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Screening for Pulmonary Hypertensionin
Connective Tissue Diseases: Literature Review
and Multidisciplinary Consensus Statement

ABSTRACT

Patients with connective tissue diseases (CTDs) are atincreased risk for the development
of pulmonary hypertension (PH) and pulmonary arterial hypertension (PAH), which is a
specific subtype of PH characterized by progressive remodeling of precapillary pulmo-
nary arterioles. Evidence suggests that early detection of PH through screening in this
patient group may be associated with better outcomes. Various methods, including car-
diac and thoracic imaging, blood biomarkers, pulmonary function tests, and composite
algorithms, have been employed for screening of PH. Here, a multidisciplinary consensus
group composed of 10 rheumatologists, 4 cardiologists, and 3 pulmonologists was formed
with the objective of developing recommendations and a screening algorithm for PH in
patients with CTD. A systematic literature review in the PubMed database focusing on
the studies evaluating the performance of different screening methods on detecting PH
in CTDs was conducted. The literature review identified 33 relevant articles after title,
abstract, and full-text evaluation. The included studies had considerable heterogene-
ity regarding hemodynamic definitions of PH and PAH, the diagnostic cutoff values of
screening methods utilized, and the symptom status of the patients. With the exception
of 2 studies, the populations in included studies consisted of only patients with systemic
sclerosis (SSc). Consensus-based recommendations and an algorithm prioritizing echo-
cardiography for screening and early detection of PH in patients with SSc and patients
with CTD exhibiting overlap features of SSc were developed based on literature data and
incorporating the perspectives of group members. No recommendations could be made
for asymptomatic patients with CTDs without overlap features of SSc due to limited
data.

Keywords: Connective tissue disease, pulmonary hypertension, screening, systemic
sclerosis

INTRODUCTION

Pulmonary hypertension (PH) is a disorder associated with multiple clinical condi-
tions and confers a poor prognosis.’ Left heart disease and pulmonary disorders
are the most common causes of PH all over the world.? Patients with connective
tissue diseases (CTDs) are at particular risk for the development of PH.* Although
any type of PH can occur in the course of CTDs, pulmonary arterial hypertension
(PAH) is the leading cause of PH in systemic sclerosis (SSc) and is also common in
other CTDs such as mixed connective tissue disorder (MCTD) and systemic lupus
erythematosus (SLE).# The PAH is characterized by increased pulmonary vascular
resistance (PVR) due to the remodeling of pulmonary vasculature, which even-
tually leads to progressive right ventricular failure and death if untreated.® The
prognosis of PAH has improved significantly after the widespread use of specific
treatments.® Despite similar responses to treatment, the prognosis of connec-
tive tissue disease—associated PAH (CTD-PAH) is significantly worse compared
to idiopathic PAH and a 3-year mortality rate is reported about 50% in SSc-
associated PAH (SSc-PAH).”

Rightheartcatheterization (RHC)ismandatory for the diagnosisof PH. Accordingto
currenthemodynamic criteria, PH is defined as an elevated mean pulmonary artery
pressure (MPAP >20 mm Hg) atrest.' The PAH is hemodynamically characterized by
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increased PVR >2 WU and normal pulmonary capillary wedge pressure (<15 mm Hg)
in the absence of other causes of precapillary PH, such as chronic thromboem-
bolic PH (CTEPH) and PH associated with lung diseases.' The symptoms of PAH
are non-specific, with progressive dyspnea being the most common.® Additional
symptoms may include fatigue, palpitations, syncope, chest pain, and hemopty-
sis.® Co-existing conditions such asinterstitial lung disease (ILD) and left ventricular
diastolic dysfunction (LVDD) may also contribute to these non-specific symptoms
in patients with CTD. Thus, the differential diagnosis of PAH is challenging in CTDs,
and most of the patients have symptoms and advanced disease at the time of diag-
nosis.? Early detection through screening, ideally before symptom onset, may allow
for early intervention and contribute to improved outcomes. The RHC is not consid-
ered an appropriate screening test for PH and PAH due to its invasive nature, high-
lighting the necessity for the development and utilization of noninvasive methods.

Screening is defined as the detection of a disease in an at-risk population before
the development of symptoms.™ To be considered suitable for screening, a dis-
ease should be prevalent, have an early pre-symptomatic period and there must
be evidence that early intervention improves outcomes. Additionally, the test
used in screening should be noninvasive, easily accessible, reproducible and have
high sensitivity and specificity." The PAH is rare in the general population (with
an estimated prevalence of 48-55 cases per million); therefore, population-wide
screening is not feasible and practical.”? However, the high prevalence of PAH in
SSc (7%-19%) may justify systematic screening in this high-risk group.” The PAH
accounts for 30% of SSc-related deaths indicating that it is a major complication
of SSc.™ Furthermore, evidence suggests that SSc-PAH patients diagnosed via
screening have less functional and hemodynamic impairment at diagnosis and
better survival rates.”™ Recent SSc-PAH registries employing PAH screening have
reported 3-year survival rates of approximately 75%." Although lead-time bias
cannot be completely excluded, these findings suggest that early diagnosis may
improve prognosis in SSc-PAH. However, the prevalence of PAH in other CTDs is
much lower than SSc, and the potential benefit of screening in these populations
remains uncertain.

Several methods including cardiac and thoracic imaging, blood biomarkers, pul-
monary function tests and composite algorithms have been used for PH screening
in patients with CTDs. This study aimed to provide a literature review on the per-
formance of these methods for PH and present multidisciplinary consensus-based
recommendations and an algorithm for screening and early detection of PH in
patients with CTDs for physicians in Tirkiye who are involved in the routine care
of this patient group.

METHODS

The consensus group was composed of 10 rheumatologists, 4 cardiologists and
3 pulmonologists. Research questions were formulated by 2 authors (A.S. and
A.A.), and the systematic literature review (SLR) team (B.FY., M.EY., DT.K., M.E.,
B.D.D., S.A., YY.) conducted an extensive search in the PubMed database for stud-
ies published up to January 1, 2024. The search terms used and the flow diagram

HIGHLIGHTS

e Pulmonary arterial hypertension (PAH) is animportant cause of mortality and
morbidity in connective tissue diseases (CTDs), particularly systemic sclerosis
(SSc).

e Earlier diagnosis of PAH via screening may be associated with better out-
comes in this patient group.

e Screening strategies for PH in patients with CTD should be tailored to the
specific conditions and resources of each country.

e A PH screening algorithm was developed that prioritizes echocardiography
for patients with SSc and other CTDs exhibiting overlap features of SSc.
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illustrating the study selection process are provided in the
Supplementary Appendix. Only original studies written in
English that met the following criteria were included: 1) diag-
nosis of PH and/or PAH was confirmed by RHC and 2) pro-
vided data on the performance of the relevant methods in
detecting PH and/or PAH. The patient population of inter-
est consisted of individuals with CTDs, including SSc, SLE,
MCTD, and Sjogren’s syndrome. The diagnostic and screen-
ing methods evaluated included electrocardiography (ECG),
transthoracic echocardiography (TTE), cardiac magnetic
resonance imaging (MRI), natriuretic peptides (brain natri-
uretic peptide (BNP) and N terminal pro BNP (NT-proBNP)),
chest X-ray, chest computed tomography (CT), pulmonary
function tests (spirometry and diffusion capacity for car-
bon monoxide [DLCO]), 6-minute walk test (6MWT), and
composite screening algorithms. The performance of these
methods in detecting PH and/or PAH was assessed based on
sensitivity, specificity, and positive predictive values (PPVs)/
negative predictive values (NPVs). Results of the literature
review were summarized by the SLR team in order to inform
the consensus group (Supplementary Table 1). The draftrec-
ommendations were formulated and sent to the members of
the consensus group via email. Group members voted on the
draft recommendations by indicating whether they agreed
or disagreed with each item. Each final recommendation
required >70% agreement to be approved. The quality of
evidence (high, moderate, low, and very low) and strength of
recommendations (strong or conditional) were determined
using the GRADE approach.”® In addition, an algorithm for
screening and early detection of PH for patients with SSc
and other CTDs exhibiting overlap features of SSc tailored
to the specific conditions of Tirkiye was developed and
approved by all members of the consensus group. Artificial
intelligence—assisted technologies were not used in the pro-
duction of this submitted work.

RESULTS

The literature search identified 7864 publications and 33
articles were included after title, abstract, and full-text
evaluation. Among the included studies, 31 involved only
patients with SSc, whereas 2 studiesincluded asmallnumber
of patients with MCTD, SLE, Sjogren’s syndrome, rheuma-
toid arthritis and undifferentiated CTD (UCTD), in addition
to SSc patients (Supplementary Table 1; article no 10 and 15).
The hemodynamic definitions of PH and PAH, the cutoff val-
ues used for diagnostic methods and the symptom status of
patients varied across the studies.

Echocardiography

Transthoracic echocardiography is one of the most widely
used methods for PH screening in CTDs and is recommended
for annual screening in SSc patients by international PH
guidelines.” Echocardiography can estimate systolic pul-
monary artery pressure (sPAP) using tricuspid regurgita-
tion velocity (TRV) and provides information about other
signs suggesting PH, such as right ventricular enlargement,
increased pulmonary artery diameter, interventricular sep-
tal flattening, reduced right ventricular outflow tract accel-
eration time, and tricuspid annular plane systolic excursion
(TAPSE) (Table 1)." However, a significant limitation of
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echocardiographyisthat TRV is not detectablein all patients
due to inadequate Doppler signal.? In SSc patients, studies
have reported the sensitivity of different cutoff values for
tricuspid gradient (TG) and estimated sPAP in detecting PH,
precapillary PH, or PAH as 47%-100%, with a specificity of
70%-100%.2"%¢ In a study including a heterogeneous group of
patients with CTD, Rajaram et al? found that TG > 40 mm Hg
on echocardiography had a sensitivity of 86%, specificity of
82%, PPV of 91%, and NPV of 72% for detecting PAH.

In early stages of pulmonary vascular disease, patients with
SSc with normal hemodynamic findings at rest may display an
abnormal hemodynamic response in exercise. However, such
a response does not necessarily indicate pulmonary vascular
disease and may also occurin the presence of other conditions
such as LVDD.%2?|n SSc patients with reassuring resting echo-
cardiographic findings, TRV measurement during dobuta-
mine and exercise stress echocardiography showed sensitivity
of 80% and 90% and specificity of 84% and 80%, respectively,
for detecting PAH.?%%" Suzuki et al*? also demonstrated that
exercise echocardiography had superior sensitivity (93% vs.
79%) and specificity (0% vs. 76%) compared to resting echo-
cardiography for detecting PAH in patients with CTDs.

Natriuretic Peptides

Increased myocardial wall stress in PH results in the release
of natriuretic peptides from cardiomyocytes.* Several stud-
ies have investigated the diagnostic, predictive, and prog-
nostic value of increased natriuretic peptides, particularly
in SSc-PAH.** However, serum levels of natriuretic peptides
may remain normal in the early stages of PAH, which limits
their utility for early diagnosis. Additionally, some other fac-
torssuch as age, gender, body weight, and renal function can
affect their serum levels.*® In the reviewed studies, differ-
ent cutoff values for BNP had a sensitivity of 60%-85% and
a specificity of 35%-87% in detecting PH or PAH in patients
with SSc.**3¢ Different cutoff values of serum NT-proBNP
levels were reported to have a sensitivity of 45%-92%, a
specificity of 90%-100%, and a negative predictive value of
56%-93% for detecting PH or PAH in patients with SSc.3¢-*8

Electrocardiography

Common ECG findings associated with PH include right axis
deviation, increased P wave amplitude (P pulmonale), and
right bundle branch block.* Since these changes reflect
advanced disease with increased right ventricular wall
tension and hypertrophy, ECG is often normal in the early
stage of PH. The sensitivity and specificity of different
ECG findings for detecting PH or PAH have been reported
to be between 44%-73% and 67%-97%, respectively3>4°42in
patients with SSc.

Chest X-ray

Enlargementof the pulmonary arteriesandrightheartcham-
bers are chest x-ray findings suggesting PH. Unfortunately,
these findings are often absent in early-stage disease, thus
a normal chest x-ray does not exclude PH.** A study of 49
SSc patients by Ungerer et al*? reported a sensitivity of 25%
for right descending pulmonary artery enlargement, with a
specificity and positive predictive value of 100% in detect-
ing PAH.

33—
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Table 1. Echocardiographic Probability of Pulmonary Hypertension’

Peak Tricuspid Regurgitation
Velocity (m/s)

Presence of Other Echocardiographic
“Pulmonary Hypertension Signs"*

Echocardiographic Probability of
Pulmonary Hypertension

<2.8 orunmeasurable No
<2.8 orunmeasurable Yes
29-3.4 No
29-3.4 Yes
>3.4 Yes/No

Low
Intermediate

High

*Additional echocardiographic signs suggestive of pulmonary hypertension:

The ventricles: RV/LV ventricle basal diameter/area ratio >1.0, flattening of the interventricular septum, TAPSE/sPAP ratio <0.55 mm/mmHg.
Pulmonary artery: RVOT AT <105 ms and/or mid-systolic notching, early diastolic pulmonary regurgitation velocity >2.2 m/s, PA diameter >AR

diameter, PA diameter >25mm.

Inferior vena cava and RA: IVC diameter >21 mm with decreased inspiratory collapse (<50% with a sniff or <20% with quiet inspiration), RA area

(end-systole) >18 cm?.

Pulmonary Function Tests

A disproportionate reduction in carbon monoxide diffus-
ing capacity (DLCO) with a relatively preserved forced vital
capacity (FVC) can be observed in SSc-PAH.** Most SSc
patients have DLCO levels below 60% at the diagnosis of
PAH; however, decrease in DLCO begins several years prior
to diagnosis.***¢In addition, other conditions such asILD may
also lead to decrease in DLCO in patients with SSc, which
limits its specificity for PAH. Sensitivity and specificity of
different cutoff values of DLCO for detecting PH or PAH in
SSc patients ranged from 39%-100% and 86%-100%, respec-
tively.21263842 A sensitivity of 64%-100% and specificity of
32%-96% was reported for the FVC/DLCO ratio in detecting
PH or PAH across the reviewed studies.?32%38 Sivova et al*
suggested that the pulmonary capillary blood volume (Vcap)
component of DLCO had better diagnostic performance
than DLCO and the FVC/DLCO ratio for detecting precapil-
lary PH in SSc patients with ILD; thus, partitioning of DLCO
in this patient group may be beneficial. In another study,
a formula derived using peripheral oxygen saturation and
DLCO showed a sensitivity above 90% in detecting PH in SSc
patients with equivocal findingsin TTE, which indicates PFTs
may be used asacomplementary tool to echocardiography.*®

Chest Computed Tomography

Chest CT findings suggesting the presence of PH include
enlargement of pulmonary arteries and right ventricle,
increased pulmonary artery-to-aorta diameter ratio and
lung perfusion changes.** Condliffe et al* reported that pul-
monary artery-to-aorta diameter ratio (dPa/dAo) >1 and
right ventricle to left ventricle diameter ratio (dRV/dLV) >1
both have sensitivities around 80% for detecting PH in SSc
patients. They also demonstrated that a composite index
incorporating dPa/dAo and dRV/dLV has higher sensitivity
(89%) with a specificity of 89%.2* Another study showed a
sensitivity of 65% and specificity of 67% for increased right
ventricular wall thickness (>3.5 mm) in detecting PAH in
patients with CTDs.?

Cardiac Magnetic Resonance Imaging

Cardiac MRI allows both morphological and functional
assessments of cardiac structures and pulmonary arter-
ies. It provides valuable information for diagnosing PH, risk
stratification, and prognostication.” The advantages of
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cardiac MRI are that it is noninvasive, does not contain ion-
izing radiation, and is highly reproducible. Its limitations
include high cost, limited accessibility, and longer examina-
tion time. Pulmonary artery-to-aorta diameter ratio, ven-
tricular mass index (VMI), pulmonary artery velocity, and
pulmonary artery distensibility are some parameters used
for PAH detection in cardiac MRI.* In a study including SSc
patients, a VMI >0.56 showed 100% sensitivity and 70% spec-
ificity in detecting PH.?® Rajaram et al?’ reported 85% sensi-
tivity and 82% specificity for VMI >0.45 and 80% sensitivity
and 78% specificity for pulmonary artery distensibility <15%
for PAH diagnosis in patients with CTDs. In another study,
Hsu et al® reported a moderate sensitivity (68% and 57%)
and specificity (57% for both) for pulmonary artery diameter
and maximum pulmonary artery velocity in detecting PH in
SSc patients. A case-control study showed that both right
ventricular free wall GLS (RVFW GLS) and right ventricular
ejection fraction (RVEF) measured by cardiac MRI have high
sensitivity (84% and 95%) and specificity (77% and 84%) in
detecting SSc-PAH.*°

6-Minute Walk Test

6-minute walk test (6MWT) is widely used to assess exercise
capacity in patients with PH. However, it may be affected
by other conditions such as ILD, LVDD, and musculoskeletal
involvement in patients with CTDs, limiting its specificity for
PH.5" Gadre et al*?> reported that a DIBOSA (distance walked
in 6 minutes, Borg dyspnea index, and saturation of oxygen
at 6 minutes) score of 0 or 1in 6MWT had a sensitivity of
100% and a specificity of 36.3% for detecting PH in patients
with SSc.

Composite Screening Algorithms

Since individual use of each method has disadvantages,
combinations of different tests such as ECG, echocardiog-
raphy, CT, and pulmonary function tests have been used in
several studies to improve performance in detecting PH.
These studies have reported sensitivity of 87%-100%, with
specificity between 48% and 92% in detecting SSc-PH or
SSc-PAH.%333%5 Gladue et al*®* demonstrated that combin-
ing echocardiographic right ventricular systolic pressure
(RVSP) and pulmonary function test parameters (DLCO and
FVC/DLCO ratio) has better sensitivity and NPV for detect-
ing PAH compared to individual use of each method.
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The prospective, multicenter DETECT study enrolled a SSc
population enriched for PAH (DLCO < 60% and disease dura-
tion > 3 years), and RHC was systematically performed in all
patients.>*® Among participants, 64% were in WHO functional
class | or Il. The study proposed a 2-step algorithm to iden-
tify patients who should undergo RHC. In step 1, the included
parameters were FVC/DLCO ratio, presence of telangiec-
tasia, anti-centromere antibody positivity, serum uric acid
and NT-proBNP levels, and right axis deviation on ECG. Step
2 consisted of 2 echocardiographic parameters: right atrial
area and TRV. The algorithm demonstrated a sensitivity
of 96%, specificity of 48%, PPV of 35%, and NPV of 98% for
detecting PAH. Subsequent single-center studies confirmed
that the DETECT algorithm has higher sensitivity and NPV
than echocardiographic evaluation alone, even in patients
with DLCO > 60%.%%*° However, a recent post-hoc analysis of
the original DETECT cohort revealed a decrease in sensitiv-
ity when the current hemodynamic criteria were applied.®
The high referral (62%) and false-positive rates of the
DETECT algorithm have led to further research to improve
its specificity and PPV. Santaniello et al® showed that adding
cardiopulmonary exercise test (CPET) to the DETECT algo-
rithm improved its specificity (77.8%) and PPV (63%) without
affecting the sensitivity. Similarly, Colalillo et al®> demon-
strated that combining TAPSE/sPAP ratio with the DETECT
algorithm increased the PPV from 31% to 62%.

In a study of 49 SSc patients who underwent RHC, Thakkar
et al¥ proposed the ASIG screening model, which com-
bines NT-proBNP and pulmonary function test results. The
algorithm demonstrated a sensitivity of 94.1%, specific-
ity of 54.5%, PPV of 61.5%, and NPV of 92.3%. This “first-
tier” algorithm suggests that if either of 2 components is
present (DLCO <70% predicted with FVC/DLCO > 1.8 AND/
OR NT-proBNP > 210 pg/mL), the patient should undergo
further evaluation with TTE, high-resolution CT, ventilation-
perfusion (V/Q) scanning, and 6MWT; and RHC should be
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performed in cases suspected of PAH. Further investigation
for PAH is unnecessary in patients where both components
are absent.

InacomparisonoftheDETECT, ASIG,and2009 ESC/ERS algo-
rithms for PAH screening in SSc patients, Hao et al®* reported
that both DETECT and ASIG algorithms had higher sensitiv-
ity (100% for both) than the ESC/ERS (96.3%) algorithm. The
ASIG algorithm had higher specificity (54.5% vs. 35.3%) and
PPV (60% vs. 55.1%) and a lower referral rate compared to the
DETECT algorithm. In another study, Vandecasteele et al®*
compared the DETECT algorithm with the 2009 and 2015
ESC/ERS echocardiographic screening algorithms. All 3algo-
rithms captured all PAH patients, though DETECT had the
highestreferral rate (30%) and lowest PPV (6%). Interestingly,
the DETECT algorithm more frequently recommended RHC
(93%) than the 2009 and 2015 algorithms (29% and 71%,
respectively) in patients with mean pulmonary artery pres-
sure (mMPAP) between 21and 24 mm Hg.

Consensus-based recommendations and algorithm for
screening and early detection of PH in patients with CTD are
illustrated in Table 2 and Figure 1.

DISCUSSION

Review of the literature revealed that various noninvasive
diagnostic methods have been evaluated for detecting PH
or PAH in patients with SSc while data is limited for other
CTDs. Most of the conducted studies included symptom-
atic patients with an increased risk of PH rather than a true
screening population (asymptomatic or mildly symptom-
atic individuals). With the exception of 1 study, most did
not systematically perform RHC, and therefore predictive
values of relevant methods for PAH may not be accurately
determined.

Unfortunately, current methods other than DLCO do not
have the capability to identify patients with PAH prior to the

Table 2. Recommendations for Screening and Early Detection of Pulmonary Hypertension in Patients with Connective Tissue

Disease

Quality of Strength of Agreement
Recommendation Evidence Recommendation (%)
Itisrecommended that all patients with CTDs be evaluated for Low Strong 94
symptoms and signs of PH
Annual echocardiography is suggested for PH screening in patients Low Conditional 94
with SSc (and other CTDs with overlap features of SSc)
Use of the DETECT or ASIG algorithms is suggested for PH screening in Low Conditional 94
asymptomatic patients with SSc (and other CTDs with overlap features
of SSc) with low echocardiographic probability of PH
Use of additional methods, such as natriuretic peptides, pulmonary Low Conditional 94
function tests, cardiac MRI, and CPET is suggested in the evaluation of
symptomatic patients with SSc (and other CTDs with overlap features
of SSc) with low echocardiographic probability of PH
RHC is suggested in patients with SSc (and other CTDs with overlap Very low Conditional 94
features of SSc) with unexplained sypmtoms suggesting
Evaluation for the presence of PH in patients with CTDs without Very low Conditional 94

overlap features of SScis suggested only if symptoms, signs, orimaging

or laboratory findings are suggestive of PH

CTD, connective tissue disease; MRI, magnetic resonance imagigng; PH, pulmonary hypertension; RHC, right heart catheterisation; SSc, systemic

sclerosis.
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’ PH symptoms (+) ‘

l

l

l

TRV 22.9 m/s
OR

TRV 2.8 m/s or

TRV £2.8 m/s or
not measurable
without other echo
PH signs®

not measurable
with other echo PH

signs® l

Consider DETECT or
ASIG algorithms

+ I-

Right heart catheterization® ‘ ‘

Follow-up

2 Intermediate or high probability of PH,  Low probability of PH (see Table 1)
¢Cut off values mentioned in 2022 ESC/ERS PH guidelines can be used

4FVC/DLCO >1.8 with DLCO <70% suggests PH

¢In patients with a high likelihood of non-group 1 PH, the decision to perform right heart catheterization

should be made on an individual basis

’ Echocardiography ‘
TRV 22.9 m/s TRV £2.8 m/s or
not measurable
OR .
without other echo
TRV 2.8 m/s or PH signs®
not measurable
with other echo PH .
X Consider
signs®
Natriuretic peptid levels®
DLCO and FVC/DLCO*
Cardiac MRI*
CPET®
Thorax CT
l Unexplained
Suggests PH
symptor‘ns Does not
suggesting PH suggest PH

Right heart catheterization® ‘

Follow-up

Figure 1. Proposed screening and early detection algorithm for pulmonary hypertension in patients A) with SSc and B) with CTD
with overlap features of SSc (see Table 3) PH, pulmonary hypertension; TRV, tricuspid regurgitation velocity; DLCO, carbon

monoxide diffusing capacity; FVC, forced vital capacity; MRI, magnetic resonance imaging; CPET, cardiopulmonary exercise
testing; ESC, European Society of Cardiology; ERS, European Respiratory Society.

elevation of pulmonary artery pressure. However, as men-
tioned above, DLCO levels begin to decline years before the
diagnosis of PAH, anditis notclear how these patients should
be followed. As aresult, very early diagnosis of PAH does not
seem to be achievable using current methods, underscoring
the need for reliable biomarkers. There are several prom-
ising circulating biomarkers that have shown acceptable
performancein theidentification of CTD-PAH such as asym-
metric dimethylarginine, growth differentiation factor-15,
follistatin-like 3, and midkine; however, they need to be vali-
dated in large patient cohorts before being implemented in
routine clinical practice.®®

Echocardiography is the most commonly used method for
PH screening in patients with CTD and allows for direct esti-
mation of pulmonary artery pressure. Echocardiography can

also identify other conditions such as valvular heart disease
and left ventricular dysfunction, which may contribute to the
development of PH. Most of the composite algorithms uti-
lize echocardiography to determine patients at high risk for
PH or PAH, prior to RHC. In Tirkiye, studies investigating PH
in CTDs have mostly used echocardiography as the diagnos-
tic tool and reported the frequency of PH as 19%, 1.8%-8.2%,
and 23.4% in SSc, SLE, and Sjégren’s syndrome, respectively,
indicating that these patients are at increased risk for the
development of PH.%¢° In a survey conducted among rheu-
matologists in Turkiye, echocardiography was reported as
the most frequently used method for PH screeningin patients
with CTDs. Approximately 80% of respondentsindicated that
echocardiographic evaluation is performed within one month
of ordering at their respective centers.” The fact that the age

Table 3. Features suggestive of systemic sclerosis

Clinical

Laboratory/Imaging

Raynaud's phenomenon
Puffy hands
Sclerodactyly
Esophageal dismotility
Digital ulcers

Renal crisis
Telangiectasia

SSc specific autoantibodies (anti centromere, anti-topoisomerase-1, anti RNA-polimerase-3 etc.)
"Scleroderma-like" nailfold capillaroscopic pattern

— .
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at diagnosis of SSc-PAH is lower in Turkiye than previously
reportedregistriessuggeststhatscreeningmethodsare easily
accessibleinthe Turkish healthcare system.”’Itis believed that
each country needs to define appropriate screening strate-
gies by consideringits unique healthcare resources along with
accessibility and cost of screening methods. In addition, the
preferences of healthcare professionals involved in the rou-
tine care of patients are also of importance. Consequently,
the consensus group developed an algorithm that prioritizes
echocardiography for screening and early detection of PH in
patients with SSc and other CTDs exhibiting overlap features
of SSc, while alsoidentifying circumstances where alternative
screening methods to echocardiography would be appropri-
ate. Although aliterature review on CPET was not performed,
CPET was incorporated into the proposed algorithm. Despite
its complexity and the fact that it can only be performed in a
limited number of centers in Tlrkiye, CPET may provide valu-
able datainidentifying both the presence and underlying eti-
ology of PH in selected patients.”? The suggested algorithm
has been designed for physicians practicing in Turkiye, and its
applicability to other countries may vary based on their regu-
lations and healthcare resources.

The optimal frequency of PAH screening in patients with
CTDs remains uncertain. Some studies suggest that the
identification of SSc patients with very low probability of
PAH based on symptoms, DLCO, and NT-proBNP, may elimi-
nate the need for annual echocardiographic screening in
this population.*® Findings from the Australian scleroderma
study cohort revealed that the majority of patients were
diagnosed with PAH at the initial screening; however, those
diagnosed on subsequent annual screenings had more favor-
able functional capacity and hemodynamic parameters.”®
Considering the high mortality rate of PAH, it is recom-
mended that annual screening for PAH in patients with SSc
and other CTDs with overlap SSc features of SSc, though evi-
dence supporting this strategy is limited.

Due to the time frame used in the literature review, the
included studies mostly used the previous hemodynamic
cutoff values for mPAP and PVR. Recent studies suggest
that the sensitivity of the DETECT algorithm may be lower
in identifying SSc-PAH according to the new haemody-
namic definition.®®’* A prospective study conducted in
Turkiye also demonstrated that the sensitivity of the ESC/
ERS, DETECT, and ASIG algorithms for detecting PAH in
patients with SSc decreased when revised hemodynamic
criteria were applied.®® This underscores the need for
validated diagnostic algorithms tailored to the updated
hemodynamic criteria. Feasibility and benefit of screening
PH is controversial in CTDs other than SSc. Although these
patients are clearly at increased risk of PH development,
data about PH screening is quite limited. Thus, evaluation
of CTD patients without overlap features of SSc for PH is
recommended only if they have symptoms or signs sug-
gesting PH. In patients with CTD exhibiting SSc features,
the same algorithm used for SSc patients can be applied for
the detection of PH.

In conclusion, an updated literature review was provided
along with consensus-based recommendations for screening
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and early diagnosis of PH in CTDs. An algorithm incorporat-
ing patients’ symptom status and different diagnostic meth-
ods was also proposed for clinical use by physiciansin Turkiye.
Future validation of this algorithm in large prospective
patient cohorts would be valuable for evaluating its applica-
bility and effectiveness.
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TERMS USED IN PUBMED SEARCH

1.

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
(BNP or Nt-proBNP)

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
(chest computed tomography OR chest CT)

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
(ECG OR electrocardiogra*)

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
(chest X-ray OR chest plain radiogra* OR chest plain
x-ray)

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR

systemic lupus erythematosus OR SLE OR sjogren) AND
(DLCO OR diffusion capacity)

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
echo*

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
cardiac MRimaging

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
algorithm*

(pulmonary hypertension OR PH) AND (connective tis-
sue disease OR systemic sclerosis OR scleroderma OR
systemic lupus erythematosus OR SLE OR sjogren*) AND
(six minute walk test OR 6MWT OR "6-MWT")
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7864 articles identified through
PubMed search

1920 duplicates removed

5944 articles screened

5911 records excluded after title,
abstract and full-text screening

33 studies included

Supplementary Figure 1. Study flow-diagram.




