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Abstract
Background: The impact of the new “borderline” hemody-
namic class for pulmonary hypertension (PH) (mean pulmo-
nary artery pressure [mPAP], 21–24 mm Hg and pulmonary 
vascular resistance, [PVR], ≥3 wood units, [WU]) in chronic 
obstructive pulmonary disease (COPD) and interstitial lung 
disease (ILD) is unclear. Objectives: The aim of this study was 
to assess the effect of borderline PH (BLPH) on survival in 

COPD and ILD patients. Method: Survival was analyzed from 
retrospective data from 317 patients in 12 centers (Italy, 
Spain, UK) comparing four hemodynamic groups: the ab-
sence of PH (NoPH; mPAP <21 mm Hg or 21–24 mm Hg and 
PVR <3 WU), BLPH (mPAP 21–24 mm Hg and PVR ≥3 WU), 
mild-moderate PH (MPH; mPAP 25–35 mm Hg and cardiac 
index [CI] ≥2 L/min/m2), and severe PH (SPH; mPAP ≥35 mm 
Hg or mPAP ≥25 mm Hg and CI <2 L/min/m2). Results: BLPH 
affected 14% of patients; hemodynamic severity did not pre-
dict survival when COPD and ILD patients were analyzed to-
gether. However, survival in the ILD cohort for any PH level 
was worse than in NoPH (3-year survival: NoPH 58%, BLPH 
32%, MPH 28%, SPH 33%, p = 0.002). In the COPD cohort, only 
SPH had reduced survival compared to the other groups (3-
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year survival: NoPH 82%, BLPH 86%, MPH 87%, SPH 57%, p = 
0.005). The mortality risk correlated significantly with mPAP 
in ILD (hazard ratio [HR]: 2.776, 95% CI: 2.057–3.748, p < 
0.001) and notably less in COPD patients (HR: 1.015, 95% CI: 
1.003–1.027, p = 0.0146). Conclusions: In ILD, any level of PH 
portends worse survival, while in COPD, only SPH presents a 
worse outcome. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Pulmonary hypertension (PH) is a common complica-
tion of chronic lung disease (CLD) and is associated with 
higher morbidity [1] and mortality [2–4]. The vast major-
ity of patients with CLD presents with mild-moderate PH 
(MPH), but a small group presents with severe PH (SPH); 
several studies have found that patients with SPH in the 
context of chronic obstructive pulmonary disease (COPD) 
have a different phenotype, characterized by mild airflow 
obstruction but severe hypoxemia, with an increased 
mortality [5]. In idiopathic pulmonary fibrosis (IPF), on 
the other hand, the presence of PH greatly increases the 
mortality risk, while its severity does not seem to affect 
the outcome to the same degree [6]. Severity of PH there-
fore seems to have a different effect in patients with dif-
ferent underlying CLD.

The threshold for the diagnosis of PH has been defined 
since the World Health Organization 1973 Geneva Sym-
posium at a mean pulmonary artery pressure (mPAP) of 
≥25 mm Hg [7], this being the case also for PH associated 
with CLD; however, this pressure threshold has recently 
been put into question for all groups of PH during the 
proceedings of the 6th World Symposium on Pulmonary 
Hypertension [8]. The proposed change was based on 
studies reporting data from large patient cohorts [9, 10], 
which found that a lower level of mPAP previously called 
“borderline PH” (BLPH), defined by various values of 
mPAP with a lower limit between 17 and 24 mm Hg, 
could adversely influence prognosis and exercise capacity 
[11]. A recent study on data collected in the United Net-
work for Organ Sharing (UNOS) [12] database evaluated 
how the new definition changes prevalence of PH in 
COPD and IPF and found that, despite both old and new 
definitions of pre-capillary PH are able to discern out-
comes in these two diseases, there was a trend toward a 
better discrimination of the new definition of PH in IPF 
patients. Until now, however, the burden of this hemody-
namic state (defined in the 6th World Symposium on Pul-
monary Hypertension proceedings as mPAP of 21–24 

mm Hg and pulmonary vascular resistance [PVR] of ≥3 
wood units [WU]) on patient survival, as considered sep-
arately, has not been evaluated specifically in group 3 PH.

The objective of our study was to assess the prevalence 
and impact on survival of BLPH and compare them to 
those of patients without PH and with moderate PH and 
SPH, according to the hemodynamic classification of PH 
in CLD [13] in a multicenter, international cohort of in-
terstitial lung disease (ILD) and COPD patients.

Materials and Methods

We retrospectively included data from patients with a diagnosis 
of COPD and ILD (both according to the European Respiratory 
Society guidelines) who had been evaluated at an expert PH center 
between January 2000 and March 2020 with a baseline right heart 
catheterization as part of their clinical evaluation; all patients were 
evaluated during stable respiratory disease and under optimal oxy-
gen therapy, and none received pulmonary vasodilators at the time 
of hemodynamic assessment. The indications for right heart cath-
eterization were referral for lung transplant workup, suspicion of 
SPH and/or inclusion in a clinical trial. Patients’ data were derived 
from: (1) 9 Spanish hospitals participating in the Spanish Registry 
of Pulmonary Hypertension in Respiratory Disease (Registro Espa-
ñol de Hipertensión asociada a Enfermedad Respiratoria [RE-
HAR]; full list of hospitals in online suppl. materials; for all online 
suppl. material, see www.karger.com/doi/10.1159/000524263) (2) 
the IRCCS ISMETT in Palermo (Italy); (3) the National Pulmonary 
Hypertension Service at Royal Brompton Hospital in London 
(UK); and (4) the IRCCS San Matteo Foundation in Pavia (Italy). 
Exclusion criteria were a diagnosis of combined pulmonary fibro-
sis-emphysema, lung transplant or post-capillary PH: thus, all in-
cluded patients met the criteria for pre-capillary hemodynamic 
profile. The patients were divided into four hemodynamic sub-
groups as follows: absence of PH (NoPH; mPAP, <21 mm Hg or 
mPAP 21–24 mm Hg and PVR <3 WU), “borderline” PH (BLPH, 
mPAP 21–24 mm Hg and PVR ≥3 WU), MPH (mPAP 25–35 mm 
Hg and cardiac index [CI] ≥2.0 L/min/m2) and SPH (mPAP ≥35 
mm Hg or mPAP ≥25 mm Hg and CI <2.0 L/min/m2). Due to the 
characteristics of the REHAR registry, where a diagnosis of PH was 
necessary for enrolment, patients with BLPH were included only 
following the change in hemodynamic definition at the Nice 2018 
proceedings [13] (April 2019). We analyzed all the variables ac-
cording to underlying diagnosis and within each diagnostic group 
according to the hemodynamic subgroup.

Statistics
Qualitative variables are described by frequency distributions, 

while quantitative variables are expressed by medians ± interquar-
tile ranges. To compare the four hemodynamic groups, the χ2 test 
and Fisher’s exact test were used for categorical variables, while the 
2-samples T test or Wilcoxon-Mann-Whitney test were used for 
continuous variables when appropriate. Cox models were applied 
to obtain survival curves with respect to the hemodynamic groups 
and the diagnoses. All statistical analyses were performed using 
SAS software, version 9.4 (SAS Institute Inc, Cary, NC, USA).  
p values <0.05 were considered statistically significant.
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Results

The records from 525 patients with COPD and ILD 
who had undergone right-heart catheterization in 9 cen-
ters from Spain, 2 centers in Italy, and 1 center in the UK 
were available for analysis. As detailed in the online sup-
plementary Figure 1, of the initial 525 patients, 317 pa-
tients were retained in the final analysis (REHAR registry 
n = 104; ISMETT n = 126; IRCCS S. Matteo n = 42; Royal 
Brompton Hospital n = 45). The cohorts grouped by he-
modynamic class and underlying disease are shown in 
Figure 1.

Description of the Cohort
Anthropometric, clinical, and functional characteris-

tics of the study subjects, classified according to underly-
ing respiratory diagnosis, are shown in Table 1. Patients 
with ILD had a higher BMI than patients with COPD, as 
well as fewer accumulated pack/years of cigarette smok-
ing, different spirometric profiles as expected but no dif-
ferences in DLCO, severely reduced in both groups, or par-
tial oxygen pressure in arterial blood. Interestingly, de-
spite no difference in the 6-min-walking-distance, 
patients with ILD had lower PVR and mPAP and more 
preserved right-heart function. We found no differences 
between ILD and COPD in left ventricular ejection frac-
tion, which was preserved in all cases or in the rate of co-
morbidities (dyslipidemia, diabetes mellitus, and coro-
nary artery disease). Within the ILD cohort, 126 patients 
(74%) were diagnosed with IPF, 26 patients were classi-
fied as nonspecific interstitial pneumonia (15%), 13 pa-
tients suffered from hypersensitivity pneumonitis (8%), 
while the other 5 subjects (3%) suffered from NSIP in the 

context of connective-tissue disease, Langerhans cells 
histiocytosis, pleuropulmonary fibroelastosis, fibrosing 
organizing pneumonia, and one unclassifiable idiopathic 
interstitial pneumonia. Thus, 91% of our sample repre-
sented idiopathic interstitial pneumonias.

Overall, PH was present in 236 (74%) of the cohort and 
BLPH in 45 patients (14%). We then looked at the two 
cohorts separately and stratified them for hemodynamic 
severity. In COPD (Table 2), we found that patients with 
SPH were older compared to the MPH group and had ac-
cumulated a higher pack/year count, compared to both 
NoPH and MPH groups; they also suffered much more 
frequently of diabetes and coronary artery disease. More-
over, patients with SPH had a more preserved lung func-
tion profile, with the exception of DLCO which was se-
verely reduced in all four groups, and worse hypoxemia. 
Again, despite the expected differences in hemodynamic 
severity which defined the four groups, we found no dif-
ferences in the 6-min walking distance. In the ILD cohort 
(Table 3), the four hemodynamic groups were very ho-
mogenous with the exception of older patients in the 
MPH group compared to the NoPH group and of the ex-
pected differences in hemodynamic severity; once more, 
no difference was found in the 6-min-walking-distance.

Data on vasodilator treatment were available for 297 
patients (Table 1), of which 51 (17%) has received treat-
ment; 47 of them suffered from SPH. However, only 50% 
of the whole SPH cohort for which we had treatment data 
had been treated. Breaking down treatment according to 
underlying pulmonary diagnosis, 26% of COPD (Table 2) 
and only 9% of ILD patients (Table 3) had undergone va-
sodilator treatment.
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Fig. 1. Summary of cases. Overall study 
population categorized by hemodynamic 
class and underlying respiratory condition. 
BLPH, borderline pulmonary hyperten-
sion group; COPD, chronic obstructive 
pulmonary disease; ILD, interstitial lung 
disease; MPH, mild-moderate pulmonary 
hypertension group; NoPH, group of pa-
tients without pulmonary hypertension; 
SPH, severe pulmonary hypertension 
group.
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Survival Analysis
Survival in ILD patients was significantly worse com-

pared to COPD patients: the overall 3-year-survival for 
the two cohorts was 40% and 73%, respectively (p < 
0.001).

When comparing the outcomes of the four hemody-
namic groups in the whole cohort of patients enrolled in 
the study, we did not observe any difference in mortality 
(Fig.  2a); 3-year-survival was 64% in the NoPH group, 
51% in the BLPH group, 55% in the MPH group, and 50% 
in the SPH group (p = 0.369). The median follow-up time 
for these subgroups was of 22, 20, 21, and 22 months, re-
spectively (25th–75th percentiles: 9–44, 9–40, 12–43, and 

10–40 months), with a median follow-up time for the 
whole cohort of 21 months.

When we further analyzed COPD and ILD cohorts sep-
arately, we found that in the COPD cohort, BLPH  
(n = 16) stratified closely to NoPH (n = 22) and MPH  
(n = 45) in the survival analysis, presenting a significantly 
better prognosis compared to SPH (n = 64; Fig. 2b); the 
3-year survival for the hemodynamic groups within the 
COPD cohort was 82%, 86%, 87%, and 57%, respectively  
(p = 0.005). However, in the ILD cohort, BLPH (n = 29), 
MPH (n = 52) and SPH (n = 30) had significantly worse prog-
nosis than the NoPH group (n = 59; Fig. 2c); the 3-year sur-
vival was 58%, 32%, 28%, and 33%, respectively (p = 0.002).

Table 1. Characteristic of the study subjects, stratified according to underlying disease

All patients (n = 317) COPD (n = 147) ILD (n = 170)

Age, years 62 (57–68) 63 (57–70) 62 (56–66)
Male gender, n (%) 213 (67) 106 (72) 107 (63)
Body mass index, kg/m2 26 (23–29) 25 (22–28) 27 (25–29)*
Smoking status

Current smokers, n (%) 12 (4) 12 (8) 0 (0)*
Ex-smokers, n (%) 162 (51) 98 (67) 65 (38)*
Pack-years smoking 30 (10–48) 40 (30–70) 10 (0–30)*

FEV1, % pred 52 (33–66) 34 (22–63) 55 (46–67)*
FVC, % pred 58 (45–74) 69 (50–86) 53 (42–64)*
FEV1/FVC, % 65 (42–89) 44 (33–59) 89 (83–107)*
TLC, % pred 87 (52–108) 106 (91–119) 50 (41–60)*
DLCO, % pred 24 (17–33) 26 (17–39) 23 (17–32)
PaO2, mm Hg 62 (52–72) 61 (51–72) 62 (53–73)
6MWD, meters 297 (184–376) 279 (206–374) 301 (167–383)
Hemodynamic group, N-B-M-S 81-45-97-94 22-16-45-64 59-29-52-30
sPAP, mm Hg 40 (33–60) 46 (35–68) 36 (32–48)*
dPAP, mm Hg 18 (14–25) 21 (16–28) 15 (12–21)*
mPAP, mm Hg 27 (22–36) 32 (24–42) 24 (21–32)*
Cardiac output, L/min 4.60 (3.90–5.30) 4.40 (3.60–5.10) 4.80 (4.13–5.50)*
CI, L/min/m 2.60 (2.20–3.00) 2.50 (2.00–3.00) 2.70 (2.30–3.00)*
PAWP, mm Hg 9 (7–12) 10 (8–11) 9 (6–12)
PVR, dyn·s·cm·2 4.2 (2.7–6.3) 4.9 (3.4–8.0) 3.6 (2.4–5.0)*
RAP, mm Hg 5 (3–8) 6 (4–9) 4 (2–7)*
LVEF, % 60 (60-60) 60 (60–65) 60 (60-60)
Dyslipidemia, n (%) 32 (10) 18 (12) 14 (8)
Diabetes mellitus, n (%) 38 (12) 20 (14) 18 (11)
Coronary artery disease, n (%) 42 (13) 20 (14) 22 (13)
Pulmonary vasodilators, n (%) 51 (17) 38 (26) 13 (9%)*,#

Results expressed in median (percentile 25–percentile 75). COPD, chronic obstructive pulmonary disease; ILD, 
interstitial lung disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; TLC, total lung capacity; 
RV, residual volume; DLCO, diffusing capacity for carbon monoxide; PaO2, arterial partial oxygen pressure; 6MWD, 
6-min walking distance test; hemodynamic group N, No pulmonary hypertension; B, borderline pulmonary 
hypertension; M, mild-moderate pulmonary hypertension, S, severe pulmonary hypertension; sPAP, systolic 
pulmonary artery pressure; dPAP, diastolic pulmonary artery pressure; mPAP, mean pulmonary artery pressure; 
PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; LVEF, left 
ventricular ejection fraction. * p < 0.05 compared to COPD. #Data available for 150 out of 170 patients.



Survival in Borderline PH Associated with 
Lung Disease

721Respiration 2022;101:717–727
DOI: 10.1159/000524263

The hazard ratio (HR) analysis confirmed our results: 
the HR was not increased when the overall cohort was 
considered (HR: 1.002, 95% CI: 0.990–1.014, p = 0.774). 
However, when analyzing the COPD and ILD cohort sep-
arately (Fig. 3), the risk for each increment of mPAP by 1 
mm Hg was significant in both the COPD cohort (HR: 
1.015, 95% CI: 1.003–1.027, p = 0.0146) and the ILD co-
hort (HR: 2.776, 95% CI: 2.057–3.748, p < 0.001), in which 
the mortality risk was notably increased.

On the other hand, stratification according to a PVR cut-
off of 5 WU as suggested by Zeder et al. [14] did not show 
different results in survival for the overall cohort or when 
considering the ILD patients alone; however, when this cut-
off was applied to COPD patients, those with PVR >5 WU 
had a markedly worse prognosis (3-year survival: 59% vs. 

84% in patients with PVR ≤5 WU, p = 0.001) (online suppl. 
Fig. 2). When we analyzed the HR of having PVR >5 WU, 
COPD patients presented an increased risk (HR: 2.774, 95% 
CI: 1.264–6.089, p = 0.011), while ILD patients did not (HR: 
1.204, 95% CI: 0.693–2.092, p = 0.510).

Discussion

In a cohort of 317 patients with CLD, 74% of which 
had PH, and BLPH was detected in 45 (14%); BLPH was 
associated with worse survival in ILD but not in COPD 
patients. Notably, in the COPD cohort only those in the 
SPH group had very poor prognosis and clustered sepa-
rately in terms of survival compared to other hemody-

Table 2. Characteristic of the COPD cohort, stratified according to hemodynamic severity

All patients (n = 147) NoPH (n = 22) BLPH (n = 16) MPH (n = 45) SPH (n = 64)

Age, years 63 (57–70) 62 (55–65) 62 (57–72) 60 (55–66) 68 (60–74)†

Male gender, n (%) 106 (72) 12 (55) 10 (63) 34 (76) 50 (78)
Body mass index, kg/m2 25 (22–28) 21 (21–25) 24 (22–25) 26 (22–29) 25 (22–29)*
Smoking status

Current smokers, n (%) 12 (10) 0 (0) 0 (0) 8 (18) 4 (6)
Ex-smokers, n (%) 98 (83) 15 (68) 14 (88) 24 (53) 45 (70)
Pack-years smoking 40 (30–70) 35 (29–40) 27 (13–35) 60 (40–80)# 80 (65–105)*, #

FEV1, % pred 34 (22–63) 25 (20–37) 32 (22–36) 29 (19–40) 62 (39–74)*,#, †

FVC, % pred 69 (50–86) 60 (45–72) 69 (54–82) 55 (46–78) 82 (60–91)*,†

FEV1/FVC, % 44 (33–59) 35 (31–47) 32 (27–44) 38 (31–50) 59 (50–62)*,#, †

TLC, % pred 106 (91–119) 100 (83–116) 112 (97–128) 116 (93–137) 100 (89–109)†

DLCO, % pred 26 (17–39) 24 (15–30) 22 (10–41) 30 (22–45) 25 (16–29)
PaO2, mm Hg 61 (51–72) 70 (64–77) 70 (60–77) 65 (57–76) 51 (46–61)*,#, †

6MWD, meters 279 (206–374) 240 (168–359) 337 (240–377) 334 (240–410) 276 (177–357)
sPAP, mm Hg 46 (35–68) 30 (26–32) 33 (31–35) 40 (37–47)*, # 71 (61–81)*,#, †

dPAP, mm Hg 21 (16–28) 15 (12–15) 15 (12–16) 19 (17–21)*, # 29 (25–34)*,#, †

mPAP, mm Hg 32 (24–42) 21 (18–22) 23 (22–24) 28 (26–32)*, # 43 (38–52)*, #, †

Cardiac output, L/min 4.40 (3.60–5.10) 5.15 (4.50–5.85) 4.05 (3.83–4.58)* 4.50 (4.00–5.25) 3.85 (3.03–4.60)*, †

CI, L/min/m 2.50 (2.00–3.00) 3.05 (2.80–3.55) 2.30 (2.15–2.68)* 2.60 (2.30–3.00) 2.15 (1.70–2.70)*, †

PAWP, mm Hg 10 (8–11) 10 (9–11) 9 (7–11) 9 (7–12) 10 (7–12)
PVR, dyn·s·cm·2 4.9 (3.4–8.0) 1.8 (1.5–2.3) 3.4 (3.0–3.7) 4.3 (3.6–5.0)* 8.3 (6.3–11.6)*,#, †

RAP, mm Hg 6 (4–9) 5 (5–7) 5 (4–6) 6 (3–8) 7 (5–11)
LVEF, % 60 (60–65) 61 (60–65) 60 (53–60) 60 (53–61) 60 (60-60)
Dyslipidemia, n (%) 18 (19) 2 (9) 0 (0) 3 (7) 13 (20)
Diabetes mellitus, n (%) 20 (21) 1 (5) 0 (0) 3 (7) 16 (25)*,#, †

Coronary artery disease, n (%) 20 (21) 1 (6) 2 (20) 3 (10) 14 (32)*,#, †

Pulmonary vasodilators, n (%) 38 (26) 0 (0) 0 (0) 2 (4) 36 (56)*,#, †

Results expressed in median (percentile 25–percentile 75). NoPH, group of patients without pulmonary hypertension; BLPH, borderline 
pulmonary hypertension group; PH, pulmonary hypertension group; SPH, severe hypertension group; FEV1, forced expiratory volume in  
1 s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; DLCO, diffusing capacity for carbon monoxide; PaO2, arterial 
partial oxygen pressure; 6MWD, 6-min walking distance test; sPAP, systolic pulmonary artery pressure; dPAP, diastolic pulmonary artery 
pressure; mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RAP, right 
atrial pressure; LVEF, left ventricular ejection fraction. * p < 0.05 compared to the NoPH group. # p < 0.05 compared to the BLPH group.  
† p < 0.05 compared to the MPH group.
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namic strata. Conversely, ILD patients with any level of 
PH from mPAP 21–24 mm Hg and PVR ≥3 WU upward 
demonstrated reduced survival compared to patients 
without PH, and the increased risk of mortality associated 
with mPAP increments was much higher in ILD than in 
COPD. Finally, the hemodynamic stratification was not 
able to predict survival when COPD and ILD were con-
sidered together.

Our results confirm the data from the ASPIRE Regis-
try in COPD, which reported that patients with SPH had 
a significantly worse prognosis than patients with MPH 
[15]. The 3-year-survival in COPD patients with values of 
mPAP between 20 and 40 mm Hg was found to be 80% 
in several studies [4, 16] and not significantly lower than 
that observed for patients without PH (mPAP <20); this 

is consistent with our findings, which show that BLPH 
has no impact on COPD prognosis. We observed worse 
3-year survival in PH patients with ILD compared to 
COPD despite more severe pulmonary hemodynamic 
compromise in the latter group; the same difference in 
survival according to underlying diagnosis was reported 
by the ASPIRE Registry [3] (3-year-survival: COPD 41%; 
ILD: 16%) and the Giessen Registry (3-year-survival: 
COPD 66%; ILD 40%) [4]. Two further studies [17, 18] 
have shown that both COPD and IPF patients with PH, 
even when treated with pulmonary vasodilators, have sig-
nificantly worse prognosis compared to patients with id-
iopathic pulmonary arterial hypertension.

The relevance of BLPH in the survival of ILD patients 
from our cohort is consistent with preliminary data on 

Table 3. Characteristic of the ILD cohort, stratified according to hemodynamic severity

All patients (n = 170) NoPH (n = 59) BLPH (n = 29) MPH (n = 52) SPH (n = 30)

Age, years 62 (56–66) 60 (52–63) 62 (58–65) 64 (60–70)* 62 (57–70)
Male gender, n (%) 107 (63) 34 (58) 21 (72) 35 (67) 17 (57)
Body mass index, kg/m2 27 (25–29) 27 (25–29) 26 (24–28) 28 (25–29) 27 (25–28)
Smoking status

Current smokers, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Ex-smokers, n (%) 64 (66) 30 (51) 12 (41) 14 (27) 9 (30)
Pack-years smoking 10 (0–30) 15 (4–30) 3 (0–10) 12 (0–53) 35 (8–78)

FEV1, % pred 55 (46–67) 55 (45–68) 58 (46–64) 54 (47–67) 57 (46–67)
FVC, % pred 53 (42–64) 51 (40–65) 54 (42–59) 54 (41–64) 55 (47–70)
FEV1/FVC, % 89 (83–107) 96 (84–114) 87 (79–103) 89 (84–99) 90 (76–99)
TLC, % pred 50 (41–60) 49 (41–58) 53 (41–60) 51 (44–65) 50 (43–77)
DLCO, % pred 23 (17–32) 24 (16–33) 23 (18–38) 22 (17–26) 26 (18–32)
PaO2, mm Hg 62 (53–73) 69 (59–73) 63 (56–74) 62 (48–77) 56 (48–66)
6MWD, meters 301 (167–383) 358 (198–438) 306 (143–365) 285 (179–379) 278 (149–316)
sPAP, mm Hg 36 (32–48) 30 (26–33) 36 (34–37) 43 (39–49)*, # 66 (59–82) *, #, †

dPAP, mm Hg 15 (12–21) 12 (10–14) 15 (13–16) 18 (16–21)* 27 (25–37) *, #, †

mPAP, mm Hg 24 (21–32) 19 (16–22) 23 (22–24) 29 (27–32)* ,# 41 (37–48) *, #, †

Cardiac output, L/min 4.80 (4.13–5.50) 5.25 (4.50–6.13) 4.90 (4.20–5.40) 4.65 (4.13–5.28)* 4.10 (3.30–4.95)*
CI, L/min/m 2.70 (2.30–3.00) 2.80 (2.45–3.35) 2.65 (2.25–3.03) 2.70 (2.43–2.90) 2.00 (1.75–2.85)*
PAWP, mm Hg 9 (6–12) 10 (6–12) 9 (6–11) 8 (6–11) 13 (9–14)#, †

PVR, dyn·s·cm·2 3.6 (2.4–5.0) 1.8 (1.4–2.4) 3.5 (2.8–4.2)* 4.7 (3.8–5.3)* 7.7 (6.0–10.1)*, #, †

RAP, mm Hg 4 (2–7) 3 (2–5) 3 (2–5) 4 (3–7) 10 (5–13)*, #, †

LVEF, % 60 (60-60) 60 (60–62) 60 (59–61) 60 (59–60) 60 (60-60)
Dyslipidemia, n (%) 14 (15) 2 (3) 4 (14) 7 (13) 1 (3)
Diabetes mellitus, n (%) 18 (20) 6 (10) 5 (17) 5 (10) 2 (7)
Coronary artery disease, n (%) 22 (24) 8 (14) 3 (10) 9 (17) 2 (7)
Pulmonary vasodilators, n (%)§ 13 (9) 0 (0) 0 (0) 2 (4) 11 (37)*, #, †

Results expressed in median (percentile 25–percentile 75). NoPH, group of patients without pulmonary hypertension; BLPH, borderline 
pulmonary hypertension group; PH, pulmonary hypertension group; SPH, severe hypertension group; FEV1, forced expiratory volume in 1 
s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; DLCO, diffusing capacity for carbon monoxide; PaO2, arterial partial 
oxygen pressure; 6MWD, 6-min walking distance test; sPAP, systolic pulmonary artery pressure; dPAP, diastolic pulmonary artery pressure; 
mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial 
pressure; LVEF, left ventricular ejection fraction. * p < 0.05 compared to the NoPH group. # p < 0.05 compared to the BLPH group. † p < 0.05 
compared to the MPH group. § Data available for 150 out of 170 patients.
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Fig. 2. Survival for the whole cohort (a), the 
COPD (b), and the ILD cohorts (c). Ka-
plan-Meier analysis with log-rank to deter-
mine the probability of all-cause mortality 
according to different thresholds of mPAP 
in the whole cohort, the COPD, and the 
ILD cohort. Each cohort is divided into 
four subgroups: NoPH (mPAP <21 mm Hg 
or mPAP 21–24 mm Hg with PVR <3 
WU), BLPH (mPAP 21–24 mm Hg with 
PVR ≥3 WU), MPH (mPAP ≥25 mm Hg 
and CI, ≥2.0 L/min/m2), and SPH (mPAP 
≥35 mm Hg or mPAP ≥25 mm Hg and CI 
<2.0 L/min/m2).
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the subject. In ILD, others have studied the relevance of 
BLPH, focusing on the impact of chronic hypercapnia 
[19] or on exercise capacity and the risk of exacerbation 
[20]. In the latter study, it was observed that in ILD, 
mPAP ≥21 mm Hg was associated with lower survival. 
Previous work in IPF patients described a worse progno-
sis both in the mPAP 21–24 mm Hg and in the mPAP ≥25 
mm Hg groups as compared with mPAP <21 mm Hg [21] 
and in patients with mPAP of ≥17 mm Hg, compared to 
those with mPAP <17 mm Hg [22].

The significance of PVR in PH associated with lung 
disease has recently been in the spotlight: a PVR value 
greater than 5 WU was suggested [14, 23] as a reliable 
cutoff to demarcate a worse prognosis. When we applied 
this threshold to the COPD and ILD cohorts, we con-
firmed that COPD patients with PVR >5 WU had a sig-
nificantly worse prognosis; however, this stratification 
was not predictive of survival in ILD. Olsson et al. [23] 
showed that a higher cutoff value of PVR >8 WU pro-
vided the best discrimination of survival in ILD patients 
in the COMPERA registry, which enrolls patients with a 
diagnosis of PH (mPAP ≥25 mm Hg until 2019) and un-
dergoing vasodilator treatment. Our cohort included a 
significant subgroup of patients without PH as the con-
trol group, absent in the COMPERA analysis; further-
more, the great majority of patients in our study were not 
treated with pulmonary vasodilators. These differences 

may account for the discrepancy in results; however, it is 
possible that, had our ILD cohort been larger, we might 
have detected a similar significance.

In our cohort, the hemodynamic assessment was driv-
en by diverse indications (suspicion of SPH, inclusion in 
a clinical trial, lung transplantation workup) and per-
formed in 12 European referral centers, all involved in 
both end-stage lung disease and PH management. This 
approach reflects a “real-world” scenario; furthermore, it 
allowed us to recruit patients without PH as a control 
group, adding robustness to our findings. Moreover, we 
carefully excluded all post-capillary forms of PH because 
they might have been more appropriately categorized un-
der PH due to left-heart disease or combined pre- and 
post-capillary PH, as well as rare and definite entities such 
as combined pulmonary fibrosis and emphysema. Cru-
cially, we also excluded patients who underwent lung 
transplantation, given that those patients would have ex-
ited the survival analysis not by the natural course of their 
condition but through therapeutic intervention.

Recent studies have shown that the development of PH 
in COPD and ILD differs in its pathophysiology [5, 24], 
natural history [25, 26], pulmonary artery gene expres-
sion [27], and treatment strategies; concerning the latter, 
pulmonary vasodilators should generally be avoided in 
COPD [28] except possibly in SPH [29], while they have 
been shown to provide increased exercise tolerance [30] 
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Fig. 3. Association between mPAP and HR 
stratified by diagnosis. No statistically sig-
nificant increased risk is observed in the 
overall cohort for each increase of mPAP 
by 1 mm Hg: HR 1.002, 95% CI: 0.990–
1.014, p = 0.774; instead, in the COPD co-
hort, the risk is slightly increased (HR: 
1.015, 95% CI: 1.003–1.027, p = 0.0146) and 
it is greatly increased in the ILD cohort: HR 
2.776, 95% CI: 2.057–3.748, p < 0.001). The 
kernel density estimate represents the rela-
tive density of patients across mPAP val-
ues. mPAP, mean pulmonary artery pres-
sure; COPD, chronic obstructive pulmo-
nary disease; ILD, interstitial lung disease; 
HR, hazard ratio; CI, confidence interval.
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in ILD patients, regardless of hemodynamic severity. In 
our study, only 17% of patients, 13 of which presented 
with ILD (9% of the ILD cohort), received vasodilator 
treatment, a testimony to the scarcity of clinical trials 
available to CLD-PH patients. Of note, less thanonly half 
of the patients with severe hemodynamic compromise 
were treated with vasodilators.

Taken together, our findings suggest that different he-
modynamic parameters may have different relevance in 
COPD and ILD. In COPD, we observe that the Nice 2018 
hemodynamic severity classification in CLD [13] (a mul-
tifactorial stratification accounting for mPAP, PVR, and 
mPAP combined with CI, expressing vascular resistance) 
is correlated with mortality, which is significantly higher 
for the SPH group; furthermore, increments in mPAP 
considered as an isolated parameter are only marginally 
correlated with an increased risk, while stratifying pa-
tients according to PVR >5 WU is predictive of worse 
outcomes, as previously observed [14], and of signifi-
cantly increased risk for COPD patients in the HR analy-
sis. Conversely, in ILD, the Nice 2018 hemodynamic se-
verity classification shows significantly increased mor-
tality for any level of PH above BLPH; additionally, 
increments in mPAP are correlated with a significantly 
increased risk while a PVR >5 WU cutoff is not predictive 
of worse survival and is not correlated with an increased 
risk.

Recognizing that there is no single hemodynamic 
parameter that can predict survival in such complex 
diseases, we nonetheless speculate that in COPD, pa-
tients’ PVR is a better descriptor of prognosis, while 
mPAP is likely less relevant; however, mPAP might be 
more useful to evaluate prognosis in ILD, whereas the 
role of PVR may be important only when very SPH oc-
curs and therefore not applicable to the majority of cas-
es. Supporting this hypothesis, COPD and ILD patients 
with BLPH in our cohort had similar PVR median val-
ues (3.4 and 3.5 WU), both below the cutoff of 5, but 
had divergent prognoses. The Nice 2018 hemodynamic 
severity classification, taking into account a combina-
tion of these parameters, proves to be a strong tool for 
predicting the outcome in both COPD and ILD pa-
tients. Finally, it is possible that other hemodynamic 
parameters, such as pulmonary vascular compliance as 
well as respiratory function aspects, might affect the 
overall survival in such complex and heterogeneous 
diseases as COPD and ILD. Given the disparities in ge-
netic background, molecular and pathologic mecha-
nisms, and clinical features observed in the two entities, 
it is therefore not surprising that mild elevations in 

mPAP and PVR confer different prognostic impor-
tance, as evidenced by our findings.

Limitations
This study has a few limitations. First, we present ret-

rospective data where BLPH was found in a minority of 
patients affected by CLD who underwent right heart cath-
eterization; this is affected by the new definition of PH, as 
the REHAR registry subgroup, which represent a third of 
the cohort, did not enroll patients with mPAP <25 mm 
Hg before April 2019. Our findings should be therefore 
confirmed in larger, prospective cohorts. However, in the 
context of group 3 PH, where right heart catheterization 
is not common or routinely indicated, our cohort is still 
one of the largest in the literature not derived from auto-
mated computerized patient records, where the quality of 
data is sometimes burdened by potential inconsistencies 
and errors. Second, we cannot rule out an effect of vaso-
dilator treatment on the outcome of patients; however, 
only 17% of patients overall had received vasodilators and 
in no hemodynamic group was the majority of patients 
treated. Finally, the ILD cohort was somewhat heteroge-
neous, but 74% of this cohort was represented by IPF, and 
only a small number of patients (9%) had a diagnosis that 
was not ascribable to idiopathic interstitial pneumonias.

Conclusions

The impact of BLPH on survival is different according 
to the underlying respiratory condition: in ILD, any level 
of PH is associated with reduced survival, while in COPD 
only SPH is associated with worse outcome.
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