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Abstract
Raynaud’s phenomenon (RP) is a vasospastic disorder that affects the small blood vessels in the extremities such as the 
hands, feet, fingers or toes. It is a debilitating condition that can severely impact the patient’s quality of life. Botulinum 
toxin (BTX) has been examined as a treatment option for RP, but its effect has been inconclusive. A systematic review has 
been conducted to determine the current evidence of BTX as a treatment for RP secondary to scleroderma. Major clinical 
databases Medline, Embase (via Ovid), the Cochrane Central Library, ClinicalTrials.gov, EU Clinical Trials Register and the 
ISRCTN registry were systematically searched from its inception to 27 November 2023 for studies describing BTX and RP. 
Standard mean differences of Quick-DASH scores, visual analogue scale pain (VAS-P) score and Raynaud’s condition score 
(RCS) are reported with BTX treatment with a random-effect model. A total of 890 entries were retrieved. Of these, 19 met 
the inclusion criteria, and all studies were included for analysis. There was a significant effect (p = 0.03) with Quick-DASH 
score and VAS-P score (p < 0.00001) but a non-significant effect (p = 0.37) with RCS. BTX is a therapeutic option in the 
treatment of RP secondary to scleroderma; however, the evidence published so far is not sufficient to credit it as a revolution-
ary first line treatment. More research is needed to establish dosing, techniques and core outcome measures for BTX in RP.
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Introduction

Raynaud’s phenomenon (RP) is a common episodic revers-
ible vasospastic disorder, which involves the arteries and 
arterioles of digits causing pain, pallor and paraesthesia sec-
ondary to triggers such as stress or cold weather [1]. It is a 
painful condition characterised by vasospasm where primary 
RP is a very common disorder affecting approximately 3–5% 

of the general population. In comparison, secondary RP can 
be particularly more severe and may lead to complications 
such as ulcers, scarring, and may require amputation of dig-
its, and it can affect 18–46% of patients with systemic lupus 
erythematosus (SLE) and 97% of patients with systemic 
sclerosis [1, 2].

The primary cause of RP is unknown; however, it is often 
an early feature in connective tissue disorders. In these cases, 
there is a change in regulation of vasodilatory pathways to 
include nitrous oxide and calcitonin gene-related peptide. 
Secondary Raynaud’s is caused by a number of autoim-
mune connective disorders such as systemic sclerosis, SLE, 
Sjögren’s or mixed connective tissue disease. RP commonly 
represents the initial presenting symptom in patients with 
mixed connective disease [3, 4].

In secondary RP, where there are structural alterations in 
the vessel walls, the endothelial function is impaired. This 
leads to an imbalance between vasoconstriction and vaso-
dilation and a subsequent mismatch between endothelium-
derived vasoconstrictors such as endothelin-1 and vasodila-
tors such as nitrous oxide and prostacyclin. RP patients also 
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show impairments in neural regulation of vascular tone due 
to deficiency in calcitonin gene-related peptide contribut-
ing to impaired vasodilation. Intravascular abnormalities 
contributing to vasoconstriction include platelet activation, 
defective fibrinolysis, white blood cell activation, decreased 
red blood cell deformability and increase viscosity and 
oxidative stress. The underlying pathophysiology of RP 
involves a complex combination of both neural and vascu-
lar effects [3–6].

Vasodilatory therapy has shown to be effective in man-
agement of secondary RP with the first line agent being 
dihydropyridine calcium channel blockers. However, due 
to the lack of a single targetable pathway, the aetiology of 
RP treatment is limited, often involving multi-modal agents, 
which carry a greater risk of side effects [7–10]. Surgical 
management which includes amputation, hand stripping, 
nerve stimulation and fat grafting has variable efficacy and 
risk complications such as poor cosmesis, neuropraxia, 
paralysis and fat necrosis, respectively [5, 11].

To fill that gap in standardised and efficient treatment 
of RP, clinicians have been examining the effects of botu-
linum toxins (BTX) as a solution to the RP problem. BTX 
are an example of neurotoxins produced by Clostridium 
difficile; its mechanism of action in relation to its use in 
RP is hypothesised to be via the antagonism of vasocon-
striction in arterioles of the digits secondary to blockade 
of the noradrenaline-mediated sympathetic pathway caus-
ing vasodilation alleviating symptoms of RP [12]. The use 
of botulinum toxin for treatment of RP was first utilised in 
2004, since then there has been several studies suggesting it 
could be effective in the management of RP; however, not 
all studies found conclusive evidence.

This study aims to review the literature to determine the 
current evidence base for the efficacy of BTX as a treatment 
for RP secondary to scleroderma.

Methods

The protocol for this review was registered on PROSPERO 
(CRD42023365143), and it is reported here following the 
Preferred Reporting Items for Systematic reviews and Meta-
analysis (PRISMA) guidelines [13].

Search strategy

The search was conducted on the following databases: Med-
line (via Ovid), Embase (via Ovid), Cochrane Library, clini-
caltrials.gov, EU Clinical Trials Register and the ISRCTN 
registry, papers from the databse were searched from their 
inception to 27th November 2023. There were no lan-
guage or date restrictions applied. An electronic literature 
search was conducted using free-text search terms: Botox, 

botulinum, toxin, onabotulinum, Raynaud*, scleroderma and 
systemic sclerosis. Combined with Boolean logical operators 
(see Supplementary Appendix 1 for the full search strategy). 
A search of the gray literature was performed by review-
ing the reference list of papers included in the review and 
manually screening the reference list of related published 
systematic reviews.

Study selection and data extraction

Study selection by title and abstract screening was performed 
by two reviewers (CP, DI) independently; any disagreements 
or discrepancies in any part of the process were resolved 
through discussion with a third reviewer (DF). Appropriate 
citations were then selected for full-text evaluation. Studies 
were included in the review if they assessed any clinical 
outcomes of botulinum toxin treatment. Case reports, letters, 
in vitro and animal studies were excluded. Studies included 
could be randomised trials, or observational studies, as long 
as reporting clinical outcomes with BTX compared to with-
out BTX.

Data were extracted on study design, participant demo-
graphic characteristics, type of botulinum toxin treatment 
used, method of injection, the comparator population 
and clinical outcomes (incidence of clinical symptoms 
and Raynaud’s characteristics). Data were extracted on a 
pre-determined standardised form independently by three 
reviewers (CP, DI and DF) with cross checking after 
extraction.

Quality assessment

Appraisal of the quality of the included studies was con-
ducted by two reviewers independently. The randomised 
controlled trials were assessed for risk of bias by using 
the modified Jadad scale [14]. MINORS was used for risk 
of bias assessment in non-randomised studies[15]. The 
included case series were assessed using the JBI Critical 
Appraisal Checklist for Case series [16].

Statistical analysis

For this systematic review, we selected outcomes commonly 
presenting in most of the included studies, visual analogue 
scale pain (VAS-P) score and Quick-DASH (Disabilities of 
the Arm, Shoulder, and Hand). Only patients receiving BTX 
injections were analysed, and no sub-group analysis was 
performed as there were varying methods of injections that 
we could not control for. Data synthesis and analysis were 
performed using dichotomous outcomes retrieved from the 
studies included, using a random effects model. However, 
due to the single arm studies, we calculated for standard 
means change of these outcomes, looking at the difference 
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before and after injections in single arm studies. The pooled 
results were presented as risk rations with 95% confidence 
intervals (CI). I2 statistics were used to assess heterogeneity. 
A I2 value of more than 75% was considered suggestive of 
substantial heterogeneity. For this meta-analysis, we used 
Review Manager 5.4 software.

Results

Study characteristics

The study selection process and the results of the literature 
search are presented in Fig. 1. The search identified 890 
abstracts, and 19 eligible studies were included in the review. 
The main characteristics, including the type of study and 
the participant demographics, are presented in Table 1. All 
articles were published in the English language, between the 
years 2007 and 2022. The study population size is ranging 

from 2 to 91 participants. There were six randomised double 
blind controlled trials, seven case series (n ≥ 2), two retro-
spective chart reviews and four cohort studies. Part of the 
included studies include both male and female participants, 
whereas the majority do not specify. One study used only 
female participants.

As per the inclusion criteria, all studies included partici-
pants with RP secondary to scleroderma as the main diag-
nosis, as well as all of them mentioned similar vocabulary 
to describe the severity of disease for all patients that took 
part in the studies.

Treatment and comparator

All botulinum toxin doses and anatomical injection sites 
are presented in Table 2. There was no standardised way 
of injecting between the included studies. The research 
studies differed with respect to doses and sites of BTX, 
with a minimum of 20 and the maximum of 300 units 

Fig. 1   PRISMA chart
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per hand. This was due to studies using either BTX-A 
or BTX-B, where the higher doses were accounted for 
by the later. The location of the injection sites varied; a 
few studies described the locations, commonly between 
palmar aspect and dorsal aspect. Two studies specified in 
detail the units of BTX-A used in each finger.

The comparator used in each study was the other hand 
than the one with the Botox injection or the condition 
prior to the injections.

Outcomes

All outcomes reported in the included studies are presented 
in Table 3.

Pain assessed by the VAS score was the most common 
outcome, mentioned in 18 studies. Six studies showed sta-
tistically significant change in the VAS-P score comparing 
pre- and post-injection values or BTX-A versus placebo val-
ues. DASH and Quick-DASH scores were used to measure 

Table 1   Patient demographics and study characteristics

Authors Type of study Study 
popula-
tion

Mean age (years) Limited/
diffuse sclero-
derma

Sex

Bello [17] Randomized, double blind, parallel-group, 
placebo, clinical trial

40 52 25/15 Female: 31 (78%)
Male: 9 (22%)

Dhaliwal [18] Prospective case series 40 48 20/20 Female: 40 (100%)
Du W [19] Randomized self-control clinical trial 16 44.8 8/8 Female: 16 (100%)
Fregene [20] Retrospective chart review 26 55 Not stated Female: 14 (54%)

Male: 12 (46%)
Goldberg [21] Retrospective cohort study 20 53 Not stated Female: 13 (65%)

Male: 7 (35%)
Habib [22] Case series 3 Case 1: 50

Case 2: 25
Case 3: 23

Not stated Female: 3 cases (100%)

Medina [23] 3-year retrospective cohort study 15 46 7/2 Female: 14 (93%)
Male: 1 (7%)

Motegi [24] Prospective, single-blind, randomized, 
investigator-initiated, clinical trial

45 61 26/19 Female: 41(91.1%)
Male: 4 (8.9%)

Motegi [25] Prospective, case series study 10 63 4/6 Female: 7 (70%)
Male: 3 (30%)

Nagarajan [26] Retrospective observational study 11 53 Not stated Female: 10 (90.9%)
Male: 1 (9.1%)

Quintana Castanedo [27] Single-centre prospective study (case series) 8 16 Not stated Female: 6 (75%)
Male: 2 (25%)

Senet [28] Randomized, double-blind, placebo-controlled 
multicentre study

90 54 65/16 Female: 80 (72%)
Male: 10 (28%)

Seyedmardani [29] Double-blind randomized controlled trial 11 46 7/4 Female: 11 (100%)
Shenavandeh [30] Clinical trial 16 Not stated 20/6 Female: 11 (68.7%)

Male: 5 (31.2%)
Uppal [31] Prospective cohort study 20 37 Not stated Female: 20 (100%)
Van Beek [32] Case series 11 51 Not stated Female: 9 (82%)

Male: 2 (18%)
Winter [33] Case series 4 Case 1: 68

Case 2: 39
Case 3: 42
Case 4: 65

2/0 Female: 4 (100%)

Zhang [34] Retrospective cohort study 10 61 Not stated Female: 5 (50%)
Male: 5 (50%)

Zhao [35] Case series 2 Case 1: 34
Case 2: 41

Not stated Female: 2 (100%)
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upper extremity function in seven studies. Five used Quick-
DASH (11 questions) and two used DASH (30 questions), 
of which one study from each respective outcome measure 
tool showed statistical improvement. The Quick-DASH 
questionnaire is a validated and widely used tool that meas-
ures upper-extremity specific symptoms and disability [36].

The Raynaud’s condition score (RCS) is another tool used 
to quantify the severity of disease and is classed as a patient 
reporting outcome tool. Four studies used the RCS, and all 
had statistically significant improvement in the results. In 
addition to the RCS, the crude number of episodes before 
and after the treatment was also measured. Two studies 

Table 2   Botulinum toxin dose and anatomical injection site

Authors Botox dose (units) Control Injection site

Bello [17] 50 units per hand Sterile saline in 
opposite hand. 
Total 2.5 ml

Digital neurovascular bundle—dorsal approach

Dhaliwal [18] 100 units across both hands N/A Digital neurovascular bundle—dorsal approach
Du [19] 20 units per hand Nil Neurovascular plexus at the metacarpophalan-

geal level of the second-third and third-fourth 
fingers

Fregene [20] Average of 92 units per treatment course N/A Base of proximal phalanx—palmar approach
Distal palm at level of superficial palmar arch
Proximal hand at level of distal volar wrist 

crease
Goldberg [21] 100 units per hand N/A Perivascular space on the palmar surface and at 

the wrist
Habib [22] 64 units across both hands N/A Web space of digits 2 to 5 on both hands near 

the metacarpophalangeal joints
Medina [23] Average of 42.8 units for left hand and average 

of 47.3 units for right hand
N/A Base of the lateral aspects of all fingers, except 

the first
Motegi [24] BTX-B: 250 units (n = 9), 1000 units (n = 10) 

and 2000 units (n = 18) per hand
Nil Palmar aspect of the hand, just proximal to the 

A1 pulley
Motegi [25] 10 units into one finger with most severe 

symptoms
Nil Palmar aspect of the hand, just proximal to the 

A1 pulley
Nagarajan [26] 156 units (average) across both hands N/A Base of the digit around palmar digital neuro-

vascular bundle and radial and ulnar artery at 
wrist level for severe ischaemic symptoms and 
digital ulcers

Quintana Castanedo [27] 36 units per hand N/A Dorsal approach into each finger webspace and 
each side of the thumb and fifth finger’s meta-
carpophalangeal joint

Senet [28] 50 units per hand 0.9% saline Distal palmar of each hand, targeting neurovas-
cular bundles in the 4 web spaces

Seyedmardani [29] 50 units per hand 0.9% saline Dorsal approach to webspace of digits and
Shenavandeh [30] 20 units per finger Abobotulinum-

toxin-A, 20 
units for each 
affected finger

Medial and lateral sides of the root of every 
involved digit

Uppal [31] 100 units per hand N/A At level of distal palmar crease in the web 
spaces around the digital neurovascular bun-
dles of all five digits

Van Beek [32] 100 units per hand N/A Digital vessels to all fingers except thumb unless 
it is symptomatic

Winter [33] Abobotulinumtoxin-A 60–300 units per finger 
or hand

N/A Distal palmar crease between the metacarpals 
and webspace between digits

Zhang [34] 50 units per hand N/A Palmar approach around neurovascular bundles 
at the level of the metacarpophalangeal joint, 
and para-ulnar artery and para-radial artery

Zhao [35] Case 1: 200 units across both hands
Case 2: 280 units across both hands

N/A Palmar approach along the track of the digital 
vessels of each finger and palm
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showed a statistically significant change in the number of 
episodes.

Difference in skin temperature was also a frequently 
reported outcome found in seven studies. Four of those stud-
ies reported a statistically significant result. Temperature, 
along with the frequency of ulcer healing post-treatment, 
was not widely reported. Seven studies reported ulcer heal-
ing as an outcome; only one of them reported a statistically 
significant increase in healing frequency.

Quality assessment

Table 4 summarises the results of risk of bias assessment. 
According to the modified Jadad scale, six randomised con-
trolled trials were of high quality, with all scoring 6 points 
or more. Four studies scored at least 12 points through the 
MINORS index. Five studies scored at least 12 points or 
more through the adjusted Newcastle–Ottawa Scale quality 
assessment.

Meta‑analysis

For a single-arm meta-analysis of the Quick-DASH scores, 
five research papers were included, and out of them, only 
four have all the mean and standard deviation (SD) of the 
Quick-DASH scores reported before and after the BTX-
injection. In total, there are 155 patients before the treatment 
and 151 patients after the treatment. Overall mean Quick-
DASH score is significantly reduced by 0.83 with 95% C.I. 
given by (− 1.59, − 0.07) (Fig. 2). The largest reduction is 
reported by Dhaliwal et al. [18] with a reduction of 1.68 in 
the standardised score. To compute the overall effect, we 
have used a random effects model, and there is a significant 
effect with p-value = 0.03. However, the heterogeneity in the 
reported results is also significant (p-value = 0.0002). The 
funnel plot in Fig. 3 does not show any significant publica-
tion bias; however, the sample size is too small to have any 
meaningful statistical reasoning.

Figure 4 shows the forest plot of the meta-analysis of 
VAS-P score from ten studies with eight studies having the 
complete information. Total number of patients analysed 
before the treatment is 241 and after the treatment is 232. 
Except for Du et al. [19], all others reported significant 
decrease in VAS-P score, and the overall standardised mean 
VAS-P score is also reduced by 1.52 with a 95% C.I. of 
(− 2.14, − 0.90). The overall effect of the treatment is also 
significant with p-value < 0.00001. The heterogeneity of the 
reported results is also significant (p-value < 0.000001). The 
funnel plot in Fig. 5 does not show any significant depar-
ture from symmetry, and hence, there is unlikely to be any 
publication bias. Figure 6 shows the forest plot of the meta-
analysis of RCS from two studies, with a total of 62 patients 

reported. There is no significant reduction RCS with a 95% 
confidence interval of (− 1.36, 0.50). The overall effect has a 
p-value of 0.37, which also shows that there is no significant 
effect of the treatment on RCS. The funnel plot is reported in 
Fig. 7 and with only two observations; this is inconclusive.

Discussion

To our knowledge, this is the third systematic review exam-
ining the clinical outcomes of patients with RP secondary 
to scleroderma, treated with BTX injections.

The studies included in this review vary greatly in design 
and methodology. The population of all studies included 
small groups of patients, and each study used dissimilar 
areas of injection as well as various volumes of treatment 
injections. The population was not well described in a 
majority of study.

BTX does not have significant interactions with medica-
tions besides medication that have neuromuscular blocking 
effects such as pancuronium and antibiotics such as neomy-
cin. Thus, it is considered safe to combine local BTX with 
medications such as prostacyclins and PDE-5 inhibitors [37].

Local BTX is often considered when lifestyle modifica-
tions and pharmacological therapies are unsuccessful. Van 
Beek et al. [32] first reported the use of BTX-A in the set-
ting of connective tissue disease demonstrating symptomatic 
improvement and no structural vaso-occlusive disease proxi-
mal to the wrist, and ulcer healing in eleven patients and 
nine patients with RP, respectively. Like Van Beek et al., 
there have been multiple studies focusing on the most severe 
complication of secondary RP, digital ulcers. Clinical trials 
like Jokar et al. have managed to show its efficiency and 
its beneficial therapeutic effect; however, the mechanism of 
action is unknown, and there have been no statistically sig-
nificant findings in our review to demonstrate the positive 
effect of BTX in digital ulcers [38]. Since then, further stud-
ies have investigated the effectiveness of BTX in secondary 
Raynaud’s. However, the results have been varied, with dif-
ferent doses and techniques used by authors, and thereby, no 
one agreed standardised approach.

Despite the use of various injection protocols, all stud-
ies target specific neurovasculature for each finger and the 
palm. The injection sites were not described in each study 
and were described differently in each case. However, the 
majority of the studies injected BTX at finger webspace to 
target the neurovascular bundle with an equal distribution 
between palmar and dorsal approach. Most studies did not 
specify the thought process behind each injection technique, 
and there has been insufficient evidence in the literature to 
suggest whether the therapeutic effect is location or dose-
dependent. However, there has been reported complications 
of intrinsic hand muscle weakness associated with a palmar 
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approach with rates as high as 27% [20, 31, 39–41] A dor-
sal approach will protect the lumbricals from the effects of 
BTX thereby reducing the risk of hand weakness. However, 
further research will be required to fully assess the signifi-
cance and complications rates between the different injection 
approaches. As seen in this study by Figueroa et al. [42], it 

is possible to determine an optimal dose of BTX-A to estab-
lish treatment of RP; however, there have not been sufficient 
studies to determine this. The long-term BTX-A efficacy is 
yet to be determined in order to specify the need of repeat 
injections for RP, as BTX-A effect is known to decrease 
over time. This systematic review does not include studies 

Fig. 2   Forest plot of the meta-analysis for Quick-DASH score

Fig. 3   Funnel plot for the 
Quick-DASH scores

Fig. 4   Forest plot of the meta-analysis for VAS-P score
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with multiple repeat injections; however, this needs to be 
established to create treatment protocols to include BTX-A 
for RP in the future [23].

Our results suggest that BTX-A injections in the hand 
contribute to a statistically significant improvement in the 

clinical outcomes of pain, disability and strength, evaluated 
by the VAS-P and the DASH score. However, other less 
clinically relevant outcomes were also assessed and showed 
significant improvement in our studies such as skin tempera-
ture, showing an increase in skin temperature of the fingers 

Fig. 5   Funnel plot for the 
VAS-P scores

Fig. 6   Forest plot of the meta-analysis for RCS

Fig. 7   Funnel plot for the RCS
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affected by severe RP post-injections (Fig. 8). One study 
showed a significant increase in temperature, which was 
dependent on the geographical location of the patient [17].

Environmental and skin temperature play a major role in 
the manifestation of the disease as they constitute a trigger 
for disease flare up. A RP attack can be triggered by expo-
sure to cold temperature or even mild temperature changes 
from warm to cooler. The normal response of blood vessels 
in response to change of ambient temperature is complex, 
and in RP that delicate system is altered [43].

Pain is a basic characteristic of RP along with colour 
changes (pallor, cyanosis and erythema), sensation of pins 
and needles and increased sensitivity of the digits affected. 
These symptoms are directly related to vascular abnormali-
ties and the body’s impaired response to changes in tempera-
ture [6]. Studies by Seyedmardani et al. [29] and Zhang et al. 
[34] demonstrated a statistically significant reduction to pain 
at follow-up after BTX-A injections compared to the control 

group of each study, demonstrating the effects of BTX-A in 
improving blood flow and pain scores. Most studies included 
outcome measures such as VAS-P score and Quick-DASH; 
however, ASRAP (assessment of systemic sclerosis-associ-
ated Raynaud’s phenomenon) questionnaire has been devel-
oped and is an instrument that has been robustly developed 
for systemic sclerosis-associated RP. This would be a useful 
efficacy outcome to be included in assessing patients who 
receive BTX treatment.

The limitation of most studies was the exclusion of a con-
trol group thereby enabling no direct comparison. In addi-
tion, the duration of the studies were often limited to months 
of follow-up and thus unable to assess the long-term effects 
of BTX. The doses of BTX varied amongst each study with 
no study assessing titration of doses in attempt to optimise 
dosage. In addition, the varied injection points did not allow 
to a conclusion of an ideal injection approach. Neverthe-
less, the findings from this systematic review supports the 

Fig. 8   Thermographic imag-
ing before and after Botox-A 
injections. Images demonstrate 
an increase in temperature (°C) 
from pre Botox-A (a, c, e) to 
post Botox-A (b, d, f) in the 
dominant and non-dominant 
hands at 6 weeks following 
50 units of Botox-A via a 
dorsal approach. From Clinical 
Rheumatology, Springer Nature, 
by Dhaliwal (2019). Reprinted 
with permission
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efficacy and safety of BTX for the treatment of RP secondary 
to scleroderma.

BTX-A injections in managing RP secondary to sclero-
derma have the potential and might have already become a 
revolutionary solution to the complications caused by RP as 
it is also minimally invasive and has a minimal rate of com-
pilations. Studies carried out by Neumeister et al. [44] dem-
onstrate statistically significant efficacy of Botox improving 
perfusion and reduction of pain in the digits; there is no 
sufficient evidence to determine the mechanism of action 
which reflects on the pressing need for randomised control 
clinical trials with quantifiable PROMs such as the DASH 
score, to limit objectivity and increase reliability of the data.

Conclusion

BTX-A is a therapeutic method shown to solve a significant 
problem for patients with RP secondary to scleroderma; 
however, the evidence published so far is not sufficient to 
credit it as a revolutionary first line treatment. Ongoing 
clinical trials such as the one in Emory University Hospital, 
Georgia, USA (NCT05125029), are needed to confirm the 
need for BTX-A in treatment of RP. As shown in this review, 
there is great diversity in the methodology of each study, 
and data evaluation is impaired. Patient-reported outcomes, 
however useful, can be objective and difficult to generalise 
and compare if not standardised. Each study measured most 
outcomes in different ways, making the development of core 
outcome sets necessary for future evaluation of the BTX-A 
use in Raynaud’s and BTX-A techniques.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10067-​024-​07237-3.

Declarations 

Disclosures  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Cappelli L, Wigley FM (2015) Management of Raynaud phe-
nomenon and digital ulcers in scleroderma. Rheum Dis Clin 
41(3):419–38

	 2.	 Herrick AL (2019) Raynaud’s phenomenon. J Scleroderma Relat 
Disord 4(2):89–101

	 3.	 Temprano KK (2016) A review of Raynaud’s disease. Mo Med 
113(2):123

	 4.	 Cooke JP, Marshall JM (2005) Mechanisms of Raynaud’s disease. 
Vasc Med 10(4):293–307

	 5.	 Herrick AL, Wigley FM (2020) Raynaud’s phenomenon. Best 
Pract Res: Clin Rheumatol 34(1):101474

	 6.	 Nawaz I, Nawaz Y, Nawaz E, Manan MR, Mahmood A (2022) 
Raynaud’s phenomenon: reviewing the pathophysiology and man-
agement strategies. Cureus 14(1)

	 7.	 Levien TL (2010) Advances in the treatment of Raynaud’s phe-
nomenon. Vasc Health Risk Manag 6:167–177

	 8.	 Lepri G, Orlandi M, Di Battista M, De Mattia G, Da Rio M, 
Codullo V et al (2022) Systemic sclerosis: one year in review 
2022. Clin Exp Rheumatol 40(10):1911–20

	 9.	 Di Battista M, Lepri G, Codullo V, Da Rio M, Fiorentini E, 
Della Rossa A et  al (2023) Systemic sclerosis: one year in 
review 2023. Clin Exp Rheumatol 41(8):1567–74

	10.	 Karadag DT, Yalcinkaya Y, Akdogan A, Avanoglu A, Bes C, 
Birlik AM, et al (2023) Treatment of systemic sclerosis-asso-
ciated digital ulcers: recommendations of the Turkish Society 
for Rheumatology. Clin Exp Rheumatol 41(8)

	11.	 Landry GJ (2013) Current medical and surgical management of 
Raynaud’s syndrome. J Vasc Surg 57(6):1710–6

	12.	 Zhou Y, Liu Y, Hao Y, Feng Y, Pan L, Liu W et al (2018) The 
mechanism of botulinum A on Raynaud syndrome. Drug Des 
Devel Ther 12:1905–1915

	13.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes 
G et al (2009) Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. PLoS Medicine. 
6(7):e1000097

	14.	 Zhang Y, Zhou L, Liu X, Liu L, Wu Y, Zhao Z et al (2015) The 
effectiveness of the problem-based learning teaching model for 
use in introductory Chinese undergraduate medical courses: a 
systematic review and meta-analysis. PLoS One 10(3):e0120884

	15.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J (2003) Methodological index for non-randomized stud-
ies (Minors): development and validation of a new instrument. 
ANZ J Surg 73(9):712–6

	16.	 Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur 
A et al (2020) Methodological quality of case series studies: 
an introduction to the JBI critical appraisal tool. JBI Database 
System Rev Implement Rep 18(10):2127–2133

	17.	 Bello RJ, Cooney CM, Melamed E, Follmar K, Yenokyan G, 
Leatherman G et al (2017) The therapeutic efficacy of botuli-
num toxin in treating scleroderma-associated Raynaud’s phe-
nomenon: a randomized, double-blind, placebo-controlled clini-
cal trial. Arthritis Rheumatol 69(8):1661–1669

	18.	 Dhaliwal K, Griffin MF, Salinas S, Howell K, Denton CP, But-
ler PEM (2019) Optimisation of botulinum toxin type a treat-
ment for the management of Raynaud’s phenomenon using a 
dorsal approach: a prospective case series. Clin Rheumatol 
38(12):3669–3676

	19.	 Du W, Zhou M, Zhang C, Sun Q (2022) The efficacy of botu-
linum toxin A in the treatment of Raynaud’s phenomenon in 
systemic sclerosis: a randomized self-controlled trial. Dermatol 
Ther 35(7):e15529

https://doi.org/10.1007/s10067-024-07237-3
http://creativecommons.org/licenses/by/4.0/


96	 Clinical Rheumatology (2025) 44:81–96

	20.	 Fregene A, Ditmars D, Siddiqui A (2009) Botulinum toxin 
type A: a treatment option for digital ischemia in patients with 
Raynaud’s phenomenon. J Hand Surg Am 34(3):446–452

	21.	 Goldberg SH, Akoon A, Kirchner HL, Deegan J (2021) The 
effects of botulinum toxin A on pain in ischemic vasospasm. J 
Hand Surg 46(6):513.e1-513.e12

	22.	 Habib SM, Brenninkmeijer EEA, Vermeer MH, de Vries-Bouw-
stra JK, Velthuis PJ (2020) Botulinum toxin type A in the treat-
ment of Raynaud’s phenomenon. Dermatol Ther 33(6):e14182

	23.	 Medina S, Gómez-Zubiaur A, Valdeolivas-Casillas N, Polo-
Rodríguez I, Ruíz L, Izquierdo C et al (2018) Botulinum toxin 
type A in the treatment of Raynaud’s phenomenon: a three-year 
follow-up study. Eur J Rheumatol 5(4):224–229

	24.	 Motegi SI, Uehara A, Yamada K, Sekiguchi A, Fujiwara C, Toki 
S, Date Y, Nakamura T, Ishikawa O (2017) Efficacy of botuli-
num toxin B injection for Raynaud’s phenomenon and digital 
ulcers in patients with systemic sclerosis. Acta Derm Venereol 
97(7):843–850

	25.	 Motegi SI, Yamada K, Toki S, Uchiyama A, Kubota Y, Nakamura 
T, Ishikawa O (2016) Beneficial effect of botulinum toxin A on 
Raynaud’s phenomenon in Japanese patients with systemic scle-
rosis: a prospective, case series study. J Dermatol 43(1):56–62

	26.	 Nagarajan M, McArthur P (2021) Targeted high concentration 
botulinum toxin A injections in patients with Raynaud’s phe-
nomenon: a retrospective single-centre experience. Rheumatol 
Int 41(5):943–949

	27.	 Quintana Castanedo L, Feito Rodriguez M, Nieto Rodriguez 
D, Maseda Pedrero R, Chiloeches Fernandez C, de Lucas LR 
(2021) Botulinum toxin A treatment for primary and secondary 
Raynaud’s phenomenon in teenagers. Dermatol Surg 47(1):61–64

	28.	 Senet P, Maillard H, Diot E, Lazareth I, Blaise S, Arnault JP, 
Pistorius MA, Boulon C, Cogrel O, Warzocha U, Rivière S, Mal-
loizel-Delaunay J, Servettaz A, Sassolas B, Viguier M, Monfort 
JB, Janique S, Vicaut E, BRASS collaborators (2023) Efficacy 
and safety of botulinum toxin in adults with Raynaud’s phenom-
enon secondary to systemic sclerosis: a multicenter, randomized, 
double-blind, placebo-controlled study. Arthritis Rheumatol 
75(3):459–467

	29.	 Seyedmardani SM, Aghdashi MA, Soltani S, Zonouz GK (2021) 
Evaluation of botulinum toxin type A and its potential effect on 
exacerbated Raynaud’s phenomenon in hospitalized scleroderma 
patients. Curr Rheumatol Rev 18(1):48–57

	30.	 Shenavandeh S, Sepaskhah M, Dehghani S, Nazarinia M (2022) A 
4-week comparison of capillaroscopy changes, healing effect, and 
cost-effectiveness of botulinum toxin-A vs prostaglandin analog 
infusion in refractory digital ulcers in systemic sclerosis. Clin 
Rheumatol 41(1):95–104

	31.	 Uppal L, Dhaliwal K, Butler PE (2014) A prospective study 
of the use of botulinum toxin injections in the treatment of 

Raynaud’s syndrome associated with scleroderma. J Hand Surg 
Eur 39(8):876–880

	32.	 Van Beek AL, Lim PK, Gear AJL, Pritzker MR (2007) Man-
agement of vasospastic disorders with botulinum toxin A. Plast 
Reconstr Surg 119(1):217–226

	33.	 Winter AR, Camargo Macias K, Kim S, Sami N, Weinstein D 
(2020) The effect of abobotulinum toxin A on the symptoms of 
Raynaud’s phenomenon: a case series. Cureus 12(5):e8235

	34.	 Zhang X, Hu Y, Nie Z, Song Y, Pan Y, Liu Y et al (2015) Treat-
ment of Raynaud’s phenomenon with botulinum toxin type A. 
Neurol Sci 36(7):1225–1231

	35.	 Zhao H, Lian Y (2015) Clinical and image improvement of 
Raynaud’s phenomenon after botulinum toxin type A treatment. 
Australas J Dermatol 56(3):202–205

	36.	 Beaton DE, Wright JG, Katz JN (2005) Development of the 
QuickDASH: comparison of three item-reduction approaches. J 
Bone Joint Surg Am 87(5):1038–1046

	37.	 Fernández-Codina A, Cañas-Ruano E, Pope JE (2019) Manage-
ment of Raynaud’s phenomenon in systemic sclerosis—a practical 
approach. J Scleroderma Relat Disord 4(2):102–110

	38.	 Jokar MH, Baghbani B, Geraylow KR, Shariati J, Mehrad-Majd 
H, Mirfeizi Z et al (2022) Efficacy of botulinum toxin type A 
injection for Raynaud’s phenomenon and digital ulcers in patients 
with systemic sclerosis. Reumatologia 60(6):392–398

	39.	 Neumeister MW (2010) Botulinum toxin type A in the treatment 
of Raynaud’s phenomenon. J Hand Surg Am 35(12):2085–2092

	40.	 Kossintseva I, Barankin B (2008) Improvement in both Raynaud 
disease and hyperhidrosis in response to botulinum toxin type A 
treatment. J Cutan Med Surg 12(4):189–193

	41.	 Smith L, Polsky D, Franks AGJ (2012) Botulinum toxin-A for the 
treatment of Raynaud syndrome. Arch Dermatol 148(4):426–428

	42.	 Figueroa V, Romao R, Salle JLP, Koyle MA, Braga LHP, Bägli 
DJ et al (2014) Single-center experience with botulinum toxin 
endoscopic detrusor injection for the treatment of congenital neu-
ropathic bladder in children: effect of dose adjustment, multiple 
injections, and avoidance of reconstructive procedures. J Pediatr 
Urol 10(2):368–373

	43.	 Mackiewicz Z, Piskorz A (1977) Raynaud’s phenomenon follow-
ing long term repeated action of great differences of temperature. 
J Cardiovasc Surg 18(2):151–4

	44.	 Neumeister MW, Chambers CB, Herron MS, Webb K, Wietfeldt J, 
Gillespie JN et al (2009) Botox therapy for ischemic digits. Plast 
Reconstr Surg 124(1):191–201

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	A systematic review of botulinum toxin as a treatment for Raynaud’s disease secondary to scleroderma
	Abstract
	Introduction
	Methods
	Search strategy
	Study selection and data extraction
	Quality assessment
	Statistical analysis

	Results
	Study characteristics
	Treatment and comparator
	Outcomes

	Quality assessment
	Meta-analysis

	Discussion
	Conclusion
	References


