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Abstract

Magnesium sulfate is commonly used intraoperatively to reduce postoperative pain in spinal surgery
patients, but its effects when administered postoperatively are not well established. This study specifically
aimed to assess the effect of magnesium sulfate on a postoperative basis on the incidence of postoperative
pain in lumbar spinal surgery patients. This systematic review focuses on assessing the practicality of
postoperative magnesium sulfate in the mitigation of pain after lumbar surgery. A comprehensive search
was conducted across multiple databases, focusing on studies published between January 2000 and
December 2023. The findings emphasize the significant role of magnesium in postoperative analgesia for
adult patients undergoing lumbar spinal surgeries, with various administration routes explored, such as
infusion, intravenous, or intramuscular. All in all, magnesium sulfate shows potential as an analgesic
additive in lumbar surgery, aiding in postoperative pain reduction and decreased opioid use. However, its
efficacy assessment is hindered by external variables. Standardized research is crucial to establish its
optimal clinical applications and address knowledge gaps.

Categories: Anesthesiology, Orthopedics
Keywords: lumbar spine surgery, magnesium sulphate, opioid use, postoperative blood pressure, postoperative pain,
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Introduction And Background

Optimizing surgical results, speeding up recovery, and avoiding complications all depend on effective
postoperative pain management. Opioids are still essential for managing pain, but their immediate adverse
effects (such as nausea and respiratory depression) and long-term problems (including reliance and
tolerance) call for different strategies. An efficient adjuvant for lowering postoperative pain and decreasing
the usage of opioids is magnesium sulfate [1-3].

Magnesium sulfate has been a beneficial supplementary element in postoperative anesthesia, by
potentiating the analgesic profile postoperatively, attenuating postoperative hyperalgesia, alleviating
nausea and vomiting, and reducing the need for perioperative pain relievers [4,5]. Magnesium sulfate is a
non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist, which suppresses somatic and
autonomic reflex responses elicited by painful stimuli, thereby producing a considerable analgesic impact
[6,7]. Over the years, magnesium sulfate has gathered considerable attention among physicians as an
adjuvant to other cardinal analgesics by generating promising clinical effects.

Magnesium sulfate has grown to become a staple in many clinical anesthetic practices. Whether that be
systemic, topical, intrathecal, or epidural, adjuvant anesthesia has been in frequent use in perioperative
situations and pain syndromes alike due to its efficacious qualities. A 2008 study noted a decrease in
analgesia requirement post arthroscopic knee surgery in patients receiving a bupivacaine-magnesium
solution compared to patients who received either agent as a sole analgesic [8]. Furthermore, a 2009 study
recorded a significant reduction in patient-controlled analgesia (PCA) morphine consumption and an
increase in analgesia satisfaction rates, as opposed to morphine, in trauma-related lower limb orthopedic
surgery patients of the magnesium adjuvant groups [9]. Although established with extremely promising
effects, spinal diseases and spinal surgeries present a different set of nuances regarding acute pain and pain
control.
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In 2017, a substantial 5.2 million spinal surgeries were reported, with trends currently exhibiting a robust
increase in spinal surgeries since then [10]. Typical spinal surgery frequently involves extensive tissue
manipulation and dissection, which frequently contributes to postoperative pain of significant magnitudes
and considerable duration. Notably, postoperative spinal surgery pain has been shown to be drastic and
severe for up to three days postsurgery [11,12]. Thus, providing sufficient postoperative analgesia in these
patients is crucial in the postoperative period of care among these patients. The precedent pain of spinal
diseases, coupled with prolonged use of analgesics and/or opioids, modifies these patients’ degree of pain
perception, often exacerbating painful stimuli, which contributes to the intricacies and difficulty of pain
management [13,14]. Over the past 20 years, numerous studies analyzing the effects of postoperative
magnesium sulfate have been published. However, ambiguity remains still regarding postoperative analgesic
consumption, pain intensity, and postsurgical effects and events on patients who underwent lumbar spine
surgery. The purpose of this review is to exhibit what is known as of yet and shine a light on areas that
require further expounding. Furthermore, the analgesic effect of magnesium sulfate as a postoperative pain
management treatment after lumbar spinal surgery needs to be analyzed.

This systematic review aimed to evaluate the current evidence from randomized controlled trials (RCTs)
related to the effectiveness and value of postoperative magnesium sulfate as adjuvant analgesics in lumbar
spine surgery patients. A comprehensive understanding of the current level of evidence in the literature
would help clarify the clinical utility of postoperative magnesium sulfate in lumbar spine surgery and inspire
future research.

Review
Methodology

This study was designed as a systematic review and conducted in line with the protocols specified in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [15]. Since this is a review of
already published randomized control trials and does not include the processing of individual patient data,
institutional review board (IRB) permission is not required. We registered this systematic review
prospectively in the International Prospective Registry of Systematic Reviews database (registration
number: CRD42024553308).

Study Design

A systematic review of randomized controlled trials was conducted following the guidelines outlined by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), using the PICO framework,
the authors structured their research as follows: population (P) - patients who had lumbar spinal surgery;
intervention (I) - postoperative magnesium sulfate supplementation via intravenous, epidural, intra-
articular, or peri-articular injection; comparison (C) - placebo or drug other than magnesium sulfate; and
outcome (O) - postoperative heart rate and blood pressure, analgesic time, magnesium sulfate and opioid
consumption, visual analog scale (VAS), and adverse events [15].

Search Strategy

Three authors (Alharbi, Almajed, and AlQahtani) individually searched for qualified RCTs from the following
databases: PubMed, Embase, and Cochrane Library. Additionally, Google Scholar was searched to identify
any potentially relevant studies. The search covered the period from January 1, 2000, to December 31, 2023,
without language restrictions and was conducted during June 2024. The following terms were searched in
the PubMed database: ("magnesium'[MeSH Terms] OR "magnesium"[All Fields]) OR ("magnesium sulfate"
[MeSH Terms] OR "magnesium sulfate'[All Fields]) AND ("postoperative"[MeSH Terms] OR "postoperative"
[All Fields]) AND ("spine surgery"[All Fields] OR "spinal surgery"[All Fields] OR “back surgery”[All Fields] OR
"spine operation[All Fields] OR "spinal operation'[All Fields] OR "spine fusion"[All Fields] OR “lumbar
fusion"[All Fields] OR laminectomy[All Fields] OR Foraminotomy OR Vertebroplasty OR Kyphoplasty

OR Microdiscectomy OR discectomy[All Fields]OR "Artificial disc replacement"[All Fields] OR "Spinal
decompression surgery"[All Fields] OR "Spine/surgery'[MeSH]).AND ("pain'[All Fields] OR "Pain"[MeSH])
NOT ("preoperative"[All Fields] OR "preoperative'[MeSH] AND "perioperative'[All Fields] OR "perioperative”
[MeSH] AND "intraoperative"[All Fields] OR "Intraoperative'[MeSH]). The search key terms used in Embase,
Cochrane Library, and Google Scholar are summarized in Table 1. To find other relevant publications, a
manual search of the bibliographies of all selected articles was conducted throughout the full-text review, as
well as forward and backward citation tracking.
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Category Keywords and MeSH terms

Magnesium
sulfate

"o

“Magnesium,” “Magnesium sulfate”

Postoperative “Postoperative”

"Spine surgery," "Back surgery," "Spine operation," "Spine fusion," "Lumbar fusion," "Laminectomy," "Foraminotomy,"

Spine

su.?r o "Vertebroplasty," "Kyphoplasty," "Microdiscectomy," "Discectomy," "Atrtificial disc replacement," "Spinal decompression
gery surgery," "Spine/surgery"

Pain "Pain"

TABLE 1: Keywords used for search strategy.

Eligibility Criteria

This study included all published randomized clinical trials and prospective or retrospective observational
studies that administered magnesium sulfate during the postoperative period for the management of lumbar
spinal surgery postoperative pain. No language restrictions were applied. The assessment focused solely on
the postoperative administration of magnesium sulfate. Therefore, any studies involving preoperative or
intraoperative administration of magnesium sulfate were excluded. The delivery of magnesium by
intravenous (IV), epidural, intra-articular, and peri-articular injection (PAI) routes were taken into
consideration. Also, any study that assessed oral magnesium supplementation in the control group was
excluded. Furthermore, studies that did not evaluate the primary outcomes or those that compared
magnesium against different experimental treatments (rather than a control group) were also excluded.
Descriptive studies, case-control studies, field studies, animal research, duplicate publications, pilot studies,
letters to the editor, individual case reports, case series, longitudinal studies, and review articles were also
excluded.

Study Selection

Two authors (Almajed and AlQahtani) independently inspected the titles, abstracts, or full texts of the
articles to determine their eligibility, and any duplicates or irrelevant studies were excluded. A third author
(Alharbi) resolved any conflict between the two authors. Afterward, the complete texts of potentially
suitable studies were acquired, and final decisions were made according to the predetermined eligibility
criteria. Any differences in opinion or conflicts were resolved through discussion.

Outcomes of Interest and Definitions

The main outcomes of interest of the present study were postoperative visual analog scale (VAS), patient
stratification, magnesium sulfate consumption, opioid consumption, and adverse events during the 24
hours postoperative (PO) period. Postoperative visual analog score refers to the level of pain experienced by
the patient in a score of 0-10, where 0 = no pain, 1-3 = mild pain, 4-6 = moderate pain, and 7-10 = intolerable
pain. Patient satisfaction is how content a patient is to the analgesic provided. Magnesium sulfate
consumption refers to the amount of magnesium sulfate taken by the patient in the case group. Also, the
term opioid consumption is used to indicate the quantity of opioid painkillers taken by patients. Adverse
events include nausea, vomiting, allergic reaction, dry mouth, respiratory depression, muscular weakness,
and urinary retention.

Data Extraction

Three authors (Alharbi, Almajed, and AlQahtani) independently reviewed and extracted the following
information from each study into a data extraction form: names and roles of authors, country of origin,
publication date, patient data (American Society of Anesthesiologists physical status classification, age,
sex), sample sizes in treatment and control groups, surgery type, types of anesthesia, route and dosage of
magnesium sulfate administration, cumulative analgesic consumption, visual analog scale score, time to
first analgesic request, and adverse events. If additional data are mentioned in the figures, contact with the
authors was made to obtain the unwritten data. The data from the figures have been extracted if there is no
response from the authors. Once the extraction process was done, a senior researcher (Alshehri) did a double
analysis process.

Risk of Bias Assessment

Two authors (Almajed and AlQahtani) independently evaluated and cross-checked each trial according to
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the Cochrane Risk of Bias Assessment Scale [16]. Among the researchers, any disparities in grading were
discussed. The following five categories of bias were assessed: the randomization process, deviations from
planned interventions, missing outcome data, outcome measurement, and the selection of reported results.
Three risks of bias levels: low risk (no risk of bias in any category), mild risk (some risk of bias in any
category), and high risk (more than one risk of bias in any category).

Certainty of Evidence

The authors used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system to evaluate the level of certainty [17]. Each outcome's evaluation scores were then combined and
classified as high, moderate, low, or extremely low.

Data Synthesis and Analysis

The data were first collected as previously stated. The analysis process was done with the use of peer-review,
Excel (Redmond, WA: Microsoft Corp.), and finally through SPSS (Chicago, IL: IBM Corp.). We defined our
inclusivity as follows: (1) lumbar spine surgeries, (2) magnesium sulfate administration, (3) postoperative
administration, (4) pain scores, and (5) analgesics use. Most of the 397 studies collected were those that
began administration perioperatively, which were not inclusive for the purpose of the present study. Other
reasons for removal would include duplicates and surgical sites, other than lumbar spine.

Results

Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, the
search yielded 397 studies (159 from PubMed, 71 from Embase, 48 from Cochrane Library, and 119 from
Google Scholar). After the removal of 133 duplicate records, 264 records were screened based on titles and
abstracts. Following the review of titles and abstracts, 227 records were excluded because they did not meet
our criteria. Upon further evaluation, 33 records were excluded for not meeting the eligibility criteria as
follows: 11 due to incorrect study design, 16 for irrelevant interventions, and six for outcomes not of
interest. This resulted in the inclusion of four studies in the final review, which were deemed relevant for
detailed analysis. The summary of the study selection process is provided in Figure 1.
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FIGURE 1: PRISMA flow chart of the study selection process.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Postoperative Analgesic Consumption

Magnesium sulfate demonstrated varying efficacy in reducing postoperative analgesic consumption across
the studies. Kumar et al. reported that total analgesic consumption over 24 hours was significantly lower in
the dexmedetomidine group (142.50 + 22.88 mg) compared to the magnesium group (197.50 + 36.76 mg),
with a highly significant difference (p < 0.001) [18]. Demiroglu et al. found that tramadol consumption was
significantly lower in the intramuscular (IM) magnesium group compared to the control group at multiple
postoperative time points (p < 0.05). Comparisons between the intravenous (IV) magnesium and control
groups showed no significant differences, except at select time intervals where the IV group showed lower
consumption than the control group (p < 0.05) [19]. Apan et al. observed a longer time for the first analgesic
request in the magnesium group compared to the control group (p = 0.04) and significantly reduced total
analgesic consumption (p = 0.02) [20]. In contrast, Ghaffaripour et al. found no statistically significant
difference in total postoperative PCA morphine consumption between the magnesium and placebo groups
(0.59 £ 0.04 mg/kg vs. 0.7 £ 0.08 mg/kg, p = 0.23) [21]. The characteristics of the studies that are part of this
review are displayed in Table 2.
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TABLE 2: Summary of the studies' characteristics.

MgSO,: magnesium sulfate; IV: intravenous; IM: intramuscular

Pain Intensity

Results on pain intensity as measured by VAS or NRS scores varied among the studies. For instance, Kumar
et al. observed that both groups' VAS scores were comparable until the 6 hours where the magnesium group
scores (mean of 4.67 + 0.48) were significantly higher than the dexmedetomidine group (mean of 1.77 = 0.43,
p < 0.001) [18]. Although having a higher VAS score at the 12-hour mark, the magnesium group displayed
lower VAS ratings (mean of 2.53 + 1.01) [16]. At all postoperative time points, Demiroglu et al. found no
statistically significant changes in numeric pain rating scale (NRS) scores between the groups (p > 0.05) [19].
Apan et al. discovered that, for the first 24 hours, the VAS scores of the two groups were similar, except for
the 12 hours, when the magnesium group's values were significantly lower (p = 0.03) [20]. Ghaffaripour et al.
observed no significant differences in the patterns of VAS scores at 6, 12, 18, and 24 hours after surgery
between the magnesium and control groups (p = 0.52) [21].

Adverse Events

Adverse events were reported inconsistently across the studies. According to Kumar et al., neither group
experienced any negative side effects, including dry mouth, respiratory depression, allergies, nausea and
vomiting, or urine retention [18]. As stated in the study by Demiroglu et al., the control group experienced a
significantly higher incidence of nausea and vomiting (36%) than the magnesium-treated groups (p < 0.05)
[19]. Apan et al. and Ghaffaripour et al. did not report any data on adverse events [20,21].

Risk of Bias

Figure 2 displays the summary for each article's risk of bias assessment using the revised Cochrane
Collaboration tool (RoB 2) [18-21]. According to the authors’ assessment, the two studies included were
evaluated as having some concerns about the risk of bias. Due to the limited number of articles in each
subgroup, the articles were included in the analysis regardless of their risk of bias score.
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FIGURE 2: Risk of bias summary.

Discussion

Although magnesium sulfate is a well-known analgesic for its properties as an N-methyl-D-aspartate
receptor blocker, there is sparse research on the analgesic effects of postoperatively administered IV
magnesium sulfate [22]. The pre and perioperative administration of magnesium sulfate in spine surgeries
has proven to be efficacious by mediating a great decrease in the use of opioids, length of stay, decreased
visual analog scale scores, and improved overall patient satisfaction [23,24]. However, administration of the
analgesic in the postoperative lumbar spine setting has yet to be thoroughly elucidated. This is the first
systematic review covering the analgesic properties and pharmacological effects of magnesium sulfate on
patients postlumbar spinal surgery. This systematic review's findings suggest that administration of
magnesium sulfate in the postoperative setting has the potential to provide analgesic benefits, depending on
the context of the lumbar spinal surgery at hand, however, the results may differ according to the method of
administration and groups in comparison. According to Kumar et al., while magnesium sulfate remains
advantageous in pain control, dexamethasone also provided significant analgesia as well as positive
hemodynamic effects, which resulted in lesser heart rate and blood pressure postoperatively (p < 0.05) [18].
Of particular interest, in the dexamethasone group, the duration of analgesia lasted almost 2 hours longer
after surgery (10.05 # 1.62 hours) compared to the magnesium sulfate group (8.07 * 1.83 hours), and the
difference is both clinically and statistically significant (p < 0.05). However, the differences in pain intensity
when measured by the visual analog score (VAS) showed variability between the two groups. For example, at
6 hours, the magnesium sulfate group achieved a lower VAS score (4.67 * 0.48), but this benefit was not
enduring at the 12-hour mark, while the VAS of the dexamethasone group was 5.00 + 0.00, and enduring till
the 12-hour mark [16].

Demiroglu et al.'s study revealed quite a different aspect for analysis concentrating on the method of
magnesium sulfate administration. The intramuscular administration group demonstrated a significantly
lower total tramadol consumption as compared to both intravenous administration and control groups (p <
0.05). Moreover, the results from the numeric pain rating scale (NRS) showed that the control group rated
the pain as being more severe within the first 12 hours, which further supported the analgesic efficacy of
magnesium sulfate administration in the postoperative setting, particularly utilizing the intramuscular route
[17].

Apan et al.’s study revealed further support for the analgesic properties of magnesium sulfate in lumbar
spine surgery patients, observing that magnesium sulfate patients witnessed a longer time to first analgesic
request, as well as a statistically significant reduction in total analgesic consumption in comparison with
control groups. Furthermore, VAS scores between control groups and magnesium sulfate groups varied
significantly in the first 12 hours postoperatively, with a large reduction in reported pain compared with
control groups at the same time, however, no marked difference was noted at the 24-hour mark. In terms of
adverse events, no adverse events were recorded in the study groups, which limits this systematic review's
ability to analyze the adverse effects of magnesium sulfate comprehensively [20].

Ghaffaripour et al. in contrast to the previous studies, found no statistically significant reduction in total
postoperative morphine consumption in magnesium groups in comparison with placebo groups.
Furthermore, no significant difference was noted in VAS scores across all time marks between the
magnesium and control groups (p = 0.52). Similar to Apan et al.'s study, adverse effects were not reported,
and therefore, this further limits the study's ability to report the adverse effects of the analgesic agents.
Ghaffaripour et al. overall reported no clinically significant difference in the use of magnesium sulfate
postoperatively as opposed to placebo groups among the same patients group [21].

The differing outcomes between these four studies highlight the complexity of magnesium sulfate's
postoperative effects. Kumar et al. emphasized the comparative effectiveness of dexamethasone, as opposed
to magnesium sulfate, while still highlighting the efficacy of both agents [18]. Demiroglu et al. illustrated
that magnesium sulfate, particularly when administered intramuscularly, could largely reduce the need for
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supplementary analgesics, such as opioids [19]. Ghaffaripour et al., in contrast, reported that magnesium
sulfate had no clinically significant effect on either pain or analgesic consumption and concluded that
magnesium sulfate had no significant benefit in the lumbar spine surgery patients' demographic when
administered postoperatively [21]. Apan et al. showed a significant reduction in VAS scores at the 12-hour
mark, but not at the 24-hour mark, and a prolongation in time to the first analgesic request, demonstrating
the efficacy of the agent [20]. This could be valuable in the avoidance of opioid-related side effects, by
allowing lower doses of opioids to be administered. The results from these studies highlight the remarkable
analgesic properties of magnesium sulfate postoperatively, while also shining light on the importance of
optimizing administration routes and timing. Although significant findings have been illustrated in these
studies, further research is required to comprehensively showcase the role and efficacy of postoperative
magnesium sulfate administration in the lumbar spine surgery setting.

Study limitations

This systematic review, however, is not free of limitations. This study was confronted with a number of
limitations, the primary limitation being the small number of studies eligible for inclusion in this systematic
review, due to the scarcity of research in the area. Moreover, this study is limited by the heterogeneity of the
studies included, in terms of analgesic route of administration, outcome reporting, and opposing control
groups. Furthermore, the four studies that fit the eligibility criteria were marked with differences in
methodology, routes, and forms of administration, patient demographics were slightly variable as well.
Additionally, the small sample sizes in the studies may also act as a limitation, which may decrease the
statistical power of the study. Furthermore, due to the difference in follow-up periods between the study
groups, the ability to draw a definitive conclusion on long-term outcomes of postoperative analgesia on
pain remedy might be limited. Finally, this review may be limited by confounding variables such as patient
demographics, medications, and comorbid diseases in patients from either sample group.

Conclusions

While magnesium sulfate does demonstrate potential as an analgesic additive in lumbar surgery patients to
facilitate a reduction in postoperative pain and opioid consumption, a comprehensive assessment of the
agent's efficacy has proven difficult due to the influence of external variables on the analysis of pain,
analgesic consumption, and adverse events. Standardized research efforts are essential to define its optimal
clinical applications and address existing knowledge gaps.
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