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ABSTRACT
Introduction: Pulmonary arterial hypertension (PAH) is one of the leading causes of mortality in systemic
sclerosis (SSc). We explored the impact of the updated haemodynamic definition of pulmonary
hypertension (PH), as proposed by the 6th World Symposium on Pulmonary Hypertension.
Methods: In this single-centre retrospective analysis, patients with SSc who had right heart catheterisation
(RHC) were included. We compared the prior PH definition to the updated PH definition. The prior
definition classified PH as mean pulmonary arterial pressure (mPAP) ⩾25 mmHg and further divided into
pre-capillary PH (PAH and PH due to lung disease and/or hypoxia), post-capillary PH, and combined
pre- and post-capillary PH groups. For the updated definition, PH was classified as mPAP >20 mmHg and
further divided into the different groups. We validated our findings in the DETECT cohort.
Results: Between 2005 and March 2019, 268 RHCs were performed in this single-centre cohort. Using the
prior definition, 137 (51%) were diagnosed with PH, with 89 classified as pre-capillary PH (56 with PAH
and 33 with PH due to lung disease and/or hypoxia), 29 as post-capillary PH, and 19 as combined pre-
and post-capillary PH. When the updated definition was applied to the cohort, seven out of 131 (5%) with
no PH were reclassified to pre-capillary PH (PAH (n=1), PH due to lung disease (n=3) and post-capillary
PH (n=3)). In those with mPAP 21–24 mmHg, with no left heart or significant lung disease, one out of
28 (4%) in our cohort and four out of 36 (11%) in the DETECT cohort were reclassified as PAH.
Conclusion: The updated PH definition does not appear to have a significant impact on the diagnosis of
PH in two different screening cohorts.
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Introduction
Systemic sclerosis-related pulmonary arterial hypertension (SSc-PAH) is the one of the leading causes of
mortality [1, 2] and accounts for up to 26% of SSc-related deaths [3]. Recent data from clinical trials and
observational registries suggest better outcomes, including survival, are associated with uniform screening
and early, aggressive combination therapies [4–6]. Previous World Symposia on Pulmonary Hypertension
(WSPH) defined pulmonary hypertension (PH) as mean pulmonary arterial pressure (mPAP) ⩾25 mmHg
and PAH is characterised haemodynamically by the presence of pre-capillary PH, including end-expiratory
pulmonary arterial wedge pressure (PAWP) ⩽15 mmHg and pulmonary vascular resistance (PVR)
>3 Wood Units (WU) [7–9].

KOVACS et al. [10] published a systematic review where they analysed available data obtained by right heart
catheterisation (RHC) studies in healthy individuals and revealed that the mean±SD mPAP is
14.0±3.3 mmHg; 2 SD supports that mPAP >20 mmHg is above the upper limit of normal. In addition,
data from various scleroderma cohorts suggest that patients with borderline elevations of mPAP (defined
as mPAP 21–24 mmHg) are an intermediate step between normal PAP (mPAP ⩽20 mmHg) and PH
(mPAP ⩾25 mmHg), associated with decreased exercise capacity and greater risk of developing resting PH
[11–15]. Based on this and other data, the 2018 6th WSPH Task Force proposed an updated
haemodynamic definition of PAH as mPAP >20 mmHg, PAWP ⩽15 mmHg and PVR ⩾3 WU (table 1)
[16, 17]. The 6th WSPH Task Force recommended to include PVR ⩾3 WU for classification of
pre-capillary PH to differentiate the elevation of mPAP due to other causes (driven by the contribution of
cardiac output and/or PAWP).

We analysed retrospective data in scleroderma spectrum disorders from a PAH screening database of the
University of Michigan (Ann Arbor, MI, USA) cohort to assess the impact of the updated haemodynamic
definition of PH, including reclassification of patients with no PH to PH, and validated our data in the
DETECT cohort [1]. Our objectives were to investigate the impact of the updated clinical PH classification
in scleroderma spectrum disorders and the impact of including PVR in the updated definition of PH.

Patients and methods
Patients were included in this retrospective analysis of a prospective cohort (referred to as the University
of Michigan cohort from hereon) if they had scleroderma spectrum disorders (SSc and overlap syndrome
with scleroderma spectrum) [18], were evaluated at the University of Michigan scleroderma and PH
clinics, and had RHC at the University of Michigan. This population represents an ongoing cohort to
validate the DETECT algorithm [11] and other screening algorithms in scleroderma spectrum disorders,
including transthoracic ECG, pulmonary function tests and N-terminal pro-brain natriuretic peptide [18];
details have been published recently [19]. Diagnosis of SSc was confirmed by a rheumatologist with
expertise in scleroderma. Chart review was performed to extract age, race, sex, subtype of SSc, disease
duration (defined from initial non-Raynaud’s phenomenon sign or symptom), scleroderma-specific
autoantibodies and pulmonary function test results. High-resolution computer tomography (HRCT) scans
were reviewed by two thoracic radiologists who assessed the degree of total lung involvement in

TABLE 1 Haemodynamic definitions of pulmonary hypertension (PH)

Prior definition New definition

Group 1 (PAH) mPAP ⩾25 mmHg and PVR >3 WU mPAP >20 mmHg and PVR ⩾3 WU
PAWP ⩽15 mmHg PAWP ⩽15 mmHg

No/mild lung disease or FVC ⩾70% No/mild lung disease or FVC ⩾70%
Group 2 (post-capillary)# mPAP ⩾25 mmHg mPAP >20 mmHg

PAWP >15 mmHg PAWP >15 mmHg
PVR <3 WU PVR <3 WU

Group 3 (lung disease and/or hypoxia) mPAP ⩾25 mmHg and PVR >3 WU mPAP >20 mmHg and PVR ⩾3 WU
PAWP ⩽15 mmHg PAWP ⩽15 mmHg

Moderate/severe lung disease¶ or FVC <70% Moderate/severe lung disease¶ or FVC <70%
Group 4 (combined pre- and
post-capillary)

mPAP ⩾25 mmHg mPAP >20 mmHg
PAWP >15 mmHg PAWP >15 mmHg

PVR >3 WU PVR ⩾3 WU

PAH: pulmonary arterial hypertension; mPAP: mean pulmonary arterial pressure; PVR: pulmonary vascular resistance; WU: Wood Units;
PAWP: pulmonary arterial wedge pressure; ILD: interstitial lung disease; FVC: forced vital capacity. #: PH due to left heart disease;
¶: high-resolution computed tomography showing >20% total lung involvement due to ILD or if the total lung involvement due to ILD was
10–20% but the patient had concomitant moderate-to-severe emphysema.
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increments of 10% to up to 30% or >30% lung involvement and if there was concomitant emphysema. If
emphysema was present, it was classified as mild, moderate or severe. RHCs had been performed by a
cardiologist due to concern for PH based on a positive screening test [18] or clinical signs/symptoms of
PH. The thermodilution method was used to calculate the cardiac output and PVR [7, 20].

We compared the prior PH definition to the updated PH definition. The prior definition classified PH as
mPAP ⩾25 mmHg and further divided into Group 1 (PAH), Group 2 (post-capillary PH), Group 3 (PH
due to lung disease and/or hypoxia: HRCT showing >20% total lung involvement due to interstitial lung
disease (ILD) or if the total lung involvement due to ILD was 10–20% but the patient had concomitant
moderate-to-severe emphysema; if HRCT is not available, then forced vital capacity (FVC) <70% predicted
within a median of 2 months of the RHC) and Group 4 (combined pre- and post-capillary PH) (table 1)
[21]. For the updated classification, we used the published definitions where the mPAP was changed from
⩾25 to >20 mmHg and PVR was changed from >3 to ⩾3 WU. The patients were then further classified
into the four aforementioned subsets [17]. We validated our results in the DETECT cohort [1, 11]. Briefly,
the DETECT study was a multicentre study that systematically evaluated 466 SSc patients at increased risk
for development of SSc-PAH. DETECT was the first SSc-PAH detection study to evaluate all subjects
using RHC. Patients (n=244) were included in the current analysis if they had: 1) PAWP ⩽15 mmHg by
RHC, 2) no significant ILD (defined as FVC <60% predicted or FVC 60–70% predicted with
moderate-to-severe ILD on HRCT), 3) no systemic hypertension (stage I hypertension defined as systolic
blood pressure ⩾140 mmHg or diastolic blood pressure ⩾90 mmHg) and 4) no left atrial enlargement.

Descriptive statistics for baseline demographics were determined based on PH groups. For continuous
variables that followed a normal distribution, means and standard deviations were compared across groups
using the t-test. For continuous variables that did not follow a normal distribution, medians and ranges
were compared using the Wilcoxon rank sum test. For categorical variables, counts and proportions were
calculated and compared across groups using Chi-squared tests or Fisher’s exact test. A significance level
of p<0.05 was used for all statistical tests. Missing data, if any, was not imputed. Analyses were conducted
in SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results
Between 2005 and March 2019, 268 RHCs were performed at the University of Michigan in patients who
were at risk for PH based on PAH screening algorithms and guidelines, and are included in this
retrospective analysis (figure 1a and b). Of the 268 patients, 11 patients diagnosed with overlap syndrome
also met the criteria for SSc according to the 2013 SSc classification criteria [22].

The mean±SD age of the University of Michigan cohort was 60.6±11.7 years, 85% were female, disease
duration was 9.8±9.1 years, 35% had diffuse cutaneous SSc and 57% had limited cutaneous SSc. The
mean±SD mPAP on RHC for the overall cohort was 30.6±11.9 mmHg, PAWP was 12.6±4.7 mmHg and
PVR was 3.9±3.7 WU. In patients with PH based on the updated definition (n=144), the mean±SD age was
61.5±11.3 years, 85% were female, disease duration was 9.4±9.5 years and 53% had limited cutaneous SSc
(table 2). The mean±SD mPAP on RHC was 37.9±11.2 mmHg, PAWP was 13.9±5.4 mmHg and PVR was
5.6±4.3 WU.

Impact of updated classification
Based on the haemodynamics data, 131 patients within the University of Michigan cohort did not have
PH based on the prior PH definition (figure 1a). In the updated definition, seven patients were reclassified
from no PH to pre-capillary PH (PAH (n=1), Group 3 (n=3) or post-capillary PH (n=3)) (figure 1b and
table 3). The one patient who was reclassified as having PAH according to the updated definition had
stable disease with no signs/symptoms of progression of PAH (7 years after the RHC) (table 3). Also, for
those subjects who were reclassified as Group 2 or 3 according to the new definition, one patient each with
Group 2 PH and Group 3 PH died, primarily due to severe malabsorption due to gastrointestinal
dysmotility.

Of the 124 patients not diagnosed with PH according to the new haemodynamic definition, 76 had mPAP
>20 mmHg, PAWP ⩽15 mmHg and PVR <3 WU (figure 1b). Of these, 45 had mPAP 21–24 mmHg,
PAWP ⩽15 mmHg and PVR <3 WU. 19 patients out of the 45 had lung disease; seven with PVR <2 WU
and 11 with PVR ⩾2–<3 WU.

Impact of addition of PVR in the updated definition
Previous publications in SSc have defined pre-capillary PH as mPAP ⩾25 mmHg, PAWP ⩽15 mmHg and
have not uniformly included PVR as part of the definition [11–15]. We explored the impact of excluding
PVR on the pre-capillary PH in the University of Michigan cohort. With the updated classification, there
were 169 patients who had mPAP >20 and PAWP ⩽15 mmHg. Of these patients, 87 had no/minimal lung
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disease (defined as <20% total lung involvement due to lung disease) (figure 2a). In the updated
classification, there were 47 patients who had mPAP 21–24 mmHg and PAWP ⩽15 mmHg. Of these
patients, 28 had no/minimal lung disease (figure 2a) and only one patient (3%) had PVR ⩾3 WU.

Validation in the DETECT cohort
We had previously shown that 36 out of 244 (14.75%) patients in the DETECT cohort had mPAP
21–24 mmHg (patients with PAWP ⩾15 mmHg, significant ILD, enlarged left atrium and systemic
hypertension were excluded [11]). Based on the new classification, four out of 36 (11%) of the patients
met the new PAH criteria. Of the remaining 32 patients, 19 (53%) had PVR ⩾2–<3 WU and 13 (36%)
had PVR <2 WU (figure 2b).

Discussion
The updated haemodynamic definition of PH was proposed by the 6th WSPH based on growing evidence
in the literature, especially in high-risk groups such as SSc [11–15]. Our data suggest that the updated
definition did not have a significant impact on reclassification, with only seven patients (5%) being
classified as PH in the University of Michigan cohort. Of these patients, four belong to pre-capillary PH
group, with one classified as Group 1 PH and three as Group 3 PH. In those with mPAP 21–24 mmHg,

Combined pre- and 
post-capillary PH

(n=19)

No PH
(n=131)

Isolated
pre-capillary PH

(n=89)

PAH
(n=56)

Group 3
(n=33)

Isolated
post-capillary PH

(n=29)

RHC
(n=268)

a)

Combined pre- and 
post-capillary PH

(n=19)

No PH
(n=124)

Isolated
pre-capillary PH

(n=93)

PAH
(n=57)

mPAP >20, 
PAWP ≤15 mmHg 
and PVR <3 WU

(n=76)

Group 3
(n=36)

Isolated
post-capillary PH

(n=32)

RHC
(n=268)

b)

FIGURE 1 Classification according to a) the prior and b) the new haemodynamic definition of pulmonary
hypertension (PH) in the University of Michigan cohort. RHC: right heart catheterisation; PAH: pulmonary
arterial hypertension; mPAP: mean pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure;
PVR: pulmonary vascular resistance; WU: Wood Units.
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no left heat disease or clinically meaningful lung disease, one out of 28 (4%) in the University of Michigan
cohort and four out of 36 (11%) in the DETECT cohort were reclassified as PAH.

Previous data from different scleroderma cohorts suggest that patients with SSc and borderline mPAP
(mPAP 21–24 mmHg) have a decreased exercise capacity and an increased risk of developing resting PH.
Using the DETECT cohort, VISOVATTI et al. [11] showed that borderline mPAP is an intermediate stage,
and may be a continuum between normal mPAP and PAH. Of 244 patients, 36 (15%) had borderline
mPAP. Univariable logistic regression showed the mean tricuspid regurgitation velocity in patients with
borderline PAP (mean 2.7 m·s−1) to be intermediate between normal mPAP (mean 2.3 m·s−1) and PAH
(mean 3.0 m·s−1). When comparing borderline PAP with PAH, the statistically significant differences
included less likelihood to be in World Health Organization functional class III/IV, lower percentage with
telangiectasia, lower FVC % pred/DLCO % pred ratio, lower percentage with anticentromere antibody and
lower right atrial pressure (all p<0.05). COGHLAN et al. [14] published follow-up on cohorts from two
centres in Europe using the DETECT inclusion criteria and showed that a greater proportion of patients
converted to PH at a median follow-up of 3 years in the borderline mPAP group (33.3%) compared with
22% in the normal mPAP group. There was no difference in survival between the two groups. VALERIO

et al. [15] reviewed data at a large scleroderma centre in the UK and showed a hazard ratio of 3.7 for the
diagnosis of PH on subsequent RHC in the group with borderline mPAP compared with the group with
normal mPAP (mPAP ⩽20 mmHg) (p<0.001). Within the borderline mPAP group, 18.5% developed PAH
within 3 years and 27.1% developed PAH within 5 years. There was no difference in survival in those with
normal mPAP versus borderline mPAP. BAE et al. [13] reviewed the PHAROS registry and, after excluding
patients with significant ILD, compared SSc patients with normal mPAP and borderline mPAP, showing

TABLE 2 Baseline characteristics of the University of Michigan cohort

Total No PH PH p-value

Subjects 268 124 144
Age years 60.6±11.7 59.6±12.1 61.5±11.3 0.323
Female 228 (85.07) 106 (85.48) 122 (84.72) 0.862
Race
Caucasian 212 (79.10) 98 (79.03) 114 (79.17) 0.112
African-American 38 (14.18) 14 (11.29) 24 (16.67)
Other 18 (6.72) 12 (9.68) 6 (4.17)

Type of SSc
Limited cutaneous SSc 154 (57.46) 77 (62.10) 77 (53.47) 0.174
Diffuse cutaneous SSc 94 (35.07) 42 (33.87) 52 (36.11)
Sine scleroderma 9 (3.36) 3 (2.42) 6 (4.17)
MCTD 11 (4.10) 2 (1.61) 9 (6.25)

Disease duration# years 9.8±9.1 10.3±8.8 9.4±9.5 0.152
Autoantibodies
Antinuclear antibody (n=236) 213 (90.25) 99 (89.19) 114 (91.20) 0.603
Anticentromere (n=181) 44 (24.31) 18 (21.43) 26 (26.80) 0.401
Anti-RNA polymerase 3 (n=84) 17 (20.24) 8 (19.51) 9 (20.93) 0.872
Anti-Scl-70 (n=225) 32 (14.22) 21 (20.79) 11 (8.87) 0.011
Anti-U1 ribonucleoprotein (n=218) 32 (14.68) 12 (11.65) 20 (17.39) 0.232

HRCT showing ILD (n=226) 164 (72.57) 80 (77.67) 84 (68.29) 0.116
Pulmonary function tests
FVC % pred 76.4±20.3 80.2±18.7 73.1±21.0 0.004
DLCO % pred (n=253) 50.0±18.5 57.1±17.2 43.8±17.4 <0.0001

Right heart catheterisation
mPAP mmHg 30.6±11.9 22.0±5.0 37.9±11.2 <0.0001
PAWP mmHg 12.6±4.7 11.1±3.0 13.9±5.4 <0.0001
TPG mmHg 18.0±11.5 10.9±4.0 24.0±12.3 <0.0001
Cardiac output L·min−1 5.5±1.6 5.9±1.5 5.0±1.5 <0.0001
PVR WU 3.9±3.7 1.9±0.6 5.6±4.3 <0.0001

Data are presented as n, mean±SD or n (%), unless otherwise stated. SSc: systemic sclerosis; MCTD: mixed
connective tissue disease; HRCT: high-resolution computed tomography; ILD: interstitial lung disease;
FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide; mPAP: mean
pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; TPG: transpulmonary gradient;
PVR: pulmonary vascular resistance; WU: Wood Units. #: disease duration calculated from date of first
non-Raynaud’s symptom to date of RHC.

https://doi.org/10.1183/13993003.00586-2019 5

PULMONARY HYPERTENSION AND INTERSTITIAL LUNG DISEASE | S. JAAFAR ET AL.



TABLE 3 Individual data on seven patients reclassified from nopulmonary hypertension (PH) to PH based on the updated definition proposed by the 6th World
Symposium on Pulmonary Hypertension

Patient Age
years

Updated
classification

Sex Antibody Type of
SSc

Disease
duration
years#

FVC
%

pred

DLCO
%

pred

ILD and severity mPAP
mmHg

PAWP
mmHg

Cardiac
output
L·min−1

PVR
WU

Management Current status

1 68 PAH Female Nucleolar
pattern on ANA

Limited 16 105 56 Emphysema, no
ILD

22 8 4.1 3.41 Sildenafil 20 mg
3 times a day

Alive

2 59 Group 2 PH Female Anticentromere+ Limited 18 95 80 HRCT not
performed

21 16 5.7 0.87 Diuretics Alive

3 51 Group 2 PH Male Nucleolar
pattern on ANA

Limited 1 97 85 No ILD on HRCT 21 16 5.6 0.89 Diuretics Alive

4 61 Group 2 PH Female Anti-Scl-70+ Diffuse 7 73 33 NSIP pattern,
<20% ILD

23 17 3.95 1.52 NA Died due to recurrent
aspiration pneumonia
and GI dysmotility

5 70 Group 3 PH Male Negative
scleroderma
antibody

Diffuse 5 63 33 CPFE, NSIP
pattern, >30%

ILD, mild
emphysema

22 10 3.55 3.38 NA Died due to failure to
thrive (severe

pseudo-obstruction)

6 81 Group 3 PH Female Anticentromere+ Sine 1 108 52 CPFE, UIP
pattern, 20–30%

ILD

23 6 4.37 3.89 No PAH- or
scleroderma-
specific therapy

Alive

7 61 Group 3 PH Female Anti-Scl-70+ Diffuse 2 43 19 CPFE, UIP
pattern, >30% ILD,

severe
emphysema

23 6 3.43 4.96 Mycophenolate
mofetil

Lost to follow-up
in 2012

SSc: systemic sclerosis; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide; ILD: interstitial lung disease; mPAP: mean pulmonary arterial pressure;
PAWP: pulmonary arterial wedge pressure; PVR: pulmonary vascular resistance; WU: Wood Units; PAH: pulmonary arterial hypertension; ANA: antinuclear antibody; HRCT:
high-resolution computed tomography; NSIP: nonspecific interstitial pneumonia; NA: not available; GI: gastrointestinal; CPFE: combined pulmonary fibrosis and emphysema; UIP: usual
interstitial pneumonia. #: from onset of symptoms to RHC.
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the latter group to have significantly higher right ventricular systolic pressures on echocardiography,
higher PVR and a higher transpulmonary gradient. Follow-up data involving 24 patients who underwent
repeat RHC, based on signs and symptoms, at mean follow-up of 13.7 months found that 32% of patients
with normal mPAP and 55% of patients with borderline mPAP developed resting PH. Finally, KOVACS

et al. [12] showed that patients with SSc who have borderline mPAP had lower exercise capacity, as
measured by the 6-min walk test and peak oxygen uptake on cardiopulmonary exercise. All of these
studies highlight the importance of borderline mPAP in the SSc population.

Review of the above published data suggests that the definition of PAH was based on mPAP and PAWP
without inclusion of a PVR cut-off. When applied in the University of Michigan cohort, 28 patients had
mPAP ⩾21–24 mmHg, PAWP ⩽15 mmHg and no significant lung disease. Addition of PVR did not have
a large effect, with only one patient (3%) being reclassified as PAH, and 11% in the DETECT cohort (four
out of 36) met the new definition. Indeed, the addition of PVR is important as PH in SSc is often
multifactorial and pulmonary artery vasculopathy, ILD, left heart disease or a combination of these can
contributed to PH [23, 24]. In addition, combined pulmonary fibrosis/emphysema and pulmonary
veno-occlusive disease also play a role in the differential diagnosis of these complex patients [24]. In the
University of Michigan cohort, out of the seven patients who were reclassified from no PH to PH, three
had combined pulmonary fibrosis/emphysema.

One of the hypotheses of the 6th WSPH Task Force was that a lower mPAP threshold will capture patients
with early and milder pulmonary vascular disease in the hope of initiating earlier treatment, especially in
patients who are at risk of progressive pulmonary vascular disease. Our data suggest that a large
proportion of the University of Michigan and DETECT cohorts had milder haemodynamic parameters
(mPAP 21–24 mmHg and PVR <3 WU) at the time of RHC. The proposal for PVR ⩾3 WU was
consensus based during the 6th WSPH meeting and we believe that it may be too conservative. A
systematic review by KOVACS et al. [10] supports this assertion: they showed that the mean±SD resting PVR
in healthy subjects is 0.86±0.35 and 1.1±0.19 WU in those aged 24–50 and 51–69 years, respectively.
Lowering the PVR to ⩾2 WU, which is >1 SD for healthy adults (based on KOVACS et al. [10]), we would
have captured eight out of 28 (29%) additional patients in the University of Michigan cohort and 23
additional patients (64%) in the DETECT cohort. It is currently unknown if mPAP >20 mmHg and PVR
⩾2 WU represents a phenotype with risk of progressive pulmonary vascular disease or reflects an
incidental haemodynamic finding where these patients would have done well without developing

n=8 (29%)
PVR ≥2–<3 WU

n=1 (3%)
PVR ≥3 WU

n=19 (68%)
PVR <2 WU

n=15 (25%)
PVR ≥2–<3 WU

28 patients
mPAP 21–24 mmHg

59 patients
mPAP ≥25 mmHg

n=39 (66%)
PVR ≥3 WU

n=5 (9%)
PVR <2 WU

87 patients
mPAP >20 mmHg
PAWP ≤15 mmHg

No/minimal lung disease
and/or hypoxia

a)

n=13 (36%)
PVR <2 WU

n=19 (53%)
PVR ≥2–<3 WU

n=4 (11%)
PVR ≥3 WU

36 patients
mPAP 21–24 mmHg

PAWP ≤15 mmHg
No/minimal lung disease

and/or hypoxia
No enlarged left atrium

No systemic hypertension

b)

FIGURE 2 Distribution of borderline mean pulmonary arterial pressure (mPAP) in a) the University of
Michigan cohort (mPAP >20 mmHg) and b) the DETECT study cohort (mPAP 21–24 mmHg), both stratified by
pulmonary vascular resistance (PVR).
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progressive PH but were diagnosed due to a uniform screening algorithm, especially due to the high
prevalence of pulmonary vascular disease in scleroderma autopsy studies [25, 26]. Long-term follow-up is
necessary to answer this important question.

Our study has many strengths. First, our patients in the University of Michigan cohort had a thorough
evaluation and prospective data collection in a well-characterised cohort of patients with scleroderma
spectrum and we validated our data in another international screening cohort (DETECT). Second, all
RHCs were performed at the University of Michigan by an experienced cardiology team. Third, in the
University of Michigan cohort, we had the HRCT scans reviewed and scored by thoracic radiologists and
classified PAH versus Group 3 based on these findings. Finally, all patients underwent standardised
screening for PH, including DETECT and other algorithms proposed after 2012 [18].

Although this study has many strengths, it is not without limitations. Both the University of Michigan and
DETECT cohorts are screening cohorts, and the data may not be generalisable if this is not instituted
uniformly in other cohorts. In addition, the University of Michigan cohort is a retrospective analysis of a
prospective cohort and is subject to entry selection. Because the University of Michigan cohort is a
detection cohort, RHC was not performed in a systematic manner, except after a positive screening test or
due to signs or symptoms attributable to pulmonary vascular disease. However, the analysis of the
DETECT cohort showed similar findings and provides confidence in our analysis.

Conclusions
In conclusion, the updated haemodynamic definition of PH does not appear to have a significant impact
on the diagnosis of PAH in two screening cohorts of scleroderma spectrum disorders. Further analyses are
needed to see the impact of the updated definition on long-term outcomes, including survival.
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