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Abstract
Introduction: Digital ulcers (DUs) stand out as one of the most prevalent and clinically meaningful manifestations 
of systemic sclerosis (SSc) and are associated with significant morbidity. While systemic (pharmacological) therapy is 
currently established as the ‘standard of care’, effective local ulcer management remains crucial for all cases of DUs. This 
is particularly true for patients who cannot tolerate systemic treatments or in the case of refractory SSc-DUs. On this 
background, there is a pressing demand for the formulation of evidence-based guidelines to assist clinicians and patients 
in navigating the local treatment options for DUs.
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Methods: A steering committee of international experts was established by the World Scleorderma Foundation (WSF) 
Digital Ulcer (DU) ad hoc committee. Two systematic literature reviews on local non-surgical and surgical treatments 
for the management of SSc-DUs were performed to inform the development of local treatment recommendations for 
SSc-DUs. Consensus methodology was used to develop the final treatment recommendations.
Results: Six overarching treatment principles and eight local treatment recommendations (five non-surgical and three 
surgical) were agreed upon for the management of SSc-DU. Among topical non-surgical options, botulin toxin can be 
conditionally recommended for refractory and/or severe DUs. Among surgical treatments, autologous adipose tissue 
grafting might be recommended for DU healing when combined with background systemic treatments.
Conclusion: These recommendations are specifically tailored to guide treatment decisions concerning both local 
and non-pharmacological approaches to managing SSc-related DUs. Our work has highlighted a notable quality gap in 
comparison to systemic treatments, underscoring the scarcity of high-quality studies concerning this topic.
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Introduction

Systemic sclerosis (SSc) is a rare complex systemic auto-
immune disease characterized by vasculopathy, fibrosis of 
the skin and internal organs, and abnormal immune system 
activation.1 In SSc, digital ulcers (DUs) are a severe com-
mon complication of vasculopathy, often occurring early 
in the disease course, affecting up to 50% of patients.2,3 
DUs can cause substantial pain, disability, including work 
disability, with a considerable impact on patients’ quality 
of life.4 Moreover, DUs are associated with a worse prog-
nosis and are also a significant cause of morbidity for SSc 
patients.5,6

While local wound care is a fundamental aspect of 
managing DUs, specific recommendations for SSc patients 
are currently lacking.7,8 In clinical practice, the use of the 
‘TIME’ (tissue management, infection and inflammation, 
moisture balance, and wound edge and epidermal advance-
ment) methodology has been developed for the local man-
agement of generic wounds and can be systematically 
applied to identify crucial factors for optimal wound 
(ulcer) bed management.9 However, to date, in the absence 
of specific recommendations for the local management of 
SSc-DUs, the use of systemic (pharmacological) therapies 
is currently considered the ‘standard of care’. Therefore, 
there is a high clinical need for developing local strategies 
specifically for SSc-DU management for two main pur-
poses. First, this management approach can synergize with 
systemic treatments for refractory DUs; in addition, local 
treatment may be sufficient in patients with sporadic DUs 
or DUs without complications. Second, local management 
may be the only treatment strategy available for patients 
who do not tolerate systemic pharmacological therapies.

Against this background and recognizing the urgent 
need for guidance on the local management of SSc-DUs, 
the aim of the World Scleroderma Foundation DU ad hoc 
committee was to formulate practical recommendations, 

supported by current clinical evidence and expert opinion. 
These recommendations may provide a pragmatic and 
standardized approach to the local management of 
SSc-DU.

Methods

Research participants

A project steering committee of internationally recognized 
experts in the field of SSc (MH, YAS, CPD, OD, TF, DEF, 
DK, TK, MK, MM-C and JP) was established to determine 
the overarching research goals and select research ques-
tions to support the recommendations. A dedicated local 
treatment working group (CC, YAS, DG and PM) was 
established to perform two systematic literature reviews 
(SLRs) on the local non-surgical and surgical treatments 
for SSc-DU and was responsible for the summary and 
presentation of results to the steering committee. 
Methodological guidance and development of the final 
search strategy for the SLRs was provided by an expert 
methodologist (AA) and senior medical librarian (JWS). 
There was no external involvement of third parties in the 
process (including financial support) of developing these 
recommendations. The overarching principles were agreed 
upon among all members of the steering committee on the 
basis of the available literature on the management of DUs 
in SSc patients.7

Systematic literature reviews

The steering committee reached consensus that the litera-
ture search informing local DU treatment guidelines 
should consider the following questions:

1. What is the role of DU assessment in the approach 
to local management?
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2. What is the efficacy of local treatment for SSc-DU?
3. What is the safety of local treatment for SSc-DU?
4. What local treatment protocols, including debride-

ment, are being used?
5. What is the role for combining local with systemic 

(pharmacological) treatment for DU?
6. What are the financial costs of DU in SSc? 

Specifically, are there cost-savings associated with 
local treatment for DU?

Two dedicated SLRs,10,11 undertaken with the project 
methodologist and librarian (AA, JWS), were performed 
according to the patient, intervention, comparison, out-
come (PICO) model. PubMed, MEDLINE (OVID), 
Embase (OVID), Web of Science, Cochrane Library, 
Emcare (OVID) and Academic Search Premier data-
bases were searched from inception to August 2022. 
Study titles and abstracts were screened, and then rele-
vant data were extracted after full-text review by two 
study authors (CC, YAS), supervised by the working 
group leaders (DG, PM). The risk-of-bias (RoB) assess-
ment was performed independently by two authors (CC, 
YAS). For randomized trials (RTs), the Cochrane RoB 
tool12 was used, whereas the ROBINS-I13 was applied to 
observational (OBS) cohort studies. All disagreements 
were resolved by consensus.

Recommendations

A summary of evidence and outcomes was developed 
by CC and YAS. Using these results, a set of draft treat-
ment recommendations was prepared. The draft recom-
mendations were presented to the steering committee 
and discussed at an online consensus meeting. A final 
draft of systemic treatment recommendations, that 
incorporated the feedback from the consensus meeting, 
was distributed and discussed via email for final 
approval from the steering committee members. All rec-
ommendations were supported unanimously by the 
steering committee. As most of the studies would focus 
on DUs of ischemic nature10,11 our set of recommenda-
tions will apply mostly for this specific subset of DUs; 
however, we cannot rule out that some of these local 
treatments might be beneficial also for DUs of different 
natures.

Results

This study yielded six overarching treatment principles 
(Table 1) and eight treatment recommendations (Table 2) 
for the local surgical (three recommendations) and non-
surgical management (five recommendations) of SSc-DU 
(see Figure 1). The final recommendations were grouped 

together as ‘local non-surgical treatments’ and ‘surgical 
treatments and other approaches’ for SSc-DU.

Local non-surgical treatments

1. Botulin toxin might be beneficial in DU healing 
(level of evidence (LoE) 3/4, expert opinion):

The use of botulin (‘botulinum’) toxin for SSc-DUs 
was reported in five observational studies.14–18 The use 
of botulin toxin ‘A’ was most commonly described. The 
injection procedure was associated with a good degree 
of efficacy regardless of its modality (as single-finger or 
whole-hand injection). The doses injected were highly 
variable (see Supplementary File 1). Overall, the proce-
dure was well tolerated, and the most common side 
effect was transitory hand weakness. Although there are 
no placebo-controlled studies, there is strong expert 
opinion which considers the use of botulin toxin cur-
rently as a reasonable approach for refractory and/or 
severe DUs, particularly in the case of a threatened (i.e. 
critically ischaemic digit). Nonetheless, the optimal 
type of botulin toxin (e.g. A or B) for SSc-associated 
digital vasculopathy and the type of approach (full hand 
or single finger) have yet to be defined. It is also notable 
that the only higher evidence level multicenter, rand-
omized, double-blind, placebo-controlled, parallel-
group phase III trial in patients with systemic sclerosis 
with Raynaud’s phenomenon (SSc-RP) could not show 
beneficial effects.19 Therefore, controlled studies are 
required to confirm our expert opinion in the setting of 
DU healing.

2. Vitamin E gel might be beneficial in SSc-DU heal-
ing in addition to the standard of care (LoE Expert 
opinion):

The efficacy and safety of vitamin E gel were tested in 
a single study where a topical gel was added to the local 
standard of care.20 Experts have significant concerns about 
generalizability as this is based on one study only with a 
small sample size.

3. There is insufficient evidence to recommend topi-
cal membrane treatment, photobiomodulation 
(low-level light therapy), growth factors, hydrodis-
section with corticosteroid injection and extracor-
poreal shock wave (LoE Expert opinion):

The experts consider that these procedures are of inter-
est as they may aid DU healing. However, given the meth-
odological limitations and small sample sizes of the 
studies,21–25 experts strongly suggest that further rigorous 



4 Journal of Scleroderma and Related Disorders 00(0)

investigation is required in order to reach sufficient evi-
dence to support their use (Expert opinion).

4. The number of other local compounds suggested to 
have benefit in DU is numerous, but the current 
evidence in SSc is still very limited and does not 

strongly support any other specific local treatment 
(LoE Expert opinion):

There is a strong expert opinion favouring the local treat-
ment of wounds and DUs through application of topical 
tadalafil (e.g. to avoid systemic vasodilation).26 Therefore, 

Table 1. Overarching principles for the local management of DU in SSc.

Local surgical and non-surgical treatments of digital ulcers in systemic sclerosis: recommendations

Overarching treatment principles

Recommendation Level of evidence

All SSc wounds, including DUs, should be actively managed, and frequently clinically assessed. 
In particular, the choice of dressing/s and superficial (‘autolytic’ method) or deep tissue 
debridement (by ‘scalpel’) is of paramount importance in the management procedure.

Expert opinion

The TIME (Tissue management, infection and inflammation, moisture balance, and wound edge 
and epidermal advancement) paradigm must be always used to approach a wound, including DUs.

Expert opinion

Wounds and DU should be managed by an expert multidisciplinary team including health care 
professionals and other clinicians (rheumatologists, dermatologists, orthopaedic, plastic and 
vascular surgeons) who are expert in wound care

Expert opinion

Large vessel (proximal) disease needs to be promptly diagnosed to better tailor the treatment 
and to avoid further complications (e.g. gangrene, osteomyelitis, sepsis)

Expert opinion

Pain assessment and management are of paramount importance to understand the cause of pain, 
and therefore, to manage it efficaciously

Expert opinion

In refractory and/or complicated wounds and DU, surgical intervention may be required 
to manage severe conditions like gangrene or osteomyelitis, that may sometimes require 
amputation

Expert opinion

Table 2. Recommendations for the local surgical and non-surgical treatments of DU in SSc.

Local surgical and non-surgical treatments of digital ulcers in systemic sclerosis: recommendations

Local non-surgical treatments

Recommendation Level of evidence

Botulin toxin might be beneficial in DU healing 3, 4, Expert opinion
Vitamin E gel might be beneficial in SSc-DU healing in addition to the standard of care 2, Expert opinion
There is insufficient evidence to recommend topical membrane treatment, photobiomodulation 
(low-level light therapy), growth factors, hydrodissection with corticosteroid injection and 
extracorporeal shock wave

Expert opinion

The number of other local compounds suggested to have benefit in DU is numerous but 
current evidence in SSc is still very limited and does not strongly support any other specific local 
treatment

Expert opinion

There is insufficient evidence to suggest whether a topical treatment could be superior or 
equivalent to a systemic one due to the lack of comparative studies

Expert opinion

Surgical and other interventional approaches

Recommendation Level of evidence

Autologous adipose tissue grafting might be beneficial in SSc skin ulcers and DU healing when 
combined with background systemic treatments

3

Sympathectomy might be considered for refractory DU Expert opinion
There is insufficient evidence concerning direct microsurgical revascularization and limited 
microsurgical arteriolysis

3, 4
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studies on the local vasoactive treatment of SSc-DUs are 
missing and are therefore highly warranted.

5. There is insufficient evidence to suggest whether a 
topical treatment could be superior or equivalent to 
a systemic one due to the lack of comparative stud-
ies (LoE Expert opinion):

There is no strong evidence that a local treatment could 
be beneficial on its own; therefore, a combined approach 
including systemic and local treatment, taking into account 
the possible side effects and the specific drug interactions, 
should be advised. On this background, studies comparing 
the use of a systemic treatment versus a local treatment are 
warranted to support the use of local treatment/s as an 
alternative to systemic therapies.

Surgical and other approaches

1. Autologous adipose tissue (AT) grafting might be 
beneficial in SSc skin ulcers and DU healing when 
combined with background systemic treatments 
(LoE 3, Expert opinion):

Autologous AT grafting was investigated in seven 
studies, of which one randomized controlled trial (RCT), 

four cohort prospective studies and two case series.27–33 
Two main cell types were extracted after isolating AT: adi-
pose tissue used as a whole (ATDC) and stromal vascular 
fraction (SVF) separation and injection, and both were 
evaluated (see Supplementary File 1). Different tech-
niques of AT handling, separation of centrifuged layers, 
site of injection and isolation of SVF were evaluated in 
the studies. In the only RCT,31 the DU healing was supe-
rior in the group of patients treated with AT compared to 
those receiving a sham procedure. The experts agree that 
autologous tissue grafting might be beneficial, but further 
research is required to define the optimal technique for AT 
preparation (and/or separation), the site of injection, the 
appropriate dosage and the time interval between grafting 
intervals and better understand mechanisms of action. The 
current use of the technique strongly depends on local 
expertise and experience; however, this warrants further 
rigorous investigation.

2. Digital sympathectomy might be considered for 
refractory DU (LoE Expert opinion):

Several papers have reported the results of digital sym-
pathectomy for SSc skin ulcers and DU, although currently 
there is not sufficient evidence-based literature to support 
this procedure.34–36 However, expert opinion addresses the 

Figure 1. Network diagram recapitulating surgical and non-surgical treatment recommendations.
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possibility to use selective digital sympathectomy only in 
cases with severe skin ulcers and DU as well as in the case 
of threatened digits. Local expertise and the specific kind 
of techniques used can vary, and cases should be discussed 
individually in a multidisciplinary team.

3. There is insufficient evidence concerning direct 
microsurgical revascularization and limited micro-
surgical arteriolysis (LoE 3/4, Expert opinion):

Direct microsurgical revascularization (radial-to-com-
mon digital artery bypass graft) and limited microsurgical 
arteriolysis (adventitial stripping) were only evaluated in 
small case series,37,38 as such, the experts cannot advise 
their use for SSc-DU.

Discussion

In SSc patients, DUs are a prevalent and early disease 
manifestation contributing significantly to morbidity and 
negatively impacting patients’ quality of life.39 The timely 
and accurate management of DUs is crucial not only to 
manage tissue inflammation, pain and infection but also to 
prevent irreversible tissue damage and disability. Over the 
years, there have been significant international collabora-
tive efforts to identify pharmacological strategies that 
could be effective both for DU healing and prevention,40 
but it is globally accepted that local treatment strategies 
are also pivotal in DU management. This is particularly 
important for patients who do not tolerate systemic medi-
cations or whose DUs are refractory to systemic treat-
ments. This is why there is a pressing need to define which 
non-surgical and surgical treatments are useful and should 
be considered in the management of DUs. Nonetheless, the 
range of potential local treatments is large and varies sig-
nificantly according to local expertise.

Many local treatment strategies lack a sufficient level 
of evidence to robustly support their use in DU treatment. 
This report, based on our recent two SLRs focusing on 
local non-surgical and surgical treatment options for 
DUs,41,42 gathers the expert opinion and the existing litera-
ture to present eight recommendations related to local non-
surgical and surgical treatments for DUs in SSc. Of note, 
while systemic treatments were previously addressed in 
the European Alliance of Associations for Rheumatology 
(EULAR) summarized recommendations for SSc manage-
ment, local treatment recommendations for SSc-related 
DUs have not yet been included.43,44 This report marks the 
first development of specific recommendations for the 
local treatment of DUs in SSc.

In addition to specific local options discussed, and as 
stated in the overreaching principles, the ad hoc committee 
recommends the application of the TIME (tissue manage-
ment, infection and inflammation, moisture balance, and 
wound edge and epidermal advancement) paradigm to 
approach SSc-DU. The committee also strongly endorses 

that SSc-DUs should be managed by an expert multidisci-
plinary team given their complexity and the potential need 
of treatment requiring surgical expertise.45

In our recommendations, two treatment options with 
the highest level of evidence emerged: botulin toxin 
among topical non-surgical treatments and autologous 
AT grafting among surgical treatments. Both these 
options were provisionally recommended given the exist-
ence of multiple studies indicating potential efficacy in 
the treatment of refractory SSc-DU. Unfortunately, the 
presence of different treatment protocols for both proce-
dures (i.e. type of toxin used, dose and injection tech-
nique for botulin toxin and techniques of AT handling, 
separation of centrifuged layers, site of injection and iso-
lation of SVF) and the presence of only one RCT for 
autologous AT grafting limit the strength of these treat-
ment recommendations. Therefore, while both these 
options could be considered in clinical practice, future 
studies are mandatory to better understand the details of 
the procedures and specific indications which are associ-
ated with the highest rate of success. Moreover, it should 
also be kept in mind that the specific expertise of the mul-
tidisciplinary team and the equipment needed to  
implement these treatments play a critical role in decid-
ing which strategy and approach is preferred at an indi-
vidual level.

Table 3. Research agenda: directions for future research.

Research agenda: directions for future research

1. Efficacy and Protocol Refinement
a.  RCTs for botulin toxin and adipose tissue grafting to 

standardize protocols.
b.  Optimal settings and indications for these treatments.

2. Comparative Effectiveness
a.  Local treatments as standalone alternatives to systemic 

therapies.
b. Combined approaches for synergistic effects.

3. Evidence Quality
a.  Studies on underexplored local treatments (e.g. 

photobiomodulation, topical agents).
b. Small sample sizes and low-quality evidence.

4. Economic Analyses
a.  Cost-effectiveness studies across diverse healthcare 

settings.
5. Standardization

a.  Uniform classifications, outcome measures and 
intervention timing.

6. Multidisciplinary Care
a.  Multidisciplinary team involvement for better 

management of DUs.
7. Broadening Scope

a.  Local treatments in less severe cases or as preventive 
strategies.

8. Global Variability
a.  The impact of regional expertise and infrastructure on 

treatment outcomes.
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For the remaining treatments, no clear recommenda-
tions could be made due to the low quality of evidence 
available and the small number of patients included in 
studies to date. Moreover, one important point specifically 
pertaining to local management is the absence of studies 
comparing the use of systemic treatments with local treat-
ment. Indeed, in most studies, the use of local strategies 
was implemented in patients already on background sys-
temic therapy (e.g. Phosphodiesterase-5 (PDE5)-inhibitors, 
endothelin receptor antagonists, prostanoids and calcium 
channel blockers), making it hard to evaluate the exact role 
of the topical treatment in the healing process. Therefore, 
currently, the use of above-mentioned local treatments is 
largely restricted in patients who are already on systemic 
treatments. Future SSc-DU research needs to address 
whether a topical strategy can be implemented as an alter-
native to systemic pharmacological therapy (see Table 3).

It has not been possible to perform a health economic 
assessment of local DU treatments due to insufficient data. 
Only two studies included data on treatment costs: one topi-
cal vitamin E study performed in Italy19 and one botulin 
toxin study that compared treatment costs to those of intra-
venous prostanoids in Iran.14 Both studies were limited by 
small sample sizes. Moreover, the local costs associated 
both with local and systemic treatments (especially in the 
case of intravenous prostanoid treatment schemes) can vary 
significantly from country to country, making it hard to gen-
eralize about treatment-associated costs on a global scale.

Caution should be exercised in interpreting the out-
comes of this process, considering the methodological 
constraints on the data available that affect the robustness 
of the recommended suggestions. Although our project 
steering committee benefitted from an expert internal, 
multidisciplinary membership, we did not include patient 
representation. However, the patient voice including 
unmet needs is well known, but formal involvement should 
be considered in the future design of dedicated studies.46 
Widespread limitations in studies of SSc-DUs include 
diverse classifications and definitions of ulcers, variations 
in participants’ baseline characteristics, the absence of 
standardized outcomes, and a lack of consistent time inter-
vals between systemic treatment initiation and local treat-
ment interventions. These limitations apply unfortunately 
to the majority of the studies that were examined. 
Moreover, given the use of topical treatment is usually 
provided in patients refractory to systemic therapies, stud-
ies are biased towards the inclusion of only patients with 
the most severe and refractory DUs. It is not possible to 
ascertain the most appropriate timing of implementation of 
local strategies or whether their earlier use might be more 
beneficial in the management of DUs.

These recommendations are intended to be comple-
mentary to current guidance on the management of SSc 
(e.g. published by the British Society of Rheumatology 
and EULAR), by providing a broader clinical overview of 

treatment approaches outside of the context of published 
randomized clinical trials.

Conclusion

The proposed recommendations reflect the currently avail-
able evidence and international expert opinion pertaining 
to the local non-surgical and surgical management of SSc-
DUs. These recommendations may serve as a general 
guide to clinicians in the appropriate application of non-
pharmacological treatment options for SSc-DUs. They 
represent the first pragmatic recommendations specifically 
formulated for the local treatment of SSc-DUs.
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