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KEYWORDS Abstract

Anesthetics, local; Background: Magnesium Sulfate (MS) maintains physiological functions in the body. Studies sug-
Magnesium sulfate; gest its safety in regional anesthesia, despite off-label perineural use. We conducted a system-
Meta-analysis; atic review and meta-analysis to evaluate MS efficacy as an adjuvant in supraclavicular brachial
Nerve block; plexus block.

Pain, postoperative; Methods: The study was registered in PROSPERO (CRD42025641627) on 01/21/2025. We
Systematic review searched PubMed, Embase, Cochrane, clinicaltrials.gov and gray literature for eligible studies.

We included RCTs that: enrolled adult patients; involved orthopedic surgery with supraclavicular
block; compared LA alone versus LA with MS; and reported primary outcomes. Primary outcomes
were duration of sensory and motor block, while secondary outcomes included onset of sensory
and motor block, PONV and rescue analgesia needs postoperatively. RoB2 tool and GRADE
assessed bias risk and evidence certainty. Variables were examined using DerSimonian-Laird ran-
dom-effects model.

Results: Analysis included 10 studies and 734 patients. The intervention group showed longer
sensory and motor block than controls. The Mean Difference (MD) was 180.84 minutes (95% ClI
[154.09, 207.59], 95% Pl [71.67, 289.77], p < 0.00001, I* = 97%) and 151.26 minutes (95% Cl
[99.78, 202.74], 95% Pl [-23.12, 325.63], p < 0.00001, 1> = 99%). The magnesium group showed
statistical difference in onset of sensory and motor blockade and rescue analgesia needs, with
no difference in PONV. Evidence certainty was rated low to moderate. Risk of bias “high” in three
studies, “some concerns” in four studies and “low” in three studies.

* Corresponding author.
E-mail: will.bsaraiva@gmail.com (W.B. Saraiva).

https://doi.org/10.1016/j.bjane.2025.844689
0104-0014/© 2025 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2025.844689&domain=pdf
http://orcid.org/0009-0002-8484-1845
http://orcid.org/0009-0002-8484-1845
http://orcid.org/0009-0002-8484-1845
http://orcid.org/0009-0002-8484-1845
http://orcid.org/0009-0002-8484-1845
http://orcid.org/0009-0001-4685-770X
http://orcid.org/0009-0001-4685-770X
http://orcid.org/0009-0001-4685-770X
http://orcid.org/0009-0001-4685-770X
http://orcid.org/0009-0001-4685-770X
http://orcid.org/0000-0002-7350-0220
http://orcid.org/0000-0002-7350-0220
http://orcid.org/0000-0002-7350-0220
http://orcid.org/0000-0002-7350-0220
http://orcid.org/0000-0002-7350-0220
http://orcid.org/0000-0001-6630-0629
http://orcid.org/0000-0001-6630-0629
http://orcid.org/0000-0001-6630-0629
http://orcid.org/0000-0001-6630-0629
mailto:will.bsaraiva@gmail.com
https://doi.org/10.1016/j.bjane.2025.844689
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bjane.2025.844689

W.B. Saraiva, I.E. Candido, R.R. Caldas et al.

Conclusion: Our meta-analysis supports MS as adjuvant in supraclavicular block. Further
research is needed due to high heterogeneity.

PROSPERO registration: CRD42025641627.

© 2025 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafna, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The supraclavicular block is a regional anesthetic technique
for primary regional anesthesia during surgeries and/or post-
operative pain control to the distal two-thirds of the upper
extremity, or from the mid-humerus to the fingertips.’

Although Local Anesthetic (LA) agents provide superior
analgesia compared to opioid-based regimens, their effect
is time-limited and may not adequately cover the postopera-
tive pain period.? As a result, strategies to prolong the dura-
tion of single-shot nerve blocks have become a clinical
priority. One such strategy is the use of perineural adjuvants
- pharmacologic agents co-administered with Las - to
extend block duration and improve analgesic quality. This
approach is especially valuable in outpatient and daycare
surgeries, where prolonged anesthesia may reduce the need
for continuous catheter placement and lower the risk of
catheter-related infections.?

Several agents have been studied as adjuvants to LAs,
including alpha-2 adrenergic agonists and glucocorticoids.
Magnesium Sulfate (MS) is an N-Methyl-D-Aspartate
(NMDA) receptor antagonist that modulates pain trans-
mission and plays an essential role in maintaining physio-
logical homeostasis. While its perineural use remains off-
label, multiple studies have suggested its safety in
regional anesthesia.*®

Despite promising findings, high-quality evidence
remains limited regarding magnesium sulfate’s efficacy
and safety as an adjuvant in Peripheral Nerve Blocks
(PNBs). Existing studies®® vary in block technique and
outcome reporting, contributing to heterogeneity and
limiting generalizability. We conducted a systematic
review and meta-analysis of randomized controlled trials
to evaluate magnesium sulfate as a perineural adjuvante,
focusing on a widely used upper limb block® — the supra-
clavicular block. We hypothesized that MS would prolong
sensory and motor block duration, reduce block onset
time, and not increase adverse effects compared to local
anesthetic alone.

Methods

The study was registered in PROSPERO (identifier
CRD42025641627) on 01/21/2025 and was conducted using
PubMed, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), Gray literature (opengrey.eu) and trial
registries (clinicaltrials.gov) databases to identify eligible
studies. During the review process, a small deviation from
PROSPERO occurred: (1) The search strategy was updated to
include additional descriptors, which resulted in the inclu-
sion of more studies. Two researchers (W.B.S. and I.E.C.)
independently conducted the database searches, which was
completed in January 31, 2025, without imposing any

limitations. Any discrepancies between the two researchers
were resolved through discussions with a third author (R.R.
B.C.). Supplemental Table 1 presents the detailed search
strategy: (’magnesium sulfate’/exp OR ’magnesium sul-
fate’:ti,ab) AND (’brachial plexus block’/exp OR ’brachial
plexus block’:ti,ab OR ’block, brachial plexus’:ti,ab OR
"blocks, brachial plexus’:ti,ab OR ’brachial plexus blocks’:
ti,ab OR ’brachial plexus anesthesia’:ti,ab OR ’anesthesia,
brachial plexus’:ti,ab OR ’brachial plexus blockade’:ti,ab
OR ’blockade, brachial plexus’:ti,ab OR ’blockades, brachial
plexus’:ti,ab OR ’brachial plexus blockades’:ti,ab OR
"plexus blockade, brachial’:ti,ab OR ’plexus blockades, bra-
chial’:ti,ab OR ’brachial plexus’/exp). Our study adhered to
the guidelines set forth by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), ' Cochrane
Handbook for Systematic Reviews of Intervention'' and
when applicable, other generated guidelines.'>"?

Selection of the papers

The primary outcomes assessed were the duration of sen-
sory and motor block. Secondary outcomes included the
onset of sensory and motor block, Postoperative Nausea
and Vomiting (PONV), and the need for rescue analgesia
within 24 h postoperatively. Rescue analgesia was defined
as the total amount of analgesic drug administered dur-
ing the first 24 hours after surgery, recorded in milligrams
of the specific medication used in each trial. The system-
atic review and meta-analysis included Randomized Con-
trolled Trials (RCTs) that met the following criteria: 1)
Enrolled adult patients; 2) Involved orthopedic surgery
with a supraclavicular block; 3) Compared LA alone ver-
sus LA with MS; and 4) Reported both primary outcomes
defined in this review. Studies were excluded if they 1)
Included urgent or emergency surgery, or 2) Had an ASA
status equal to or greater than lll. The rationale for the
inclusion and exclusion criteria is detailed in Supplemen-
tal Table 2.

Two researchers (W.B.S. and I.E.C.) conducted the
selection after independently evaluating the studies for
inclusion, based on predetermined criteria. After elimi-
nating duplicates, the remaining results were screened
according to title and abstract. The full texts of the
potentially relevant studies were subsequently examined
to confirm their eligibility. In cases where full texts were
not readily available, efforts were made to contact the
corresponding authors directly, but studies remained
excluded if the necessary data could not be obtained.
Abstracts that did not provide outcome information were
excluded, as they could not provide data extraction. Any
discrepancies between the two researchers were resolved
through discussions with a third author (R.R.B.C.). Zotero
Software version 7.0.15 was used to select the studies
and eliminate duplicates.
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Data analysis

After these procedures, a data extraction table was con-
structed based on the following variables: author, publica-
tion year, country, ASA status, surgery type, MS and Local
Anesthetic (LA) dosages, patient count, mean age, and vol-
ume of the mixture utilized.

The revised Cochrane Risk-of-Bias tool for randomized
trials 2'* (RoB 2) was employed by two researchers (W.B.S.
and I.E.C.) to assess the risk of bias independently. Risk of
bias was classified as "low risk", "some concerns”, or "high
risk."” Discrepancies were also resolved through discussion
with a third researcher (R.R.B.C.).

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE)" system was employed to
evaluate evidence certainty. Evidence was subsequently
classified as high, moderate, low, or very low using GRADE-
pro software.'® Two researchers (W.B.S. and I.E.C.) indepen-
dently performed this stratification and any disagreements
were resolved through consultation with a third researcher
(R.R.B.C.).

Statistical tests

Review Manager version 5.4 (Cochrane Collaboration)'” and
R software version 4.5.1'® (PWR'® and metafor?® packages)
were used to conduct statistical analyses of the meta-analy-
sis. Cochran’s Q test and |2 statistics were employed to mea-
sure heterogeneity. For outcomes exhibiting high
heterogeneity (1* > 75%),"" leave-one-out sensitivity analysis
was performed. For continuous outcomes, Mean Differences
(MD) or Standardized Mean Diferences (SMD) with 95% Confi-
dence Intervals (95% Cl) were calculated, whereas Risk
Ratios (RR) with 95% Cl were used for binary outcomes. Fur-
thermore, Prediction Intervals (PI) were determined to
assess the treatment effect in upcoming clinical studies.?’
Variables were examined using DerSimonian-Laird*? random-
effects model, with statistical significance set at p < 0.05.
Power analysis of sample sizes was performed to determine
whether sample sizes were adequate to detect clinically sig-
nificant differences. To evaluate publication bias across all
outcomes, a funnel plot analysis was employed, supple-
mented by Egger’s regression?® for outcomes with a mini-
mum of ten studies.

Results

Our database search strategy retrieved 174 potentially rele-
vant records that were published up to January 2025. Of
these, 46 records were excluded after initial screening for
duplicate work and another 94 were excluded after reading
the title and abstract. Of the 34 studies fully reviewed, 2
only provided the abstract and 22 did not contain any out-
come of interest. Ten full-text randomized trials**>* were
included in the final analysis. In the study by Verma et al.,*?
the two intervention groups were evaluated as separate
independent comparisons. Figure 1 represents the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) flow diagram and summarizes the reasons for the
exclusion of records. The GRADE summary of findings for
each endpoint is presented in Supplemental Table 3, with

PubMed search: 20 results
EMBASE search: 82 results

Cochrane search: 69 results

Clinicaltrials.gov: 3 results

Gray literature: 0 results

Number screened: 174 results |

—I Duplicate reports (n = 46) l

—-| Excluded by title/abstract (n = 94) |

Full-text reviewed: 34 studies |

—| Abstract only (n = 2) ‘
—I No outcomes of interest (n = 22) l

10 included studies

Figure 1
selection.

PRISMA flow diagram of study screening and

the certainty of evidence for the outcomes rated as low to
moderate.

Table 1 summarizes the baseline characteristics of the
included studies. Data from 734 patients, including 367 in
the MS group and 367 in the control group, were available
for analysis. The peripheral blocking technique was anatomi-
cal (landmark) in one trial,?* nerve stimulation in four tri-
als?>?”"%° and ultrasound in five trials.?®3%33 All trials used
long-acting LAs (ropivacaine or bupivacaine) and the dose of
MS varied between 125 and 250 mg.

Supplemental Figure 1 shows the risk of bias assessment
for each primary outcome. The overall risk was classified as
“high” in three studies,”*?>3* “some concerns” in four
studies?”’?83%3" and “low” in the remaining three
studies.?®?32 Most studies were either double- or triple-
blind,?¢2*":32 with the exception of one single-blind
study.>® However, three studies’?*?>** did not provide a
detailed account of the blinding methodology employed,
and three other studies?’*"** reported participant attrition
following randomization. The power analysis of sample sizes
(power target: 0.8; significance 0.05) are available in Sup-
plemental Table 4.

Block duration

The duration of sensory and motor blocks was reported in all
ten studies,”** totaling 734 patients. The results indicated
that the group that used LA with the addition of MS pre-
sented a significantly longer sensory blockade time than the
control group (Fig. 2), which used LA alone. The MD was
180.84 minutes (95% Cl: [154.09, 207.59], 95% PI: [71.67,



Table 1 Baseline characteristics of included studies.

Aggarwal 2022

Borgohain 2023

Gupta

Jalili 2024

Kaur 2019

Mukherjee 2014

Patel 2023

Shukla 2021

Verma 2017

Youssef 2024

To study the effect of adding magnesium
as an adjuvant to ropivacaine in supra-
clavicular block.

The advantage of using magnesium sul-
phate as an adjuvant to bupivacaine on
the postoperative analgesia as well on
the onset and the duration of sensory
and motor blockade in the patients
undergoing upper limb surgeries and to
evaluate for any possible side effects or
complications.

To compare the effectiveness of addition
of MgS0O4 (150 mg) and fentanyl (50
micrograms) to 0.375% bupivacaine with
placebo in supraclavicular brachial
plexus block.

To compare the effectiveness of adding
Magnesium Sulfate (MS) and Low-Dose
Dexamethasone (LDD) to ropivacaine in
SCBPBs for elective upper extremity sur-
gery.

To evaluate the effect of MgSO, com-
pared to ketamine when added to 0.5%
ropivacaine for supraclavicular brachial
plexus block, in terms of the duration of
postoperative analgesia in adult patients
undergoing upper limb surgery.

To test the hypothesis that magnesium
when added as an adjuvant to ropiva-
caine in supraclavicular brachial plexus
block may enhance the duration of sen-
sory and motor block, duration of anal-
gesia, and quality of block.

To evaluate the efficacy of magnesium
when added to ropivacaine in supracla-
vicular brachial plexus block.

To compare the efficacy of dexmedeto-
midine and MgS0O4 as an adjuvant to ropi-
vacaine in ultrasound-guided
supraclavicular brachial plexus block for
upper limb surgeries in terms of onset,
duration of sensory and motor blocks,
and duration of analgesia.

To evaluate the efficacy of MgSO,4 in two
doses (125 mg and 250 mg) as an adju-
vant to bupivacaine in USG-guided
supraclavicular brachial plexus block.
To evaluate the effectiveness of MgSO4
and dexmedetomidine as adjuvants to
ropivacaine in supraclavicular brachial
plexus block.

40/40

45/45

25/25

15/15

34/34

50/50

30/30

19/19

30/30 (a) + 30 (b)

49/49

India

India

India

Iran

India

India

India

India

India

Dubai

55/47.5

NA

64/64

73.3/80

80/85.7

52/64

56.7/43.3

73.3/68.4

60/66.6

61.2/63.2

44.8 £ 6.6 vs.
45.2+7.7

36.15 4 13.44 vs.

37+14.78

3117 £ 11.91 vs,

36.00 & 13.01

42.73 £12.41 vs.

46.73 £13.30

38.80 & 14.37 vs.

45.22 £ 11.71

40.5 £13.2vs.
44.9+11.4

37.13 +£10.41vs.

35.53+9.98

35.90 + 12.19 vs.

40.85 +11.20

36.93 £ 12,12 vs.

38.37 £13.79

45.00 + 10.50 vs.

44.00 + 11.00

Landmark

Nerve stimulation

Ultrasound-Guided

Nerve stimulation

Nerve stimulation

Nerve stimulation

Ultrasound-Guided

Ultrasound-Guided

Ultrasound-Guided

Ultrasound-Guided

Ropi 0.5%

Bupi 0.5%

Bupi 0.375

Ropi 0.5%

Ropi 0.5%

Ropi 0.5%

Ropi 0.5%

Ropi 0.5%

Bupi 0.5%

Ropi 0.5%

150 mg

200 mg

150 mg

200 mg

250 mg

150 mg

150 mg

250 mg

125 and 250 mg

250 mg

Diclofenac sodium

Diclofenac sodium

Opioid

Diclofenac sodium

Diclofenac sodium

Diclofenac sodium

Diclofenac sodium

Diclofenac sodium

Parecoxib and paracetamol

ASA, American Society of Anesthesiologists; Bupi, Bupivacaine; MS, MS, LA, Local Anesthetics; NA, Not Available; Ropi, Ropivacaine.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Aggarwal 2022 3999 2043 40 267.83 13.2 40 106% 132.07(124.53,13961) N
Borgohain 2023 361.82 899 45 27062 6475 45 93% 91.20(58.83,123.57) i
Gupta 2022 376.2 56.4 25 2502 336 25 98% 126.00(100.27,151.73) -
Jalili 2024 536 198.63 15 494 18208 15 28%  42.00(-94.36,178.36) S— e —
Kaur 2018 4308 61.2 34 321 348 34 99% 109.80(86.14,133.46) -
Mukherjee 2014 456.21 97.99 50 289.67 625 50 93% 166.54(134.32,198.76) i
Patel 2023 446.6 8.06 30 28943 214 30 10.7% 157.17[154.19,160.15) .
Shukla 2021 584.5 77 19 33975 3067 19  89.1% 244.75(209.68,279.82) =
Verma 2017 (a) 451,47 51632 30 2525 42275 30 99% 198.97[175.09,222.85) =
Verma 2017 (b) 641.87 100.152 30 2525 42275 30 87% 389.37(350.47,428.27) —
Youssef 2024 590 75 49 330 35 49  99% 260.00(236.83,283.17) -
Total (95% CI) 367 367 100.0% 180.84 [154.09, 207.59) @
Heterogeneity: Tau®*= 1736.22; Chi*= 330.32, df= 10 (P < 0.00001); F= 97% _1500 _2150 S 2é0 506

Test for overall effect: Z=13.25 (P < 0.00001)

Figure 2

289.77], p < 0.00001, Egger’s regression P = 0.4298, I* = 97%,
GRADE moderate). Similarly, the use of MS as an adjunct to
LA significantly improved motor block compared with the
control group (Fig. 3). The pooled estimate of MD was
151.26 minutes (95% Cl: [99.78, 202.74], 95% PI: [-23.12,
325.63], p < 0.00001, Egger’s regression P = 0.7826, 1? = 99%,
GRADE low).

A subgroup analysis was performed to estimate the rela-
tionship between dose variations and block duration, in
addition to increasing the robustness of the results pre-
sented (Supplemental Fig. 2 and 3). The results showed a
statistically significant difference in all subgroups of both
analyses, although it is possible to observe an important var-
iation in the MD comparing the different doses.

Secondary outcomes

Similarly, the onset of sensory and motor blockade was
reported in all included studies?*3* (Figs. 4 and 5, respec-
tively). Comparison of the time to onset of sensory blockade
between the intervention group (MS + LA) and the control
group (LA only) demonstrated a MD of 3.91 minutes (95% Cl:
1.78, 6.05; 95% PI: -3.39, 11.22; Egger’s regression
P = 0.0038 I = 99%, GRADE low), significantly favoring the
intervention group. Similarly, comparing the onset of motor

Favors control Favors magnesium

Duration of sensory block (minutes).

blockade, the analysis showed a MD of 4.73 minutes (95% Cl:
[1.99, 7.46]; 95% PI: [-4.53, 13.98]; Egger’s regression
P = 0.0029; I = 99%, GRADE low), also favoring the interven-
tion group. In the subgroup analysis (Supplemental Figs. 4
and 5), it is possible to observe a statistically significant dif-
ference favoring the MS group at doses of 200 and 250 mg in
both figures.

Cumulative 24 h postoperative analgesic consumption
was reported in four trials.?”2%3"33 In these studies, rescue
analgesia was quantified as the total amount of analgesic
drug administered within the first 24 hours after surgery,
expressed in milligrams of the specific drug used in each trial
(opioids for Jalili et al.;?” diclofenac sodium for Mukherjee
et al.?? and Shukla et al.;*" parecoxib and paracetamol for
Youssef et al.).>* For meta-analysis, these continuous meas-
ures were standardized and pooled, resulting in a SMD of
0.96 (95% Cl: [0.36, 1.57], 95% PI: [-2.19, 0.27], p < 0.00001,
I> = 80%, GRADE moderate), indicating a statistically signifi-
cant reduction in postoperative analgesic consumption in the
intervention group compared with control.

Another outcome analyzed was the presence of nausea or
vomiting during the postoperative period (Supplemental Fig.
7). There was no statistically significant difference between
the groups, with a risk ratio of 1.39 (95% Cl: [0.57, 3.38],
95% PI: [0.20, 9.76], p < 0.00001, I* 0%, GRADE moderate).

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aggarwal 2022 3554 2286 40 3428 132 40 95% 12.60(4.49, 20.71) o
Borgohain 2023 33295 87.85 45 22908 4538 45 93% 103.87(74.98,132.76) -
Gupta 2022 376.2 56.4 25 2598 57.6 25 92% 116.40(84.80,148.00) -
Jalili 2024 606 155.55 15 582 164.23 15 65% 24.00[-90.47,138.47) s—p—
Kaur 2019 3402 432 34 2706 42 34 94% 69.60 [49.35, 89.85) -
Mukherjee 2014 366.62 24,42 50 24216 23.86 50 9.5% 124.46[115.00,133.92)
Patel 2023 368.43 559 30 24233 23 30 95% 126.10[117.63,134.57)
Shukla 2021 5433 69.01 19 28225 237 19  9.2% 261.05(228.24,293.86) -
Verma 2017 (a) 401.73 56.116 30 22213 3267 30 9.4% 179.60[156.36, 202.84) -
Verma 2017 (b) 569 100.833 30 22213 3267 30 9.1% 346.87 [308.94, 384.80)
Youssef 2024 540 65 49 270 20 49  9.4% 270.00([250.96, 289.04) -
Total (95% CI) 367 367 100.0% 151.26 [99.78, 202.74] R

i 2 - . ft 3. - R - + } }
Heterogeneity. Tau®= 7225.96, Chi*=1123.60, df=10 (P < 0.00001); F= 99% 250 S 250 500

Test for overall effect: Z= 5.76 (P < 0.00001)

Figure 3

Duration of motor block (minutes).

Favors control Favors magnesium
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Control Experimental Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aggarwal 2022 147 1 40 151 0986 40 93%  -0.40[-0.83,003) =
Borgohain 2023 19.42 249 45 137 222 45  9.2% 572(4.75,6.69] ==
Gupta 2022 409 091 25 835 188 25 83% -426[-5.08,-3.44) o=
Jalili 2024 1033 3.53 15 6 188 15 8.6% 4.33(2.31,6.35) I
Kaur 2018 1561 1.39 34 1565 162 34 93% -0.04[-0.76,0868) T
Mukherjee 2014 15981 186 50 16.27 3.07 50 92% -0.36[1.320860) =T
Patel 2023 6.49 065 30 515 042 30 8.4% 1.34 [1.06,1.62] =
Shukla 2021 16.1 2.07 19 765 169 19  81% 8.45[7.25, 9.69) ==
Verma 2017 (a) 17.7 51 30 89 23 30 87% 8.80(6.80,10.80) —
Verma 2017 (b) 17.7 51 30 517 22 30 8.7% 1253[10.54,1452) -
Youssef 2024 158 23 43 785 1.45 43  9.3% 7.95(7.19,8.71) -
Total (95% Cl) 367 367 100.0% 3.91[1.78, 6.05] -

Heterogeneity: Tau*=12.62; Chi*= 951.86, df=10 (P < 0.00001); F= 99%
Test for overall effect: Z= 3.60 (P = 0.0003)

40 -5 0 5 10
Favors control Favors magnesium

Figure 4  Onset of sensory block (minutes).

No significant hemodynamic changes were observed in the

analyzed studies.

Heterogeneity

The observed asymmetry in the funnel plots (Supplemental
Fig. 8 and 9), especially in the primary outcomes, indicates
the potential presence of publication bias or other biases,
such as methodological heterogeneity among the studies.
Egger’s test (Supplemental Fig. 10) yielded a p-value
exceeding 0.05 for the primary outcomes, indicating mini-
mal evidence of publication bias. Conversely, the outcomes
related to the onset of sensory and motor blockade demon-
strated a p-value less than 0.05, suggesting an elevated risk
of publication bias.

A leave-one-out sensitivity analysis (Supplemental Fig.
11) was performed under a random-effects model for all out-
comes with high heterogeneity, which was applied to all
endpoints, except PONV. After analyzing each outcome, no
single study was responsible for the observed high heteroge-

analgesic in 24 h”, the study by Mukherjee et al.?’ substan-
tially contributed to the heterogeneity.

Discussion

The main findings of our meta-analysis are as follows: 1) An
extended duration of sensory and motor blockades; 2) A
reduction in latency time for both motor and sensory block-
ades; 3) A decrease in analgesic consumption within the first
24 hours postoperatively, which in the included trials was
measured as the total amount of the specific analgesic drug
administered (opioid, diclofenac sodium, parecoxib, or
paracetamol); and 4) No increase in PONV during the ana-
lyzed period.

The increased use of PNBs in surgeries has been a remark-
able trend in recent years, with several studies highlighting
the benefits of this approach compared to other anesthesia
techniques.®* This technique may offer numerous advan-
tages, including effective analgesia, reduced opioid con-
sumption, lower complication rates, and a more favorable

neity in most outcomes. However, for the outcome “total  recovery profile.**3¢
Control Experimental Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aggarwal 2022 1555 1.3 40 1612 1.7 40 94%  -057[-1.23,0.09) N
Borgohain 2023 2537 2.81 45 1867 235 45  9.4% 6.70[5.63,7.77) -
Gupta 2022 598 0.88 25 11.79 216 25  94% -581[6.72,-4.90) -

Jalili 2024 12,26 4.07 15 7.06 2.21 15  8.9% 5.20(2.86, 7.54] =
Kaur 2019 2026 1.69 34 2111 152 34 94% -0.85[1.61,-0.09 N
Mukherjee 2014 178 786 50 192 6.2 50 87% -1.40[4121.32) -T

Patel 2023 1153 0.72 30 11.2 048 30 95% 0.33(0.02,0.64)

Shukla 2021 21.9 395 19 1135 213 19  9.0% 1055(8.53,12.57) ——
Verma 2017 (a) 28.47 7 30 163 58 30 84% 1217[8.96,15.38) ——
Verma 2017 (b) 28.47 7 30 1113 46 30 85% 17.34(14.34,20.34) =
Youssef 2024 21 35 49 108 185 49  9.4% 10.20([9.09,11.31) -
Total (95% CI) 367 367 100.0% 4.73[1.99, 7.46) &

Heterogeneity: Tau®= 20.44; Chi*=907.92
Test for overall effect: Z= 3.39 (P = 0.0007)

,df=10 (P < 0.00001), F=99%

Figure 5
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The mechanism of action by which MS potentiates the
analgesic effect of LAs remains not entirely clear,*” although
a meta-analysis has proven that the combination of MS and
LAs in-nerve blocks could result in longer postoperative anal-
gesia.® Magnesium acts as an antagonist of N-Methyl-D-
Aspartate (NMDA) receptors and has been shown to raise the
excitation threshold in peripheral nerves, particularly in
myelinated Ab fibers, compared to unmyelinated C fibers.
When administered perineurally, its mechanism of action
may involve the influence of its positive divalent charge on
the neuronal membrane, or its function as a physiological
calcium antagonist.” Although its perineural use is still off-
label and there are concerns about neurotoxicity, the avail-
able literature does not provide conclusive evidence of sig-
nificant neurotoxic effects when MS is used as an adjunct in
perineural applications.

The results showed that MS significantly increased the
duration of sensory and motor blocks. These findings align
with those of other studies indicating that MS, acting as an
NMDA receptor antagonist, prolongs analgesic and anes-
thetic effects.*®3° A study by Ramegowda et al.*® reported
similar results, with a significant increase in the sensory
block duration in patients who received MS as an adjuvant.
This effect can be attributed to the ability of MS to modulate
nociceptive stimulus transmission and prolong neuronal
block. The confidence interval exhibited considerable vari-
ance, alongside notably high reported effect sizes. The
observed findings are likely attributable to the considerable
heterogeneity across studies or perhaps to the variability in
the temporal dynamics of MS when used as an adjunct. The
subgroup analysis suggests a dose-dependent relationship
between magnesium sulfate and anesthetic efficacy, partic-
ularly in sensory block duration. The 250 mg dose showed
the greatest mean effect in both outcomes and was statisti-
cally superior to the 150 mg and 200 mg doses in prolonging
sensory block (p = 0.0003). However, this trend did not reach
statistical significance for motor block duration (p = 0.10),
indicating the dose-response relationship varies across clini-
cal parameters. The high heterogeneity observed may
reflect methodological differences between studies - such
as variations in block technique, anesthetic formulations,
timing of assessment, or outcome definitions. While data
suggest increased efficacy with higher doses, discrepancies
across subgroups may be partially influenced by methodolog-
ical limitations of the included studies.

Despite its benefits, motor block prolongation and
phrenic nerve involvement remain important considerations
with supraclavicular block. Phrenic nerve block following
this technique occurs in 0—67% of cases in clinical trials.*' "
This risk relates to the anatomical proximity of the brachial
plexus to the phrenic nerve at the supraclavicular fossa and
may be influenced by local anesthetic volume and tech-
nique. While healthy individuals tolerate transient hemi-
diaphragmatic paresis without significant symptoms,
patients with respiratory disease, obesity, or reduced car-
diopulmonary function may experience respiratory
compromise.”**® In such cases, alternative approaches or
modifications — such as reducing local anesthetic volume -
may help minimize phrenic nerve involvement while main-
taining effective analgesia.

Regarding onset time, the data indicate a significant
reduction in the onset time of sensory and motor blocks with

MS use. These findings are consistent with those in the liter-
ature, suggesting that MS enhances the effect of LAs, accel-
erating nerve blockade. Li et al.® also reported a significant
reduction in block onset time in patients undergoing periph-
eral blocks with MS. This effect can be explained by the abil-
ity of the adjuvant to alter neuronal excitability and
facilitate LA diffusion. In subgroup analysis, only the 150 mg
dosage did not show a statistically significant difference
favoring the intervention group. Subgroup analyses showed
a consistent trend of increased clinical efficacy with higher
doses of magnesium sulfate in accelerating motor and sen-
sory block onset. Doses of 200 mg and 250 mg had statisti-
cally significant effects in both outcomes, whereas 150 mg
did not. The subgroup difference tests were significant for
both parameters (p < 0.001), suggesting a dose-dependent
response. However, high heterogeneities were also observed
in both analyses.

The analysis of the need for rescue analgesia within the
first 24 h postoperatively revealed a significant difference
favoring the group that received MS. This reduction in rescue
analgesia reflects the prolonged analgesic effect of adju-
vants. Previous studies, such as those by Wu et al.,* also
observed lower opioid consumption postoperatively in
patients receiving MS, reinforcing its role in multimodal
analgesia. Regarding the need for long-term analgesia, the
studies analyzed did not evaluate this topic.

The results showed no significant difference in the inci-
dence of PONV between the groups. This finding suggests
that MS does not directly affect the outcome. Although
some studies have proposed that MS may reduce PONV inci-
dence owing to its role in reducing opioid consumption,*
our results do not support this hypothesis.

Our meta-analysis also revealed that magnesium as an
adjuvant does not appear to be associated with significant
unstable changes in hemodynamic parameters such as blood
pressure and heart rate. Similar outcomes have been
reported in recent studies conducted for infraclavicular bra-
chial plexus nerve block,’" axillary brachial plexus block®
and laparotomy surgery.>*

The potential neurotoxicity of MS as an adjuvant in PNBs
is the subject of ongoing investigation. Cheng et al.>* sug-
gest that glutamate can increase the intracellular magne-
sium concentration, which may cause neurotoxicity. Animal
studies have shown that the intrathecal administration of
magnesium can cause nerve damage.’>>® In a human study,
Peng et al.*’> observed no such adverse effects after the
administration of 400 mg of MS in the quadratus lumborum
block. Moreover, a systematic review of neuraxial MS, which
exhibits certain similarities with perineural applications,
reported no significant neurological complications, although
the risk has not been fully delineated.”” In the studies
included in our analysis, no adverse effects related to neuro-
toxicity were reported.

The methodological quality of the included studies varied
considerably. Although some trials were rated as having a
low overall risk of bias, several exhibited methodological
concerns or a high risk of bias. For instance, studies by
Aggarwal et al.,”* Borgohain et al.,”” and Youssef et al.**
were classified as high risk due to the lack of blinding proce-
dures. Jalili et al.,?” Kaur et al.,?® and Shukla et al.>" showed
risk of bias related to post-randomization attrition, while
Patel et al.>° presented “some concerns” due to the
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implementation of only single blinding. When assessed using
the GRADE approach, the certainty of evidence ranged from
low to moderate across most outcomes. Downgrading was
primarily due to risk of bias, imprecision (evidenced by wide
confidence and prediction intervals), and inconsistency
among study results. Although statistically significant MDs
were observed, the heterogeneity and broad prediction
intervals indicate a high degree of variability in the
expected effects, suggesting that individual future studies
could find no effect or even effects in the opposite direc-
tion. The presence of wide prediction intervals in several
outcomes highlights the need for future high-quality, well-
powered randomized trials with rigorous methodology and
standardized outcome reporting to strengthen the evidence
on the use of magnesium sulfate as an adjuvant in regional
anesthesia. Such efforts are essential to confirm the
observed dose-response relationship and to reduce the risk
of overestimating the effects in future evidence syntheses.

The use of MS as an adjunct in supraclavicular brachial
plexus block appears to be clinically applicable, particularly
for prolonging the duration of analgesia and reducing post-
operative pain and analgesic consumption. PNBs associated
with MS represent a viable option for patients who are at
elevated risk of experiencing respiratory depression, opioid
addiction, or opioid-induced nausea and vomiting,>® mainly
in the context of upper limb surgeries, where a high inci-
dence of postoperative pain is observed. When compared
with other adjuvants, such as alpha-2 adrenergic agonists —
concerns about hypotension and bradycardia —° our results
did not observe such adverse effects with MS, although its
use is still off-label.

Based on subgroup analyses, the 250 mg dose of MS
showed statistically significant superiority in prolonging sen-
sory and motor block duration and reducing onset time ver-
sus lower doses. This dose was not associated with clinically
relevant adverse effects in the studies. These findings sup-
port recommending 250 mg as the optimal dose for enhanc-
ing supraclavicular brachial plexus blocks. The dose-
dependent gradient and favorable safety profile reinforces
this dosage’s clinical viability in routine anesthetic practice,
considering patient-specific factors.

Limitations

First, the overall methodological quality of the included tri-
als was suboptimal, with most studies presenting some con-
cerns or high risk of bias, particularly in randomization
procedures and selective outcome reporting, as assessed by
the RoB2 tool. Second, the certainty of evidence was rated
as low to moderate using the GRADE approach, mainly due
to serious risk of bias, inconsistency, and imprecision.
Second, high heterogeneity was observed in several out-
comes, which suggests potential methodological differences
among the studies. The observed differences can be attrib-
uted to several factors, including the type of surgery (such
as forearm and upper limb procedures), the dosage of MS,
the characteristics of local anesthetics (including types and
volumes), the techniques employed for nerve blocks (such
as anatomical, nerve stimulator, and ultrasound methods),
and the scales utilized for outcome measurement. Despite
these findings, no single study was responsible for the
observed high heterogeneity in most of the outcomes

(except Mukherjee et al.?” in “total analgesic in 24 h”). In
addition, some results report very wide confidence intervals,
indicating variability in effect size estimates and possible
inconsistencies.

Third, the individual trials had small sample sizes, ranging
from 15 to 60 patients per group, which increased the risk of
type | error and publication bias. However, after conduct a
power analysis, we observed these sample sizes are adequate
to detect clinically significant differences. Furthermore, our
results are based on a limited number of studies (10).

Fourth, most of the studies were conducted in India, lim-
iting generalizability. The findings of our research may have
been influenced by ethnic or geographical commonalities.

Strengths

Our study possesses several notable strengths. We con-
ducted a comprehensive literature search across major
databases and trial registries, including gray literature sour-
ces, to minimize publication bias. The inclusion criteria
were strictly limited to RCTs, which enhances the methodo-
logical rigor and validity of the findings. In addition, we per-
formed subgroup analyses to explore potential sources of
heterogeneity and improve the robustness of our conclu-
sions. To further assess the risk of publication bias, we con-
ducted both funnel plot inspection and Egger’s regression
asymmetry test, providing greater transparency in our syn-
thesis. Methodologically, we applied the RoB2 tool to evalu-
ate study quality in a structured, domain-based manner, and
conducted a leave-one-out sensitivity analysis to determine
the influence of individual studies on the pooled estimates.
Finally, we used the GRADE approach to construct a summary
of findings table and assess the certainty of evidence for
each outcome, thereby enhancing the interpretability and
clinical relevance of our results. These combined strategies
support the internal validity of this meta-analysis.

Conclusion

Our meta-analysis supports the use of MS as adjuvant in
supraclavicular block, with positive effects on several clini-
cal outcomes, including prolonged block duration, faster
onset time, and reduced need for rescue analgesia without
important hemodynamic changes or increased PONV. The
results endorse the suggestion of using a 250 mg dose as the
most effective for improving supraclavicular brachial plexus
blocks. However, for now, generalization of the results
should be done with caution due to the high heterogeneity
presented in our results.

Further studies are needed to explore variables, such as
other surgical settings, different nerve block techniques, and
their impact on outcomes. Standardized protocols will contrib-
ute to a broader clinical applicability and a better understand-
ing of the safety and effects of perineural use of MS.
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