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Abstract
Objective

This study compares the performance of three composite pulmonary arterial hypertension (PAH) screening tools in a 
real-life SSc cohort, according to both the previous 2015 ESC/ERS guideline and the recent 2022 ESC/ERS guideline 

haemodynamic criteria.

Methods
Consecutive SSc patients without a previous diagnosis of pulmonary hypertension (PH) were screened for PAH using the 

European Society of Cardiology/European Respiratory Society (ESC/ERS), DETECT, and Australian Scleroderma Interest 
Group (ASIG) algorithms. Right heart catheterisation (RHC) referral performances for PAH were compared according to 

the 2022 ESC/ERS PAH criteria. 

Results
Thirty-five of the 81 patients required RHC; 15 (18.5%) according to ESC/ERS, 27 (33.3%) according to DETECT, and 

25 (31%) according to ASIG. The final diagnoses were no-PH in 17 patients, WHO group 1 PH (PAH) in 8 patients, WHO 
group 2 PH in 8 patients, and WHO group 3 PH in 2 patients. When the hemodynamic criteria of the previous ESC/ERS 
guideline were applied, only one patient was diagnosed with PAH. The sensitivities of the algorithms for the diagnosis of 
PAH were 62.5% for ESC/ERS, 75% for DETECT, 87.5% for ASIG according to the 2022 ESC/ERS guideline definition, 

and 100% for all according to the previous  ESC/ERS guideline.

Conclusion
With the recent criteria, PAH diagnosis in patients with SSc increased by 1.8-fold. Current algorithms for screening 

PAH are less sensitive with these revised criteria. Although the ASIG algorithm seems more sensitive, it can still miss the 
diagnosis. The multimodal/algorithmic approach seems to be the best option for predicting PAH.
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Introduction
Pulmonary arterial hypertension (PAH) 
is one of the leading causes of mor-
bidity and mortality in patients with 
systemic sclerosis (SSc) and is seen 
in 8-19% of these patients (1-3). The 
3-year estimated mortality rate among 
SSc patients with PAH is 56%, and 
26% of all deaths were attributed to 
PAH in patients with SSc (1, 2).
Most patients with PAH are diagnosed 
late with advanced symptoms (4, 5). 
Reducing the time to diagnose PAH is 
essential for better long-term outcomes 
in patients with SSc (6, 7). Although 
current recommendations suggest an-
nual screening of these patients, there 
is no consensus on the optimal screen-
ing strategy (6, 8). Right heart cath-
eterisation (RHC) is the gold standard 
diagnostic tool for diagnosing PH, but 
due to its invasive nature, it tends to be 
reserved for patients with a high prob-
ability of PH (9-11). Over the past dec-
ade, various strategies have been pro-
posed to improve screening and diag-
nosis. Transthoracic echocardiography 
(TTE) was recommended for annual 
screening of patients with SSc by the 
European Society of Cardiology/Euro-
pean Respiratory Society (ESC/ERS) 
guidelines (10, 11). RHC was recom-
mended for patients with intermediate 
or high-risk for PAH, according to TTE 
findings(10-12).
Other stratified screening algorithms 
that use TTE as a second-step investi-
gation are the DETECT and the Aus-
tralian Scleroderma Interest Group 
(ASIG) algorithms (13, 14). The DE-
TECT algorithm requires the results of 
6 non-echocardiographic variables to 
determine a referral for echocardiogra-
phy in step 1. The second step deter-
mines the need for RHC by evaluating 
the TTE features. The ASIG algorithm 
evaluates serum NT-proBNP levels and 
FVC/DLCO ratio on pulmonary func-
tion tests (PFTs). If either result is posi-
tive, the algorithm indicates further 
evaluation of the presence of PH. 
Currently, PAH is hemodynamically 
defined as an increased mean pul-
monary artery pressure (mPAP) >20 
mmHg with normal left heart filling 
pressures (pulmonary arterial wedge 
pressure (PAWP) ≤15 mmHg or left 

ventricular end-diastolic pressure ≤15 
mmHg) and an increased pulmonary 
vascular resistance (PVR) >2 WU in 
the absence of other causes (11, 15-
17). These cut-off levels described in 
the 2022 ESC/ERS guidelines aim 
to diagnose PH earlier than the 2015 
ESC/ERS guidelines, where the cut-off 
was 25 mmHg for mPAP and >3 WU 
for PVR. The current guideline rec-
ommends using algorithms, especially 
DETECT, and a multimodal approach 
(symptoms echocardiography, PFTs, 
and ProBNP) in the screening of PAH 
(11). However, studies that were con-
ducted for developing these algorithms 
used previous diagnostic hemodynamic 
criteria (mPAP ≥25 mmHg, PAWP ≤15 
mmHg) for diagnosing PAH (18, 19). 
Thus, we aimed to compare the perfor-
mance of the ESC/ERS- echo criteria, 
DETECT, and ASIG algorithms for 
diagnosing PAH in our SSc cohort ac-
cording to the most recent (2022) and 
the former (2015) hemodynamic cut-
off levels for diagnosing PAH.

Materials and methods
Study population and design
Consecutive SSc patients attending our 
outpatient clinic between July 2018 
and March 2020 who fulfilled the 2013 
ACR/EULAR SSc Classification Crite-
ria, who were ≥18 years old, and who 
did not already have a diagnosis of PH 
were included.
Patients were excluded if they had been 
diagnosed PH (mean PAP >20 mmHg) 
by RHC prior to enrollment or had any 
evidence of clinically relevant left heart 
disease, FVC of <50% of predicted, 
obstructive lung disease (FEV1/FVC 
<70%), chronic thromboembolic dis-
ease (CTED), acute or chronic kidney 
injury, chronic severe liver disease, or 
were pregnant (for further details sup-
plementary appendix). In patients who 
were already receiving a phosphodies-
terase-5 inhibitor, endothelin receptor 
antagonist, or prostacyclin analog for 
severe Raynaud’s phenomenon and 
digital ulcers, these were recorded. 
All patients provided written informed 
consent. The study was conducted in 
accordance with the standards of the 
Ethics Committee of Istanbul Univer-
sity Cerrahpasa Medical School (No: 
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Fig. 1. Summary of the PAH screening algorithms.
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83045809-604.01.02/05.06.2020-
68360) and in accordance with the Hel-
sinki Declaration of 1975/83.

Data collection and analysis
All patients were examined by the same 
physician (ME) for the SSc subtype, 
SSc symptoms and organ involvement, 
general medical history, and symp-
toms. Disease duration was calculated 
from the first Raynaud’s symptoms to 
the screening date. Demographic and 
clinical parameters were recorded in 
a standard form. All diagnostic tests 
were done within three months before 
RHC (Supplementary File) (20).
Serum test (NT-proBNP, anti-cen-
tromere antibody, uric acid) results 
were recorded from the electronic pa-
tient recording system. Transthoracic 
echocardiography (TTE) was per-
formed and analyzed by a European 
Association of Cardiovascular Imaging 
(EACVI) certified cardiologist (BKA) 
following the American Society of 
Echocardiography and EACVI guide-
lines (21). Electrocardiography record-
ings were interpreted (BKA) for right 
axis deviation. PFTs were performed. 
High-resolution computed tomography 
(HRCT) of the lungs was performed 
to assess ILD, if not performed during 
the previous two years or if there was 
suspicion of progressive disease (de-
cline in FVC >5% compared to the last 
PFT, new crackles in the examination, 
new or worsening dyspnea) in patients 
without known severe ILD disease. 
ILD was staged radiologically as mild 
(<10%), moderate (10-30%), or severe 
(>30%) according to the percentage of 
involvement (22). 
Three different algorithms (ESC/ERS-
echo criteria, DETECT, and ASIG) 
were used for screening PAH in each 
patient (Fig. 1). RHC was performed if 
indicated according to at least one of 
these algorithms. The ability of each 
algorithm to correctly identify patients 
who required RHC was determined by 
using a number of patients with PAH as 
true positives and a number of patients 
without PH as true negatives for calcu-
lating the sensitivity and specificity of 
each algorithm.
Patients were classified as either non-
PH (mPAP ≤20 mmHg on RHC), 

WHOgroup 1 - PAH (mPAP >20 
mmHg, PAWP or LVEDP ≤ 15 mmHg 
and PVR >2 WU on RHC and absence 
of other causes),  WHO group 2 PH – 
left heart disease  (mPAP >20 mmHg, 
PAWP >15 mmHg on RHC), or WHO 
group 3 PH – lung disease/hypoxia 
(mPAP >20 mmHg, PAWP or LVEDP 
≤15 mmHg and PVR >2 WU on RHC 
and FVC of <60% or an FVC between 
60 and 80% and/or severe involvement 
on HRCT) according to current defini-

tions (11, 13). WHO group 2 patients 
were further classified according to 
PVR  as isolated post-capillary PH 
(IpcPH) [PVR ≤2 WU] and combined 
post- and pre-capillary PH (CpcPH) 
[PVR > 2WU]. 
We also tested the sensitivity of each 
algorithm according to the former 
definition of PAH, in which the mPAP 
threshold was 25 mmHg, and PVR was 
>3 WU (10). 
All patients who required RHC ac-

Table I. Demographic and clinical features of patients.

	 All patients, n=81

Age, median [IQR]	 51 	 (44-64)
Disease duration, median years [IQR]	 13 	 [5-21]
Male subjects /female subjects	 7/74

Type of skin involvement, n/N (%)
Limited	 62 	 (77)
Diffuse	 19 	 (23)

SSc specific antibody profile, n/N (%)	
Anti-scl70 (+), n/N (%)	 32/74 	 (43)
Anticentromere (+), n/N (%)	 21/74 	 (28)

Presence of ILD, n/N (%)	 45 	 (56)
Mild or moderate	 33/45 	 (73)
Severe	 12/45 	 (27)

Presence of digital ulcer (ever), n/N (%)	 40 	 (49)
Presence of GIS involvement, n/N (%)	 44 	 (54)
Presence of telangiectasia, n/N (%)	 55 	 (68)
Presence of peripheral oedema n/N (%)	 16 	 (20)
Presence of dyspnoea, n/N (%)	 34 	 (42)

NHYA FC-1	 47 	 (58)
NHYA FC-2	 30 	 (37)
NHYA FC-3	 4 	 (5)
NHYA FC-4	 0

Receiving PAH-specific treatment (for digital ulcer) n/N (%)	 30 	 (37)
PDE-5 inhibitors	 20 	 (25)
ERAs	 14 	 (17)

NT-proBNP, median (pg/ml) [IQR]	 120 (	 57-188)
Serum uric acid, median (mg/dl)	 4 	 (3-5)
Pulmonary function tests and DLCO results	

FVC, median (% predicted) [IQR]	 90 	 [75-105]
DLCO, median (% predicted) [IQR]	 65 [	 51.25-79.25]
FVC/ DLCO ratio, median [IQR]	 1.35 	 [1.16-1.65]

Measurements on TTE	
sPAP, median (mmHg) [IQR]	 30 	 [26-36]
TRV, mean (m/sec) [SD]	 2.54 	 [0.33]
Patients with a TRV >2.8 m/sec, n/N (%)	 18/81 	 (22)
RAA, mm2, median [IQR]	 14 	 [11-15]
TAPSE, mm, median [IQR]	 23 	 [21-26]

Haemodynamic parameters acquired by RHC	
mPAP (mmHg), mean (SD)	 21.6 	 (6.3)
PVR (WU), mean (SD)	 11.9 	 (3.6)
PAWP (mmHg), mean (SD)	 2.3 	 (1)
RAP (mmHg), mean (SD)	 7.1 	 (2.4)
CI (L/min/m2)	 2.6 	 (0.6)

CI: cardiac index; DLCO: diffusing capacity of the lung for carbon monoxide; ERA: endothelin recep-
tor antagonist; FVC: forced vital capacity; GIS: gastrointestinal system; ILD: interstitial lung disease; 
IQR: interquartile range; mPAP: mean pulmonary artery pressure; NHYA FC: New York Heart Asso-
ciation functional capacity; PAH: pulmonary hypertension; PAWP: pulmonary artery wedge pressure; 
PDE-5: phosphodiesterase-5; PVR: pulmonary vascular resistance; RAP: right atrial pressure; SSc: 
systemic sclerosis; TTE: transthoracic echocardiography.
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cording to at least one of the screening 
algorithms were assessed by V/Q scan 
to exclude CTED. If the V/Q scan was 
suggestive of CTED, CT pulmonary 
angiography was performed to confirm 
the result.

Results
A total of 131 consecutive patients with 
SSc were screened, and 46 did not meet 
the eligibility criteria (Supplemen-
tary Appendix). Among the remaining 
85 patients, four more were excluded 
during the study due to the absence of 
measurable tricuspid regurgitation ve-
locity (TRV) in echocardiography. The 
remaining 81 patients (62%) (74 female 
subjects, median age 51 (IQR:44.5 - 
63) years, median disease duration of 
13 (IQR: 5 - 20) years) were included 
in the analyses. The demographic and 
disease characteristics of the included 
patients are provided in Table I.
Among the 81 patients, 36 (44%) had 
dyspnoea, and most of the patients 
were in WHO functional class (FC) -1 
(58%) or FC-2 (37%). The number of 
patients using ERA and/or PDE5I due 
to digital ulcers or severe Raynaud’s 
phenomenon was 30 (37%).
On echocardiography, the mean TRV 
was 2.54±0.33 m/sec, and the number 
of patients with a TRV >2.8 m/sec was 
15 (19%). None of the patients required 
RHC for PH due to other echocardio-
graphic parameters related to the ven-
tricles, pulmonary artery, right atrium, 
or inferior vena cava.

Patients who required RHC 
Thirty-five (43%) patients required 
RHC, according to at least one of the 
algorithms. Among them, nine patients 
were using ERA and/or PDE5I therapy 
due to digital ulcers. The number of pa-
tients requiring RHC was 15 (18.5%) 
according to ESC/ERS, 27 (33.3%) ac-
cording to DETECT, and 25 (31%) ac-
cording to the ASIG algorithms (Fig. 2).
Among these 35 patients, the final di-
agnoses were no-PH in 15 patients, 
WHO group 1 PH (PAH) in 8 patients, 
WHO group 2 PH in 8 patients, and 
WHO group 3 PH in 2 patients and un-
classified PH in 2 patients  (Table II). 
Among the patients with WHO group 
2 PH, 3 had IpcPH, and 5 had CpcPH. 

When the 2015 ESC/ERS PAH hemo-
dynamic criteria were used, the final 
diagnoses were WHO group 1 PH in 1 
patient, WHO group 2 PH in 5 patients, 
and WHO group 3 PH in 1 patient.
The frequency of PH increased sig-
nificantly from 8.6% to 24.7% (a 2.9-
fold /absolute 16% increase in patient 
numbers) and the frequency of PAH 
increased from 1.2% to 9.9% (an 8.2-
fold increase/additional 8.6% patients) 
based on the current PH and PAH defi-
nitions in the cohort of the incident 81 
patients. 
When the original inclusion criteria 
for DETECT (DLCO <60% and dis-
ease duration of >3 years) were applied 
to our cohort, among 31 patients, 15 
(48%) patients were referred for RHC. 
Five patients had no PH, 3 were di-
agnosed as WHO group 1 PH, 5 were 
diagnosed as WHO group 2 PH, and 2 
were diagnosed as WHO group 3 PH 
according to current criteria.

Comparison of screening algorithms
In order to compare the performance of 
the three algorithms for detecting PAH, 
we excluded patients with WHO group 
2 and WHO group 3 PH. We included 
patients with PAH as true positives and 
those without PH as true negatives in 
order to calculate each algorithm’s sen-
sitivity and specificity, similar to the 
methodology used in developing the 
DETECT algorithm (13). 
According to new diagnostic criteria, 
the sensitivity for PAH was 62.5% for 
ESC/ERS, 75% for DETECT, 87.5% 
for ASIG, and the specificity was 95% 
for ESC/ERS, 82% for DETECT, and 
87% for ASIG. When PAH was defined 
according to the former (2015) criteria, 
the sensitivity for detecting PAH was 
100% for all algorithms, and the speci-
ficity was 85% for ESC/ERS, 73% for 
DETECT, and 76% for ASIG (Table III).
The number of patients that the algo-
rithms missed the diagnosis according 

Fig. 2. Number of patients required RHC according to the algorithms.

Table II. Number of patients with no PH, group 1 and 2 PH according to the current guide-
line and algorithms (11).

Guideline/algorithm	 RHC referral	 No PH	 Group 1 PH	 Group 2 PH
	 n (% study 	 (n=15)	 (n=8)	 (n=8)
	 population)	
	
ESC/ESRecho intermediate/high risk 	 15 (19)*	 3	 5	 5
DETECT positive 	 27 (33)**	 11	 6	 8
ASIG positive	 25 (31)**	 8	 7	 7

*Two patients had Group 3 PH.
**One patient had Group 3 PH, and one patient had unclassified PH.
***Two patients had Group 3 PH, and one patient had unclassified PH.
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to the new PAH criteria were; 3 patients 
according to ESC/ERS echo criteria, 
2 patients according to DETECT algo-
rithm, and one patient according to the 
ASIG algorithm. (Table II) There was 
no patient with PAH according to the 
new and former PAH criteria, which 
was missed by all of the algorithms or 
by DETECT and ASIG at the same time.
In the subgroup of patients with 
DLCO<60% and disease duration of 
>3 years (original inclusion criteria 
for DETECT), the sensitivities of the 
algorithms according to the new PAH 
criteria were 67% for ESC/ERS, 50% 
for DETECT and, 100% for ASIG al-
gorithm. The specificity of ASIG was 
also higher (88%); than DETECT 
(64%) and ESC/ESR (68%).  Accord-
ing to the original DETECT inclusion 
criteria DETECT algorithm missed the 
PAH diagnosis in 3 patients according 
to the new PAH criteria due to the ex-
clusion of patients with a DLCO >60.

Differences in patient characteristics 
between patients fulfilling each 
algorithm
The median disease duration of patients 
who required RHC according to ESC/
ERS was longer (16 years) than the 
other two algorithms (14 years for DE-
TECT and 11 years for ASIG). Limited 
SSc pattern was more frequent in the 
DETECT positive group (90%) than the 
ESC/ERS (70%) and ASIG (64%) posi-
tive groups. The hemodynamic assess-
ments of patients acquired by RHCs 
were summarized in Table III.

Discussion
Early diagnosis and treatment of PAH 
improved the prognosis of patients with 
SSc, which can only be possible with 
reliable and feasible screening methods 
(7). There are more than thirty studies 
on PH screening (23). Echocardiogra-
phy, PFTs, 6-minute walking test, ECG, 
cardiopulmonary exercise test, and 
clinical signs were used as screening 
tools as a part of composite algorithms 
such as ESC/ERS, DETECT, and ASIG 
(10, 11, 13, 14) or as a sole screening 
tool with diferent diagnostic perfor-
mances (23). Higher sensitivity and 
lower specificity were reported for DE-
TECT and ASIG algorithms compared 

with the ESC/ERSecho algorithm in 
the validation studies (13, 22). The cur-
rent ESC/ERS guideline recommends 
mainly the DETECT algorithm for 
screening of PAH in patients with SSc 
duration > 3 years with FVC >%40 and 
DLCO <60% with class IB indication 
level (11). However, both DETECT and 
ASIG algorithms derived from studies 
that defined PH as mPAP ≥25 mmHg 
and PAH as mPAP≥25 mmHg with 
PCWP ≤15 mmHg, and they were not 
validated according to the recently pro-
posed PAH criteria (mPAP >20 mmHg, 
PCWP ≤15 mmHg and PVR >2 WU) 
(13, 14).
The present study is the first to prospec-
tively evaluate and compare the perfor-
mance of the ESC/ERSecho, DETECT, 
and ASIG algorithms according to re-
cent PAH diagnostic criteria. We found 
the following; 1) with new PAH crite-
ria, all three algorithms have lower sen-
sitivity to predict PAH than former PAH 
criteria; 2) the ASIG algorithm has bet-
ter sensitivity among these three algo-
rithms; 3) diagnosis of PH and PAH in 
patients with SSc were increased by 2.9 
and 8.2 fold respectively with the most 
recent diagnostic criteria. 4) Group 2 
and Group 3 PH are diagnosed in a con-
siderable number of patients, even with 
strict exclusion criteria.

There are some possible explanations 
for why the diagnostic sensitivity of 
these algorithms decreases with the 
new PAH criteria. For temporal rea-
sons, the cut-off values of the items 
used in these algorithms were not test-
ed for the new mPAP or PVR cut-off 
values. So, rearranging the cutoff val-
ues of the items used in the algorithms, 
such as TRV, NT-proBNP, and FVC/
DLCO ratio, might increase the sen-
sitivities of these algorithms. Another 
issue is that our SSc patient popula-
tion is younger, mostly asymptomatic 
or having mild symptoms, and lower 
NTproBNP levels than DETECT and 
ASIG populations. 
The original DETECT algorithm was 
derived from a high PAH risk SSc pop-
ulation (patients with SSc disease dura-
tion >3 years and DLCO level <60% 
were included). It was also tested in 
unselected SSc populations in com-
parison with 2015 ESC/ERS echocar-
diography criteria (24). Vandecasteele 
et al. found a significantly higher rate 
of RHC referral using the DETECT 
algorithm (30%) compared to the 
2015 ESC/ERS echo criteria (17%), 
and both algorithms identify the same 
number of patients who had PAH (3 in 
195 patients). The RHC referral rate 
in our study was quite similar (33.3% 

Table III. Performances of the algorithms detecting patients with PAH according to the 
previous and current criteria.

			   Sensitivity, 	 Specificity,	 PPV**,	 NPV**,
			   %	  %	  %	  %

	 mPAP >20mmHg	 ESC/ERS	 60	 95	 80	 88
	 Cut-off (n=81)	 DETECT	 80	 82	 59	 93
		  ASIG	 85	 87	 68	 95

	 mPAP ≥25mmHg	 ESC/ERS	 57	 85	 27	 95
	 Cut-off (n=81)	 DETECT	 100	 73	 26	 100
		  ASIG	 100	 76	 28	 100

	 PH – mPAP ≥25 mmHg	 ESC/ERS	 100	 85	 8	 100
	 (n= 75)	 DETECT	 100	 73	 5	 100
		  ASIG	 100	 76	 5	 100

	 PAH –mPAP > 20 mmHg	 ESC/ERS	 62.5	 95	 62.5	 95
	 and PVR > 2 WU (n= 69)	 DETECT	 75	 82	 35	 96
		  ASIG	 87.5	 87	 47	 98

*Performances of the algorithms for detecting PAH were calculated among patients who had Group 1 
PH and who do not have PH (Patients with group 2 and 3 and unclassified PH were excluded)
ASIG: Australian Scleroderma Interest Group; DETECT: ESC/ERS: European Society of Cardiology 
and by the European Respiratory Society; PPV: positive predictive value; NNP: negative predictive 
value; PH: pulmonary hypertension; PAH: pulmonary arterial hypertension; mPAP: mean pulmonary 
arterial hypertension; RHC: right heart catheterisation; WU: woods unit.
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vs. %18.5, respectively). While both 
algorithms identified one patient who 
had PAH (1 in 81 patients) according 
to the 2015 ESC/ERS PAH definition, 
when the 2022 revised definition of 
PAH is applied, the DETECT algo-
rithm diagnosed 6 and ESC/ERS echo 
criteria diagnosed 5 out of 8 patients 
with PAH. In the original DETECT 
population with DLCO <60%, sensi-
tivity was even lower than in the whole 
study population (50% vs 75%). This 
suggests that the DETECT algorithm 
may miss the mild disease forms. On 
the other hand, in our study, the ASIG 
algorithm showed better performance 
than DETECT, even in patients with 
DLCO <60%; however, it also missed 
one subject with PAH.  
Although the number of RHC required 
per PAH diagnosis was lower with 
ESC/ERSecho criteria (3 patients) 
than DETECT (4.5 patients) and ASIG 
(3.6 patients), it missed more PAH pa-
tients than the other algorithms. The 
DETECT and ASIG algorithms both 
included TTE in their algorithm, but 
TTE results are not essential to pro-
ceed to RHC, and the accumulation 
of other risk points may indicate the 
need for RHC. In our study protocol, 
we excluded patients with unmeasur-
able TRV. Still, TTE was not sufficient 
to detect PAH in these patients. Using 
more than one algorithm/investigation 
at least until a new/updated algorithm 
is determined can solve this issue. Ad-
ditional new TTE modalities may have 
complementary benefits in the future 
(25, 26). In line with this, the current 
guideline recommends assessing mul-
tiple parameters such as symptoms, 
echocardiography, PFTs, and BNP/NT-
proBNP to assess the risk of PAH with 
class IIa B indication level (11).
Furthermore, it is crucial to consider 
the heterogeneity of PH aetiology 
in SSc patients, as they can develop 
various types of PH, including group 
1 PAH, group 2 PH, and group 3 PH, 
often with overlapping causes (26). 
Notably, a significant proportion of 
SSc patients exhibit left ventricular 
dysfunction, even in the absence of 
apparent signs of cardiac involvement 
(26). This issue aligns with our results, 
where we identified several patients 

with group 2 PH associated with left 
ventricular diastolic dysfunction with-
out evident left ventricular systolic 
dysfunction or valvular heart disease 
on TTE. For PAH detection prevailing 
guidelines advocate the utilisation of 
algorithms, notably the DETECT algo-
rithm, however, our findings indicate 
that these algorithms are not capable of 
differentiating PH of other etiologies, 
particularly group 2 patients, predomi-
nantly exhibiting Cpc-PH, from PAH. 
There is no recommendation for these 
patients with overlapping pulmonary 
vascular and left heart pathologies.
An essential finding of our study is the 
substantial impact of the 2022 ESC cri-
teria on the diagnosis of PAH, result-
ing in an 8.6% increase in the identi-
fication of PAH cases. Notably, the 
2018 recommendations from the World 
Pulmonary Hypertension Symposium 
(WSPH) Task Force, which involved 
lowering the mPAP criterion from 25 
mmHg to 20 mmHg while maintain-
ing the PCWP threshold at ≤15 mmHg 
and PVR ≥3.0 WU, did not signifi-
cantly increase the number of diag-
nosed PAH cases among scleroderma 
patients (15, 27). In contrast, the recent 
guideline, recommending lowering the 
PVR criterion in addition to reducing 
the mPAP criterion to >20 mmHg, ap-
pears to have a substantial impact on 
the diagnosis of PAH in SSc patients. 
To support this perspective, Jaafar 
et al. found only one additional PAH 
patient, out of 268 SSc patients who 
underwent RHC, with the WSPH Task 
Force definition, but when extrapolat-
ing the results according to current 
criteria (PVR >2 WU), nine additional 
patients met the PAH diagnosis as op-
posed to ESC 2015 criteria (27). The 
DETECT cohort in that study saw an 
even more pronounced increase, with 
four more patients meeting WSPH cri-
teria and 23 additional patients meeting 
the current criteria compared to ESC 
2015 criteria. Since in a recent study it 
was shown that the survival of patients 
with connective tissue disorders with 
an mPAP 21-24 mmHg and PVR 2-3 
WU is worse than those with normal 
haemodynamics, it should be consid-
ered that the increase in the number 
of patients with PAH with the recent 

criteria will have clinical implications 
(28). The question of whether these ad-
ditional patients require PAH-specific 
therapy is crucial and necessitates fur-
ther studies with long-term follow-up 
data to provide answers.
The potential impact of pre-existing 
pulmonary vasodilator treatment (spe-
cifically ERA and/or PDE5I) adminis-
tered for alternative indications, such 
as digital ulcers or Raynaud’s phenom-
enon, on both screening algorithms 
and the subsequent diagnosis of PAH 
in patients with SSc remains an unre-
solved question. In the current study, 
only 30% of patients (9 individuals) 
using pulmonary vasodilators under-
went RHC, while the remaining 70% 
(21 individuals) did not undergo this 
procedure, primarily due to the ab-
sence of RHC referrals in the screening 
algorithms. This raises the possibility 
that pre-existing pulmonary vasodila-
tor therapy might have obscured the 
diagnosis of PAH, emphasising the 
potential underdiagnosis of pulmonary 
vascular involvement.  It is noteworthy 
that, for the benefit of patients, we did 
not discontinue ERA/PDE5I therapies 
for indications other than PAH before 
RHC. Considering that alterations in 
pulmonary hemodynamics in response 
to PAH-specific treatment typically 
manifest after 3 to 6 months of initia-
tion (11), conducting haemodynamic 
studies under these drugs may impact 
our results. Currently, there is no con-
sensus or recommendation regarding 
the timing or necessity of discontinu-
ation of these treatments before RHC 
in patients with SSc. Nevertheless, a 
comprehensive exploration of this as-
pect awaits future studies with a larger 
cohort to generate more statistically ro-
bust conclusions.
Our study is subject to various limi-
tations. Given the invasive nature of 
RHC and the prevailing guidelines that 
advocate noninvasive screening tools 
before considering RHC referral, our 
study could not conduct RHC on the 
entire patient cohort. Additionally, the 
absence of a sample size calculation 
and the constrained patient admissions 
resulting from the COVID-19 pandem-
ic constitute additional limitations. It 
is important to note that we included 
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all patients prospectively, and despite 
these limitations, we believe that our 
results provide valuable insights into 
the real-life SSc patient population. 
In conclusion, the implementation of 
the recent PAH diagnostic criteria has 
led to a notable increase in the diag-
nosis of PH and PAH. Our prospec-
tive study, conducted on an unselected 
real-life SSc population, revealed that 
existing screening algorithms for PAH 
exhibit reduced sensitivity with the re-
vised criteria. Among these algorithms, 
the ASIG algorithm demonstrated the 
highest sensitivity, although it still 
carries the potential to overlook diag-
noses. Therefore, the combined use 
of these algorithms is suggested as a 
pragmatic approach until the develop-
ment of a validated PAH screening al-
gorithm.

Acknowledgement
We thank Dr. Ali Akdogan for his criti-
cal reading of this manuscript.

References
  1.	HACHULLA E, CARPENTIER P, GRESSIN V et 

al.: Risk factors for death and the 3-year sur-
vival of patients with systemic sclerosis: the 
French ItinerAIR-Sclerodermie study. Rheu-
matology 2009; 48(3): 304-8. 

	 https://doi.org/10.1093/rheumatology/ken488
  2.	TYNDALL AJ, BANNERT B, VONK M et al.: 

Causes and risk factors for death in systemic 
sclerosis: a study from the EULAR Sclero-
derma Trials and Research (EUSTAR) data-
base. Ann Rheum Dis 2010; 69(10): 1809-15. 

	 https://doi.org/10.1136/ard.2009.114264
  3.	MUKERJEE D, ST GEORGE D, COLEIRO B et 

al.: Prevalence and outcome in systemic scle-
rosis associated pulmonary arterial hyper-
tension: application of a registry approach. 
Prevalence and outcome in systemic sclero-
sis associated pulmonary arterial hyperten-
sion: application of a registry approach. Ann 
Rheum Dis 2003; 62(11): 1088-93.4. 

	 https://doi.org/10.1136/ard.62.11.1088
  4.	BADESCH DB, RASKOB GE, ELLIOTT CG et 

al.: Pulmonary arterial hypertension: base-
line characteristics from the REVEAL Reg-
istry. Chest 2010; 137(2): 376-87. 

	 https://doi.org/10.1378/chest.09-1140
  5.	LAUNAY D, HUMBERT M, BEREZNE A et al.: 

Clinical characteristics and survival in sys-
temic sclerosis-related pulmonary hyperten-
sion associated with interstitial lung disease. 
Chest 2011; 140(4): 1016-24. 

	 https://doi.org/10.1378/chest.10-2473
  6.	WEATHERALD J, MONTANI D, JEVNIKAR M 

et al.: Screening for pulmonary arterial hy-
pertension in systemic sclerosis(review). Eur 
Respir Rev 2019; 28(153): 190023. 

	 https://doi.org/10.1183/16000617.0023-2019

  7.	HUMBERT M, YAICI A, DE GROOTE P et al.: 
Screening for pulmonary arterial hyperten-
sion in patients with systemic sclerosis: 
clinical characteristics at diagnosis and long-
term survival. Arthritis Rheum 2011; 63(11): 
3522-30. https://doi.org/10.1002/art.30541

  8.	ROOFEH D, KHANNA D: Management of sys-
temic sclerosis: the first five years (review). 
Curr Opin Rheumatol 2020; 32(3): 228-37. 
https://

	 doi.org/10.1097/BOR.0000000000000711
  9.	HOEPER MM, LEE SH, VOSWINCKEL R et al.: 

Complications of right heart catheterization 
procedures in patients with pulmonary hy-
pertension in experienced centers. J Am Coll 
Cardiol 2006; 48(12): 2546-52. 

	 https://doi.org/10.1016/j.jacc.2006.07.061
10.	GALIÈ N, HUMBERT M, VACHIERY JL et al.: 

2015 ESC/ERS Guidelines for the diagnosis 
and treatment of pulmonary hypertension: 
The Joint Task Force for the Diagnosis and 
Treatment of Pulmonary Hypertension of the 
European Society of Cardiology (ESC) and 
the European Respiratory Society (ERS): 
Endorsed by: Association for European Pae-
diatric and Congenital Cardiology (AEPC), 
International Society for Heart and Lung 
Transplantation (ISHLT). Eur Heart J 2016; 
37(1): 67-119. 

	 https://doi.org/10.1093/eurheartj/ehv317
11.	HUMBERT M, KOVACS G, HOEPER MM et al.: 

2022 ESC/ERS Guidelines for the diagnosis 
and treatment of pulmonary hypertension. 
Eur Heart J 2022; 43(38): 3618-731. 

	 https://doi.org/10.1093/eurheartj/ehac237
12.	GALIÈ N, MCLAUGHLIN VV, RUBIN LJ, SI-

MONNEAU G: An overview of the 6th World 
Symposium on Pulmonary Hypertension. 
Eur Respir J 2019; 53(1): 1802148. https://

	 doi.org/10.1183/13993003.02148-2018
13.	COGHLAN JG, DENTON CP, GRÜNIG E et al.: 

Evidence-based detection of pulmonary arte-
rial hypertension in systemic sclerosis: the 
DETECT study. Ann Rheum Dis 2014; 73(7): 
1340-9. https://

	 doi.org/10.1136/annrheumdis-2013-203301
14.	THAKKAR V, STEVENS WM, PRIOR D et al.: 

N-terminal pro-brain natriuretic peptide in 
a novel screening algorithm for pulmonary 
arterial hypertension in systemic sclerosis: a 
case-control study. Arthritis Res Ther 2012; 
14(3): R143. https://doi.org/10.1186/ar3876

15.	SIMONNEAU G, MONTANI D, CELERMAJER 
DS et al.: Haemodynamic definitions and 
updated clinical classification of pulmonary 
hypertension (review). Eur Respir J 2019; 
53(1): 1801913. https://

	 doi.org/10.1183/13993003.01913-2018
16.	HOEPER MM, HUMBERT M: The new haemo-

dynamic definition of pulmonary hyperten-
sion: evidence prevails, finally! Eur Respir J 
2019; 53(3): 1900038. https://

	 doi.org/10.1183/13993003.00038-2019
17.	MARON BA, BRITTAIN EL, CHOUDHARY G, 

GLADWIN MT: Redefining pulmonary hyper-
tension. Lancet Respir Med 2018; 6(3): 168-
70. https://

	 doi.org/10.1016/S2213-2600(17)30498-8
18.	GALIÈ N, HOEPER MM, HUMBERT M et al.: 

Guidelines for the diagnosis and treatment of 
pulmonary hypertension: the Task Force for 

the Diagnosis and Treatment of Pulmonary 
Hypertension of the European Society of 
Cardiology (ESC) and the European Respira-
tory Society (ERS), endorsed by the Interna-
tional Society of Heart and Lung Transplan-
tation (ISHLT). Eur Heart J 2009; 30(20): 
2493-537. 

	 https://doi.org/10.1093/eurheartj/ehp297
19.	MCLAUGHLIN VV, ARCHER SL, BADESCH 

DB et al.: ACCF/AHA 2009 expert consen-
sus document on pulmonary hypertension: a 
report of the American College of Cardiol-
ogy Foundation Task Force on Expert Con-
sensus Documents and the American Heart 
Association: developed in collaboration with 
the American College of Chest Physicians, 
American Thoracic Society, Inc., and the 
Pulmonary Hypertension Association. Cir-
culation 2009; 119(16): 2250-94. https://doi.
org/10.1161/CIRCULATIONAHA.109.192230

20.	LEROY EC, BLACK C, FLEISCHMAJER R et 
al.: Scleroderma (systemic sclerosis): clas-
sification, subsets and pathogenesis. J Rheu-
matol 1988; 15(2): 202-5.

21.	LANG RM, BADANO LP, MOR-AVI V et al.: 
Recommendations for cardiac chamber 
quantification by echocardiography in adults: 
an update from the American Society of 
Echocardiography and the European Associ-
ation of Cardiovascular Imaging. Eur Heart 
J Cardiovasc Imaging 2015; 16(3): 233-70. 

	 https://doi.org/10.1093/ehjci/jev014
22.	GOH NS, DESAI SR, VEERARAGHAVAN S et 

al.: Interstitial lung disease in systemic scle-
rosis: a simple staging system. Am J Respir 
Crit Care Med 2008; 177(11): 1248-54. 

	 https://doi.org/10.1164/rccm.200706-877OC
23.	BRUNI C, DE LUCA G, LAZZARONI MG et al.: 

Screening for pulmonary arterial hyperten-
sion in systemic sclerosis: A systematic lit-
erature review. Eur J Intern Med 2020; 78: 
17-25. 

	 https://doi.org/10.1016/j.ejim.2020.05.042
24.	VANDECASTEELE E, DRIEGHE B, MELSENS 

K et al.: Screening for pulmonary arterial 
hypertension in an unselected prospective 
systemic sclerosis cohort. Eur Respir J 2017; 
49(5): 1602275. https://

	 doi.org/10.1183/13993003.02275-2016
25.	NÓGRÁDI Á, VARGA Z, HAJDU M et al.: Prog-

nostic value of right atrial stiffness in sys-
temic sclerosis. Clin Exp Rheumatol 2022; 
40(10): 1977-85. https://

	 doi.org/10.55563/clinexprheumatol/3vdmeh
26.	DI BATTISTA M, LEPRI G, CODULLO V et al.: 

Systemic sclerosis: one year in review 2023. 
Clin Exp Rheumatol 2023; 41(8): 1567-74. 

	 https://
	 doi.org/10.55563/clinexprheumatol/ki76s5
27.	JAAFAR S, VISOVATTI S, YOUNG A et al.: 

Impact of the revised haemodynamic defini-
tion on the diagnosis of pulmonary hyperten-
sion in patients with systemic sclerosis. Eur 
Respir J 2019; 54(2): 1900586. https://

	 doi.org/10.1183/13993003.00586-2019
28.	KARIA N, HOWARD L, JOHNSON M et al.: 

Predictors of outcomes in mild pulmonary 
hypertension according to 2022 ESC/ERS 
Guidelines: the EVIDENCE-PAH UK study. 
Eur Heart J 2023; 44(44): 4678-91. 

	 https://doi.org/10.1093/eurheartj/ehad532


