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ABSTRACT

Introduction: Erythromelalgia is a rare disorder characterised by burning pain, erythema and increased skin temperature in
the extremities. Its pathophysiological heterogeneity, together with variable treatment responses, complicates management in the
absence of evidence-based guidelines. This systematic review appraised pain-management strategies across reported aetiological
subtypes.

Databases and Data Treatment: Following PRISMA 2020 guidelines, the review was registered in PROSPERO
(CRD420251232074). PubMed, Embase, the Cochrane Library and ClinicalTrials.gov were searched for studies published or reg-
istered between 1 January 2000 and 30 April 2026. Randomised controlled trials, non-randomised interventional studies, cohort
studies and case series were eligible; non-randomised studies required at least five individuals. Risk of bias was assessed using
Joanna Briggs Institute tools and certainty of evidence using GRADE.

Results: Of 3372 records, 25 studies reporting 591 individuals were included. Aetiological subtype was reported for 277 indi-
viduals (46.9%). Mechanistic and aetiological characterisation varied substantially across domains, with haematological data
available for 72.6% and SCN9A status for 19.0% of the overall population. Moderate-certainty evidence supported aspirin in
myeloproliferative neoplasm-associated erythromelalgia. Low-certainty evidence suggested benefit from mexiletine and carba-
mazepine in primary erythromelalgia, as well as from prostaglandin analogues, corticosteroids, selected topical therapies and
sympathetic interventions in specific contexts. Evidence for selective Na,1.7 inhibitors and most other interventions was of very
low certainty.

Conclusions: Treatment-response patterns in better-characterised populations suggest that aetiology and underlying mecha-
nisms may be relevant to treatment selection. However, this mechanism-informed approach remains hypothesis-generating and
requires prospective validation through systematic aetiological and mechanistic characterisation.

Significance Statement: This systematic review provides a comprehensive, graded evaluation of the full spectrum of pain-
management strategies in erythromelalgia, including systemic, topical, interventional and non-pharmacological approaches,
across reported aetiological subtypes. Integrating risk-of-bias appraisal and GRADE certainty ratings, it identifies moderate-
certainty evidence for aspirin in myeloproliferative neoplasm-associated disease and low-certainty evidence for conventional
sodium-channel blockers in selected primary forms, while evidence for other interventions remains low or very low. These pat-
terns suggest that aetiology may inform treatment selection, but require prospective validation.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2026 The Author(s). European Journal of Pain published by John Wiley & Sons Ltd on behalf of European Pain Federation - EFIC ®.
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1 | Introduction

Erythromelalgia is a rare disorder characterised by recurrent ep-
isodes of severe burning pain, erythema and increased skin tem-
perature, predominantly affecting the distal extremities (Caldito
et al. 2024). Although the term erythermalgia has historically
been used, erythromelalgia is now the preferred terminology in
clinical practice and research, as it encompasses the full spec-
trum of inherited and acquired forms of the disorder (Michiels
et al. 1995; Mann et al. 2019).

The clinical presentation of erythromelalgia varies between
individuals, particularly in the number and anatomical distri-
bution of affected sites and the frequency of attacks. Symptoms
are typically triggered or exacerbated by heat exposure and
physical activity and are often relieved by cooling. Severe or
refractory forms may result in substantial functional impair-
ment and cutaneous complications, most commonly related
to excessive or prolonged cooling used as a coping strategy
(Caldito et al. 2024).

Diagnosis is primarily clinical and relies on recognition of the
characteristic triad of burning pain, erythema and increased
skin temperature occurring in a typical episodic pattern. No
objective diagnostic test or validated laboratory marker is cur-
rently available, and clinical signs are frequently absent between
attacks (Caldito et al. 2024). Several symptom-based diagnostic
criteria have been proposed; however, none have been formally
validated (Eaton and Mayrovitz 2025).

From an aetiological perspective, erythromelalgia is com-
monly classified as primary or secondary according to the
presence of an identifiable underlying condition. Primary
erythromelalgia, estimated to affect fewer than 2 per 100,000
individuals, comprises both genetic and idiopathic forms
(Tang et al. 2015). Pathogenic gain-of-function variants in
SCNYA, which encodes Na 1.7, represent the best-established
genetic cause. These variants alter channel activation and in-
activation, lowering the threshold for action potential genera-
tion and promoting repetitive firing in peripheral nociceptive
neurons (Dib-Hajj et al. 2005, 2013). Idiopathic erythromelal-
gia is defined by the absence of an identifiable genetic cause or
underlying condition.

Secondary erythromelalgia occurs in association with an
identifiable condition or exposure, most characteristically my-
eloproliferative neoplasms, but also peripheral neuropathies,
autoimmune or inflammatory diseases, metabolic, neurolog-
ical and vascular disorders, as well as certain medications
or toxins (Mann et al. 2019; Caldito et al. 2024). Although
clinically useful, this aetiological classification does not fully
capture the underlying pathophysiology of erythromelalgia,
and whether aetiological subtype can help predict treatment
response remains uncertain (Tham and Giles 2018; Caldito
et al. 2024).

Management of erythromelalgia remains challenging because
of marked interindividual variability in treatment response,
the absence of evidence-based treatment guidelines and sub-
stantial heterogeneity in therapeutic approaches across clinical
practice and the published literature (Tham and Giles 2018).

Previous narrative reviews have addressed medical manage-
ment and procedural interventions separately (Ma et al. 2023;
Lee et al. 2024). More recently, Algarni et al. (2025) conducted
a systematic review of treatment efficacy and tolerability;
however, only six studies were included, providing a limited
representation of the range of therapeutic approaches reported
in the literature.

Toour knowledge, no previous systematicreview has comprehen-
sively assessed the full range of systemic pharmacological, topi-
cal, interventional and non-pharmacological pain-management
strategies or evaluated the certainty of evidence across treat-
ment categories. The present review was therefore undertaken
to address these gaps through a comprehensive synthesis and
GRADE-based appraisal of the available evidence. A secondary
objective was to explore whether reported treatment responses
varied according to aetiological subtype and underlying patho-
physiological mechanisms.

2 | Methods
2.1 | Protocol and Registration

The review protocol was prospectively registered in PROSPERO
on 21 November 2025. The full protocol is publicly available at
https://doi.org/10.17504/protocols.io.14egnrqjml5d/vl and was
developed by the Pain & Rare Diseases Working Group of the
French Pain Society (SFETD).

The systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines (Page et al. 2021).

2.2 | Eligibility Criteria
Studies were eligible if they met all of the following criteria:

o Randomised controlled trials (RCTSs), non-randomised in-
terventional studies, prospective or retrospective cohort
studies, or case series;

« Inclusion of participants diagnosed with erythromelalgia,
Regardless of age;

« Reporting of outcomes relevant to pain management.

Non-randomised studies were required to include at least five
participants. No minimum sample size was imposed for RCTs
because random allocation and the presence of a comparator
provided an internal basis for estimating treatment effects.
However, very small trials were considered highly imprecise,
and sample size was taken into account when interpreting the
findings and assessing the certainty of evidence.

Similarly, no minimum treatment duration or follow-up period
was required for eligibility, although both were considered in
these assessments.

Studies were excluded if they were case reports or other non-
randomised studies involving fewer than five participants;
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reviews, editorials or letters; conference abstracts or posters
without a corresponding full-text publication; or animal or
in vitro studies.

2.3 | Information Sources

A systematic literature search was conducted in PubMed
(MEDLINE), Embase, the Cochrane Library and ClinicalTrials.
gov to identify relevant studies. The search covered the period
from 1 January 2000 to 30 April 2026. Studies published in lan-
guages other than English or French were excluded when an ad-
equate translation was unavailable.

2.4 | Search Strategy

Database-specific search strategies were developed for each da-
tabase using controlled vocabulary terms (MeSH and Emtree)
and free-text keywords related to erythromelalgia and pain
management. Boolean operators were applied as appropriate to
maximise retrieval of relevant records.

The complete electronic search strategies for each database are
provided in Appendix S1.

2.5 | Study Selection

All retrieved records were imported into Rayyan (Ouzzani
et al. 2016) for duplicate detection and management of the
study-selection process. Titles and abstracts were independently
screened by two reviewers (C.R. and S.B.) according to pre-
defined eligibility criteria. Full-text articles were then retrieved
and independently assessed for all potentially eligible studies.
Disagreements were resolved by consensus, with arbitration by
a third reviewer (J.F.) when necessary.

2.6 | Data Extraction

Data were independently extracted by two reviewers (C.R. and
M.L.) using predefined extraction forms, with discrepancies re-
solved by consensus or, when necessary, through adjudication by a
third reviewer (J.F.). Extracted variables included study character-
istics (authors, year, country and study design), population char-
acteristics (sex, sample size, age and erythromelalgia subtype),
intervention details, follow-up duration, reported outcomes, ad-
verse events and, when available, genetic, biological or pathophys-
iological data relevant to characterising underlying mechanisms.

For the purposes of this review, aetiological subtype was as-
signed according to the classification reported by the study au-
thors and was considered separately from direct mechanistic
characterisation. Cases explicitly described as primary, genetic
or idiopathic were classified as primary, whereas those explic-
itly described as secondary or attributed to an underlying con-
dition or exposure were classified as secondary. The presence of
a comorbidity alone, without explicit causal attribution by the
study authors, was considered insufficient to classify a case as
secondary.

2.7 | Primary Outcome

The primary outcome was treatment response, as reported by
the original study authors. Because definitions and measurement
methods varied substantially across studies, no common responder
threshold was imposed. When quantitative pain measures were
available, changes from baseline to the latest reported follow-up
were extracted. Otherwise, author-defined outcomes such as par-
tial or complete symptom improvement, reduced attack frequency
or duration or lower cooling requirements were retained.

Interpretation of the findings took into account both the clin-
ical relevance of the reported outcomes and the study design.
Between-treatment comparisons were made only when directly
supported by a within-study comparator. When therapies were
administered concomitantly or sequentially, the contribution of
each individual treatment was considered indeterminate unless
treatment-specific outcomes were explicitly reported. In such
cases, observed changes were associated only with the overall
therapeutic strategy and were not assigned to any individual
treatment.

2.8 | Secondary Outcomes

Prespecified secondary outcomes were extracted, when avail-
able, to further characterise treatment effectiveness and
safety and to explore potential underlying mechanisms. These
included:

« Characteristics of pain-management strategies;
» Adverse events and treatment tolerability;
« Health-related quality-of-life measures;

« Mechanistic and aetiological data, including genetic find-
ings and pathophysiological insights.

2.9 | Data Synthesis

Given the rarity of erythromelalgia and the anticipated hetero-
geneity in interventions and outcome-assessment methods, no
quantitative meta-analysis was planned. Findings were syn-
thesised narratively and organised according to study design,
reported aetiological subtype, pathophysiological context
and pain-management strategy. Comparisons according to
aetiological subtype or underlying mechanism were under-
taken only when studies reported results for clearly defined
subgroups.

2.10 | Risk of Bias Assessment

Methodological quality of included studies was assessed using
the Joanna Briggs Institute (JBI) Critical Appraisal Tools, se-
lected according to study design (Munn et al. 2020; Tufanaru
et al. 2020; Barker et al. 2023, 2025). Two reviewers (M.L. and
1.D.) independently performed the assessments, with disagree-
ments resolved through discussion or, when necessary, adjudi-
cation by a third reviewer (C.R.).
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Based on JBI appraisal domains, studies were categorised as
having low, moderate or high risk of bias. Risk-of-bias assess-
ments were not used to determine study eligibility but were con-
sidered when interpreting the findings.

2.11 | Certainty of Evidence

The certainty of the evidence for key outcomes was assessed using
the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach (Guyatt et al. 2011; Balshem
et al. 2011). The evidence was evaluated across the five standard
GRADE domains: risk of bias, inconsistency, indirectness, im-
precision and publication bias.

Consistent with methodological guidance for rare diseases,
the rarity of erythromelalgia was taken into account when in-
terpreting the limited volume of available evidence, while the

standard GRADE criteria were applied without modification
(Pai et al. 2015, 2019).

3 | Results
3.1 | Study Selection and Characteristics

The search identified 3372 records, of which 1487 were dupli-
cates. After title and abstract screening and full-text assessment,
25 studies met the inclusion criteria (Figure 1).

The 25 included studies reported a total of 591 individuals. Study
designs comprised eight randomised controlled trials (32.0%
of studies; n=106), one non-randomised placebo-controlled
crossover trial (4.0%; n=21), three prospective single-arm in-
terventional studies (12.0%; n=29), two prospective cohort
studies (8.0%; n=43) and 11 retrospective case series (44.0%;

[ Identification of studies via databases and registers ]

)

Records identified from:

— Pubmed (n=1,417)

— Embase (n=1,912)

— Cochrane Library (n = 33)
~ ClinicalTrials.gov (n = 10)

Identification

[

Records removed before screening:
— Duplicate records removed (n =

Records screened
{n=1,885)

1,487)

Records excluded (n = 1,838)
— Published outside the predefined date
range (n = 364)

- lIrrelevant to the scope of the review
{n=1,150)

— Case reports or case series with
fewer than 5 participants (n = 319)

Reports sought for retrieval (n = 47)

Screening

Reports not retrieved (n = 8)

Reports assessed for eligibility (n = 39)

Reports excluded (n = 14):
- Insufficient data (n = 6)
- Irrelevant to the scope of the review

Studies included in the review (n = 25)

Included

FIGURE1 | PRISMA flow diagram.

(n=86)
— Duplicate cohort already included in
another publication (n = 2)
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n=2392). The studies were published between March 2000 and
December 2025.

Primary erythromelalgia was reported in 129 individuals (21.8%)
and secondary erythromelalgia in 148 (25.0%), while the subtype
was unspecified in 314 (53.1%). Mixed-age populations accounted
for 43.8% of individuals (n=259), adult-only populations for 43.7%
(n=258) and paediatric-only populations for 12.5% (n="74).

3.2 | Interventions

Interventions were heterogeneous and included systemic phar-
macological, topical, interventional and non-pharmacological
approaches.

Systemic therapies were evaluated in 18 of the 25 included
studies. These included platelet-targeted therapies, namely
aspirin and anagrelide (Michiels et al. 2003, 2006; Cacciola
et al. 2005; Rocca et al. 2024); prostaglandin analogues, in-
cluding iloprost and misoprostol (Kalgaard et al. 2003; Mork
et al. 2004); corticosteroids (Cook-Norris et al. 2012; Pagani-
Estévez et al. 2017; Davis et al. 2000; Akabane et al. 2022; Sun
et al. 2023); sodium-channel blockers, mainly mexiletine and
carbamazepine (Davis et al. 2000; Fischer et al. 2009; Geha
et al. 2016; Akabane et al. 2022; Wang et al. 2022; Michelerio
et al. 2023; Sun et al. 2023); and selective Na,1.7 inhibitors, in-
cluding PF-05089771 and oral XPF-002 (Goldberg et al. 2012;
Cao et al. 2016; Pfizer 2019). Additional systemic therapies as-
sessed within multimodal or exploratory treatment strategies
included gabapentin, antidepressants, antihistamines, magne-
sium supplementation, interferon-a-2b and intravenous immu-
noglobulins (Davis et al. 2000; Cook-Norris et al. 2012; Huang
et al. 2014; Akabane et al. 2022; Sun et al. 2023).

Topical therapies were evaluated as primary interventions in
four studies and included amitriptyline-ketamine combina-
tions (Poterucha et al. 2013), topical amitriptyline monotherapy
(AlgoTherapeutix 2025), mepyramine (Ducrocq et al. 2025) and the
selective Na 1.7 inhibitor XPF-002 (Xenon Pharmaceuticals 2014).
Additional topical agents, particularly lidocaine-based formula-
tions, were reported as components of broader multimodal treat-
ment strategies (Davis et al. 2000; Sun et al. 2023).

Non-pharmacological strategies were evaluated in three studies
and included physical methods and multidisciplinary pain reha-
bilitation programmes (Davis et al. 2000; Durosaro et al. 2008;
Cook-Norris et al. 2012). Interventional approaches included
chemical lumbar sympathectomy and other sympathetic proce-
dures evaluated in refractory erythromelalgia (Davis et al. 2000;
Cook-Norris et al. 2012; Wang et al. 2018).

Study characteristics and interventions are summarised in
Tables 1 and 2 for interventional and observational studies,
respectively.

3.3 | Risk of Bias

Overall methodological quality varied according to study de-
sign, as assessed using the Joanna Briggs Institute (JBI) Critical

Appraisal tools (Munn et al. 2020; Tufanaru et al. 2020; Barker
et al. 2023, 2025).

Among the eight randomised controlled trials, five were judged
to have a low risk of bias (Kalgaard et al. 2003; Goldberg
et al. 2012; Geha et al. 2016; Pfizer 2019; AlgoTherapeutix 2025),
whereas three were judged to have a moderate risk of bias, mainly
because of treatment-arm imbalance and limited comparative
outcome reporting in one trial (Xenon Pharmaceuticals 2014),
exploratory efficacy assessment with limited endpoint hierarchy
in another (Cao et al. 2016) and open-label treatment allocation
in the third (Rocca et al. 2024).

The single non-randomised placebo-controlled fixed-sequence
crossover trial was judged to have a moderate risk of bias (Merk
et al. 2004). Although the fixed treatment sequence, with pla-
cebo followed by misoprostol, was intended to minimise poten-
tial carry-over effects, the absence of randomisation remained
an important methodological limitation despite double blinding
and standardised outcome assessment.

All prospective single-arm interventional studies were judged
to have a moderate risk of bias because they lacked comparator
groups, despite prospective data collection and predefined treat-
ment protocols (Cacciola et al. 2005; Wang et al. 2018, 2022).
The prospective cohort studies were also judged to be at mod-
erate risk of bias because they were non-randomised and open-
label, with limited control for confounding (Huang et al. 2014;
Michiels et al. 2006).

Most retrospective case series were judged to have a moderate
risk of bias (Michiels et al. 2003; Durosaro et al. 2008; Fischer
et al. 2009; Poterucha et al. 2013; Pagani-Estévez et al. 2017;
Akabane et al. 2022; Michelerio et al. 2023; Sun et al. 2023;
Ducrocq et al. 2025), reflecting referral-centre recruitment,
heterogeneous therapeutic exposure, retrospective outcome as-
certainment and the absence of comparator groups. Two retro-
spective case series were judged to have a high risk of bias (Davis
et al. 2000; Cook-Norris et al. 2012) because they combined sub-
stantial population heterogeneity, absence of disease-subtype
stratification, highly heterogeneous therapeutic exposure and
retrospective outcome ascertainment, substantially limiting at-
tribution of treatment effects.

Detailed study-level risk-of-bias assessments are provided in
Appendix S2.

3.4 | Primary Outcome

Treatment effects were heterogeneous across studies and
interventions.

3.4.1 | Systemic Pharmacological Treatments

Sodium-channel blockers were evaluated predominantly in
small cohorts of individuals with primary erythromelalgia. In
this population, mexiletine and carbamazepine were repeat-
edly associated with reductions in pain intensity and overall
attack burden (Fischer et al. 2009; Geha et al. 2016; Wang
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et al. 2022; Michelerio et al. 2023). In a prospective study
of seven individuals, mean pain intensity decreased from
5.3+ 1.4 at baseline to 0.8 £1.1 after 12months of a stepwise
treatment regimen comprising mexiletine, carbamazepine
and rizatriptan (p =0.018). Complete pain relief was reported
in 85.7% of individuals (6/7), although the respective contri-
bution of each treatment could not be disentangled (Wang
et al. 2022).

Oral selective Na,1.7 inhibitors were evaluated predominantly
in small cohorts of individuals with genetically confirmed
erythromelalgia. Results varied across studies, and efficacy was
frequently assessed using experimentally induced heat-evoked
pain rather than spontaneous pain (Goldberg et al. 2012; Cao
et al. 2016; Pfizer 2019). Oral XPF-002 reduced experimentally
induced pain intensity by 42% compared with placebo (Goldberg
et al. 2012), whereas PF-05089771 did not meet its primary end-
point during the first 4h after dosing. Lower mean heat-evoked
pain scores than with placebo were nevertheless observed at
later post-dose time points, particularly 4-5 and 8-9h after ad-
ministration (Pfizer 2019).

Prostaglandin analogues were assessed in two placebo-
controlled studies involving different aetiological populations
(Kalgaard et al. 2003; Mork et al. 2004). In the study restricted
to primary erythromelalgia, intravenous iloprost reduced me-
dian cooling requirements from 2.8 (1.9-4.0) to 1.9 (0.1-3.0)
on an 8-point Likert scale and improved sympathetic vasocon-
strictor responses (all within-group p <0.05). However, no sta-
tistically significant between-group differences were detected,
although improvement from baseline reached significance only
in the iloprost group (Kalgaard et al. 2003). In a fixed-sequence
crossover study including both primary and secondary erythro-
melalgia, oral misoprostol significantly improved pain, cooling
requirements, and global assessment compared with placebo
(all p<0.01). A >20% reduction in pain was achieved by 66.7%
(14/21) of individuals during misoprostol treatment, compared
with 19.0% (4/21) during placebo treatment. However, this clin-
ical benefit was not maintained at the 3-month follow-up after
treatment discontinuation (Merk et al. 2004).

Platelet-targeted therapies were evaluated across different ae-
tiological contexts. In case series comprising predominantly
primary or aetiologically unstratified erythromelalgia, clinical
improvement with aspirin was reported in 0%-47% of treated in-
dividuals (Davis et al. 2000; Cook-Norris et al. 2012; Michelerio
et al. 2023; Sun et al. 2023). By contrast, retrospective studies re-
ported rapid symptom relief following aspirin initiation among
individuals with erythromelalgia associated with myeloprolifer-
ative neoplasms (Michiels et al. 2003, 2006). Although the spe-
cific contribution of aspirin could not always be distinguished
from that of concomitant cytoreductive therapies, one study also
reported the return of symptoms after aspirin discontinuation,
providing further support for an aspirin-related effect (Michiels
et al. 2003).

Additional indirect evidence came from an open-label compara-
tive study in which erythromelalgia pain was assessed as a sec-
ondary outcome. Twice-daily low-dose aspirin was associated
with fewer pain episodes than once-daily administration, both
in the hands (19% vs. 25%) and feet (20% vs. 27%; p <0.001 for
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both comparisons). Concomitant cytoreductive therapies were
similarly distributed between the two dosing groups, thereby
limiting potential confounding by disease-directed treatment
(Rocca et al. 2024).

Among individuals with myeloproliferative neoplasms, ther-
apies directed at the underlying disease were also associated
with improvement in erythromelalgia. In one prospective study,
anagrelide was associated with complete symptom resolution
following achievement of a sustained platelet response in essen-
tial thrombocythaemia-associated erythromelalgia (Cacciola
et al. 2005). In a prospective comparative study involving in-
dividuals with essential thrombocythaemia or polycythaemia
vera, erythromelalgia was less frequent with interferon-a-2b
than with hydroxyurea (9.4% vs. 29.2%; p<0.01) (Huang
et al. 2014).

3.4.2 | Topical Treatments

Topical therapies showed heterogeneous efficacy. In a cohort not
stratified by aetiological subtype, topical amitriptyline-ketamine
was associated with clinical improvement in 75% of treated in-
dividuals. Treatment response was not significantly associated
with the presence of small-fibre neuropathy (p=0.69) or with
hand or facial involvement (p =0.33) (Poterucha et al. 2013).

By contrast, in a small randomised, placebo-controlled cross-
over study in which participants were not stratified according
to erythromelalgia subtype, topical amitriptyline monotherapy
did not demonstrate superiority over placebo. Mean pain-attack
intensity scores were similar during amitriptyline and placebo
treatment (4.47 +1.68 vs. 4.50 + 1.69, respectively), with no statis-
tically significant difference (p =0.09) (AlgoTherapeutix 2025).

Among studies restricted to primary erythromelalgia, a small
case series reported reductions in pain intensity of 44%-88% with
topical mepyramine (Ducrocq et al. 2025). Topical XPF-002 was
also associated with lower cooling requirements than placebo;
however, interpretation was substantially limited by the marked
difference in group sizes, as seven individuals received XPF-002
and only one received placebo (Xenon Pharmaceuticals 2014).

3.4.3 | Interventional Approaches

Sympathetic interventions were evaluated in small and hetero-
geneous populations. The most detailed evidence came from
an uncontrolled prospective study of chemical lumbar sympa-
thectomy in 13 individuals with refractory erythromelalgia,
including 10 with primary and 3 with secondary forms. Mean
pain intensity decreased from 8.2+2.0 at baseline to 4.9+2.7
after 1day and 1.9 +3.0 after 1week. A complete response was
achieved in 69.2% (9/13) of individuals, with sustained benefit
at 2years in 55.6% (5/9) of initial responders (Wang et al. 2018).
Retrospective case series reporting outcomes following sympa-
thectomy and other sympathetic procedures, without aetiolog-
ical stratification, described more variable results, with partial
benefit reported in 33%-50% of individuals (Davis et al. 2000;
Cook-Norris et al. 2012).

3.4.4 | Non-Pharmacological

Non-pharmacological strategies were infrequently evalu-
ated. Physical methods were reported within heterogeneous
retrospective case series, with limited and inconsistently de-
fined treatment-response data (Davis et al. 2000; Cook-Norris
et al. 2012). In a small retrospective cohort without aetiological
or pathophysiological characterisation, an intensive multidis-
ciplinary pain rehabilitation programme was associated with
significant improvements in pain-related interference (52.5 + 8.7
to 39.7+11.7; p=0.045), life control (49.1+£7.8 to 57.3+4.3;
p=0.046) and general activity (46.6 £4.2 to 54.0+7.4; p=0.047)
(Durosaro et al. 2008).

The main findings regarding pain management strategies are
summarised in Tables 1 and 2 for interventional and observa-
tional studies, respectively.

3.5 | Secondary Outcomes
3.5.1 | Adverse Events and Treatment Tolerability

Adverse events were inconsistently reported across studies
and were generally mild when documented. Prostaglandin
analogues were primarily associated with transient headache,
flushing and gastrointestinal symptoms, which were self-
limiting or resolved after treatment discontinuation (Kalgaard
et al. 2003; Mork et al. 2004). Oral sodium-channel blockers
were associated with dose-dependent neurological and gastro-
intestinal adverse effects, although no major safety concerns
were identified in the included studies (Fischer et al. 2009; Geha
etal. 2016; Wang et al. 2022). Safety data for oral selective Na,1.7
inhibitors remained limited. Early-phase trials did not identify
major safety concerns, but treatment exposure was short, pre-
cluding conclusions regarding long-term safety and tolerability
(Goldberg et al. 2012; Cao et al. 2016; Pfizer 2019).

Topical therapies were generally well tolerated. Amitriptyline,
amitriptyline-ketamine combinations, mepyramine and
lidocaine-based formulations were associated mainly with local
or mild adverse events, with no consistent systemic safety signal
reported (Poterucha et al. 2013; AlgoTherapeutix 2025; Ducrocq
et al. 2025). Topical XPF-002 was evaluated in a single early-
phase study, and the available safety data were limited (Xenon
Pharmaceuticals 2014).

Chemical lumbar sympathectomy was associated with transient
localised post-procedural pain, with no other major adverse
events reported. However, conclusions regarding its safety re-
main limited because the evidence was derived from a single
prospective study involving a small number of individuals
(Wang et al. 2018).

3.5.2 | Health-Related Quality of Life
and Functional Outcomes

Health-related quality-of-life and functional outcomes were
rarely assessed across the included studies. Significant
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functional improvements were reported only in the study eval-
uating a multidisciplinary rehabilitation programme, limiting
conclusions regarding the broader effects of the interventions on
daily functioning and quality of life (Durosaro et al. 2008).

3.5.3 | Mechanistic and Aetiological Data

Aetiological subtype was reported for 277 of 591 individuals
(46.9%). Reporting was more complete among interventional
studies, with 11 of 12 studies specifying whether erythromelal-
gia was primary or secondary, compared with 7 of 13 observa-
tional studies. However, this classification did not necessarily
include direct characterisation of the underlying mechanism.

Beyond subtype classification, more detailed mechanis-
tic and aetiological characterisation varied across domains.
Haematological data concerning myeloproliferative neoplasms
were available for 429 of 591 individuals (72.6% of the total study
population), SCN9A status for 112 (19.0%), data on large-fibre or
axonal neuropathy for 99 (16.8%), data on small-fibre neurop-
athy for 94 (15.9%), data on an autoimmune or inflammatory
background for 78 (13.2%) and functional vascular data for 52
(8.8%).

Among those assessed in each domain, a myeloproliferative
neoplasm was documented in 157 of 429 individuals (36.6%), a
pathogenic or disease-associated variant in SCN9A in 45 of 112
(40.2%), large-fibre or axonal neuropathy in 29 of 99 (29.3%),
small-fibre neuropathy or biopsy-confirmed small-fibre loss in
66 of 94 (70.2%), an autoimmune or inflammatory background
in 32 of 78 (41.0%) and functional vascular abnormalities in 31
of 52 (59.6%). These domains were not mutually exclusive, and
the varying denominators reflect the non-systematic assessment
and reporting of mechanistic and aetiological features across
studies.

The clearest aetiology-specific treatment-response pattern con-
cerned erythromelalgia associated with myeloproliferative
neoplasms. In this setting, findings across studies supported
a beneficial effect of aspirin, whereas studies of primary or
aetiologically unstratified erythromelalgia provided very lim-
ited evidence of benefit (Davis et al. 2000; Michiels et al. 2003,
2006; Cook-Norris et al. 2012; Michelerio et al. 2023; Rocca
et al. 2024). Improvement was also reported following treatment
with anagrelide and achievement of platelet reduction, suggest-
ing that control of the underlying myeloproliferative disorder
may contribute to symptom resolution (Cacciola et al. 2005).

Among individuals carrying pathogenic SCN9A variants, re-
sponses to sodium-channel-targeted therapies were frequently
reported, suggesting a potential relationship between the un-
derlying channel dysfunction and treatment response (Goldberg
et al. 2012; Cao et al. 2016; Geha et al. 2016; Akabane et al. 2022;
Wang et al. 2022). However, these findings were based on only
a small number of individuals, precluding firm conclusions re-
garding treatment efficacy in this subgroup. In other forms of
erythromelalgia, the available data were derived mainly from
mixed cohorts in which treatment outcomes were not reported
separately by aetiological subtype, preventing assessment of ef-
fectiveness within individual subgroups.

Beyond pharmacological treatment, relapse following chemical
lumbar sympathectomy appeared to be more frequent among
individuals with SCN9A-associated erythromelalgia, raising the
possibility that SCN9A status may also influence the durability
of response to sympathetic interventions. However, this obser-
vation was based on a very small number of individuals (Wang
et al. 2018).

Overall, the available findings point to potential associations be-
tween underlying mechanisms and treatment response, but the
evidence remains insufficient to support clinical recommenda-
tions for mechanism-based treatment selection. Detailed sum-
maries of adverse events and variant-level data are provided in
Appendices S3 and S4, respectively.

3.6 | Certainty of Evidence

According to the GRADE framework (Guyatt et al. 2011;
Balshem et al. 2011), evidence for aspirin in myeloproliferative
neoplasm-associated erythromelalgia was initially rated as low
certainty because it was derived predominantly from obser-
vational studies and remained susceptible to confounding. It
was upgraded by one level to moderate certainty because the
reported treatment-response signal was large and generally
consistent within this clearly defined subgroup, with rapid
symptom relief, recurrence after aspirin withdrawal and fewer
pain episodes with twice-daily than once-daily dosing, while
concomitant cytoreductive therapies were similarly distributed
between groups.

By contrast, evidence for both anagrelide and interferon-oa-2b
in myeloproliferative neoplasm-associated erythromelalgia was
rated as very low certainty. For anagrelide, the evidence came
from a single small prospective uncontrolled study and was
downgraded for serious imprecision. For interferon-a-2b, the
rating reflected the non-randomised design, the assessment of
erythromelalgia as a secondary outcome, and the inability to
distinguish a specific effect of interferon-a-2b on erythromelal-
gia from the effect of treating the underlying neoplasm.

In primary erythromelalgia, evidence for the conventional
sodium-channel blockers mexiletine and carbamazepine was
rated as low certainty. Although favourable treatment responses
were reported across several studies, no upgrading was applied
because the evidence was based on very small samples.

Across different aetiological populations, evidence for prostaglan-
din analogues was rated as low certainty. Although controlled
data were available, certainty was downgraded because the ev-
idence was limited to two small studies with inconsistent com-
parative findings. Misoprostol improved pain and cooling-related
outcomes compared with placebo in a fixed-sequence crossover
study, whereas iloprost showed significant within-group im-
provements but no statistically significant between-group differ-
ences. These findings suggest a possible therapeutic signal but are
insufficient to establish a consistent treatment effect.

Evidence for corticosteroids and sympathetic interventions
was rated as low certainty because it was derived mainly from
small, uncontrolled or non-randomised studies. Evidence for
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selective Na,1.7 inhibitors was rated as very low certainty owing
to extremely small samples, short treatment exposure, variable
results and the frequent use of experimentally induced heat-
evoked pain rather than spontaneous pain outcomes.

For topical preparations, evidence for amitriptyline-ketamine
was rated as low certainty because it was derived from an un-
controlled study. Evidence for mepyramine and XPF-002 was
rated as very low certainty because of the very small samples,
with additional concern regarding the marked treatment-group
imbalance in the XPF-002 study. Evidence for topical amitripty-
line monotherapy was rated as low certainty and remained in-
conclusive: a single crossover trial involving 13 individuals did
not demonstrate superiority over placebo, but the imprecision
associated with the small sample was insufficient to exclude a
clinically meaningful benefit.

Evidence for non-pharmacological interventions and other oral
therapies, including gabapentin, antidepressants, antihista-
mines and magnesium, was rated as very low certainty because
the available data were limited, heterogeneous and largely de-
rived from retrospective studies with predominantly qualitative
and non-comparative outcome reporting.

A more detailed domain-level justification for each certainty rat-
ing is provided in Table 3.

4 | Discussion

This systematic review provides a structured and graded ap-
praisal of pain-management strategies in erythromelalgia.
Moderate-certainty evidence was limited to aspirin in myelopro-
liferative neoplasm-associated erythromelalgia. Low-certainty
evidence suggested potential benefit from the conventional
sodium-channel blockers mexiletine and carbamazepine in
primary erythromelalgia, as well as from prostaglandin ana-
logues, corticosteroids, selected topical therapies and sympa-
thetic interventions in specific clinical contexts. Evidence for
selective Na,1.7 inhibitors and most other interventions was of
very low certainty. Topical amitriptyline monotherapy did not
demonstrate superiority over placebo in a single small crossover
trial; however, the evidence remained inconclusive because the
small sample was insufficient to exclude a clinically meaning-
ful effect. Findings supported by very low-certainty evidence
should be regarded as hypothesis-generating and require fur-
ther confirmation before they can support treatment-specific
recommendations for erythromelalgia. Findings supported by
low-certainty evidence should also be interpreted cautiously, as
the true effect may differ substantially from the estimated effect.

Data on erythromelalgia subtype and underlying mechanisms
were examined as secondary outcomes. Classification as pri-
mary or secondary erythromelalgia was reported for 46.9% of
individuals. The availability of more detailed aetiological and
mechanistic data varied according to the domain assessed.
Haematological or relevant biological data concerning myelop-
roliferative neoplasms were available for 72.6% of the total study
population, SCN9A status for 19.0%, and data on small-fibre
neuropathy for 15.9%. This incomplete and heterogeneous re-
porting limited the assessment of potential associations between

underlying mechanisms and treatment response, particularly
within primary erythromelalgia, which encompasses both ge-
netic and idiopathic forms (Caldito et al. 2024).

In SCN9A-associated forms, favourable responses to conven-
tional sodium-channel blockers have been reported, suggesting
a potentially relevant therapeutic signal. Although the small
sample sizes preclude firm conclusions, the observed responses
are consistent with the underlying mechanism, as gain-of-
function alterations of Na,1.7 increase nociceptor excitability
(Dib-Hajj et al. 2005, 2013). This clinical and functional con-
cordance was illustrated in a family carrying the SCN9A p.Val-
400Met variant, in which carbamazepine produced substantial
clinical improvement in affected members and normalised the
altered gating of mutant Na,1.7 (Fischer et al. 2009). Preliminary
findings suggest that this mechanistic rationale may also extend
to topical sodium-channel modulation. In a small case series of
primary erythromelalgia, mepyramine, shown in functional
experiments to inhibit mutant Na,1.7 channels, was associated
with reductions in pain intensity of 44%-88%; however, the very
small uncontrolled design substantially limits confidence in the
observed treatment effect (Hao et al. 2021; Ducrocq et al. 2025).

Beyond genetic status, peripheral nerve involvement may rep-
resent another relevant factor when interpreting treatment re-
sponses in primary erythromelalgia. Among those assessed,
small-fibre neuropathy or biopsy-confirmed small-fibre loss
was frequently documented, including in both idiopathic and
SCN9A-associated forms, suggesting that neuropathic in-
volvement may occur across aetiological categories (Caldito
et al. 2024; Akabane et al. 2022). However, because treatment
outcomes were rarely stratified according to neuropathy status,
it remains unclear whether such involvement predicts response
to conventional sodium-channel blockers or to treatments rec-
ommended for neuropathic pain, including gabapentinoids
and antidepressants (Soliman et al. 2025). Gabapentinoids and
antidepressants were sparsely evaluated in erythromelalgia,
and the available evidence was non-comparative (Cook-Norris
et al. 2012; Akabane et al. 2022).

Microvascular and sympathetic pathways may represent
additional therapeutic targets in erythromelalgia, but the
supporting evidence was sparse and inconsistent. Among pros-
taglandin analogues, misoprostol improved pain and cooling-
related outcomes compared with placebo, whereas iloprost
produced within-group improvements without statistically sig-
nificant between-group differences (Kalgaard et al. 2003; Mork
et al. 2004). Pain reductions following chemical lumbar sympa-
thectomy in refractory erythromelalgia further suggest poten-
tial therapeutic benefit from sympathetic modulation (Davis
et al. 2000; Cook-Norris et al. 2012; Wang et al. 2018). However,
evidence for sympathetic interventions was limited to very small
uncontrolled studies and should be regarded as exploratory
rather than as establishing their efficacy or safety.

Among secondary forms, the strongest treatment evidence con-
cerned aspirin in myeloproliferative neoplasm-associated eryth-
romelalgia. Across studies, aspirin was associated with rapid
and generally consistent symptom relief, recurrence after treat-
ment withdrawal, and fewer pain episodes with twice-daily than
once-daily dosing (Michiels et al. 2003, 2006; Rocca et al. 2024).

European Journal of Pain, 2026

17 of 24

85U8017 SUOWIWIOD BA 11810 3|qeol (dde ay) Aq pauenob ae sapile VO ‘8sN JO Sa|n. 10y Akl TaulUO AB|1M UO (SUONIPUOD-pUe-SWe)LI0o A IM Aled 1 jpulUo//Sdny) SUORIPUOD pue Swe | 8y} 88S *[9202/60/70] Uo Ariq1T8uljuo AS|IM * 80Ul 8URIYI0D - YOOV 3] |IweD Aq 8980, 'dB/Z00T 0T/I0p/W0d A8 1M Aleiq 1 uljuo//Scny Wouy papeojumoq ‘g ‘9202 ‘6vT22eST



15322149, 2026, 8, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ejp.70368 by Camille RACCA - Cochrane France , Wiley Online Library on [04/09/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

‘suosLredwod PI[[OIFUOD JO JOUISE ) PUE JUSUWISSISSE SW0IINO
9A1399dS01331 ‘U0 BS1I)ORIRYD [€II30[01)9 JUIISISUOIUT ‘SUIWIFI
SNoouaS01939Y Aq PATUWIT] Sem Uone}a1dIdiu] "SaIpnis SSoIoe
A[renueisqns paLreA sasuodsal 4asqns dAISU0dSaI-Pro1a)sod1109
d1qissod e ur pajrodar sem juawraaoiduwil payIew YSNoyIy ‘SOLISS
9se0 9A10adso1391 woly Ajyueurwopaid POALISP SeM SOUIPIAT

‘uorsroardw pue AJU9)SISUOIUT ‘SeIq JO YSII JO 9SNeIdq papeisumop
sem AJUre1rd) soouaIdyjIp dnoid-usamiaq Juedjrusdis A[[eonsnels
ou 1nq sjyuswaaoxdur dnoxg-uryiim juesryrugis paonpoid jsoxdort

sea1ayMm ‘0qaoe[d yIim pareduwod SSWOIIN0 paje[aI-3UIjo0d pue
ured pasoidut [03s01dOSI “Apn3s I9A0SSOId 90UINbIs-paxiy

POSTWIOPUBI-UOU ‘PI[[01)U09-0qade[d 9UO0 pue [e11) J0[1d pasrmopuel

P[[013U09-0q29e[d [[EWS SUO WO PIALISP SeM SOUIPIAT

‘pardde sem Surpeiddn ou pue ‘90UIPIAS pa[[0I}UOIUN JO
soururwopaid oy} pue uoIsIOaIdWI SNOLISS JO ISNBIAQ MO[ SB Pajel
SeM AJUTRIISD [[BISAQ "SUSWISAI [epowinu 1o [erjuanbas ur s[qissod
sAemre J0U Sem Tonnqrie ofyroads-jusuniesn pue ‘sdnoidqns [rews
K194 0) payIwI] 219Mm sSurpuly payniens-ad£jouad ‘ordures [rews
AJoWIAI)Xd UB PIAJOAUT QOUSPIAS P[[OIIUOD 3} ‘SAIPNIS $SOI0E Pajrodar
o1om duldozeweqaed pue SUNIIXIW 0} Sasuodsal 9[qeInoAe] y3noyiy
"SOLI9S 9SBI [RUOIJBAISSO [BISAIS pUE APN)S [EUOTUSAIIUI WLIe-9[Suls
9An0adso1d auo ‘TerI) PA[[OIIUO0D [[BWS AI9A QUO PasIIdUIOd dd0UAPIAT

*A1U181190 9)BISPOUI 0) MO[ WOIJ [9AJ] U0 Aq papeiddn 210Jo19Y}
SEM DOUPIAD 9], "JUSWIBII} PIJOIIP-3seasip £q Surpunojuod
Sunrui ‘sdnoid usamiaq panqruisip Ajre[rwais axom sarderay)

SAI}ONPAIOIAD JUBITWOIUOD ‘Apn)s daneIedwiod ay) Uy “Jursop Afrep
-90U0 uey) A[Tep-201M} Y3im saposido ured 1oma] pue [emeIpyiim
urIidse 19338 90ua1INdaI ‘Jora1 woidwiAs prdes urpnpour ‘dnoidqns
paulgop AJ1ea[0 SIY) UTYIIM JUISISU0D A[[eIouas pue o31e] sem

[euSIs 9su0dsaI-)uduUI} eI} [[BISAO Y] ‘SSI[OYIIdASN "suise[dosu

oA eIgfI[0IdO[PAW YIIM S[ENPIAIPUT UT ULIIASE 9SOP-MO] A[Tep-901M)
sns1oA -oouo Surredwod Ajrrewiid 1ern) € ur jurodpus A1epU0ISS B SeMm

BIS[E[OWOIYIAID 9SNBIAQ 0USPIAS J021Ipul Ing dar3roddns papraoxd

(#202) 'Te 12 8200y ‘Surpunojuod 0} 9[qrdadsns paureurdl 310§oIdY}

suorje[ndod parjiens-uou
10 SN03U3019)aY—MO']

suonerndod [eor3ojonoe
JUISJJIP SSOIOB—MO']

eI3refowoIy)A1s Arewrrad—mor]

eIS[ROWOIYILID
pajerdosse-wse[doau

(€207) 'Te 39 UNS *(2Z07) ‘T8 19
AueqeYY (LI07) 'Te 192 ZaA9lIsH
-Tueded {(Z107) ‘T8 19 SHION
-3[00D {(0007) ‘T® 19 siaeq

(¥002) T8 30 16N
{(002) 'Te 32 preedrey]

(€207) Te 32 UNS {(£707) Te 10
OLIB[AYII £(2207) ‘T8 19
aueqeyV {(zz07) Te 19 Suem
(9102) Te 32 BY2D ‘(6007) Te 39
19U0stg 1(0007) Te 39 staeq

($207) "Te 12 8200y {(9007) T8 19

SPI0I2)SOJT1100 JTUIISAS

(103s0adostua “ysoxdorr)
songoreue urpue[delsoid

(ourdozeureqied
‘QUI)IIXU) SI9O0[( [QUULBYD
-WINIPOS [BUOTIUIAUOD)

pUE SIIPNJS [EUONBAIISQO WIOIJ A[JUBUTWOPId PIALISP SeM dOUIPIAY aanyeIsjrjordoeAw—a)eIdopoN SIOTYDTIA {(£007) ‘T€ 39 STOTYSIIA undsy
Sunea 10y oreUOnIRY (HAVED) S9IpnIs A33[ A891e138 omInaderay,
OUIPIAS JO AJUTELID)

"eIS[R[OWOIYIAID UT SA130)exs onnaderay) Jo Juswssasse VYD | € ATIV.L

European Journal of Pain, 2026

18 of 24



15322149, 2026, 8, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ejp.70368 by Camille RACCA - Cochrane France , Wiley Online Library on [04/09/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

19 of 24

‘uors1oa1dwt SNoLIds AI9A PUB SeIq JO JSLI SNOLISS JO
9sned9q papeISumop sem AJurelrd)) ‘oqadeld SUIAIOIS1 SUO pue
JUSUIIBAI) SATIOR SUTATSIDI S[BNPIAIPUT UIAIS [IIM ‘dOULBTRQUIT
dnoi3-jusuriean) pasIew PIAJOAUT pue A1)SI391 [B11) © Ul A[UO
parrodar sem z00-JIdX O[TUYM ‘SOLISS 9SBD [[EUWIS B UT PAJEN[BAD SEM BIS[R[OWOIY)ATD (sZ0?) "Te 32 boorong 700-1dX [eordoy
ourureIAdagy "SAIPNIS [[EUWS AI9A 0M) 0} PIJIWI] SEM JOUIPIAT Kreurtad—,mor AToA ‘{($T07T) S[eonNAdBWLILYJ UOUIY pue sururerfdow Teordog,

‘Ajure) 100 pajtwal A[renuelsqns wsejdosu Surfpropun ay3 Sur[jo13uod

J0 109339 9y} woIj BIS[B[OWOIYIAId UO SPI[2ISeUe JO J09JJ0 o1j10ads
' ysm3unsip oy AIqeur oy} pue uolsroa1dwr snorss ‘Iojereduwrod

© JO 90Udsqe oY) Inq ‘dsuodsar jo[o1e[d pauIeISnS B JO JUSWAIIYIE BIS[E[OWOIYIAIS PAIRIOOSSE
Gurmorjoj palrodar sem uonnjosax wodwAs 939idwo) “Apnis -BIUWIR)A00qUIOIY}
parjonuooun 9Andadsod [Tewrs S[3UIS & 0) PAITWI] SBM SOUIPIAY [BIUSSO—,MO] ATOA (S007) 'T® 12 B[O1DJEBD oprPISeuy

‘uoryeorda1 juspuadapur JO JOe] PUE JUSWIUIR}ISISE SWOIINO
9A1303ds01301 “103eIRdWI0D B JO 90UISqE 9} AQ PIIWI] PIUTRWAI
A)ure) 190 ‘JuowIssasse asuodsar painjoniis pue 9zis a[dures a51e[
Aroanereduwod oY) 931dsa( "pajenyeAs os[e sem sniels Ayjedornou
21qIj-[ewrs pue ‘Suruasiom o} Jorfal 939[dwod woiy urdues
S911039780 paurjopaid SUISn MITASI PIOJDI-[RIIPIW YFNOIY) PISSIsSe
Sem JOT[oI uled "UONIPUOD ILI SIY) J0J SOLISS 3Sed 9A1}0adso13al payneIs jou surwejay—-aulfidrniwue
9I1UR2-9[3urs o318 A[9AIJR]OI © WOIJ PIALIOP SBM JOUSPIAT ad£igns Tes13ojo10—mor] (£107) 'Te 32 'yYONIDIOg reordog,

‘JIJoueq [nySuruesu A[TeOTUI[O B 9PN[OXS 0 JUSIOJNSUL 9I0M pue
uorstoardut snorias paonpoid Suniodal pajrwil pue S[enpIAIpul
€1 Jo ordures a3 1nq ‘ogose]d 1940 A)r10119dNS JLIISUOWIP JOU PIP
Apnjs oy T, ‘A1351321 [eL1) B UT ATUO paj10dal [BLI}) IOAOSSOIO PA[[OIIUOD panens jou adAiqns [edrdojono Aderayjouowr
-0qooe[d pasruropuel [[ews S[SUIS B UWIOIJ PIALISP SeM dOUIPIAT —QAISN[OUOJUI PUE MO'] (szo2) xnnaderay 1031V sunf&ydinrwe resrdog,

"0 SB PIJBI SBM SOUIPIAD JO AJUTeII00 A} ‘[[eIAQ 'A)3Jes 10
Koeorjze 101310 SurpIiedal suorsnOUod Wiy papnyoaid uonesrjdal
aAnoadsoid yuapuadapur Jo aouasqe a3 pue ‘Furjrodar JusAd
-9sIaApe pajyiwl] ‘sanbruyos) pue suonendod snosusadoraioy
‘soz1s o[dures [[ews ‘SUSISOp PI[[0IIUOIU[) "I[BIIBA JIOUWL 1M
SUOTIURAISIUT o1}y IedWAS ()0 I SaW0IIN0 ‘Awo3oayreduwks

O

[N}

Iequuny [edIWRYD SUIMO[[0] pa1iodal a1om JuswaA0IdW paureIsns w.
pue Aysusjut ured ur suoponpal ySnoyyy saanpadoid onayjedwks Awoyoayyeduwfs [eordins .m
SN0aUAZ01919Y SUTIBN[BAS SILIaS aSBI 9A1}0adS0I191 0M) pue Apn)s rIS[R[OWOIYIATS (8107) ‘T 30 Suem “(2T07) T8 32 pue [eorwayd Surpnour =
Pa[[013U0oUN dAT}03dS01d [[BWS SUO WOIJ PIALIOP SeM dOUIPIAYT £1030BIJOI—MO] SLLION-Y00D (0007) 'T® 12 SIae( ‘suoniuaAIIUI onayIeduwAS E
5

Sunyea 10y oreUOnIRY (@HAVID) SaIpn)s A33[ A891e138 omInaderay, m

OUIPIAS JO AJUTELID) M

2

(ponupuo)) | €ATAVL | &



15322149, 2026, 8, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ejp.70368 by Camille RACCA - Cochrane France , Wiley Online Library on [04/09/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

European Journal of Pain, 2026

*RIS[B[OWOIYIAIS 10J SUOIIEPUSWII0dT dF1dads-jusunyear) 1oddns o) jusrorggnsut a1e pue Sunersudd-siseyjodAy se papredar aq pinoys 20uapias Ljure3rad-moj £1aa £q paroddns sSurpurg,

‘SUTBUIOP JUBAS[AI Y} UI PAIapIsu0d d1am Sunrodar aurod)no jo sseudjeidwods ay) Surpredar Kjurejreoun pue Suntodar Ajuo-£nsiSay “sorjdde Suner

ey yorym o3 uonerndod ay) sajearpur Suner £Jure)19d Yoea 193Je PAJeIs JXAIU0D [BIIUI[D Y.L 'Selq uonedrjqnd pue uorsioa1du ‘Ssaujda1rpur ‘Aoualsisuodut ‘seiq Jo YSII Jo Surewop FqV YO pIepuels o) Suisn passasse sem AIUIe11s)q
‘sarjdde 20uapIAd JO [9A3] pajrodar ay3 yorym 03 £10893e o1inadeIay) I9peoIq B UIY)IM SUOIJUIAINUI 10 sSnIp oj1oads ay) 03 19521 sasayjuared ur paryroads sardojens onnaderay I,

‘uoneo1da1 Jo or[ pUE SSAUOIIPUL ‘UOIsIOdIdw] ‘SeIq JO
JSLI SNOLIAS JO 9SNBI9q PIPBISUMOD Sem AJuTelId) d[qe[reae

uoneIIIqeyaI
910/ BIEp AIOJRULITFUOD PI[[OIFUOD OU PUE SNOUIF0IAIAY dIoM ured Areuridrosipnnur pue
SOWI0JINO0 PUE SUOHUIAIIIUI ‘PII0dT 919/ IUISJIIUT PIJe[ol (ZT0?) "Te 32 SITION-00)D SNAL ‘spoyjouwt redrsAyd

-ured 10 Suruonounj ‘uaping woidwAs ur syuswroIdwt YSnoyy
"S3IPNJS [RUONBAIISQO [[EWS WOIJ A[DAISN[OXS PIALIOP SBM SOUIPIAT

‘3uniodai aanelifenb Apueurwopaid pue SUOIITUIFOP SWOIINO
sSnooua301939y ‘sojduwres [[ews ‘SudIsop pa[joruodun £q pajrwiI sem
Kyure)19)) ‘pauTWISIAP 9q A[2IBI P[NOI SIS JIJToads-juam)ear; pue

‘A[renueisqns pariea sasuodsal pajioday "suowidal [enuanbas 1o
[epownnu unyim Appuanbaiy ‘sardeIay) snosusadors)ay Suneniead
SOLI9S 9SBD 9A1}09dS0IIaT W0IJ A[OSIR] PAALISP SeM dOUIPIAT

‘uoryedridar yuopuadopul Jo oudsqe pue 9z1s d[duwies [[ews
JUSUISSISSE AW0IJNO-KIPU0IIS ‘USISIP POSTWIOPUERI-UOU J) JO
asnedaq Mo[ K194 se pajel sem Kjurelrd) ‘wisejdoau Surfprepun ay)
Suryeans Jo 309330 9y} WOIJ PaYsIIUNSIP 9q J0U P[nod eI e[oWOIYILId
U0 qz-0-U0ISJId)UI JO J9JJ9 01J10ads a1} Inq “edINAXOIPAY YIIm Uel)
QZ-0-UOISJISIUT YIIM Juanbaiy sso sem eIS[e[OWOIYIAIH "9WOIIN0
AIepU0D3S B SB PISSISSE SEM BIS[B[OWOIYIAIS YOIyM Ul uosrredwod
aA130adso1d pasTwopueI-uou S[SUIS B WOIJ PIALISP SeM OUIPIAY

*K1ure) 190 paonpal 1ayyang Apnis auo 10y Junrodar Ajuo-A13s13a1
pue AoUQ)SISUOIUI ‘SSOUIIAIIPUT ‘UOISIOaIdWII SNOLIAS ‘@Insodxad
jusuryean) 1Ioys swoldwAs vidrepwory)£e snosueiuods uey)
1oyye1 ured payoAe-1BaY paonpur A[[eiusurriadxs ursn passasse
Apuanbaiy sem Loeorgze pue ‘urodpus Arewrid sj1 309W Jou prp
Kpnis auo ‘a[qerieA arom sSurpur, ‘spers} aseyd-£[Iee po[[oIIuod
-0qaoe[d [TeWS A[OWIIXS 991U} WOIj PIALISP SBM dOUIPIAL

payynens jou adAyqns
[eo13o10139—,MO0[ AI9A

suorje[ndod parjiens-uou
10 SN0aUR3019J9Y—,MO[ ATOA

BIS[e[OWOI)AID
pajeroosse-wse[doau
aAnyeIjT[oIdoTaAtI—,mO0] KTOA

RIS[R[OWOIYIAID
Krewrrad—,mor K197

£(8007) 'T& 30 oxesoIN(
{(0007) 'Te 19 s1ARQ

(€207) 'Te 30 UNS {(€207) 'Te 19
OLIS[AYIIIA £(2207) ‘T8 19
sueqeyV {(2107) ‘Te 19 SLLION
00D (0007) ‘Te 2 siae(g

A.VHONV e i1 wﬁwﬂm

(6T07) 19z13d (9107) Te 30
0®D {(T107) 'T& 30 8199P[0D

Surpn[ouI ‘SUOTIUSAIIUT
[esrdojooeurieyd-uoN

wnrsoudew

pue saurwe)sIynue
‘syuessardopniue ‘uryuadeqesd
Surpnpour ‘sarderay) [e1o 1DYI0

qZ-1v-uoJajIajuy

(200-4dX ‘1LL680S0-1d)
SIONQIYUI £ T N 9ATII[3S [IQ

Sunyea 10y oreUOnIRY

(HaAvion)
OUIPIAS JO AJUTELID)

SaIpn)s A33[

A891e138 omInaderay,

(ponunuo)) | €HATAVL

20 of 24



These findings support a treatment effect in this specific sub-
group and are consistent with the proposed involvement of
platelet-mediated microvascular dysfunction (Van Genderen
and Michiels 1997; Michiels 2002).

Evidence for treatments targeting inflammatory or immune
pathways was much more limited. In one retrospective series,
corticosteroid responsiveness was observed in a subset of in-
dividuals, particularly among those with a subacute disease
course (Pagani-Estévez et al. 2017). Responses varied across
other retrospective series, and corticosteroids were not evalu-
ated in clearly defined inflammatory subgroups (Cook-Norris
et al. 2012; Akabane et al. 2022). Other immunomodulatory
approaches were only sporadically reported, with insuffi-
cient treatment-specific data to draw firm conclusions (Davis
et al. 2000; Akabane et al. 2022). These observations suggest that
inflammatory or immune-mediated mechanisms may contrib-
ute to selected presentations, but the evidence remains too lim-
ited and heterogeneous to establish a distinct pathophysiological
subtype or inform treatment selection (Caldito et al. 2024).

Taken together, these findings suggest that treatment response
in erythromelalgia may depend, at least in part, on the under-
lying biological pathway, and that improved mechanistic char-
acterisation could help guide treatment selection. However,
the available evidence remains insufficient to support such a
mechanism-informed approach in clinical practice.

Methodologically, this review applied predefined eligibility crite-
ria, independent study selection and data extraction, structured
risk-of-bias assessment and GRADE evaluation. The prespeci-
fied five-participant threshold for non-randomised studies was
intended to limit reliance on isolated reports and very small
uncontrolled series, in which apparent treatment effects are
difficult to distinguish from spontaneous symptom fluctuations
or between-individual variability. This threshold determined
eligibility rather than methodological quality. RCTs involving
fewer than five participants were retained because random allo-
cation and a within-study comparator provided a basis for direct
within-study comparison, but their substantial imprecision was
reflected in the GRADE assessment and the findings were inter-
preted as exploratory.

In line with methodological guidance for rare diseases, the rar-
ity of erythromelalgia was considered when contextualising
the availability of evidence and the feasibility of different study
designs, while standard GRADE criteria were applied without
modification (Pai et al. 2015, 2019). Certainty ratings therefore
reflected the limitations of the evidence itself, particularly un-
controlled designs, incomplete outcome reporting, small sample
sizes, limited numbers of events and heterogeneity in inter-
ventions and outcome assessment (Balshem et al. 2011; Guyatt
et al. 2011). A quantitative meta-analysis was not performed be-
cause of substantial clinical and methodological heterogeneity
across studies, interventions and outcome definitions, making a
narrative synthesis more appropriate.

Several limitations should be acknowledged. First, the evidence
base was limited in size and methodological quality. Although
the 25 included studies collectively reported 591 individuals, al-
most half were retrospective case series, and most interventions

were evaluated in small populations. Uncontrolled designs, ret-
rospective outcome ascertainment, heterogeneous treatment ex-
posures and inconsistent outcome definitions frequently limited
causal attribution and resulted in substantial imprecision. The
small number of studies available for each intervention also pre-
cluded a reliable formal assessment of publication bias.

Second, characterisation of erythromelalgia subtype, underlying
mechanisms and pain phenotype was incomplete, particularly
in retrospective studies. Classification as primary or secondary
erythromelalgia did not necessarily establish the underlying
mechanism, while genetic, physiological, biomarker, sensory
and neuropathy data were inconsistently reported. The presence
of an associated condition alone was not considered sufficient to
establish secondary erythromelalgia or causality. Consequently,
analyses of potential associations between mechanisms, pain
presentation and treatment response relied partly on biological
plausibility and cross-study interpretation rather than direct
comparative evidence.

Third, follow-up was often short, and adverse events, long-
term safety, physical functioning, quality of life, treatment ac-
ceptability and patient global assessment were inconsistently
reported. In addition, three included reports were available
only as ClinicalTrials.gov results records without correspond-
ing peer-reviewed publications (Xenon Pharmaceuticals 2014;
Pfizer 2019; AlgoTherapeutix 2025). The limited methodologi-
cal and analytical detail available for these records complicated
risk-of-bias assessment and created uncertainty regarding the
completeness of outcome reporting.

Finally, excluding non-randomised studies involving fewer
than five participants reduced reliance on isolated uncon-
trolled observations but also narrowed the range of therapeu-
tic approaches represented in the review. Several interventions
reported only in isolated case reports or very small case series
were therefore not eligible for inclusion. This was particularly
relevant to neuromodulation strategies, including spinal cord
stimulation, dorsal root ganglion stimulation and repetitive tran-
scranial magnetic stimulation, for which the available publica-
tions did not meet the prespecified eligibility criteria (Hagedorn
etal. 2021; Lee et al. 2024). Their absence from the evidence syn-
thesis should not be interpreted as evidence of ineffectiveness,
but rather as indicating a lack of eligible evidence. A registered
randomised, sham-controlled crossover trial is evaluating burst
spinal cord stimulation in refractory erythromelalgia (St. Olavs
Hospital 2019), illustrating emerging efforts to evaluate neuro-
modulation using more rigorous study designs.

Future research should prioritise international, multicentre
prospective studies using standardised diagnostic criteria and
systematic classification of erythromelalgia subtype. An inter-
national multidisciplinary consensus involving clinicians and
researchers could help harmonise diagnostic criteria, subtype
classification and treatment pathways. Individuals should be
stratified according to primary or secondary erythromelalgia
and, whenever possible, according to specific genetic, haemato-
logical, inflammatory, vascular or neurological characteristics.
Genotype-stratified studies are particularly needed to deter-
mine whether pathogenic variants in SCN9A or other sodium-
channel genes predict response to sodium-channel-targeted
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http://clinicaltrials.gov

therapies. More broadly, prospective studies should test whether
treatment selection based on systematic subtype and mechanis-
tic characterisation improves clinical outcomes compared with
non-stratified approaches.

Given the rarity and clinical variability of erythromelalgia,
conventional parallel-group randomised trials may not always
be feasible. Randomised crossover trials may offer an efficient
approach to comparing treatments within individuals, while in-
ternational registries could provide larger longitudinal datasets
on treatment effectiveness, safety and therapeutic trajectories.
Future studies should consistently assess pain intensity, attack
frequency and duration, cooling requirements, physical func-
tioning, adverse events, treatment discontinuation and patient-
reported outcomes, with sufficiently long follow-up to evaluate
the durability of benefit and long-term safety.

Overall, moderate-certainty evidence was confined to aspirin
in myeloproliferative neoplasm-associated erythromelalgia,
while most other interventions were supported by low- or very
low-certainty evidence. Findings from better-characterised pop-
ulations suggest that underlying mechanisms may influence
treatment response, but prospective studies with systematic
subtype and mechanistic characterisation are needed before
mechanism-informed treatment selection can be recommended
in clinical practice.
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