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ABSTRACT

Objective. Juvenile systemic sclero-
sis (jSSc) is a rare but severe paediat-
ric rheumatic disease associated with
substantial morbidity. Digital vascu-
lopathy is nearly universal and includes
Raynaud’s phenomenon (RP), digital
ulcers (DU) and critical ischaemia. De-
spite advances in adult systemic sclero-
sis (SSc), progress in jSSc remains limit-
ed. This scoping review aimed to identify
outcome measures used to assess digital
vasculopathy in SSc and jSSc to support
core outcome set development for jSSc.
Methods. A scoping review was con-
ducted following PRISMA-ScR guide-
lines. Medline, Embase, Web of Sci-
ence, and CENTRAL were searched
(1994-2024) for prospective studies
reporting outcomes in digital vascu-
lopathy domains (DU, RP, microvascu-
lar involvement, telangiectasia).
Results. Of 46,002 records, 108 stud-
ies were included; 105 (97.2%) in-
volved adults only. Fifty distinct out-
come measures were identified, includ-
ing 35 clinician-reported outcomes
(ClinROs) and 15 patient-reported
outcomes (PROs). In the DU domain,
12 ClinROs and 5 PROs were identi-
fied, with ClinROs most frequently
used as primary trial endpoints. In RP,
1 ClinRO and 9 PROs were identified;
PROs predominated as primary out-
comes. The microvascular domain in-
cluded 16 ClinROs and no PROs, with
instrumental measures used as primary
endpoints. In telangiectasia, 6 ClinROs
and 1 PRO were identified, rarely used
in trials. Only three studies included

paediatric patients, and no outcome
measures were validated in children.
Conclusion. Outcome measures for
digital vasculopathy in SSc are hetero-
geneous and derived almost entirely
from adult studies, with no paediatric-
specific validation. Transferability of
these measures to children requires
formal evaluation. These findings sup-
port the need for standardised, validat-
ed outcomes for jSSc and inform core
outcome set development.

Introduction

Although rare in childhood, juvenile
systemic sclerosis (jSSc) is among the
most severe paediatric rheumatic diseas-
es with significant morbidity, impaired
quality of life, and mortality (1-4).
Digital vasculopathy is nearly univer-
sal and often the first manifestation,
typically presenting as Raynaud’s
phenomenon (RP), reported in up to
70-90% of paediatric cases (1, 3-6). It
encompasses RP, digital ulcers (DU),
digital pitting scars, nailfold capillary
changes and critical ischaemia, repre-
senting a major source of disease bur-
den (1, 3-6). Recurrent DU cause se-
vere pain, functional impairment, and
reduced quality of life (6, 7). In severe
cases, progression to digital gangrene
and amputation can occur (6, 7). De-
spite advances in adult SSc, includ-
ing targeted therapies for RP and DU,
no such trials have been conducted in
jSSc, partly due to the lack of validated
paediatric outcome measures (7-13).
The Single Hub and Access point for
Paediatric Rheumatology in Europe
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(SHARE) initiative developed con-
sensus-based recommendations for the
management of jSSc based on a litera-
ture review from 2013, focusing exclu-
sively on paediatric studies and exclud-
ing adult SSc data (14). A subsequent
multidisciplinary effort defined 22
outcomes for use in jSSc trials through
consensus meetings. However, these
recommendations are based on litera-
ture that has not been updated through
a recent systematic review (15).

To address these critical gaps, the In-
ternational Juvenile Systemic Sclerosis
Outcome Group (IJOG) was estab-
lished in collaboration with the Child-
hood Arthritis and Rheumatology Re-
search Alliance (CARRA) and the Pae-
diatric Rheumatology European Soci-
ety (PRES). The primary objective of
1IJOG is to develop consensus outcome
measures that are feasible, meaning-
ful, and applicable for evaluating treat-
ment response in jSSc clinical trials
across diverse geographic regions and
patient populations. The overall study
protocol has been published previously
(16). Briefly, the initiative includes a
scoping literature review to identify
outcome measures used across six ma-
jor disease domains in adult and jSSc,
followed by international surveys and
Delphi-based consensus processes to
evaluate the feasibility, relevance, and
prioritisation of candidate measures.
The goal is to establish a standardised
core set of outcome measures for use in
future multinational jSSc clinical trials.
In this manuscript, we present the re-
sults of the digital vasculopathy domain
review, focusing on outcome measures
used to assess digital vasculopathy and
RP in adult and juvenile SSc.

Methods

Scoping review search strategy

The 1IJOG study protocol including the
scoping review strategy has been pre-
viously published (16). In summary,
we followed the Preferred Report-
ing Items for Systematic reviews and
Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) guidelines
(17, 18). The Pubmed, Embase, Web
of Science, and Cochrane Central Reg-
ister of Controlled Trials (CENTRAL)
databases were searched with the as-
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sistance of a librarian from the Albert
Einstein College of Medicine. An ini-
tial search was conducted in June 2021
and covered the literature published in
English, between 1994 and 2021. An
updated search was completed from
June 2021 to November 2024.
References were subsequently import-
ed to Covidence. The screening pro-
cess and identification of relevant stud-
ies was planned in four principal steps:
1) Initial title and abstract screening, 2)
Title and abstract screening by disease
domain, 3) Full text screening by dis-
ease domain, and 4) Inclusion for data
extraction by disease domain. A team
of paediatric rheumatologists complet-
ed these steps with two reviewers at
each step and a third reviewer resolv-
ing any conflicts.

Eligibility criteria

Original peer-reviewed research related
to adult and jSSc reporting outcomes
within predefined disease domains were
included (described in previous publica-
tion) (16). Both adult and juvenile SSc
studies were included because jSSc is
a rare disease with few paediatric clini-
cal trials, making adult SSc literature a
reasonable source of candidate outcome
measures given the shared pathophysi-
ology. Here we focus on digital vascu-
lopathy and RP domains. Eligible stud-
ies were required to be English, pub-
lished from 1994 onwards and have an
available abstract. Both observational
and interventional designs were includ-
ed, with minimum sample size thresh-
olds of 3 paediatric or 10 adult SSc
cases. Studies also had to include with
prospective assessment of an outcome
measure at two or more time points.
Eligibility was further restricted to stud-
ies reporting outcome measures related
to DU, microvascular involvement, RP,
or telangiectasia. Reviews, metanalyses,
case reports, and conference abstracts
were excluded. Outcome measures re-
lated to large vessel disease were also
excluded due to this being extremely
uncommon in jSSc.

Data extraction and analysis

Following guidelines outlined by the
Joanna Briggs Institute (18), members
of the advisory group developed data

extraction forms for the vasculopathy
domain group. An initial Excel spread-
sheet was drafted, encompassing main
variables that addressed the specific
research questions of the scoping re-
view. Subsequently, a virtual meet-
ing was conducted with the remaining
international collaborators to gather
input on the forms and identify other
pertinent variables. Forms were pilot
tested in Covidence by two members
of the group (VM, CP) to assess the
appropriateness of the data being col-
lected. Multiple rounds of beta testing
were conducted to ensure the feasibility
of the forms, considering the extensive
number of studies to be collected. Re-
finements of the forms were undertak-
en, with adjustments to the variables to
accurately reflect the scope of the study,
vascular manifestations, and the overall
level of evidence available.

Data were analysed descriptively to
summarise study characteristics. Out-
come measures were classified based
on U.S. Food and Drug Administra-
tion (FDA) typologies (19): clinician-
reported outcomes (ClinRO; clinical
signs evaluated by a professional),
performance  outcomes  (PerfOM;
standardised tasks administered or per-
formed independently), and patient-
reported outcomes (PRO; self-reported
health status). The quality of evidence
for each included study was classified
according to the Oxford Centre for
Evidence-Based Medicine (OCEBM)
Levels of Evidence framework.

Results

Search results

The study selection process is sum-
marised in Figure 1. The initial search
(1994-2021), previously published
(16), and the updated search (2021-
2024) identified a combined total of
46,002 records. After removal of dupli-
cates, 30,992 records underwent title
and abstract screening. Of these, 3,768
records were screened for the digital
vasculopathy and RP domains, and
443 articles were assessed for full-text
eligibility. Following full-text review,
108 studies met the inclusion criteria
and were included in the final data ex-
traction [Supplemental Table S1, cited
throughout the text as (S1-S108)].
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Study characteristics

The characteristics of the included
studies are provided in Table I, with
two thirds of studies being observation-
al and one third randomised controlled
trials (RCTs). Based on the OCEBM
classification, 39 studies (36.1%) were
level 1b/1b—, 44 (40.7%) were level
2b/2b—, and 25 (23.1%) were level 4.
Most studies included patients with
both diffuse cutaneous (dcSSc) and
limited cutaneous (IcSSc) subtypes.
One hundred and five (97.2%) studies
included only adult patients, whereas 3
studies (2.8%) included both paediatric
and adult patients (S36, S62, S63). The
number of paediatric patients included
was not extractable.

ldentified domains

The four pre-defined domains of digi-
tal vasculopathy were DU, RP, mi-
crovascular, and telangiectasia. These
domains were reported in 72 (66.6%),
51 (47.2%), 42 (38.8%), and 4 (3.7%)
studies, respectively. Several studies in-
cluded more than one domain. Overall,
50 distinct outcomes were identified,
including 35 ClinROs and 15 PROs. Of
the ClinROs, 12 related to DU, 1 to RP,
16 to microvascular, and 6 to telangiec-
tasia. Among the PROs, 5 were related
to DU, 9 to RP, and 1 to telangiectasia,
while no PROs were identified for the
microvascular domain.

Digital ulcers domain

Table II details the most frequently
used outcome measures to assess the
DU domain. DU were assessed in 72
studies, including 37 observational
longitudinal studies, 28 RCTs, and 7
open-label or non-controlled interven-
tional studies (S1, S4, S6-S8,S10,S12,
S15,S16,S18-S23,S25,S26,S30-S38,
S40-S46, S50-S54, S58, S60-S64, S66,
S72-S74, S77-S94, S98, S99, S101,
S104-S106). Overall, 7 outcome meas-
ures have been used as primary out-
comes in interventional drug trials (17
RCTs, and 6 non-controlled interven-
tional studies). Three studies included
children (S36, S62, S63).

The number of new DU since the last
visit, the number of active DU, and the
presence of active DU were the most
frequently used ClinRO measures. The
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Studies from databases/registers (n = 46,002)
Web of Science
Embase
PubMed
CENTRAL

N| Duplicate references removed (n =15,010)

Identification and Initial Screening

Studies excluded (n = 27,224)
Non-English language

Studies screened (n =30,992)

Abstract only
Non-original research

No outcome measure for any of 6 chosen SSc domains

Studies screened by title/abstract (n = 3,768)

Studies excluded due to no digital vasculopathy

—>

outcome (n = 3,325)

Studies excluded (n = 335)

Full text studies assessed for eligibility (n = 443)

Wrong study design (n= 134)
Wrong outcome measure (n= 83)

—

Conference abstract (n= 48)

Screening for digital vasculopathy domain

Outcome not assessed longitudinally (n= 34)
Wrong patient population (n = 12)

Wrong publication type (n = 9)

Wrong setting (n=4)

Wrong comparator (n= 4)

Duplicate (n = 4)

Small sample size (n=3)

Studies included in review (n = 108)

Fig. 1. PRISMA flow diagram.

number of new DU since the last visit
was reported in 28 studies (38.8% of
DU studies) and served as a primary
outcome in 4 interventional trials. The
number of active DU was assessed in
26 studies (36.1%), serving as a pri-
mary outcome in 6 trials. The presence
of active DU was reported in 25 studies
(34.7%) and also served as a primary
endpoint.

Among PROs, DU pain VAS was re-
ported in 20 studies and used as a pri-
mary endpoint in 2 clinical trials. The
SHAQ-derived DU VAS appeared in
4 studies but was never adopted as a
primary outcome. Notably, the Digital
Ulcer Clinical Assessment Score (DU-
CAS), a composite ClinRO recom-
mended for jSSc trials, was not identi-
fied in any included study.

Raynaud’s phenomenon domain

The most frequently used outcome
measures for the RP domain are de-
tailed in Table III. RP-related out-
comes were evaluated in 51 studies:
18 observational longitudinal studies,
28 RCTs, and 5 open-label or non-
controlled interventional trials (S3,
S9, 810, S14,S17-S19, S21, S26, S36,
S38,S40-S42, S46-S48, S50-S52, S54,
S55, S60, S61, S64, S65, S67, S68,
S74, S75, S78, S82-S87, S89-S94,
S100-S103, S105, S108). Overall, six
outcome measures served as primary
outcomes across these interventional
trials (12 RCTs and 5 non-controlled
studies), with one study specifically
including children (S36). The leading
PRO measures identified were the fre-
quency/number of RP attacks, the dura-
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Table I. Characteristics of the included studies

(n=108).

Study type

Number of studies (%)

Observational longitudinal
Randomised controlled trials
Open label studies/non-randomised interventional
Oxford level

1b/1b-

2b/2b-

4

Included populations

Studies including deSSc and 1¢SSc
Studies including dcSSc only
Studies including IcSSc only
Children and adults

Adults only

Children only

Single centre

Multi-centre

61 (56.4%)
39 (36.1%)
8 (74%)

39 (36.1%)
44 (40.7%)
25 (23.1%)

102 (94.4%)
1 (0.9%)
5 (4.6%)
3 (27%)

105 (97.2%)
0 (0%)

72 (66.7%)

36 (33.3%)

dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic sclerosis.

tion of attacks, and the Raynaud’s Con-
dition Score. All three had been used
as a primary outcome in an interven-
tional trial. The frequency/number of
RP attacks was reported in 32 studies
(62.7% of RP studies), serving as a pri-
mary outcome in 9 interventional trials.
Duration of RP attacks was assessed in
29 studies (56.9%), used as a primary
endpoint in 7 trials. The Raynaud’s
Condition Score was reported in 25
studies (49.0%) and served as a prima-
ry outcome in 5 trials. The only ClinRo
identified was the Physician Global

Assessment of RP severity, which was
reported in three studies including
two controlled drug intervention trials
(S46, S74, S84), but never utilised as a
primary outcome.

Microvascular domain

Microvascular involvement was evalu-
ated in 42 studies: 24 observational
longitudinal studies, 14 RCTs, and
four open-label or non-controlled in-
terventional trials (S1, S2, S4, S6, S7,
S9-S13, S16, S18, S22, S24, S25, S27,
S29, S31, S39, S45, S49, S50, S56,

S59, S66, S68-S71, S74, S77-S80,
S90, S93, S95, S97, S101, S102, S104,
S107). Table IV summarises the most
frequently used outcome measures for
the microvascular domain, including
ClinRO measures of peripheral blood
flow and capillaroscopic features. Four
outcome measures were used as pri-
mary outcomes in eight interventional
drug trials (six RCTs). One study in-
cluded children (S63).

The most frequently used ClinRO meas-
ures of peripheral blood flow were La-
ser Doppler Imaging perfusion and cold
challenge thermography, both of which
served as primary outcomes in clinical
trials. Laser Doppler Imaging perfusion
was assessed in 15 studies (35.7% of mi-
crovascular studies) and served as a pri-
mary outcome in 4 trials. Cold challenge
thermography was reported in 8 studies
(19.0%), used as a primary endpoint in 1
trial. For capillaroscopic features, capil-
lary density and change in scleroderma
pattern were the most frequently as-
sessed measures. Capillary density was
evaluated in 10 studies (23.8%), includ-
ing 7 drug intervention studies and four
controlled studies, but was never used
as a primary outcome. Change in scle-
roderma pattern was assessed in 6 stud-
ies; neither capillaroscopic measure was
used as a primary outcome.

Table II. Outcome measures related to digital ulcer domain.

Outcome measure

Type of outcome

n. of studies n. of studies

n. of studies with n. of trials

measure (with children)  with control group intervention using as primary
(comparison with (response to outcome (RCT)
control group) intervention)
New DU since last visit ClinRO 28 (2) 13 (13) 19 (19) 4 (3)
Number of active ulcers ClinRO 26 (1) 12 (12) 22 (22) 6 (3)
Presence of active ulcer ClinRO 25 (0) 8 (8) 17 (17) 1(1)
Change in extent (area or depth) of ulcers ClinRO 9 (0) 2(2) 7 (7) 3(0)
Time to healing ulcers ClinRO 8 (0) 6 (6) 7 (7) 4 (3)
Healing ulcers ClinRO 7 (0) 6 (6) 5(5) 5(5)
Number of healed ulcers ClinRO 6 (1) 303 5() 0 (0)
Change in DU appearance ClinRO 2 (0) 0 (0) 2 (2) 0 (0)
Physicians VAS DU ClinRO 2 (0) 2(2) 2(2) 0 (0)
Net ulcer burden ClinRO 1 (0) 1(1) 1(1) 0 (0)
Acute digital ischaemia ClinRO 2 (0) 1(D) 2 (2) 0 (0)
Amputation ClinRO 1 (0) 1(1) 1 (1) 0 (0)
VAS DU pain PRO 20 (0) 99 17 (17) 2 ()
SHAQ-derived DU VAS PRO 4 (1) 4 (4) 4 (4) 0 (0)
VAS DU global severity PRO 2 (0) 0 (0) 0 (0) 0 (0)
Time to resolution of DU pain PRO 1 (0) 1(1) 1(1) 0 (0)
Ulcer-healed ulcer VAS PRO 1 (1) 0 (0) 1(1) 0 (0)

ClinRO: clinician reported outcome; DU: digital ulcer; PRO: patient reported outcome; RCT: randomised controlled trial; SHAQ: Scleroderma Health As-

sessment Questionnaire; VAS: visual analogue scale.
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Table III. Outcome measures related to Raynaud’s phenomenon domain.

Outcome measure Type of outcome n. of studies n. of studies with  n. of studies with n. of trials
measure (with children) control group intervention using as primary
(comparison with (response to outcome (RCT)
control group) intervention)
Frequency/number of RP attacks PRO 32 (1) 18 (18) 25 (25) 9 (7)
Duration of RP attacks PRO 29 (1) 17 (17) 23 (23) 7(5)
Raynaud’s condition score PRO 25 (0) 17 (17) 20 (20) 5@4)
VAS RP global severity PRO 16 (1) 5(5) 10 (10) 32
VAS RP attack pain PRO 12 (0) 6 (6) 99 2 (1)
SHAQ-derived RP VAS PRO 6 (1) 4 (4) 4 (4) 0 (0)
McCabe cold sensitivity score PRO 2 (0) 1(1) 1(1) 0 (0)
Raynaud’s condition score PRO 2 (0) 0 (0) 2 (2) 2 (0)
Patient global opinion of RP symptoms PRO 1 (0) 1(1) 1(1) 0 (0)
Physician global assessment of RP severity ClinRO 3(0) 2 (2) 2 (2) 0 (0)

ClinRO, clinician reported outcome; PRO, patient reported outcome; RCT, randomised controlled trial; RP, Raynaud’s phenomenon; SHAQ, Scleroderma
Health Assessment Questionnaire VAS, visual analogue scale.

Telangiectasia domain

Telangiectasia was assessed in four
studies, including one observational lon-
gitudinal study, one RCT, and two non-
controlled interventional studies (S5,
S28, S96, S104). Table V summarises
the most frequently used outcome meas-
ures to assess the telangiectasia domain.
Opverall, six ClinROs and one PRO were
identified. Four outcome measures were
used as primary outcomes in interven-
tional drug trials (one RCT). The most
frequently used ClinRO was observer
opinion of telangiectasia, reported in 3
studies (75.0%), including 2 drug inter-
vention studies, but it was never used
as a primary outcome. Appearance as-
sessment by clinical photography was
assessed in 2 studies (50%) and served
as primary outcome in 2 clinical tri-
als. Laser Doppler imaging perfusion,
thermography and telangiectasia count
were each reported in 2 studies (50%)
and each used as primary outcome in
1 study. Dermoscopy was evaluated in
one study but was not used as primary
outcome. Patient opinion was the only
PRO measure identified, reported in
two studies, both involving drug inter-
vention, with one including a control
group (S28, S96). It was assessed us-
ing subjective ratings of telangiectasia
improvement, including a Likert-scale
assessment in one study and a non-val-
idated global assessment of perceived
improvement and treatment preference
in another (S28, S96). Patient opinion
was not used as a primary outcome in
interventional trials. No studies in this
domain included paediatric patients.

Clinical and Experimental Rheumatology 2026

Discussion

This scoping review provides a com-
prehensive overview of outcome meas-
ures used to assess digital vasculopathy
and RP in adults and children with SSc.
Across 108 included studies, 50 dis-
tinct outcome measures were identified
spanning four domains: DU, RP, micro-
vascular involvement, and telangiecta-
sia. The most striking findings are the
considerable heterogeneity of outcome
measures across all domains and the
notable paucity of data in the paediat-
ric population. Despite the key role of
vasculopathy in both adult and jSSc,
currently available measures are largely
derived from adult studies.

DU was the most frequently assessed
domain (72 studies), with ClinROs pre-
dominating. The number of new DU
since the last visit, the number of active
DU, and the presence of active DU were
the most commonly used measures and
each served as primary endpoints in in-
terventional trials. These findings are
consistent with prior recommendations
identifying active DU count as a key
outcome measure for disease activity
assessment in SSc clinical trials (21).
PROs were widely reported but less
often used as primary outcomes. DU
pain VAS was the most frequently used
and the only PRO adopted as a primary
endpoint in interventional drug studies.
In contrast, the SHAQ-derived VAS,
despite being recommended by both
the European Scleroderma Trials and
Research group and the Hamburg con-
sensus for jSSc trials (13, 15), was only
rarely adopted in the literature. The DU-

CAS, a composite ClinRO also recom-
mended for jSSc trials, was not used in
any of the included studies. This likely
reflects both the recency of its prelimi-
nary validation in a cross-sectional de-
sign in 2019 (22) and the exclusion of
studies without longitudinal assessment
from our scoping review, underscoring
the gap between consensus recommen-
dations and actual adoption in clini-
cal research. The World Scleroderma
Foundation Digital Ulcer Ad Hoc Com-
mittee recently published points to con-
sider for standardised DU reporting in
interventional studies, identifying sev-
en essential domains including uniform
DU definitions, standardised outcome
measures, and harmonised wound care
protocols (23). Adoption of such frame-
works may help reduce the heterogene-
ity identified in this review and improve
cross-trial comparability.

In contrast to the DU domain, RP as-
sessment relied predominantly on PRO
measures. Frequency and duration of
attacks, together with the Raynaud’s
Condition Score were the most used
outcome measures and were frequent-
ly adopted as primary endpoints. This
measure has established minimally im-
portant difference (MID) thresholds of
14-15 points on a 0—100 scale and a pa-
tient acceptable symptom state (PASS)
of 34 points, providing anchors for in-
terpreting treatment effects in clinical
trials (24). However, RP global sever-
ity VAS, RP pain VAS, and the SHAQ-
derived RP VAS were less commonly
used, particularly as primary outcomes
in clinical trials. Although SHAQ-de-
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Table I'V. Outcome measures related to microvascular domain.

Outcome measure Type of outcome n. of studies n. of studies with  n. of studies with n. of trials
measure (with children) control group intervention using as primary
(comparison with (response to outcome (RCT)
control group) intervention)
Peripheral blood flow
Laser Doppler Imaging perfusion ClinRO 15 (0) 7 (7) 13 (13) 4 (3)
Cold challenge thermography ClinRO 8 (0) 6 (6) 6 (6) 1(1)
Finger temperature after cold challenge ClinRO 5 (0) 4 (4) 5 (5) 2 (2)
Baseline Thermography ClinRO 3 (0) 1 (1) 2 (2) 0 (0)
Flow mediated dilatation ClinRO 2 (1) 0 () 1 (1) 0 (0)
“mtechnetium tetrofosmin scintigraphy ClinRO 1 (0) 1 (1) 1 (1) 0 (0)
Skin post-occlusive reactive hyperaemia test ClinRO 1 (0) 1 (1) 1 (1) 1 (0)
Transcutaneous oxygen tension ClinRO 1 (0) 1 (1) 1 (1) 0 (0)
Capillaroscopy
Capillary density ClinRO 10 (0) 4 (4) 7 (7) 0 (0)
Capillary dimension ClinRO 4 (0) 2 (2) 3 (3) 0 (0)
Capillary morphology ClinRO 5 (0) 2 (2) 3(2) 0 (0)
Microhaemorrhages ClinRO 5 (0) 2 (0) 2 () 0 (0)
Change of scleroderma pattern ClinRO 6 (1) 1 (0) 1 (0) 0 (0)
Capillaroscopic skin ulcer risk index ClinRO 3 (0) 0 (0) 0 (0) 0 (0)
Microangiopathy evolution score ClinRO 2 (1) 0 (0) 0 (0) 0 (0)
NEMO score ClinRO 1 (0) 0 (0) 0 (0) 0 (0)

ClinRO: clinician reported outcome; NEMO score: number of extravasated micro-haemorrhages and micro-thromboses; RCT: randomised controlled trial.

Table V. Outcome related to telangiectasia domain.

Outcome measure

Type of outcome

n. of studies

n. of studies with

n. of studies with n. of trials

measure (studies with control group intervention using as primary
children) (comparison with (response to outcome (RCT)
control group) intervention)

Observer opinion ClinRO 3 (0) 1(1) 2 (2) 0 (0)
Appearance assessment by clinical photography ClinRO 2 (0) 1(D) 2(2) 2(1)
Perfusion measured by laser Doppler imaging ClinRO 2 (0) 1() 2 (2) 1(0)
Thermography ClinRO 2 (0) 1(1) 2(2) 1 (0)
N° of telangiectasia ClinRO 2 (0) 1() 2 (2) 1 (0)
Dermoscopy ClinRO 1 (0) 1(1) 1(1) 0 (0)
Patient opinion PRO 2 (0) 1 (1) 2 (2) 0 (0)

ClinRO: clinician reported outcome; PRO: patient reported outcome; RCT: randomised controlled trial.

rived RP VAS has been validated as an
outcome measure to assess digital vas-
culopathy and has been recommended
for jSSc trials (10, 12), its limited
adoption in the literature raises ques-
tions about its perceived utility among
investigators. The OMERACT Vascu-
lar Disease in SSc Working Group has
similarly identified broad variability
in RP outcome domains across studies
and is working to establish a core set of
disease domains (21, 25). Additionally,
the Assessment of Systemic Sclerosis-
Associated Raynaud’s Phenomenon
(ASRAP) questionnaire, a recently de-
veloped PRO grounded in the lived pa-
tient experience of SSc-RP, has under-
gone psychometric calibration and may
offer a more comprehensive assessment
of RP burden than traditional diary-
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based approaches (26). Its potential ap-
plicability to the paediatric population
warrants further investigation. The only
ClinRO identified for RP was the Physi-
cian Global Assessment of RP severity,
reported in three studies but never used
as a primary outcome, highlighting the
inherent challenge of clinician-based
assessment of a symptom that is epi-
sodic and largely patient-experienced.

Microvascular involvement was mainly
evaluated through objective techniques
assessing peripheral blood flow and
capillaroscopic features. Laser Doppler
Imaging and cold challenge thermog-
raphy were the most used measures of
peripheral blood flow, and both served
as primary outcomes in clinical trials.
For capillaroscopic measures, capillary
density was evaluated in 10 studies, in-

cluding seven drug intervention studies,
yet was never used as a primary end-
point. This relatively high frequency
use despite non-adoption as a primary
outcome suggests that the field rec-
ognises pathophysiological relevance
of capillaroscopy measures but lacks
sufficient validation to support their
use as primary endpoints. This is con-
sistent with current recommendations
and likely reflects concerns regarding
standardisation, feasibility, and opera-
tor dependency.

Telangiectasia was poorly represented,
with only four studies and no standard-
ised outcome measures, highlighting a
largely neglected domain.

A major finding of this review is the
heterogeneity of outcome measures
across all domains. This variability may
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contribute to inconsistent findings in
clinical trials. An imbalance between
outcome types was observed: DU meas-
ures were mainly clinician-reported, RP
measures largely patient-reported, and
microvascular involvement assessed
using instrumental techniques. This
limited integration across domains may
hinder comprehensive evaluation of dis-
ease activity and treatment response.
The most critical finding of this review
is the near-complete absence of paedi-
atric data. Only three studies included
children across 108 longitudinal and in-
terventional records, and none reported
paediatric-specific subgroup analyses.
No outcome measures were specifi-
cally developed or validated for jSSc.
This highlights a significant gap, as out-
come measures derived from adult SSc
are currently applied to children with-
out adequate validation or adaptation,
which may impact the design, feasibil-
ity, and interpretability of clinical trials
in this rare population.

Despite this, several measures used in
adult SSc may be transferable to chil-
dren, although this assumption has not
been formally tested. ClinROs com-
monly used for DU assessment, such as
active DU count and new DU count, are
based on clinical observation and may
perform comparably in jSSc. Similarly,
simple PROs such as VAS are widely
accepted in paediatric rheumatology
and have demonstrated feasibility in
jSSc (4, 27). The Childhood Health
Assessment Questionnaire (CHAQ), a
validated paediatric tool, may also fa-
cilitate alignment with HAQ compo-
nents of the SHAQ in studies spanning
age groups. Performance of SHAQ-de-
rived measures in jSSc warrants further
evaluation and represents an important
research priority.

Previous consensus efforts in jSSc have
emphasised the importance of using
standardised outcome measures where
available (15). In this context, the DU-
CAS score has been proposed as a Clin-
RO for digital vasculopathy, alongside
the SHAQ as a PRO. Notably, key com-
ponents of DUCAS-such as the number
of and new DU-were among the most
frequently reported outcomes in this
review. For RP, while the Raynaud’s
Condition Score has been considered,
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simpler measures such as the SHAQ-
derived RP VAS may be preferable in
children due to lower reporting burden,
though their limited adoption in the
adult literature warrants consideration.
Several limitations should be acknowl-
edged. First, this scoping review was
restricted to English-language publica-
tions, which may have excluded rel-
evant studies published in other lan-
guages. Second, conference abstracts
were excluded, potentially omitting
emerging paediatric data that have not
yet been published in full. Third, as a
scoping review, the methodology pri-
oritises breadth over depth and does
not include formal risk-of-bias assess-
ment or quality appraisal of individual
studies, which limits the ability to draw
conclusions about the comparative va-
lidity of specific outcome measures.
Fourth, studies were required to report
outcome measures assessed at two or
more time points, as the primary aim
was to identify measures capable of
capturing disease progression or treat-
ment response over time, a prerequisite
for utility in clinical trials. This crite-
rion may have excluded cross-sectional
studies reporting potentially relevant
outcome measures that have not yet
been evaluated longitudinally. Finally,
some outcome measures used in clini-
cal practice may not appear in the pub-
lished literature, meaning the findings
described here may not fully reflect
current clinical use, and the frequency
with which measures were identified
may instead reflect publication and re-
porting practices rather than their true
validity, utility, or adoption in practice.
This work represents Phase 1 of the
IJOG project. Subsequent phases will
evaluate these outcomes through in-
ternational surveys and Delphi-based
consensus meetings, prioritising can-
didate measures based on feasibility,
accessibility, and applicability across
clinical settings rather than solely on
whether a measure was used in paedi-
atric-inclusive studies. The heterogene-
ity and inconsistent application of out-
come measures for digital vasculopathy
in SSc, particularly in children, under-
score the urgent need for standardisa-
tion and validation. These findings pro-
vide a foundation for the development

of a core outcome set within the IJOG
initiative and highlight the critical im-
portance of including paediatric-specif-
ic validation in future efforts.
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