treated  p-value 

n 725 208 
 

Male, n (%) 226 (31) 69 (33) 0.584 

Age at diagnosis, years 51 (32-67) 43 (25-62) <0.001 

Age at 1° Bologna evaluation, 

years 

53 (36-67) 47 (31-64) 0.005 

Aetiology, n (%) 

I/H/D-PAH 

CTD-PAH 

CHD-PAH 

  

405 (56) 

173 (24) 

147 (20) 

 

100 (48) 

53 (25) 

55 (26) 

 

 

0.090 

WHO FC III-IV, n (%) 494 (68) 123 (59) 0.016 

6MWD, metres 
389 (290-468) 

n= 686 

416 (300-500) 

n= 196 

0.060 

BNP (ng/l) 
146 (53−313) 

n= 72 
118 (33−272) 

n= 29 
0.428 

NT-proBNP (ng/l) 
807 (268−2237) 

n= 332 
926 (302−2231) 

n= 123 
0.473 

RAP, mmHg 7 (4-10) 7 (5-10) 0.182 

mPAP, mmHg 53 (42-64) 52 (41-64) 0.406 

PAWP, mmHg 8 (6-10) 9 (7-11) <0.001 

mBP, mmHg 90 (82-99) 84 (76-93) <0.001 

CI, l/min/m2 2.4 (1.9-2.9) 2.8 (2.2-3.4) <0.001 

PVR, Wood units 11 (7-16) 9 (6-14) 0.001 

SVR, Wood units 21 (17-26) 18 (14-23) <0.001 

Art O
2
 Saturation, % 95 (92-97) 95 (92-97) 0.181 

SvO
2
 Saturation, % 65 (57-71) 67 (60-73) 0.006 

All non-percentage values are median (25th–75th percentile). 6MWD, 6-minute walk distance; Art 02, arterial oxygen, 

BNP, brain natriuretic peptide; CHD, congenital heart disease; CI, cardiac index; CTD, connective tissue disease; D-

PAH, drug-induced PAH; H-PAH, heritable PAH; I-PAH, idiopathic PAH; mBP, mean blood pressure; mPAP, mean 

pulmonary arterial pressure; NT-proBNP, N-terminal pro brain natriuretic peptide; PAH, pulmonary arterial 

hypertension; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial 

pressure; SvO2, mixed venous oxygen saturation; SVR, systemic vascular resistance; WHO FC, World Health 

Organization Functional Class  
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Supplementary Table 2. Risk discrimination characteristics of the proposed Bologna simplified risk 

table vs the COMPERA and the FPHR strategies for all treatment-naive patients (both at baseline and 

at follow-up evaluation) and all previously-treated patients. 

 
Treatment-naïve population – Baseline evaluation 

 
Bologna COMPERA FPHR 

C-statistic (95% CI) 0.663  

(0.638-0.688) 

0.658 

(0.633-0.683) 

0.673 

(0.647-0.699) 

AIC 3743 3750 3744 

BIC 3747 3754 3748 

12-month survival (%) 

- Low 

- Intermediate 

- High 

 

100 

92.3 (89.4-94.5) 

74.8 (66.9-81.2) 

 

99.1 (96.5-99.8) 

88.6 (85.1-91.3) 

73.1 (61.4-81.8) 

 

100 

90.5 (87.0-93.1) 

78.3 (71.0-84.0) 
 

Treatment-naïve population – Follow-up evaluation 

 Bologna COMPERA FPHR 

C-statistic (95% CI) 0.692* 

(0.664-0.720) 

0.697 

(0.667-0.727) 

0.716* 

(0.686-0.747) 

AIC 2840 2832 2827 

BIC 2845 2837 2832 

12-month survival (%) 

- Low 

- Intermediate 

- High 

 

98.5 (96.0-99.4) 

88.3 (84.0-91.4) 

76.1 (59.1-86.8) 

 

97.8 (95.6-98.9) 

85.0 (79.5-89.1) 

71.8 (49.7-85.4) 

 

97.7 (95.2-98.9) 

92.9 (88.7-95.6) 

65.3 (53.1-75.1) 

 Previously-treated patient population – Baseline evaluation 

 Bologna COMPERA FPHR 

C-statistic (95% CI) 0.712 

(0.662-0.762) 

0.724 

(0.678-0.770) 

0.716 

(0.662-0.770) 

AIC 668 657 670 

BIC 671 660 673 

12-month survival (%) 

- Low 

- Intermediate 

- High 

 

100 

92.3(85.3-96.1) 

70.4 (52.9-82.4) 

 

100 

90.0 (82.7-94.3) 

41.9 (16.5-65.6) 

 

98.7 (90.8-99.8) 

92.1 (84.2-96.2) 

68.6 (50.5-81.2) 
*p<0.05 pairwise comparison. AIC, Akaike's information criterion; BIC, Bayesian information criterion; COMPERA, 

Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension; FPHR, French Pulmonary 

Hypertension Registry. 
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Supplementary Table 3. Cox regression analysis for pair-wise comparisons of risk-groups at 

baseline and follow-up. 

HR  

(95% CI) 

p-value 

Risk-group 

comparison 

All IPAH/HPAH/DPAH CTD-PAH CHD-PAH 

B
a

se
li

n
e 

Intermediate 

vs low 

2.59  

(1.81-3.70) 

<0.001 

3.52  

(1.93-6.43) 

<0.001 

2.61  

(1.23-5.52) 

0.012 

1.58  

(0.87-2.87) 

0.129 

High vs low 

7.06  

(4.78-10.43) 

<0.001 

8.30  

(4.39-15.71) 

<0.001 

5.87  

(2.70-12.75) 

<0.001 

6.19  

(2.58-14.85) 

<0.001 

High vs 

intermediate 

2.73 

(2.14-3.49) 

<0.001 

2.36 

(1.67-3.33) 

<0.001 

2.25 

(1.50-3.38) 

<0.001 

3.91 

(1.79-8.56) 

0.001 

F
o
ll

o
w

-u
p

 

Intermediate 

vs low 

4.00  

(2.91-5.49) 

<0.001 

4.92  

(3.15-7.69) 

<0.001 

3.52  

(1.91-6.51) 

<0.001 

2.34  

(1.19-4.61) 

0.014 

High vs low 

9.75  

(6.21-15.30) 

<0.001 

10.52  

(5.75-19.26) 

<0.001 

6.93  

(3.00-16.02) 

<0.001 

18.12  

(4.75-69.06) 

<0.001 

High vs 

intermediate 

2.44 

(1.66-3.58) 

<0.001 

2.14 

(1.29-3.55) 

0.003 

1.97 

(1.00-3.88) 

0.051 

7.75 

(2.22-27.04) 

0.001 

Legend: CHD, congenital heart disease; CTD, connective tissue disease; DPAH, drug-induced 

PAH; HPAH, heritable PAH; IPAH, idiopathic PAH; PAH, pulmonary arterial hypertension. 
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Supplementary Figure 1. Forest plot showing the prognostic values of World Health 

Organization (WHO) functional class (FC), 6-min walking distance (6MWD), brain natriuretic 

peptide (BNP) or N-terminal fragment of pro-BNP (NT-proBNP), right atrial pressure (RAP), 

cardiac index (CI), and mixed venous oxygen saturation (SvO2) in the intermediate-risk and high-

risk groups. Values for the parameters were obtained at baseline in the treatment-naïve primary 

cohort. The reference value is from the respective low-risk group. 
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Supplementary Figure 2. Risk stratification at baseline for overall previously-treated patient 

population  
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