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Abstract

Objective: Pulmonary arterial hypertension (PAH) has high morbidity and mortality in 

connective tissue diseases (CTDs), especially systemic sclerosis (SSc). In this systematic review, 

we provide an update on screening measures for early detection of PAH in CTD.

Methods: Manuscripts published between July 2012 and October 2017 which incorporated 

screening measures to identify patients with PAH by right heart catheterization were identified. 

Risk of bias was assessed using the QUADAS-2 tool.

Results: The systematic review resulted in 1,514 unique citations and 22 manuscripts were 

included for final review; the majority of manuscripts had lower risk of bias based on the 

QUADAS-2 tool. There were 16 SSc cohort studies and 6 case-control studies (SSc 4, SLE 2). 
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Four SSc cohort studies evaluated transthoracic echocardiography (TTE) only. Eight SSc cohort 

studies evaluated composite measures including ASIG, DETECT, and a combination of tricuspid 

regurgitation velocity (TRV) and PFT variables. DETECT and ASIG had greater sensitivity and 

negative predictive value (NPV) compared to the 2009 ESC/ERS guidelines in different cohorts. 

The addition of PFT variables, such as DLCO or FVC/ DLCO ratio, to TRV resulted in greater 

sensitivity and NPV compared to TRV alone.

Conclusion: Current screening for PAH in CTDs is centered on SSc. Data continues to support 

the use of TTE and provides additional evidence for use of composite measures.
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2.1. INTRODUCTION:

Pulmonary arterial hypertension (PAH) is not uncommon in connective tissue diseases 

(CTDs). Compared to idiopathic PAH (IPAH), patients with connective tissue disease (CTD) 

associated-PAH (CTD-PAH) have worse clinical outcomes and survival [1]. Among the 

CTDs, systemic sclerosis (SSc) has the highest known PAH prevalence [2]. PAH affects 

approximately 10–12% of patients with SSc, the prevalence of PAH is 19% in SSc patients 

with diffusing capacity of the lung for carbon monoxide (DLCO) < 60% predicted at time of 

RHC, and PAH is a leading cause of mortality in SSc [3, 4]. Thus, most of the data known 

regarding screening for CTD-PAH has been based on SSc.

Current screening guidelines for PAH in asymptomatic patients with SSc recommend annual 

transthoracic echocardiography (TTE) and other modalities, such as pulmonary function 

tests (PFTs), N-terminal pro-brain natriuretic peptide (NT-ProBNP) and/or the DETECT 

algorithm [5–7]. Regular screening and earlier PAH detection in SSc may improve survival 

[8, 9]. As part of an initiative to update guidelines for screening and diagnosis of CTD-PAH 

for the 2018 World Symposium on Pulmonary Hypertension (WSPH), we conducted a 

systematic review to identify the best evidence for screening and diagnosis of PAH in CTD.

2. MATERIAL AND METHODS

2.1. Selection criteria:

Studies were considered for inclusion in this systematic review according to the following 

inclusion and pre-defined exlusion criteria (table 1)

2.2. Participants:

Adults aged ≥ 18 years with a diagnosis of CTD (based on American College of 

Rheumatology classification criteria) and PAH (based on RHC)

2.3. Intervention:

Any intervention used to screen or diagnose CTD-PAH
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2.4. Comparison:

A concurrent control group of patients with CTD-no-PAH

2.5. Outcomes:

Diagnosis of PAH confirmed by RHC

2.6. Study design:

Case control or cohort studies with atleast 20 CTD patients

2.7. Structured Search Strategy

We conducted a systematic search across four databases—Medline via PubMed, Embase via 

Embase.com, the Web of Science Core Collection (including SCI, SSCI, AH&I, CPCI-S, 

CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED), and Scopus—to find articles 

pertinent to pulmonary hypertension and CTDs with the aid of an experienced librarian 

(WT). We used the same hedge as published by our team in February 2014 [5] as we set out 

to update our prior initial systematic review. Thus, a search was conducted to find literature 

published from June 1, 2012 to October 2, 2017, which is the most up to date literature after 

the previously published systematic review. No language or publication type limits were 

enforced to guarantee comprehensiveness. The Medline search strategy was conducted by 

combining relevant keywords, medical subject headings, and the Clinical Queries search 

hedge for diagnostic clinical studies. The following search details were used: (((“Diagnosis”

[mesh] OR “diagnosis”[sh] OR “prevention and control”[sh] OR diagnost* OR diagnosi* 

OR diagnose* OR screen* OR “transthoracic echocardiogram” OR “pulmonary function 

test” OR “echocardiogram” OR “EKG” OR “chest radiograph” OR “N-terminal pro-brain 

natriuretic peptide” OR “NT-Pro-BNP” OR “NT-Pro BNP” OR (Diagnosis/Broad[filter]))) 

AND (“Hypertension, Pulmonary”[mesh] OR “pulmonary hypertension” OR “pulmonary 

arterial hypertension” OR (ayerza AND syndrome))) AND (“Connective tissue diseases”

[mesh] OR “Collagen disease” OR “Collagen diseases” OR “Collagen vascular disease” OR 

“Connective tissue disease” OR “Connective tissue diseases” OR Dermatomyositis OR 

“Inflammatory myositis” OR Lupus OR “Mixed connective tissue disease” OR Polymyositis 

OR “Rheumatic disease” OR “Rheumatic diseases” OR “Rheumatoid arthritis” OR 

Scleroderma OR Sclerosis OR “Sjogren syndrome” OR Vasculitis). All search terms were 

investigated unless otherwise indicated. A unique search strategy was developed for each 

database in to ensure appropriate utilization of keywords and relevant controlled vocabulary 

terms (MeSh terms in Medline, and EMTREE headings ins EMBASE). The full search 

strategies for all databases are available upon request from the corresponding author.

2.8. Selection of Instruments and Creation of Item Library

Under the supervision of the corresponding author, AY, VN, MB, and MH systematically 

reviewed the citations. The review process was divided into three stages with unique 

exclusion criteria at each stage: titles, abstracts, and manuscripts (figure 1 and table 1). All 

titles, abstracts, and manuscripts were assessed by two team members for relevancy and 

were excluded if they fulfilled exclusion criteria. Any disagreements between reviewers 

were reviewed and resolved by the corresponding author; if uncertainty persisted, the title, 
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abstract or manuscript was included for comprehensiveness. When there was lack of data 

clarity in pertaining to exclusion criteria in manuscripts, the corresponding authors were 

contacted [10–13]. Any manuscripts published in 2012 and included in the initial systematic 

review by Gladue et al. were excluded [5]. For articles evaluating TTE, we converted the 

estimated right ventricular systolic pressure (RVSP) to tricuspid regurgitation velocity 

(TRV), if TRV was not reported, and assumed a right atrial pressure (RAP) of 10 mmHg, if 

RAP was not reported, to calculate the TRV using the Bernoulli equation as done in our 

previous systematic review.

2.9. Quality assessment

Two reviewers (AY and VN) independently assessed the risk of bias and quality of the 

included studies using the Quality Assessment of Diagnostic Accuracy Studies-2 

(QUADAS-2) evaluation tool [14]. A third reviewer (DK) was available to resolve any 

disagreements between the two reviewers. QUADAS-2 comprises 4 domains: patient 

selection, index test, reference standard, and flow and timing. Each domain is assessed in 

terms of risk of bias; and the patient selection, index test and reference standard domains are 

also assessed regarding applicability [14]. Studies scored with low risk in all domains are 

considered to have the highest quality.

3. RESULTS

Using the search strategy, 22 of the 1514 titles fulfilled the criteria for RHC defined PAH. Of 

these, six were case control and 16 were cohort studies (Table 2 and Supplemental material). 

Cohort studies had a lower risk of bias or applicability concerns on QUADAS-2 evaluation 

(Figure 2). The following sections provide a summary of our search.

3.1. CARDIOLOGY MEASURES

3.1.1. Transthoracic echocardiography (TTE)—Four cohort studies evaluated TTE 

parameters alone for the diagnosis of SSc-PAH [17, 25–27]. Two studies had TRV cut-offs 

ranging from 2.5 to 3.16 m/s. The first study involved two large SSc cohorts; the sensitivity 

(94%) and negative predictive value (NPV) (97%) were higher at a lower TRV cut-off (2.5 

m/s), and the specificity (96%) was highest at a higher TRV cut-off (3.16 m/s) [17]. In the 

second study, a TRV cut-off of > 3.0 m/s suggested PAH diagnosis in 8/37 (22%) SSc 

patients; six patients underwent RHC and 4/37 (11%) were confirmed to have PAH [27]. In 

the third study examining TTE, a sub-group analysis of SSc-PAH patients (compared to 

SSc-no-PAH patients) revealed reduced left ventricular diastolic function (transmitral E/A 

ratio, p=0.045; and Ea <10 cm/s EA>10 cm/s, p=0.029), reduced overall right ventricular 

contractility (21.5% versus 4.5%, p=0.03), and reduced right ventricular diastolic function 

(transtricuspid E/A ratio, p=0.014; 68% versus 29% with impaired function, p=0.001)[25]. 

The fourth study focused on pressure-flow relationships of the pulmonary circulation 

obtained by 6-minute walk stress TTE to predict development of PH [26]. Two variables are 

particularly of interest – 6-minute walk distance (6MWD) and ratio of change in mean 

pulmonary arterial pressure (mPAP) and change in cardiac output (Q) [ΔmPAP/ΔQ - 

obtained at baseline and after 6MW]. SSc patients with impaired 6-minute walk distance 

(HR 0.99, 95% CI 0.98 – 0.99, p=0.010) and increased ΔmPAP/ΔQ (HR1.10, 95%CI 1.04–
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1.16, p=0.005) had a shorter time course to development of PAH. An additional cohort study 

assessed multiple variables for prediction of PAH, and on multivariate analysis, TRV > 2.74 

was associated with an increased risk for PAH (HR 18.03, 95% CI 9.01 – 36.06, p <0.001)

3.1.2. Cardiopulmonary exercise testing (CPET)—In a multi-centre, prospective 

cohort study of 173 SSc patients, diagnostic accuracy of CPET in detecting SSc-PAH was 

evaluated [29]. CPET was performed on a stationary, semi recumbent cycle ergometer and 

all patients underwent RHC. Peak maximal oxygen consumption (VO2) revealed the highest 

diagnostic accuracy (sensitivity 87% and specificity 75% at a threshold level of 13.8 

mL/min/kg). A peak VO2 of >18.7 mL/min/kg was achieved by 22% of patients and 

excluded PAH (NPV 100%). Diagnostic accuracy was highest in SSc patients with low 

pulmonary artery wedge pressure (<12mmHg).

3.2. PULMONARY MEASURES

3.2.1. Pulmonary function tests (PFTs)—Two cohort studies evaluated PFTs only to 

screen for SSc-PAH [17, 28]. The first study was comprised of two large SSc cohorts and 

evaluated cut-off ranges for two PFT variables – DLCO% predicted ranging from < 50% to 

<70% and the ratio of forced vital capacity (FVC)% predicted to DLCO % predicted (FVC/

DLCO%) ranging from ≥ 1.6 to ≥ 2.0 [17]. The sensitivity (91%) and NPV (93%) for 

detecting SSc-PAH were improved at a higher DLCO cut-off (>70%), while the specificity 

(87%) was improved at a higher FVC%/DLCO% (≥2.0). The second study evaluated the 

role of DLCO partitioning for detecting SSc-PAH [28]. DLCO, membrane conductance for 

carbon monoxide (DmCO), alveolar capillary blood volume (Vcap), and the ratio of alveolar 

capillary blood volume and alveolar volume (Vcap/VA) were reduced in patients with SSc-

PAH compared to SSc-no-PAH patients. Both Vcap/VA (93%) and DLCO (93%) had the 

highest area under the curve to detect PAH. In another cohort study, multivariate analysis of 

many variables indicated a DLCO ≤ 55% with an FVC > 70% as predictive of PAH (HR 

4.45, 95% CI 2.24–8.83, p <0.001) [13].

3.3. LABORATORY VALUES

3.3.1. High-sensitivity cardiac troponin T (HS-cTnT)—Plasma HS-cTnT levels 

were evaluated as a continuous variable in a large cohort of SSc patients [15]. In a 

multivariate logistic regression analysis, PAH was independently associated with a HS-cTnT 

level of >14 ng/L (p=0.039). Normal concentrations of plasma HS-cTnT had 95% NPV for 

ruling out PAH.

3.3.2. N-terminal pro-brain natriuretic peptide (NT-proBNP)—Three cohort 

studies evaluated NT-proBNP levels in SSc patients [13, 15, 16]. The first cohort used a NT-

proBNP threshold of 97% percentile of normal values stratified by age and gender and had 

46% sensitivity, 93% specificity, and 95% NPV for detecting SSc-PAH [15]. The second 

cohort used a NT-proBNP threshold of >210 pg/mL, which yielded a 73% sensitivity and 

78% specificity [16]. In the third cohort, higher than normal levels of NT-proBNP (threshold 

value not mentioned) had a 44% sensitivity, 84% specificity, and 95% NPV [13].
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3.3.3. Brain natriuretic peptide (BNP)—In one cohort study examining BNP in SSc 

patients, the sensitivity and specificity for SSc-PAH detection using baseline BNP ≥64 

pg/mL was 71% and 59%, respectively [16].

3.3.4. Exhaled nitric oxide (NO)—In a case control study, exhaled NO was the 

biomarker of interest in SSc patients [30]. SSc-PAH patients had lower median (interquartile 

range) alveolar NO compared to SSc-no-PAH patients [3.3 ppb versus 4.0 ppb; no P value 

reported].

3.3.5. Blood biomarkers—A case control study assessing anti-cardiolipin antibody 

(ACLA) levels in SSc patients revealed an association of ACLA-IgG with SSc-PAH and 

higher titers increased the likelihood [moderate titer (20–39 U/ml) ACLA-IgG OR 1.7, 95% 

CI 1.01–2.93, p=0.047; high titer (>40 U/ml) ACLA-IgG OR 4.60, 95% CI 1.02–20.8, 

p=0.047][31]. In a case control study, a novel inflammatory marker which reflects 

pulmonary vascular degeneration – human pentraxin 3 (PTX3) – was evaluated in CTD 

patients [34]. In CTD-PAH patients, mean PTX3 concentrations were significantly higher 

than in CTD patients without PAH (5.02 ± 0.69 vs. 2.40 ± 0.14 ng/mL, respectively; 

p<0.001). In two independent case control studies, different laboratory and serological tests 

were compared between SLE-PAH and SLE-no-PAH [32, 33]. In the first study, higher 

frequency of anti-SSA (p=0.02), anti-SSB (p=0.003), anti-Smith (p=0.04), and anti-double 

stranded DNA (p=0.0001) antibodies, were noticed in SLE-PAH compared to SLE-no-PAH 

[32]. In a study by Huang et al., the following variables were independently associated with 

PAH in SLE patients: anti-RNP antibody (OR=12.4, p<0.001), anti-SSA antibody (OR=4.8, 

p=0.004), erythrocyte sedimentation rate <20 mm/h (OR=12.0, p<0.001), and urate 

>6mg/dL (OR= 9.7, p<0.001). Additional clinical variables, in the study by Huang et al., 

found to be independently associated with PAH in SLE patients were baseline SLE duration 

(OR= 1.118, p=0.007) interstitial lung disease (OR=17.027, P <0.001), no acute rash (OR= 

3.258, P= 0.019), pericardial effusion (OR=21.290, P<0.001), and SLE Activity Index 

(SLEDAI) ≤ 9 (OR=26.426, P < 0.001) [33].

3.4. NAILFOLD CAPILLAROSCOPY

Only one study included in our systematic review evaluated nailfold capillaroscopy 

abnormalities in patients with SSc-PAH and those with SSc-no-PAH [11]. A higher number 

of patients with SSc-PAH patients had more “severe” patterns on nailfold capillaroscopy 

(considered as active/late patterns) (73.2% vs 50%, p <0.05); additional findings in SSc-

PAH included lower capillary density, higher main loop capillary width, higher mean 

number of megacapillaries, and capillaries with neoangiogenesis (P< 0.05 for all).

3.5. COMPOSITE MEASURES

Eight cohort studies examined the combination of screening tools for detecting SSc-PAH 

[17, 18, 20–22, 24]. Three screening tools were frequently evaluated– DETECT algorithm, 

2009 European Society of Cardiology (ESC)/ European Respiratory Society (ERS) 

guidelines, and Australian Scleroderma Interest Group (ASIG) algorithm.
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Four of the eight studies evaluated the DETECT algorithm. In the first study, DETECT had 

better sensitivity (100% vs 91%) and NPV (100% vs 89%) compared to 2009 ESC/ERS 

guidelines and no PAH diagnoses were missed, whereas the 2009 ESC/ERS guidelines 

missed three PAH patients (8.5%) [18]. In the second study, similar findings were noted with 

DETECT and ASIG having better sensitivity (100%, 100%, 96%) and NPV (100%, 100%, 

91%) in comparison to 2009 ESC/ERS guidelines, respectively; 2009 ESC/ERS guidelines 

missed one case of PAH [19]. In the third study, PPV estimates were compared between 

DETECT and 2009 ESC/ERS guidelines in 195 consecutive SSc patients [24]. Three 

patients were diagnosed with PAH in whom both algorithms recommended RHC referral; 

DETECT had a 6% PPV (95% CI 2–17%; 3/49 patients), 2009 ESC/ERS guidelines had a 

18% PPV (95% CI 6–41%; 3/17 patients), and both DETECT and 2009 ESC/ERS had a 

23% PPV (95% CI 8–50%; 3/13 patients). The fourth study modified the DETECT 

algorithm by substituting right atrial area in step 2 with the variable (1.4 X right ventricle 

diameter)2 [22]. Using this modified DETECT algorithm, 41% of patients were 

recommended for RHC compared to 24% when using the 2009 ESC/ERS guidelines; 7 

(12%) patients screened using both tools had PAH on RHC.

ASIG was also compared to the 2009 ESC/ERS guidelines in the study by Hao et. al. ASIG 

had comparable sensitivity to 2009 ESC/ERC guidelines (94% vs 94% respectively), a better 

specificity (54% vs 32%) and NPV (92% vs 87%). This indicated better performance of the 

ASIG algorithm mainly due to a higher specificity (54%) (Table 2) [19].

In a consecutively enrolled, large SSc cohort, a six-variable PAH risk prediction model was 

created using multivariate regression [35]. In this model, ACA was associated with a 1.6-

fold increased odds of developing SSc-PAH, esophageal stricture had a 2-fold increased 

odds, calcinosis had a 1.9-fold increased odds, digital ulcers had a 1.6-fold increased odds, 

mild ILD had a 2.3-fold increased odds, and sicca symptoms had a 1.6-fold increased odds 

of PAH. The sensitivity, specificity, PPV and NPV of this model was 100 %, 100%, 100%, 

and 92%, respectively.

In the analysis of two large SSc cohorts, combination of TRV and PFTs (DLCO% or FVC%/

DLCO%) resulted in the detection of 97–100% of patients with RHC confirmed PAH (Table 

2) [17]. By combining TTE and PFTs, a clear improvement in sensitivity and NPV was 

observed. For example, when using TRV >3.16 m/s alone as a screening tool, 36% of PAH 

cases were missed; however, when using a combination of TRV >3.16 m/s and FVC%/

DLCO% ≥1.6, 91% of PAH cases were captured.

In the Australian Scleroderma Cohort Study (ASCS), another clinical decision-making 

algorithm using a composite of TRV and PFTs was used to screen for SSc-PAH 

(Supplementary material) [21]. Of the total cohort, 9.7% of patients had PAH identified on 

sequential screening. Patients with PAH diagnosed at follow-up screening compared to 

patients in whom PAH was diagnosed at baseline screening were more likely to have diffuse 

cutaneous SSc (p = 0.03), a better World Health Organization (WHO) Functional Class at 

PAH diagnosis (p = 0.01), and less advanced PAH based on higher mean 6-minute walk 

distance (p = 0.03).
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4. DISCUSSION

In the current review, we set out to provide an update on the published screening parameters 

for detection of PAH in CTD over the past 5 years (2012–2017) through another systematic 

review for the 2018 WSPH. Our systematic review found similar evidence to what was 

reported in our previous review by Gladue et al. [5]. Despite the updated search, majority of 

the currently available literature on screening modailities for CTD-PAH are in the context of 

SSc, with scarce studies focusing on other CTDs. TTE and PFTs continue to play important 

roles as screening tools and have been increasingly incorporated into composite algorithms, 

such as ASIG and DETECT. In this systematic review, we are able to find robust data on the 

incorporation of composite measures like DETECT or ASIG for detection of PAH in SSc. In 

addition, there is emerging evidence on use of novel echocardiographic variables and CPET 

as screening tools. The majority of included studies had lower risk of bias and applicability 

concerns based on QUADAS-2.

Resting TTE remains the most common screening tool used for early detection of CTD-

PAH, both as a single measure or part of a composite measure. The 2015 ESC/ERS 

guidelines for the diagnosis and treatment of PH recommends resting TTE as a screening 

test in asymptomatic patients with SSc, followed by annual screening with TTE, DLCO and 

biomarkers, and recommends TTE in symptomatic patients with other CTDs [7]. Beyond 

TRV, additional TTE parameters may be useful for the detection of PAH [25]. Two-

dimensional speckle-tracking TTE appears to be a novel modality to detect subclinical right 

ventricular involvement in patients with SSc. Speckle-tracking TTE has identified decreased 

RV systolic strain rate and/or decreased RV strain globally and/or regionally in SSc subjects 

who have normal ranges of systolic PAP, tricuspid annular plane systolic excursion, and RV 

fractional area change when compared to healthy controls [36, 37]. Additional data is 

needed to assess feasibility and validity for use of speckle-tracking TTE for PAH screening.

Composite measures for PAH screening in CTD have been designed, studied, and used 

primarily in patients with SSc. The two main evidence-based screening algorithms 

developed for use in SSc are DETECT and ASIG. The original manuscript citing the 

development and internal validation of the DETECT algorithm was included in the 

systematic review by Gladue et al [4, 5]. In current systematic review, there were four 

additional studies evaluating the DETECT algorithm [18, 19, 22, 24]; two of those studies 

compared DETECT to the 2009 ESC/ERS guidelines and indicated that DETECT had 100% 

sensitivity and NPV and no missed PAH diagnoses [18, 19] providing external validation for 

DETECT. We identified two studies evaluating ASIG in comparison to 2009 ESC/ERS 

guidelines [19, 38]. In one study, ASIG sensitivity and NPV were high at 94% and 87%, 

respectively, and were similar to the sensitivity and NPV of the 2009 ESC/ERS guidelines 

[38]. In the second study, ASIG sensitivity and NPV were 100% compared to slightly lower 

values of 96% and 91%, respectively, for 2009 ESC/ERS guidelines, which missed one 

patient with PAH [19]. The study by Hao et. al. revealed that DETECT and ASIG worked 

well as screening tools and did not miss any PAH diagnoses [19]. It is important to highlight 

that DLCO and NT-ProBNP are part of step 1 of the DETECT algorithm and although TTE 

is not required before RHC in the ASIG algorithm, TTE is universally performed before 
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RHC to rule out significant left ventricular dysfunction and/or significant aortic and/or 

mitral valve disease [4, 23].

Our systematic review captured additional studies combining TRV and PFTs as screening 

tools for PAH. DETECT incorporates use of TTE and PFTs for PAH screening in SSc and 

performs well as a screening tool [4]. In Gladue et al., combination of TRV and PFTs 

(DLCO% or FVC%/DLCO%) resulted in improved detection of PAH based on sensitivity 

and NPV compared to TTE or PFT alone [17].

All cohort studies included in this systematic review had pre-defined inclusion and exclusion 

criteria that enriched for PAH with increased pre-test probability of PAH based on signs/

symptoms, TRV, PFTs, NT-proBNP and DETECT scores (Table 2), likely due to the invasive 

nature of RHC. This is an important consideration when reviewing the data.

Current guidelines and recommendations for PAH screening in SSc and scleroderma 

spectrum disorders are evidence or expert opinion based and largely incorporate the 

combination of screening tests or composite measures to determine if RHC is needed. In the 

past 5 years, the proposed recommendations largely endorse combination of TTE, PFTs and 

biomarkers, including DETECT, for PAH screening in SSc. The 2013 recommendations by 

Khanna et al. incorporate multiple screening tools including the use of TTE based on the 

2009 ESC/ERS guidelines and composite measures including DLCO%, FVC%/DLCO%, 

NT-proBNP, signs/symptoms, and DETECT [6]. The 2013 WSPH recommended annual 

screening of asymptomatic patients with SSc spectrum of diseases, use of DETECT for 

asymptomatic SSc spectrum of diseases (but noted DETECT was only validated in patients 

with a DLCO < 60%), and patients with SSc and other CTDs with clinical signs and 

symptoms of PH should undergo RHC [39, 40]. Frequently used guidelines for PAH 

screening in CTD also come from the 2015 ESC/ERS guidelines [7]. The 2015 ESC/ERS 

guidelines primarily use TTE as a screening tool for PAH with levels of low, intermediate, 

and high risk for PH based on TRV, and if a patient has additional TTE signs suggesting PH, 

they can move up to the next level of TTE probability of PH risk [7]. The 2015 ESC/ERS 

guidelines also provide the following recommendations specific to patients with CTD: 

asymptomatic SSc patients should undergo resting TTE as a screening test; a combined 

approach (including biomarkers, PFTs, and TTE) should be considered to predict PH in SSc; 

initial screening using DETECT should be considered in adult SSc patients with > 3 years of 

disease duration and DLCO < 60%; annual screening with biomarkers, PFTs and TTE may 

be considered in patients with SSc, and SSc patients with a mPAP from 21 to 24 mmHg 

should be monitored closely due to a higher risk of PAH [7].

There continues to be interest in exploring and validating additional non-invasive screening 

tools for CTD-PAH. Our systematic review identified data describing use of exercise testing 

for PAH screening in SSc. In the study by Dumitrescu et al., peak VO2 at a threshold level of 

13.8 mL/min/kg, had 87% sensitivity, 75% specificity, 57% PPV, and 93% NPV, and when a 

peak VO2 >18.7 mL/min/kg was used, all patients with PAH were excluded, and when a 

nadir minute ventilation/carbon dioxide production (VE/VCO2) of > 45.5 was used, all 

patients had PAH [29]. This is one of the first studies evaluating gas exchange measurements 

during exercise to screen for PAH non-invasively [29]. Stress TTE is another tool that has 
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been described for detection of PAH in CTD. In our systematic review, a study by Kusunose 

et al. identified that by using stress TTE with a 6MWT in CTD patients, an exercise 

associated increase in mPAP relative to cardiac output (with a best cut-off value of >3.3 mm 

Hg/l/min) was suggestive of development of PAH [26].

SSc remains the primary CTD with data available on screening techniques for PAH 

according to our systematic review. This is similar to the findings in Gladue et al [11]. 

Current guidelines and recommendations also recognize patients along the SSc spectrum, 

who have other CTDs but have features of SSc, as needing to be screened similar to patients 

with SSc as was previously stated in 2013 recommendations by Khanna et al., 2013 WSPH 

recommendations, and 2015 ESC/ERS guidelines [6, 7, 39].There are few studies that have 

evaluated the prevalence of PAH in CTDs other than SSc, and many of those studies in non-

SSc CTDs use TTE to diagnose PAH rather than the gold standard of RHC.

5. CONCLUSION

In summary, we know that screening for PAH in patients with CTD, especially SSc, is 

essential for early diagnosis, and data suggests early treatment can improve patient outcomes 

[8]. Over the past 5 years, there have been major contributions to the evidence for the 

various PAH screening methods in SSc. While TTE still plays a key role in PAH screening, 

there is evidence to support combined use of TTE and PFTs, especially when incorporated 

into novel screening algorithms (like DETECT or ASIG) to improve screening outcomes. 

Finding additional non-invasive screening techniques for SSc-PAH is of interest based on the 

growing data on novel techniques, such as CPET, right ventricular strain and stress TTE. 

Future studies will need to further evaluate these novel screening algorithms and 

cardiopulmonary changes during exercise in more longitudinal SSc cohorts. We need more 

longitudinal observational studies to develop and validate screening algorithms for PAH in 

non-SSc CTDs.
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Figure 1: 
Systematic Review Schematic Flow Diagram
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Figure 2. Quality Assessment of Diagnostic Accuracy Studies (QUADAS) for Articles Included in 
Systematic Review
QUADAS-2 comprises 4 domains: patient selection, index test, reference standard, and flow 

and timing. Each domain is assessed in terms of risk of bias; and the patient selection, index 

test and reference standard domains are also assessed regarding applicability.
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Table 1:

Stepwise exclusion of manuscripts

Step 1 exclusion criteria

1 Not written in English, not concerned with human subjects, or not pertaining to adult studies.

2 Not pertaining to pulmonary hypertension or connective tissue diseases.

3 Genetic studies or polymorphisms or molecular/enzymatic mechanisms except serum/plasma biomarkers.

4 Articles related to treatment or prognosis of pulmonary hypertension.

5 Editorials, letters, case reports, opinions, author replies or comments.

Step 2 exclusion criteria

1 Does not have an abstract, unless it is a review article.

2 Not a case control or cohort study.

3 A case-control or cohort study with less than 20 patients with connective tissue disease.

4 Not pertaining to pulmonary hypertension or elevated pulmonary artery pressure.

5 Not pertaining to connective tissue disease.

6 Genetic studies or polymorphisms or molecular/enzymatic mechanisms except serum/plasma biomarkers.

7 Editorials, letters, case reports, opinions, author replies, comments, and review articles.

8 Not using RHC to diagnose PAH.

Step 3 exclusion criteria

1 Pertaining to exercise-induced PAH only.

2 Pertaining to pre-PAH, such borderline PAH.

3 Discussing prognosis and/or treatment response only.

4 For case-control studies, does not have appropriate comparator, such as CTD without PH.

5 Does not exclude interstitial lung disease or left heart disease.

RHC = right heart catheterization, PAH = pulmonary arterial hypertension, CTD = connective tissue disease, PH = pulmonary hypertension

Semin Arthritis Rheum. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Young et al. Page 17

Table 2.

Baseline Characteristics of Patients with CTD Included in Systematic Review

Type of Study Author 
Year (REF)

Total Cohort PAH

N Age-mean (SD) % Female % lcSSc N Age-Mean (SD) % Female % lcSSc

Cohort SSc

Biomarker

Avouac 2015 [15] 161
58 (22–88)

# 84 60 13 NA NA NA

Chung 2016 [16] 157 57.6 (10.4) 86 67 16 NA NA NA

Iudici 2013 [13]* 867
59 (12–89)

# 89 78 29 NA 90 93

Composite

Gladue 2013 [17]**
347

57.2 (11.6) 
PHAROS 53.7 
(11.8) Cochin

84 60 69
62.4 (10.3) 

PHAROS 63.1 
(12.9) Cochin

84 75

Guillen de Castillo 2017 
[18]

83 62.4 (11.6) 94 84 35 64.4 (10.8) 97 89

Hao 2015 [19] 73 NA 67 82 27 66.8 (8.3) 93 85

Morrisroe 2016 [20] 1579 NA NA NA 132 62.7 (10.3) 85 69

Morrisroe 2017 [21] 1636 57.2 (12.8) 86 69 209 63.1 (10.4) 87 74

Soukup 2016 [22] 34 58.4 (11.7) 88 41 7 71.3 (5.4) 71 43

Thakkar 2013 [23] 49 NA NR NA 17 56.4 (13.4) 100 82

Vandecasteele 2017 [24] 195
54 (42–62)

# 80 71 3 NA NA 100

TTE

Meune 2016 [25] 212 55.3 (13.2) 81 51 27 63.3 (14.4) 74 NA

Kusunose, 2015 [26] 78 58 (12) 91
70

† 16 60 (15) 77 NA

Yoo 2016 [27] 37 54 (9.9) 76 68 4 58.5 (13.6) 100 25

PFT

Sivova 2013 [28] 63 55 (NA) 81 79 6 68 (NA) 100 83

CPET

Dumitrescu 2016 [29] 173 NA 85 NA 48 67 (9) 90 NA

Type of Study Author 
Year (REF)

Total Cohort PAH

N Age-mean (SD) % Female % lcSSc N Age-Mean (SD) % Female % lcSSc

Case-control SSc

Biomarker

Kozij 2017 [30] 16
51 (NA)

# 100 94 7
51 (NA)

# 71 71

Morrisroe 2014 [31] 816 NA NA NA 124 NA NA NA

Nailfold capillaroscopy

Corrado 2017 [11] 20 55.8 (11.4) NA NA 19 48.1 (6.8) NA NA

Case-control CTD

Biomarker

Hachulla 2017 (SLE) [32] 101 46.9 (16.2) 92 NA 51 47.6 (12.2) 92 NA
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Huang 2016 (SLE) [33] 444 34.6 (8.5) 97 NA 111 34.6 (8.6) 97 NA

Tamura 2012 (CTD) [34] 34 56.3 (2.7) 91
59

‡ 17 56.3 (4.6) 88 NA

*
Iudici 2013 also evaluated TTE and PFT parameters in a multivariate analysis [13].

**
Gladue 2013 also evaluated TTE and PFT parameters separately in addition to their combination [17].

***
Huang 2016 also evaluated various clinical manifestations [33].

#
Median (IQR).

†
70% had SSc.

‡
59% had SSc

CTD- connective tissue disease, PAH – pulmonary arterial hypertension, SSc- systemic sclerosis, lcSSc – limited cutaneous systemic sclerosis, SLE 
– systemic lupus erythematosus, REF-reference, TTE – transthoracic echocardiography, PFT- pulmonary function test, CPET – cardiopulmonary 
exercise test, NA – not available
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