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Magnesium sulfate in neuropathic pain: A systematic
review and meta-analysis
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ABSTRACT

Background: Although magnesium sulfate has demonstrated analgesic properties in postoperative settings, its efficacy for neuropathic pain
remains uncertain. This systematic review aimed to assess its potential therapeutic role in the management of neuropathic pain. Methods: We
conducted a systematic review and meta-analysis of randomized controlled trials comparing magnesium sulfate (administered orally or intrave-
nously) with placebo or other neuromodulators in adults with neuropathic pain. Literature searches were performed in PubMed, EMBASE, Google
Scholar, and BVS-LILACS from 1990 to May 2023. Risk of bias was assessed using the Cochrane Risk of Bias 2.0 tool. Pooled mean differences
and 95% confidence intervals (Cls) were estimated using a random-effects model (Mantel-Haenszel method). Heterogeneity was quantified using
the 12 statistic. Results: Seven trials including a total of 274 participants were included. Compared to placebo, magnesium sulfate showed a non-
significant reduction in pain scores (mean difference: -1.13; 95% Cl: -2.64 to 0.38), with substantial heterogeneity (12 = 81%). In comparisons
with ketamine, a known NMDA receptor antagonist, magnesium sulfate also showed a non-significant mean difference of -0.67 (95% Cl: -1.84
to 0.49), with moderate heterogeneity (12 = 62%). Conclusions: Magnesium sulfate may hold potential as a therapeutic option for neuropathic
pain; however, current evidence is insufficient to support its routine use. Further well-designed primary studies are needed to determine its ef-
ficacy, optimal dosing strategies, and appropriate clinical indications.
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RESUMEN

Antecedentes: Aunque el sulfato de magnesio ha demostrado propiedades analgésicas en contextos posoperatorios, su eficacia para el
dolor neuropatico alin no esta clara. Esta revision sistematica tuvo como objetivo evaluar su papel terapéutico potencial en el manejo del dolor
neuropatico. Métodos: Se realizé una revision sistematica y metaanalisis de ensayos clinicos aleatorizados que compararon sulfato de magnesio
(via oral o intravenosa) con placebo u otros neuromoduladores en adultos con dolor neuropético. Se llevaron a cabo busquedas en PubMed,
EMBASE, Google Scholar y BVS-LILACS desde 1990 hasta mayo de 2023. El riesgo de sesgo se evalud con la herramienta Cochrane Risk of Bias
2.0. Se calcularon diferencias de medias agrupadas (MD) con intervalos de confianza del 95% mediante un modelo de efectos aleatorios (método
Mantel-Haenszel). La heterogeneidad se cuantifico con la estadistica I2. Resultados: Se incluyeron siete ensayos con un total de 274 participantes.
En comparacién con placebo, el sulfato de magnesio mostré una reducciéon no significativa en las puntuaciones de dolor (MD: -1,13; IC 95%:
-2,64 a 0,38), con heterogeneidad sustancial (12 = 81%). Al compararlo con ketamina, un antagonista del receptor NMDA, el sulfato de magnesio
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también mostré una diferencia no significativa (MD: -0,67; IC 95%: -1,84 a 0,49), con heterogeneidad moderada (12 = 62%). Conclusiones: El
sulfato de magnesio podria tener potencial como opcion terapéutica para el dolor neuropatico; sin embargo, la evidencia actual es insuficiente
para respaldar su uso rutinario. Se requieren estudios primarios bien disefiados para determinar su eficacia, las estrategias 6ptimas de dosificacion

y las indicaciones clinicas adecuadas.

Palabras clave: Analgesia, dolor irruptivo, dolor crénico, magnesio, neuralgia, dolor.

Introduction

age to the central or peripheral nervous system due

to various etiologies, such as infections, metabolic dis-
eases (like type 2 diabetes mellitus), tumor invasion, exposure
to chemicals, mechanical trauma, stroke, and spinal cord in-
jury[1],[2]. The prevalence of chronic pain with a neuropathic
component in the general population is estimated to range be-
tween 3 and 17%[3],[4]. Despite its high prevalence, the avail-
able therapeutic options are limited.

One of the objectives of neuropathic pain management
is to modulate the activity of calcium channels, which is
achieved by blocking the N-methyl-D-aspartate (NMDA) re-
ceptor[5]. This receptor plays a key role in central pain sensi-
tization. Previous studies have demonstrated that NMDA re-
ceptor blockade, either through pharmacological agents like
ketamine or through physiological mechanisms such as the
use of magnesium sulfate, can be effective in the manage-
ment of neuropathic pain[6],[7]. In the context of spinal sur-
gery, intraoperative use of magnesium sulfate has been asso-
ciated with a decrease in opioid consumption during and after
surgery, leading to a reduction in the incidence of postopera-
tive nausea and vomiting[4]. Additionally, magnesium sulfate
has shown to be effective as an adjuvant in peripheral nerve
blocks, suggesting its potential utility in the neuromodulation
of neuropathic pain[6].

However, the role of magnesium sulfate in the specific
management of neuropathic pain is not yet well-established.
Therefore, this systematic review aims to evaluate the efficacy
of magnesium sulfate in randomized clinical trials for the man-
agement of neuropathic pain, in order to answer the research
guestion: in adults with neuropathic pain, does the use of mag-
nesium sulfate compared to placebo or other neuromodulators,
improve neuropathic pain scores?

N europathic pain is a common condition, caused by dam-

Methods

Study design and registration

This systematic review and meta-analysis of random-
ized controlled trials was conducted following the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines[8]. The protocol for this review was pro-
spectively registered in PROSPERO (International Prospective
Register of Systematic Reviews) under the registration number
CRD42023441885.
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Search strategy and information sources

A comprehensive search was conducted in the Medline da-
tabase through PubMed, Google Scholar, EMBASE and BVS-
LILACS from 1990 to May 2023, without language restrictions.
The search terms used included variations of “Magnesium Sul-
fate”, “Neuropathic Pain”, and “Chronic Pain” as MeSH, Em-
tree and DeCS terms (Supplementary Table S1). Additionally, a
search for grey literature was performed in Open Grey, and a
snowball search was conducted by reviewing the references of
eligible studies.

Eligibility criteria

Randomized controlled trials were included if they met
the following criteria: 1) adult patients aged 18 years or older
with a diagnosis of neuropathic pain; 2) comparison of mag-
nesium sulfate (intravenous or oral) versus placebo or other
neuromodulators; 3) reporting of at least one of the out-
comes of interest (pain scores, adverse events). Pilot studies,
experimental studies, and those that used magnesium sulfate
solely as an adjuvant and not as the primary therapy were
excluded.

Study selection

Three independent reviewers conducted the study selection
process in two phases. First, they screened the titles and ab-
stracts to identify potentially eligible studies. Subsequently, they
obtained the full-text articles of these studies and assessed their
eligibility according to the established criteria. Any discrepan-
cies were resolved through consensus or with the involvement
of a fourth reviewer (FALA).

Data extraction

Three independent reviewers (FALA, GF, and JBC) extracted
the following data: author, year of publication, sample size,
clinical condition, intervention (dose and route of administra-
tion of magnesium sulfate), comparator, mean and standard
deviation of pain scores, as well as the incidence of adverse
events. No missing data was requested, as the included studies
provided the necessary information. However, for the Felsby et
al. study[9], the data from the figures was extracted using the
WebPlotDigitizer tool[10]. These data were used to establish
the mean and standard deviation of the Magnesium Sulfate,
Ketamine, and Placebo groups[11]. The detailed process of
extracting the data from the Felsby et al. figures using Web-



PlotDigitizer has been published and is available at http:/rpubs.
com/fabrilasso/1180178.

Assessment of methodological quality and risk of bias

The risk of bias in the included studies was evaluated using
the Cochrane Risk of Bias 2.0 tool[12]. Three independent re-
viewers (FALA, GF, and JBC) assessed the risk of bias domains,
and any discrepancies were resolved through consensus.

Endpoints

The outcomes of interest in this review were: 1) Reduction
in neuropathic pain on the visual analog scale (0-10 cm); 2)
Incidence of adverse events; 3) Dosages used for Magnesium
Sulfate and the other neuromodulator. This comprehensive
approach encompassed both efficacy and safety outcomes, al-
lowing for a balanced assessment of the risk-benefit profile of
magnesium sulfate in the management of neuropathic pain.

Data synthesis and analysis

The results from studies that reported neuropathic pain
scores on a visual analog scale (0-10 cm) were pooled to esti-
mate the mean difference (MD) with a 95% confidence inter-
val, using random-effects models[14]. Heterogeneity was as-
sessed using the 12 statistic considered significant if the p-value
was less than 0.05, and was considered low when it was less
than 25% and high when it exceeded 75%[15]. Additionally,
a subgroup analysis will be performed comparing magnesium
sulfate to other neuromodulators to further explore the differ-
ences in efficacy between these interventions.

Sequential trial analysis

In addition to the conventional meta-analysis, a sequential
trial analysis (TSA) was conducted to assess the reliability and
conclusiveness of the results[16]. The TSA was performed using
the TSA software (Copenhagen Trial Unit, Centre for Clinical
Intervention Research, Copenhagen) with a significance level
of 5% and a power of 80%. The required sample sizes and
adjusted significance thresholds were calculated to determine
whether the current results are conclusive or if additional stud-
ies are needed.

Assessment of reporting bias

Given that the number of studies included in the meta-
analysis was less than 10, the Egger’s and Begg'’s tests were not
applied to detect publication bias, as these tests lack the neces-
sary statistical power when working with a small data set[17].
Instead, a subjective evaluation of potential publication bias
was carried out through visual inspection of the funnel plot.
The graphical representation of the risk of bias assessment was
generated using RevMan 5.4, developed by The Cochrane Col-
laboration.

Assessment of certainty of evidence

The certainty of evidence for the key outcomes was evalu-
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ated using the GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) system[18]. Four
independent reviewers assessed the domains of risk of bias,
inconsistency, indirectness, imprecision, and publication bias,
and assigned an overall rating of very low, low, moderate, or
high certainty. The final rating was determined by consensus.

Results

Study selection

The initial search identified a total of 604 citations pub-
lished between September 1990 and April 2023. Of these, 202
met the pre-established eligibility criteria, initiating the full-
text retrieval phase. Comprehensive searches were conducted
across four key databases: PubMed contributed 80 citations,
EMBASE 46 citations, and Google Scholar 307 citations, all of
which were initially examined at the title and abstract level. Ad-
ditionally, with the aim of mitigating potential publication bias,
a search was carried out in the BVS-LILACS database, which
identified 171 citations in Spanish.

In total, 604 citations were compiled in the initial search.
After a process of duplicate removal by the authors, and the
application of the pre-defined exclusion criteria by three in-
dependent reviewers, 17 full-text records were obtained for
evaluation. Ultimately, 7 studies were included in the quali-
tative systematic review, and 3 in the quantitative synthesis
(Figure 1).

Study characteristics

This systematic review considered 7 studies encompassing
274 patients, published between 1995 and 2023. The sample
sizes of the included trials ranged from n = 7 to n = 87 patients,
with a mean age spanning 46.6 to 76 years. All selected studies
employed a randomized design for the allocation of patients to
the various treatment groups. In the majority of cases (6 out of
7 trials), clear descriptions of the blinding implementation were
reported.

The administration of magnesium sulfate was the primary
focus in these trials, with the majority opting for a bolus injec-
tion strategy followed by continuous infusion. The bolus doses
ranged from 30 mg/kg to 80 mg/kg, or single doses between
1 and 3 grams. Two of the studies utilized oral administration
of magnesium sulfate, with doses of 400 mg of magnesium
oxide and 100 mg of magnesium gluconate given twice dai-
ly[19],[20]. The duration and frequency of dosing also varied,
encompassing single doses up to repeated doses over a period
of up to 28 days. After the interventions, the mean pain scores
in the magnesium sulfate groups ranged from 3.1 to 4.7, while
the placebo groups had mean scores between 4.0 and 7.2. The
Table 1 provides a summary of the included studies and their
results.

Excluded studies
Of the 18 studies reviewed in full-text, 10 were excluded.

The excluded studies and the reasons for their exclusion can be
found in Supplementary Table S2.
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Figure 1. PRISMA.

Efficacy outcomes

Magnesium sulfate versus placebo

The pooled analysis of the studies comparing magnesium
sulfate to placebo revealed a non-significant mean difference
(MD) of -1.13 (95% Cl: -2.64, 0.38) in neuropathic pain scores
(Figure 2A). Although not statistically significant, the effect esti-
mate showed considerable uncertainty and high heterogeneity,
limiting conclusions about the efficacy of magnesium sulfate
compared to placebo. The high degree of heterogeneity ob-
served across the included studies, with an 12 value of 81%.
This variability in the reported effects may be attributed to the
differences in the clinical contexts evaluated. Felsby et al.[9]
examined magnesium sulfate versus placebo in patients with
diverse etiologies of neuropathic pain, while Yousef et al.[19]

20

focused on patients with chronic low back pain of neuropathic
origin. Additionally, Pickering Gisele et al.[20] specifically as-
sessed the oral administration of magnesium sulfate.

Magnesium sulfate versus ketamine

This systematic review also explored the comparative effi-
cacy of magnesium sulfate and the neuromodulator ketamine,
which acts on the same NMDA receptor. The quantitative anal-
ysis of the studies by Kim et al.[22] and Felsby et al.[9] revealed
a decrease in the mean difference, although it did not reach
statistical significance. Specifically, the pooled mean difference
between magnesium sulfate and ketamine was -0.67 (95%
Cl: -1.84, 0.49), with a moderate degree of heterogeneity (|2
= 62%), and no statistically significant difference between the
groups (Figure 2B). This variability in the treatment effects may
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Table 1. Characteristics of the included studies

Clinical Condition Author and Year Patients M agnesium
Intervention
C hron i c S Brill2002(21) n=7 Infusion of 30 mg/kg
Postherpetic over 30 minutes
Neuralgia
ChronicA.A. Yousef n=80 Infusion 1 g/4h for 2
Neuropathic Back 2013(19) weeks + capsules (400
Pain mg oxide + 100 mg
gluconate) 2x/day for
4 weeks
Postherpetic Yang Hyun Kim n =30 30 mg/kg in 3 sessions
Neuralgia 2015(22) every 2 days
Neuropathic Pain Felsby 1995(9) n=10 Bolus 80 mg/kg over
Various Causes 10 min + continuous
infusion 80 mg/kg/h
for 1 hour
Postoperative M.E. Hassan n=87 Ketamine 0.5 mg/
Neuropathic Pain  2023(23) kg induction + 0.12
mg/kg/h for 24h +
Magnesium 50 mg/kg
Persistent Gisele Pickering n =60 3 g Magnesium + 0.5
Neuropathic Pain 2020 (24) mg/kg Ketamine vs. 0.5
mg/kg Ketamine
Postoperative, Pickering Gisele n =45 Magnesium chloride

Post-Traumatic,
and Post-Herpetic
Neuropathic Pain

2011 (25)

trihydrate (419 Mg)
capsule every 6 hours
for 28 days

Control
Intervention

Normal saline
solution 0.9%

Normal saline
0.9% + placebo
capsules

Ketamine 1 mg/kg
in 3 sessions every
2 days

Bolus 0.2 mg/kg +
infusion 0.3 mg/
kg/h

Ketamine 0.5 mg/
kg induction +
saline solution

Normal saline vs.
normal saline +
normal saline

Placebo (lactose
capsule) every 6
hours

Pain Outcomes (VAS)

Baseline: Mean 6.7 +
1.7 Post: Mean 1.9
+ 3.2

Baseline: Mean 7.4 +
2.42 weeks: 3.4+ 1.15
6 weeks: 3.9 + 1.4 3
months: 4.4 + 1.6 6
months: 4.7 £ 1.8

Baseline: Mean 7.7 +
1.55 Post 2 weeks:
Mean 3.1 + 1.45

Baseline: 4.66 + 1.53
With Magnesium: 3.73
+ 1.27 With Placebo:
4.4 + 1.20 With
Ketamine: 3.77 = 1.24

Chronic pain incidence:
Ketamine: 20.5%
Ketamine + Magnesium
sulfate: 16.3%

Placebo (mean AUC =
SD) 187 + 90; Ketamine
(mean AUC + SD) 185
+ 100; Ketamine +
Magnesium sulfate
(mean AUC + SD) 196
+ 92

Magnesium n = 22:
Baseline (mean + SD)
5 + 3 (Range: 0-10),
Final (28 days) mean
4 £ 3 (Range: 0-9), p
< 0.0001

Placebo n = 23:
Baseline (mean = SD) 5
+ 3 (Range: 0-10), Final
(mean) 4 = 2 (Range:
0-9), p < 0.0001

T |

Adverse Effects

None reported

None reported

Drowsiness and
dizziness

Warmth, injection
pain, sedation

Not reported

Not reported

Not reported

AUC: area under the curve; VAS: Visual Analog Scale. Used to measure pain intensity; mg/kg: milligrams per kilogram, a dosage measurement
based on the patient's weight; h: hour; g: gram; %: percentage; n: number of participants in the study. Baseline: Initial value measured
before treatment; Post: Value measured after treatment; +: Indicates a combination of treatments in the intervention group; vs: versus, used
to denote comparison between two treatment groups.

be attributed to the differences in the clinical contexts evalu-
ated. While Felsby et al.[9] assessed the efficacy of magnesium
sulfate across various neuropathic pain etiologies, Kim et al.[22]
focused specifically on the use of magnesium sulfate in patients
with neuropathic pain due to post-herpetic neuralgia. These
disparities in the study populations and underlying pain condi-
tions could contribute to the observed heterogeneity.

Safety outcomes
The studies indicated few adverse effects associated with

the administration of Magnesium Sulfate, including drowsi-
ness, a sense of overwhelming confusion, warmth, pain at the

injection site, and sedation. No major adverse effects were re-
ported, and these minor side effects were only noted in two
studies (n = 54)[9],[22]. No statistically significant differences
were found in adverse effects in clinical trials when magnesium
sulfate was used.

Sequential trial analysis

The Sequential Trial Analysis (TSA) evaluated the mean dif-
ference in pain scores measured on the Visual Analog Scale
(VAS) between the use of magnesium sulfate and the control
(Placebo/Ketamine) (Figure 3). The plot shows a blue line rep-
resenting the cumulative mean difference in pain scores across
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Figure 2. A: Comparative Mean Pain Scores on a 0-10 cm Visual Analog Scale for Magnesium Sulfate Versus Placebo; B: Magnesium Sulfate vs.
Ketamine for Neuropathic Pain: Reduction in Mean Scores on the Visual Analog Pain Scale.

the included studies. This blue line does not cross the estab-
lished statistical significance boundaries nor the adjusted lines,
the cumulative evidence remains inconclusive due to insufficient
sample size and lack of statistical significance within the 95%
confidence interval and with 80% power[26]. It is important to
consider the variability observed in the results, as well as the rel-
atively small size of the included studies. These factors indicate
the need for further research to validate the observed findings
and confirm the magnitude of the effect of magnesium sulfate
in the management of neuropathic pain more conclusively.

Risk of bias in studies

The assessment of bias risk in the studies included in this
analysis indicated a low level of potential biases (Figure 4). The
three studies selected for quantitative synthesis were deemed
to have a “low” risk of bias according to the Cochrane tool.
The funnel plot showed no asymmetry, suggesting the absence
of small-study effects. However, given the limited number of
studies, definitive conclusions regarding publication bias can-
not be drawn. It is important to note that the possibility of pub-
lication bias cannot be entirely ruled out in the context of this
study.

Quality assessment

According to the GRADE system, the certainty of evidence
was rated as “Moderate” for the use of magnesium sulfate
versus placebo, and “Low” for the comparison with ketamine
(Table 2). This classification is primarily due to the limited num-
ber of patients and the variability in the clinical contexts of the
studies, which may have caused substantial heterogeneity in
the results. The high degree of heterogeneity observed in the
magnesium sulfate versus placebo comparison, with an 12 value
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of 81%, further contributes to the uncertainty surrounding the
pooled estimates. Similarly, the comparison between magne-
sium sulfate and ketamine showed moderate heterogeneity,
with an 2 of 62%, which may also limit the interpretability of
these findings. Given the limited number of studies and the
substantial heterogeneity observed, especially in comparisons
with placebo and ketamine, no definitive conclusions can be
drawn regarding the clinical efficacy of magnesium sulfate in
neuropathic pain. Well-designed, larger-scale randomized con-
trolled trials are needed to clarify its potential role and establish
its place within the therapeutic strategies for neuropathic pain.

Discussion

Neuropathic pain, characterized by an alteration in the pain
signaling pathways of the central and peripheral nervous sys-
tem, is a clinical challenge that requires innovative therapeutic
approaches[27]. Magnesium sulfate, with its unique pharma-
codynamic properties, has garnered interest as a potentially
promising option in this area[28].

The mechanisms of action of magnesium sulfate, which
include the blockade of calcium entry and antagonism of the
N-methyl-D-aspartate (NMDA) receptor channels, provide a
plausible explanation for its potential efficacy in relieving neuro-
pathic pain[29],[30]. These mechanisms intervene in the modu-
lation of pain transmission and the inhibition of neuronal excit-
ability, which could influence the perception and intensity of
neuropathic pain[31],[32]. The NMDA receptor plays a key role
in the central sensitization of neuropathic pain. Its activation
contributes to the hyperexcitability of dorsal horn neurons, re-
sulting in increased perception and amplification of the painful
stimulus[33],[34]. By blocking this receptor, magnesium sulfate
can attenuate such hyperexcitability, thereby reducing nocicep-
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Figure 3. Sequential Trial Analysis 3A: Magnesium Sulfate vs. Placebo; 3B: Magnesium Sulfate vs. Ketamine.

e e
Table 2. Evidence Certainty Assessment System

Outcome Relative effect Mean Difference (MD)  Certainty ¢What happens?

n of participants (studies) (95% Cl)

Magnesium Sulfate vs -2.64, 0.38 MD 1.13 less VAS ©000 The use of magnesium sulfate could be important
Placebo (2.64 less to 0.38 more) Low in reducing pain scores in patients with neuropathic
VAS: 0 a 10 cm pain, although further research is required to
n =145 confirm these findings

(3 RCTs)

Magnesium Sulfate vs -1.84, 0.49 MD 0.67 less VAS ©000 The use of magnesium sulfate could be important
Ketamine (1.84 lower to 0.49 higher) Very Low in reducing pain scores in patients with neuropathic
VAS: 0 a 10 cm pain, although further research is required to
n =80 confirm these findings

(2 RCTs)

Cl: Confidence Interval; MD: Mean Difference; RCT: Randomized Controlled Trial.
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Figure 4. Risk of Bias Assessment Framework. A: Cumulative;
B: Individual.

tive transmission and, consequently, neuropathic pain[35],[36].

The results of this review showed a reduction in pain mea-
sured on the visual analog scale with the use of magnesium
sulfate compared to placebo, with a mean difference (MD) of
-1.13 (95% ClI: -2.64, 0.38), although this difference did not
reach statistical significance and had high heterogeneity with
an 12 of 81%. This variability may be due to differences in clini-
cal context, dosage regimens, and routes of administration
across studies. Moreover, pain was assessed in diverse neuro-
pathic conditions, including postherpetic neuralgia, postopera-
tive pain, and chronic neuropathic pain, further contributing to
outcome variability. Profound differences in magnesium sulfate
administration, ranging from single infusions to long-term oral
regimens, also limit the ability to draw uniform conclusions. The
lack of statistical significance may be partly explained by the
small sample sizes in several included trials, reducing statistical
power.

Neuropathic pain represents a significant clinical challenge
due to the limited efficacy of available treatments[37],[38]. De-
spite advances in the understanding of the underlying patho-
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physiological mechanisms, many patients with neuropathic pain
continue to experience persistent and debilitating symptoms,
even with optimal treatment[39]. In this context, the identifi-
cation of new therapeutic strategies that can more effectively
address the various aspects of neuropathic pain becomes cru-
cial[40].

Additionally, this systematic review explored the action on
the NMDA receptor, a mechanism of action shared by Ketamine
and Magnesium Sulfate. The quantitative analysis revealed a
decrease, although it did not reach statistical significance, with
a mean difference (MD) of -0.67 (95% Cl: -1.84, 0.49) and
moderate heterogeneity (I>: 62%). This finding is particularly
notable given the well-established efficacy of ketamine in the
management of neuropathic pain. Ketamine has been dem-
onstrated to be an effective intervention for neuropathic pain,
with a pooled risk ratio of 1.59 (95% Cl: 1.32-1.92) for achiev-
ing clinically meaningful pain relief compared to placebo[41].
Additionally, the number needed to treat (NNT) for ketamine to
provide one additional patient with at least 50% pain relief has
been estimated to be as low as 4[42].



The decrease observed in the mean difference between
magnesium sulfate and ketamine did not reach statistical sig-
nificance, which limits the strength of any conclusion regarding
its comparative efficacy. While both agents act on the NMDA
receptor, the robust evidence supporting ketamine’s effective-
ness in neuropathic pain contrasts with the more uncertain role
of magnesium sulfate. Further research is needed to determine
whether magnesium sulfate can serve as a complementary or
alternative option in specific clinical scenarios, particularly when
ketamine is contraindicated, poorly tolerated, or when a multi-
modal analgesic strategy is being considered.

This systematic review has several methodological limita-
tions that must be acknowledged. First, the search strategy did
not include clinical trial registries, which may have limited the
ability to assess publication bias. Although no clear evidence
of bias was detected, the omission of these sources prevents
ruling it out entirely. Second, the number of studies included
in the quantitative synthesis was small, and sample sizes were
generally limited, which reduces the statistical power and preci-
sion of the pooled estimates. Moreover, substantial heteroge-
neity was observed among the included studies (12 up to 81%),
complicating the extrapolation of findings to specific clinical
settings. Finally, the overall quality of the evidence was rated as
Low according to the GRADE approach, underscoring the need
for cautious interpretation of the results.

Future research should focus on addressing these limita-
tions. Larger, more robust clinical trials are needed to evalu-
ate the effect of magnesium sulfate in specific clinical contexts,
such as postoperative, post-herpetic, or other well-defined neu-
ropathic pain etiologies. These future studies should also ex-
plore different dosing regimens of magnesium sulfate to deter-
mine the optimal posology for the management of neuropathic
pain.

Conclusion

Magnesium sulfate may hold potential as a therapeutic op-
tion for neuropathic pain; however, current evidence is insuf-
ficient to support its routine use. Further well-designed primary
studies are needed to determine its efficacy, optimal dosing
strategies, and appropriate clinical indications.
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I
Table S1. Search Strategy and Results

Source Search Terms Search Results
Pubmed (Magnesium Sulfate) AND ((Pain Neuropathic) OR (Chronic Pain)) 80
Embase Sulfate AND magnesium AND chronic AND pain AND (‘article'/it OR ‘article in press'/it) AND 'chronic pain'/dm 46
Google Scholar Magnesium Sulfate "Pain Neuropathic" 307
BVS-LILACS (Sulfato de Magnesio) AND (Dolor Crénico) 171
Total 604

']
Table S2. Characteristics of excluded studies

Study Reason for Exclusion Reference
Vincent Crosby 2000 Pilot study (1)
Maizels 2004 Magnesium use in migraine (2)
Song 2011 Does not meet the inclusion criteria for chronic neuropathic pain (3)
Lee 2012 Does not meet the inclusion criteria for chronic neuropathic pain (4)
Gaul 2015 Does not meet the inclusion criteria for neuropathic pain (5)
Baaklini 2015 Experimental study in rats, inclusion of cancer patients without neuropathic pain (6)
Kanta Kido 2020 Experimental study in rats (7)
Tak Kyu Oh 2019 Observational study (8)
Delage 2017 Study not completed 9)
loannis Chronakis 2021 Full text not accessible, only conference abstract (10)
Figure S1. Funnel Plot of the studies comparing Magnesium Sulfate Figure S2. Funnel Plot of studies comparing Ketamine vs Magnesium
and placebo. Sulfate.
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