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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 Clini​calTr​ials.​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 Naᵥ1.7 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.
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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 
SCN9A, which encodes Nav1.7, 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.

To our knowledge, no previous systematic review 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/​​proto​cols.​io.​14egn​rqjml​5d/​v1 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:

•	 Randomised controlled trials (RCTs), 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 Clini​calTr​ials.​
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 
I.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%; 

FIGURE 1    |    PRISMA flow diagram.
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n = 392). 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; Mørk 
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 Naᵥ1.7 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-α-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 Nav1.7 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 (Mørk 
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 12 months 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 Naᵥ1.7 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 4 h after dosing. Lower mean heat-evoked 
pain scores than with placebo were nevertheless observed at 
later post-dose time points, particularly 4–5 and 8–9 h after ad-
ministration (Pfizer 2019).

Prostaglandin analogues were assessed in two placebo-
controlled studies involving different aetiological populations 
(Kalgaard et al. 2003; Mørk 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 (Mørk 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 Fi
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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-α-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 1 day and 1.9 ± 3.0 after 1 week. A complete response was 
achieved in 69.2% (9/13) of individuals, with sustained benefit 
at 2 years 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; Mørk 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 
et al. 2016; Wang et al. 2022). Safety data for oral selective Naᵥ1.7 
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-α-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-α-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-α-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 Naᵥ1.7 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 Naᵥ1.7 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 Naᵥ1.7 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 Naᵥ1.7 (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 Naᵥ1.7 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; Mørk 
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). 
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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 Clini​calTr​ials.​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 
et al. 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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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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