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ARTICLE INFO ABSTRACT

Keywords: Background: Raynaud’s phenomenon (RP) is a cardinal feature of SSc and is associated with significant disease-
Systemic sclerosis related morbidity that impacts on quality of life. The assessment of SSc-RP is challenging. The aim of this scoping
Sclerodel:ma review was to evaluate the outcome domains studied and outcome measures used in clinical studies of SSc-RP.
l;i}gj:iss phenomenon Methods: Embase, MEDLINE, and the Cochrane Central Register of Controlled Trials were used to identify ran-
Clinical trials domized control trials (RCTs), quasi-randomized studies, case-control studies, prospective and retrospective
OMERACT cohort studies, case series, and cross-sectional studies of adult participants with SSc-associated RP, written in
English. A minimum of 25 participants for studies of imaging modalities and 40 participants for questionnaire-
based studies was required for inclusion. Basic laboratory and genetic studies were excluded. No limitations were
imposed based on intervention, comparator, or study setting. Study characteristics and primary and secondary
target domains in each study were recorded.
Results: 58 studies (24 randomized clinical trials) were included in the final analysis. The commonest domains
captured were severity of attacks (n=35), frequency of attacks (n=28), and duration of attacks (n=19). Objective
assessments of digital perfusion were also commonly used in studies of SSc-RP.
Conclusion: The outcome domains and the associated outcomes used to assess the impact of SSc-RP in research
studies are broad and have varied across studies. The results of this study will inform the OMERACT Vascular
Disease in Systemic Sclerosis Working Group to establish a core set of disease domains encompassing the impact
of RP in SSc.
Introduction Clinically, RP is a symptom complex which presents as intermittent

episodes of digital ischemia (color change including cyanosis, pallor and

Systemic sclerosis (SSc) is a chronic disease characterized by vas-
culopathy, inflammation, and fibrosis. Raynaud’s phenomenon (RP)
affects >96% of those with SSc and is associated with significant impact
on daily activities. [1,2] Results from a Canadian National Survey
demonstrated that 78% of patients with SSc rated the impact of RP on
daily activities as at least “moderate”.[3]
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erythema) and is often associated with other symptoms (e.g. pain and
paraesthesias). These episodes are typically exacerbated by exposure to
cold .[4] Patients with SSc exhibit a spectrum of digital vasculopathy
ranging from reversible attacks of RP to permanent tissue damage (i.e.
digital ulcers and gangrene). Although the pathogenesis of RP remains
largely unknown, a combination of endothelial damage, structural
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vascular remodeling, intravascular occlusion, neural control of vascular
tone, and imbalances of circulating vasoactive factors has been
described.[5]

Assessing symptoms related to SSc-RP in the context of clinical trials
is challenging.[6,7] The episodic nature renders clinician assessment of
RP problematic. Microvascular imaging methods, whilst useful for
objectively quantifying digital perfusion, do not allow capture of the
impact of SSc-RP on how patients feel and function. Patient-reported
outcome (PRO) instruments are better placed for capturing the unique
patient experience of RP. To date, PRO instruments for assessing SSc-RP
have primarily focused on diary-based capture of the frequency and
duration of attacks of RP. These may be susceptible to placebo response
with a global assessment of SSc-RP severity and impact assessed using
single-item scales such as the Raynaud’s Condition Score [8-10].

The Outcome Measures in Rheumatology (OMERACT) collaboration
works to improve harmonization of outcome domain collection for
rheumatologic conditions. [11,12] Understanding and defining the
essential outcome domains is a crucial step in the development of a core
set of outcome measures specific to any disease. The focus of this scoping
review is to evaluate the concepts, core areas and domains for outcome
measurement of digital vasculopathy when evaluated in clinical studies
of SSc-RP, with the range of instruments used to capture these domains
also appraised.

Methods

Working group

The scoping review was conducted by the OMERACT Vascular Dis-
ease in Systemic Sclerosis Working Group which consists of 6 clinicians
with an interest in SSc-RP, 1 methodologist, and 2 patient research
partners. [13] This project adhered to the OMERACT domain selection
process. [12,14,15]

Search strategy

A literature search strategy was developed and adapted for use in the
following databases: EMBASE (OVID interface, 1947 onwards), MED-
LINE (OVID interface, 1947 onwards), and Cochrane Central Register of
Controlled Trials (OVID interface, 1947 onwards). These databases were
searched for studies pertaining to participants with a clinical diagnosis
of SSc-associated RP with no limitation by classification criteria used
(given the various iterations in classification criteria for SSc utilized over
the study period).

Eligibility criteria

There was no limitation by intervention, comparator, or study
setting. To be included in the review, studies need to be a randomized
control trial (RCT), quasi-randomized study, case-control study, cohort
study (prospective and retrospective), case series, or cross-sectional
study and written in English. Due to the anticipated high number of
studies examining SSc-RP, this review was limited to studies with a
minimum of 25 participants for studies of imaging modalities or 40
participants for questionnaire-based studies. Basic laboratory, genetic,
or pre-clinical studies, and articles only available in abstract form were
excluded.

Data extraction

Literature review sources were uploaded to a citation management
software program (Covidence) and duplicates deleted. Two review au-
thors (NM, MH) completed independent and duplicate screening for
title/abstract and full text articles according to the inclusion criteria
delineated above. Disagreements were resolved through consensus be-
tween the screening authors. Standardized data extraction forms were
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developed and approved by all study authors. These forms were inde-
pendently piloted by the review authors by extracting pertinent data for
the first ten studies deemed eligible for inclusion. The remainder of data
extraction was performed by one review author (NM).

Data analysis and interpretation

Data were extracted regarding study characteristics, including study
design, sample size, intervention characteristics, and participant de-
mographics. All primary and secondary outcomes measured, and asso-
ciated instruments used in the included studies, were recorded. All
review authors participated in identifying overarching outcome
domains.

Results
Study selection

The electronic search strategy identified 4899 records after removal
of duplicates, of which 146 were deemed potentially eligible and
screened for inclusion (Fig. 1). Of the 146 records, 88 were excluded,
mainly due to insufficient sample size (n=23 studies),full text not
available (n=17), or being conference abstracts only (n=14 studies).
Fifty-eight studies were included in the final data synthesis.

Study characteristics

Study characteristics for all included studies are delineated in
Table 1. The studies were conducted between 1982 and 2019, with 23
studies published after 2010. The interventions included intravenous
drug therapies (n=13), oral therapies (n= 13) and topical or injectable
treatments (n=5). Sample sizes for the included studies ranged between
14 and 281 participants. Twenty-four studies were RCTs, of which 19
were placebo-controlled.

The outcome domains, and instruments to evaluate SSc-RP ascer-
tained are listed in Table 2. Three overarching domains were ultimately
identified: Raynaud’s phenomenon: clinical features and severity, Ray-
naud’s phenomenon: impact on function and quality of life, and special tests.
Associated instruments used to assess these domains are presented in
Supplementary Table 1.

Raynaud’s phenomenon: clinical features and severity

The majority of studies assessed the severity of attacks of RP (n=35).
Frequency of attacks and duration of attacks (number of attacks and
their duration as determined by the participant) were measured in 28
and 19 studies, respectively. Pain was evaluated in 9 studies and
physician global assessment of RP was gauged in 5 studies. A minority of
studies assessed other patient experiences of SSc-RP including numbness
(n=2), cold sensitivity (n=2), patient global assessment (n=1), tingling
(n=1), and color changes (n=1).

Raynaud’s phenomenon: impact on function and quality of life

The impact of RP on function was measured in 11 studies. Impor-
tantly, health-related quality of life was assessed in only one included
study (Table 2).

Special tests

Objective measures of digital perfusion were assessed in 44 studies
with thermography (n=16), laser Doppler imaging (n=15) and video-
capillaroscopy (n=14) being the most common modalities employed.
Serum biomarkers (n=13) were assessed in 6 studies.
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram detailing the search and study selection process.

Discussion

This scoping review identified outcome domains captured in the
study of SSc-RP. The results were synthesized and summarized in three
overarching domains: Raynaud’s phenomenon: clinical features and
severity, Raynaud’s phenomenon: impact on function and quality of life, and
special tests. There has been significant heterogeneity among the target
domains used to date.

Interestingly, the more commonly reported outcome domains for
SSc-RP in the included studies were overall impact and severity of RP
(n=35), frequency of attacks (n=28), and duration of attacks (n=19).
Although these outcomes may appear relatively intuitive, a broad range
of instruments were employed to define them which, among other
limitations, creates difficulty in comparing results between studies.
Diary-based approaches to recording SSc-RP attack characteristics are
unable to capture external factors that contribute to SSc-RP symptom
worsening and the significant efforts taken by patients to avoid SSc-RP
symptom worsening and/or ameliorate symptoms [16]. Symptoms of
SSc-RP also appear to evolve over the course of the disease and not all
patients identify with the concept of RP attacks .[16,17,18] Moreover,
SSc-RP attack symptom diaries do not specifically capture other poten-
tially important aspects of SSc-RP symptomatology such as pain, sensory
symptoms, impact on function, emotional distress, social participation,
and health-related quality of life [4,17]. Impact on function was only

assessed in a minority of studies identified in this review (n=11). Only 9
studies addressed the importance of pain, which is paramount to the
patient experience of SSc-RP. Similarly, sensory symptoms have not
been regularly assessed in studies of SSc-RP. [4,17] If these results
reflect a perception among investigators that such experiences of SSc-RP
are of less importance, then this would appear to be at odds with studies
exploring the patient experience of SSc-RP. [17] A number of additional
potentially important domains of SSc-RP were not identified in the
present review as they have not been traditionally captured in studies
and trials of SSc-RP. This does not negate the importance of these do-
mains from a patient perspective. A pertinent example is the ‘emotional
impact’ of SSc-RP which includes feelings of helplessness, anger, frus-
tration, and embarrassment that have been identified as important to the
patient experience. [4] This is also the case with adaptation and other
self-management approaches which were not routinely captured in
studies assessing severity of SSc-RP.

A variety of special tests predominantly assessing digital perfusion (n
(studies) =44) have been utilized in studies to gage severity of SSc-RP.
Although these imaging modalities have been applied in clinical trials,
they have not been sufficiently validated for use as surrogate measures
in clinical trials of SSc-RP. [19,20] There have been many recent ad-
vances in these methods, collectively they are becoming more widely
available, and validation studies are ongoing.[21] A few studies
measured a variety of serum biomarkers (n=6) but additional studies are
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Table 1
Characteristics of Studies of Raynaud’s Phenomenon.

Seminars in Arthritis and Rheumatism 61 (2023) 152208

First author Date of publication RCT (Y/N) Intervention Comparator Sample size
Intervention Comparator

Dowd [22] 1982 N Iloprost 25

Mohrland [23] 1985 Y Prostaglandin Placebo 16 15

Hawkins [24] 1986 Y Nifedipine Placebo 25*

McHugh [25] 1988 Y Iloprost Placebo 24*

Wigley [26] 1990 N 21 29

Torley [27] 1991 Y Low-dose Iloprost High-dose iloprost 28 27

O’Reilly [28] 1992 N 20

Wigley [29] 1992 Y Tloprost Placebo 35

TerBorg [30] 1994 N 22

Wigley [31] 1994 Y Tloprost infusion Placebo 64 67

Belch [32] 1995 Y Iloprost Placebo 32 31

Black [33] 1998 Y Tloprost Placebo 33 35

Wigley [34] 1998 Y Iloprost Placebo 157 151

Clark [35] 1999 N 33

Dziadzio [36] 1999 Y Losartan Nifedipine 14 13

Herrick [37] 2000 Y Antioxidants / Allopurinol Placebo 33+

Coleiro [38] 2001 N Fluoxetine Nifedipine 27

Gardinali [39] 2001 N Prostaglandin 24

Scorza [40] 2001 Y Tloprost Nifedipine

Merkel [41] 2002 N 281

Pucinelli [42] 2002 N 30

Clark [43] 2003 N 33

Foerster [44] 2005 N Infrared-mediated hyperthermia 58

Salsano [45] 2005 N N-acetylcysteine 26

Anderson [46] 2006 N 45

Foerster [47] 2006 N 38

Milio [48] 2006 Y Iloprost Iloprost (with dose adjustment) 30 30

Foerster [49] 2007 N 46

Gliddon [50] 2007 Y Quinapril Placebo 91 95

Abou-Raya [51] 2008 Y Atorvastatin Placebo 56 28

Kawald [52] 2008 Y High-dose Iloprost Low-dose Iloprost 25 25

Chung [53] 2009 Y Nitroglycerine Placebo 67 64

Rosato [54] 2009 N N-acetylcysteine 50

Rosato [55] 2009 N 142

Schiopu [56] 2009 Y Tadalafil Placebo 39%

Correa [57] 2010 N 44

Cutolo [58] 2010 N Tloprost 34

Rosato [59] 2010 N 105

Shenoy [60] 2010 Y Tadalafil Placebo 23*

Herrick [61] 2011 Y Sildenafil Placebo 30 27

Pauling [62] 2011 N 28

Rosato [63] 2011 N 100

Rosato [64] 2011 N 40

Hummers [65] 2013 Y Nitroglycerine gel Placebo 24*

Pauling [66] 2015 N 25

Bellando-R. [67] 2016 N Bosentan, Sildenafil 123

Pavlov-D. [68] 2016 N 25

Bello [69] 2017 Y Botulinum toxin Placebo 40 40

Denton [70] 2017 Y Selexipag Placebo 36 38

Dinsdale [71] 2017 N 26

Motegi [72] 2017 Y Botulinum toxin Placebo 37 8

Wilkinson [73] 2018 N 159

Dhaliwal [74] 2019 N Botulinum toxin 40

Frech [75] 2019 N 34

Pauling [76] 2019 N 94

Pauling [77] 2019 N 94

Ruaro [78] 2019 N Aminaphtone Placebo 35

Ruaro [79] 2019 N 68

* .
Cross-over design

needed to define the role and validate circulating biomarkers in the
evaluation of SSc-RP.

A major strength of this scoping review was the use of a broad search
strategy which encompassed a variety of study types and settings, and
was applied in multiple databases. One limitation is that the inclusion
criteria restricted studies by language and sample size, which could have
led to either underestimation or overestimation of the relative use of
certain outcome domains. The sample size threshold may also have
limited inclusion of qualitative studies examining the patient experience
of SSc-RP, although such work was still considered as part of the broader
appraisal of outcome domains in the study of SSc-RP. Additionally,

fewer than half the included studies were RCTs (n=24), and assessment
of study quality was beyond the scope of this review.

This scoping review serves to highlight the broad-spectrum of rele-
vant outcome domains in the study of SSc-RP. Next steps include further
input from both patients, physicians, and other stakeholders, and
achieving consensus on a core disease domain set as per the OMERACT
framework.

Conclusion

In summary, this scoping review highlights the wide range of
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Table 2
Broad Domains and Target Domains used in Clinical Research Studying Ray-
naud’s Phenomenon in Systemic Sclerosis.

Broad Domain Target Domain (number of studies)

Raynaud’s phenomenon: Clinical
features and severity

Severity and impact of attacks of
Raynaud’s phenomenon (35)
Frequency of attacks of Raynaud’s
phenomenon (28)

Duration of attacks (19)

Pain (9)

Physician global assessment (5)
Numbness (2)

Cold sensitivity (2)

Patient global assessment (1)
Tingling (1)

Color changes (1)

Function (11)
Health-related quality of life (1)

Raynaud’s phenomenon: Impact on
function and quality of life

Raynaud’s phenomenon: Special tests Objective assessment of digital perfusion
(44)

Serum biomarkers (6)

outcome domains used for the assessment of SSc-RP. These results will
inform the OMERACT Vascular Disease in Systemic Sclerosis Working
Group in the development of a core set of disease domains encompassing
the impact of RP in SSc.
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