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ABSTRACT
Objective. We sought to examine the 
relationship between measures of ILD 
severity and PH in patients with SSc.
Methods. We identified 55 subjects from 
12 PHAROS sites with RHC-proven PH 
and HRCT evidence of ILD.  Subjects 
with PH due to left heart disease were 
excluded. Baseline HRCT scans were 
scored by a standardised system that 
graded severity of ILD.  Summary sta-
tistics were generated for baseline char-
acteristics. Spearman correlation and 
linear regression were used to examine 
relationships between ILD and PH se-
verity variables.  
Results. The majority of subjects were 
white women; nearly half had limited 
cutaneous SSc. Most subjects were New 
York Heart Association functional class 
II or III. Pulmonary function testing re-
vealed moderate restriction (mean FVC 
64.3±17.2% predicted) with severe re-
duction in diffusing capacity (mean 
DLco 34.2±13.3% predicted). RHC dem-
onstrated mild to moderate PH (mean 
PAP 35±9 mmHg, mean PVR 5.1±3.7 
WU). There was no correlation between 
severity of ILD (by either HRCT or PFT) 
and cardiac haemodynamic parameters 
of PH.
Conclusion. No association between se-
verity of ILD and cardiac haemodynam-
ic profiles were identified in this cohort. 
We believe this underscores the complex 
nature of PH and ILD in individuals with 
SSc. We do suspect that some individuals 
with SSc-ILD will also have concomitant 
pulmonary vascular disease but simple 
assessments to grade severity of ILD – 
by PFT or HRCT estimates of ILD extent 
– are likely not enough to reliably dis-
tinguish between PAH versus PH-ILD.  
Further research into how to distinguish 
and manage these subsets is warranted.

Introduction
Pulmonary arterial hypertension (PAH) 
is identified in 10–15% of patients with 
systemic sclerosis (SSc, scleroderma) 
and is a leading cause of SSc-related 
morbidity and mortality (1). PAH can 
have a devastating impact on SSc patient 
survival; prior to the availability of PAH-
specific therapies, the 5-year survival 
was 10% for SSc patients with PAH 
compared to 80% for SSc patients with-
out PAH (2). Because SSc-associated 
PAH (SSc-PAH) has such a poor prog-
nosis, there is emphasis on optimising 
screening of SSc patients for PAH (3). 
Effective screening for PAH should lead 
to more prompt diagnosis and earlier in-
tervention with PAH-specific therapies 
to improve quality of life, right-heart 
function and possibly survival (3).
Recent clinical classification schemes 
of pulmonary hypertension (PH) sepa-
rate patients into 5 specific categories 
of PH (Table I) (4, 5). Patients with SSc 
are unique in that they are at risk for 
the development of several types of PH 
including Group 1 PH (PAH), Group 2 
PH (pulmonary hypertension due to left 
heart disease [PH-LHD]), and Group 3 
PH (PH associated with lung disease 
and/or hypoxia, including PH related to 
interstitial lung disease [PH-ILD]) (6). 
(Patients with SSc are also at risk for 
developing pulmonary veno-occlusive 
disease (Group 1’ PH) (7). Echocardio-
graphic estimates of pulmonary artery 
pressure (PAP) may be unreliable, par-
ticularly in patients with SSc due to a 
lack of analysable tricuspid regurgitant 
jet (8, 9) and to presence of ILD (10). 
Thus, a diagnosis of PH requires a right-
heart catheterisation (RHC) procedure 
to confirm PAP elevation (defined as a 
mean PAP [mPAP] ≥25 mmHg) and to 
distinguish PAH and PH-ILD from PH-
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LHD (defined by a pulmonary capillary 
wedge pressure (PCWP) >15 mmHg) 
(5, 11).  Furthermore, the RHC provides 
other specific cardiac haemodynamic 
parameters, such as pulmonary vascu-
lar resistance (PVR) and cardiac output 
(CO), that are known to help determine 
severity and prognosis of PH (11).
Distinguishing whether a SSc patient 
has PAH versus PH-ILD can be chal-
lenging for two primary reasons: i) both 
types of PH can have similar cardiac 
haemodynamics (elevated mPAP, low 
PCWP, and elevated PVR); and ii) ex-
treme variability and complexity in the 
relationship between ILD severity and 
the development of PH, which begs 
the often-asked question of how one 
determines whether a SSc patient with 
both PH and ILD has PAH or PH-ILD? 
A SSc patient with mild ILD yet mark-
edly elevated mPAP (with low PCWP 
and elevated PVR) would likely be con-
sidered to have PAH. In contrast, the 
SSc patient with severe ILD and long 
standing oxygen needs but only mild 
mPAP elevation (with low PCWP and 
elevated PVR) would likely be consid-
ered to have PH-ILD. However, many 
SSc patients fall between these two ex-
tremes and are more difficult to reliably 
classify as PAH or PH-ILD.
This scenario is neither uncommon nor 
trivial. ILD is an extremely common 
manifestation of SSc with an estimated 
prevalence as high as 75% (12, 13). De-
pending on the mode of detection, esti-
mates of co-existent ILD and PH (SSc-
PH-ILD) may be identified in 8-18% 
of SSc patients (14, 15). Patients with 
SSc-PH-ILD have a worse prognosis 
than patients with SSc-PAH (16-19). 
And finally, these two groups of SSc 
patients are managed differently: those 

with PAH are treated with PAH-specific 
therapies while those with PH-ILD 
are managed with immunomodulatory 
therapies targeting ILD (20-25).   
In this study, we use data from a sub-
group of subjects in the Pulmonary Hy-
pertension Assessment and Recognition 
of Outcomes in Scleroderma (PHA-
ROS) registry with RHC-confirmed 
SSc-PH and concomitant ILD to better 
understand distinctions between PAH 
versus PH-ILD. Specifically, we sought 
to examine the relationship between 
measures of ILD severity and cardiac 
haemodynamics in patients with RHC-
confirmed SSc-PH. We hypothesised 
that we would identify an inverse re-
lationship between severity of ILD 
and the degree of PH such that mild 
ILD would be associated with a higher 
mPAP on RHC and that more severe 
ILD would be associated with a lower 
mPAP on RHC. 

Methods
Cohort derivation
The PHAROS registry was established 
in 2006 to prospectively follow SSc 
subjects at high risk for developing 
PH or those with a RHC-confirmed 
diagnosis of PH within the previous 
six months (6). PHAROS is a multi-
centre study, in compliance with the 
US Health Insurance Portability and 
Accountability Act (HIPAA), con-
ducted at 18 US sites. Each participat-
ing centre’s institutional review board 
approved the study protocol. Although 
funded by foundations and commercial 
support, the sponsors had no role in 
study design, data analyses, or prepara-
tion of this manuscript.
The PHAROS registry includes two 
subgroups of subjects (6): 

i) SSc subjects at increased risk for de-
veloping PAH (as previously described) 
(6), who are classified as “pre-PAH”; 
and 
ii) SSc subjects with incident PH enrolled 
within 6 months of RHC-confirmed di-
agnosis, according to the 2009 Dana 
Point criteria for PH [mean pulmonary 
artery pressure (mPAP) ≥25 mm Hg at 
rest] (11). As previously published (6), 
inclusion criteria for PHAROS are age 
>18 years and fulfillment of American 
College of Rheumatology criteria for 
SSc (26) or the LeRoy definitions (27) 
of limited cutaneous or diffuse cutane-
ous SSc. Patients with PH are excluded 
if they are receiving PAH-specific treat-
ment at the time of the initial RHC or 
have a left ventricular ejection fraction 
<50% on echocardiography or signs or 
symptoms of systolic heart failure at 
the baseline clinical examination. An 
additional exclusion criterion includes 
PH attributed to other diseases included 
in the current PH classification system 
(e.g. HIV infection, cardiopulmonary 
disease attributed to drugs and toxins, 
sarcoidosis, etc.) (5, 6).
For this project, the study cohort was 
composed of 55 PHAROS subjects 
from 12 of the participating centres that 
had of evidence of RHC-proven PH 
along with the presence of ILD as con-
firmed by the presence of ground glass 
opacifications, reticulation, or honey-
combing on thoracic high-resolution 
computed tomography (HRCT) imag-
ing. Subjects with PH-LHD (defined as 
PCWP >15 mmHg) were excluded. 

Estimating ILD extent by HRCT
Thoracic HRCT scans closest to the 
date of the RHC procedure were in-
dependently scored at each of the 12 
PHAROS sites that participated in this 
study. The degree of ILD extent by 
HRCT imaging was estimated by the 
participating investigator, a radiologist, 
or pulmonologist in a manner similar 
to the methodology published by Goh 
and colleagues in which the presence 
of any of the following was considered 
ILD: ground glass opacities, reticula-
tions, fibrosis, or honeycombing (28). 
The extent of ILD was recorded as 
none (score=0), mild (score=1), mod-
erate (score=2), or severe (score=3) at 

Table I. Categories of pulmonary hypertension.

Group 1 Pulmonary arterial hypertension 
(Group 1’) (Pulmonary veno-occlusive disease)

Group 2 Pulmonary hypertension related to left heart disease
 (e.g. diastolic dysfunction)

Group 3 PH associated with chronic lung disease and/or hypoxia
 (e.g. PH-ILD)

Group 4 Chronic thromboembolic PH

Group 5 PH associated with miscellaneous or multifactorial etiology
 (e.g. sarcoidosis)

PH: pulmonary hypertension; ILD: interstitial lung disease.
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5 specific zones throughout the lungs.  
Zone 1 was at the level of the great 
vessels, zone 2 at the level of the aortic 
arch, zone 3 at the level of the carina 
bifurcation, zone 4 at the level of the 
venous confluence, and zone 5 at just 
above the diaphragm (28). A cumula-
tive fibrosis score was generated by 
calculating the sum of the scores at the 
5 zones for each scan and the maxi-
mum fibrosis score possible was 15.

Statistical analyses
Summary statistics were generated 
for baseline characteristics. Spearman 
correlation and linear regression were 
used to examine relationships between 
ILD and PH severity variables. We 
considered p<0.05 to represent statisti-
cal significance. All statistical analyses 
were run using SAS, Version 9.3 (SAS 
Institute, Inc.; Cary, NC).

Results
Clinical characteristics of the cohort 
(Table II)
The clinical characteristics of the cohort 
are given in Table II. All had SSc, evi-
dence of varying degrees of ILD extent 
by HRCT, RHC-confirmed mPAP >25 
mmHg, and a PCWP of <15 mmHg. The 
average time frame between the HRCT 
scan and the RHC procedure was 148 
days (± 180 days). Their average age 
was 56 years; the majority were women 
(n=39); and most were White (n=40). 
Nearly half had limited cutaneous SSc. 
Most subjects were New York Heart As-
sociation functional class II or III. ILD 
and PH were both moderately severe.  
Table III gives coefficients for correla-
tion between ILD and PH severity vari-
ables. No correlations were identified 
between extent of fibrosis or degree 
of physiologic restriction (FVC) and 
mPAP, PVR, CO, or NYHA functional 
class. A higher mPAP was mildly cor-
related with a lower DLco and a higher 
FVC%/DLco% ratio. A higher PVR 
was moderately correlated with a short 
6-minute walk distance. Figure 1 dis-
plays scatter plots and regression lines 
(with equations) for analyses of ILD se-
verity variables (FVC and HRCT score) 
and mPAP. No relationships between 
FVC or extent of fibrosis and mPAP 
were identified.

Discussion
With an aim towards better understand-
ing distinctions in PAH versus PH-ILD 
in patients with SSc, we sought to de-
termine the relationship between ILD 
severity and baseline cardiac haemody-
namics in a well-characterised cohort 
of patients with RHC-proven SSc-PH. 
Varying degrees of ILD extent were 
identified by HRCT and overall, the 
cohort demonstrated moderate ILD 
(based on pulmonary physiology and 
extent of fibrosis seen on HRCT) and 
mild to moderate PH based on cardiac 
haemodynamics. We did not identify 
any significant relationships between 
extent of fibrosis on HRCT or degree of 
physiologic restriction on PFT and car-
diac haemodynamics. In most patients 

with lung disease in SSc, the clinical 
picture is dominated by either progres-
sive ILD or PAH. Although mild, sub-
clinical ILD may be commonly identi-
fied in those with PAH, rarely does a 
patient have both severe ILD combined 
with severe PH. Given this, we had ex-
pected that subjects with mild ILD (as 
defined by FVC or HRCT score) would 
have haemodynamic profiles similar to 
patients with isolated PAH (e.g. worse 
cardiac haemodynamics), and those 
subjects with severe ILD would have 
cardiac haemodynamic profiles similar 
to patients with PH-ILD. However, our 
results demonstrate that ILD severity is 
unable to reliably inform on the cardiac 
haemodynamic profile of patients with 
SSc.

Table II. Clinical demographics (n=55).

Age 56.4±10.6
Gender 39 F, 13 M (3 no data)
Ethnicity 40 W, 8 B, 2 H, 1 A, 1 NA (3 no data)
SSc type 25 D, 24 L, 6 unclassifiable
Autoantibody 3 negative, 5 ACA, 14 Scl-70, 10 isolated nucleolar, 
 4 u1RNP, 3 RNA polymerase III, 13 mixed, 3 no data
NYHA FC 4 FC I, 25 FC II, 21 FC III, 5 FC IV
FVC% 64.3±17.2
TLC% 67.2±16.5
DLco% 34.2±13
FVC% / DLco% 2.12±0.85
mPAP (mmHg) 35.3±9.4
Cardiac output (L/m) 5.3±1.5
PVR (WU) 5.1±3.7
Fibrosis score (maximum of 15) 7.7±3.4

Values expressed as mean ± standard deviation.
SSc: scleroderma; NYHA FC: New York Heart Association Functional Class; TLC%: total lung capac-
ity; FVC%: forced vital capacity; DLco%: diffusing capacity for carbon monoxide; mPAP: mean pul-
monary artery pressure; PVR: pulmonary vascular resistance; F: female; M: male; W: White; B: Black; 
H: Hispanic; A: Asian; NA: Native American; D: diffuse; L: limited; ACA: anti-centromere antibody.

Table III. Correlation between ILD and PH severity.
 
 MPAP PVR CO NYHA

FVC% 0.03592 (0.80) -0.15358 (0.29) 0.27052 (0.06) 0.04133 (0.77)
HRCT score -0.1286 (0.35) -0.12400 (0.38) -0.00557 (0.97) 0.18209 (0.18)
DLCO% -0.28628 (0.04) -0.25299 (0.09) 0.27335 (0.06) -0.26490 (0.06)
FVC%/DLCO% 0.29047 (0.04) 0.11392 (0.45) -0.11311 (0.44) 0.23383 (0.10)
6MWD -0.19740 (0.20) -0.37212 (0.01) 0.14191 (0.36) -0.26540 (0.08)
UCSD 0.11435 (0.43) 0.20365 (0.17) -22042 (0.13) 0.21245 (0.14)

ILD: interstitial lung disease; PH: pulmonary hypertension; FVC%: forced vital capacity; HRCT: 
high-resolution computed tomography; DLco%: diffusing capacity for carbon monoxide; 6MWD: six-
minute walk distance; UCSD: University of California San Diego Shortness of Breath Questionnaire; 
NYHA: New York Heart Association Functional Class; mPAP: mean pulmonary artery pressure; PVR: 
pulmonary vascular resistance; CO: cardiac output.
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Prior studies in SSc-ILD cohorts and in 
other forms of ILD have also failed to 
consistently demonstrate a relationship 
between severity of ILD and PH. In a 
small cohort of diffuse SSc patients 
with ILD (n=52), 15 patients had SSc-
ILD-PH as defined by echocardiogra-
phy (29). When comparing PFT pa-
rameters, only DLco differed between 
those with and without PH (mean DLco 
40±9.5% vs. 54.6±16% predicted, PH 
vs. no PH respectively).  HRCT find-
ings were also reported, demonstrat-
ing no significant difference in disease 
extent or severity between groups (29). 
Lettieri and colleagues reported on 
their experience with 79 patients with 
advanced idiopathic pulmonary fibro-
sis (IPF) referred for lung transplant 
evaluation (30). In this cohort, over 
30% of the patients had RHC-proven 
PH. However, there were no significant 
differences noted in either FVC or TLC 
between those with and without PH; 
only a marginally significant difference 
in DLCO was noted (30). When com-
pared to our cohort, the PH patients 

in the Lettieri study had more severe 
restriction based upon mean FVC and 
TLC, but similar reduction in DLco; 
conversely, PH was likely less severe 
(mPAP = 29.5±3.3 mmHg compared to 
35.3±9.4 in our study) (30).  
As these data support, determining 
whether a SSc patient has PAH or PH-
associated with ILD is very challeng-
ing. However, it is an important distinc-
tion to make, because of the differences 
in the therapeutic approach to these two 
phenotypes. PAH-specific therapies are 
only indicated in those with PAH, and 
for those with PH-associated with ILD, 
treatment with PAH therapies have not 
been adequately studied (20). There 
have only been small series suggesting 
that treating these individuals with PAH 
therapies are either of no benefit or po-
tentially harmful (19, 31).  
A recent task force composed of an in-
ternational panel of pulmonary experts 
aimed to address aspects of PH-associ-
ated with chronic lung disease (32). It 
sought to address complex issues sur-
rounding PH arising in the context of 

IPF, emphysema, or combined pulmo-
nary fibrosis with emphysema (CPFE).  
The task force provided criteria for this 
discrimination and suggested using the 
following definitions for Group 3 PH, 
as exemplified for emphysema, IPF, 
and CPFE: COPD/IPF/CPFE without 
PH (mPAP <25 mm Hg); COPD/IPF/
CPFE with PH [mPAP ≥25 mm Hg]); 
COPD/IPF/CPFE with severe PH 
(mPAP ≥35 mm Hg or mPAP ≥25 mm 
Hg with low cardiac index) (32). The 
“severe PH group” includes only a mi-
nority of chronic lung disease patients 
who are suspected of having pulmo-
nary vascular remodelling accompany-
ing the parenchymal disease. Exertional 
dyspnea disproportionate to pulmonary 
function tests, low DLco, and rapid 
decline of arterial oxygenation upon 
exercise are typical clinical features of 
this subgroup (32). The task force em-
phasised that studies evaluating the ef-
fectiveness of PAH targeted therapies 
(currently not approved for Group 3 
PH patients) should focus on this “se-
vere PH” group, and for the time being, 

Fig. 1. Scatter plots and 
regression lines (with 
equations) for analyses 
of ILD severity variables 
(FVC% and HRCT ex-
tent of fibrosis).
ILD: interstitial lung dis-
ease; 
FVC%: forced vital ca-
pacity; 
HRCT: high-resolution 
computed tomography.
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these patients should be transferred to 
expert centres for individualised patient 
care (32). Whether such a classification 
scheme could apply to patients with 
SSc-PH-ILD is not known, but given 
the vasculopathic properties fundamen-
tal to SSc, we suspect that a significant 
proportion of SSc-ILD patients have 
the primary vasculopathy of PAH.
A notable limitation of this study re-
lates to the method for scoring thoracic 
HRCT scans. Due to regulatory restric-
tions, HRCT images in the PHAROS 
registry are not stored in a single site.  
Thus, we were unable to have a uniform 
reading across all 12 participating sites. 
In an effort to minimise differences 
across sites, we held a webinar for the 
participating investigators. During the 
webinars, representative HRCT scans 
were shown and scored to try to en-
sure uniformity of estimation. Despite 
these efforts, we acknowledge that a 
uniform reading by an expert thoracic 
radiologist would have been preferred. 
And, we recognise that this may have 
impacted the reliability of the estimates 
of ILD extent and degree of fibrosis. 
However, the significant correlation 
between the extent of ILD (by HRCT 
score) and degree of physiologic re-
striction by PFT would suggest the 
scoring was reasonably valid. Further-
more, given the diagnostic challenges 
associated with pulmonary veno-occlu-
sive disease (PVOD) and the fact that 
patients with PVOD may have imaging 
findings (e.g., septal lines and ground 
glass opacifications) that could be sug-
gestive of ILD (33) and these patients 
have a similar haemodynamic profile 
as with PAH, it is possible that some of 
these subjects classified as PH with ILD 
may have had PVOD. Other potentially 
important limitations to note include 
selection bias as these subjects are all 
from specialised SSc centres, delay in 
timing between HRCT and RHC (aver-
age of nearly 5 months), and small sam-
ple size of the cohort.
In conclusion, we studied a subset of 
PHAROS subjects with SSc and RHC-
proven PH and concomitant ILD, and 
we found no association between sever-
ity of ILD and cardiac haemodynamic 
profiles. We believe this underscores 
the complex nature of PH and ILD in 

individuals with SSc. We do suspect 
that some individuals with SSc-ILD 
will also have concomitant PAH but 
simple assessments to grade severity 
of ILD – by PFT or HRCT estimates of 
ILD extent – are likely not enough to 
reliably distinguish between PAH ver-
sus PH-ILD. Further research into how 
to distinguish these subsets is warrant-
ed clinical trials of SSc patients with 
PH and ILD are needed to determine 
whether PAH-targeted therapies are of 
potential benefit in this cohort.
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