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ABSTRACT 
 
 

Perioperative Magnesium Sulfate Reduces Early Postoperative 
Pain and Analgesic Requirements Following Laparoscopic 
Surgery: A Randomized Controlled Trial 
 

Silvia Kosseva1, Sezen Habilov1, Slav Milushev1, Kerim Kerim1 

Background: Postoperative pain remains a major challenge in perioperative medicine and is associated with 
delayed recovery, increased morbidity, prolonged hospitalization, and reduced patient satisfaction. Magnesium 
sulfate (MgSO4), through N-methyl-D-aspartate receptor antagonism and modulation of calcium influx, has 
emerged as a potential opioid-sparing adjunct in multimodal analgesia. 
 

Objective: To evaluate the effect of perioperative intravenous MgSO4 administration on postoperative pain 
intensity, analgesic requirements, and time to first analgesic request in patients undergoing laparoscopic surgery. 
 

Materials and Methods: This prospective randomized controlled study included 350 patients undergoing 
elective laparoscopic surgery under standardized multimodal general anesthesia. Patients were allocated to 
either a control group (n = 173) or an MgSO4 group (n = 177). MgSO4 was administered as a 50 mg/kg intravenous 
bolus before induction, followed by continuous infusion at 15 mg/kg/h intraoperatively. Postoperative pain 
intensity was assessed using the verbal numerical rating scale (vNRS) at 30 minutes, 6 hours, and 24 hours 
postoperatively. Secondary outcomes included postoperative analgesic requirements, time to first 
analgesic request, incidence of postoperative nausea and vomiting (PONV), and adverse effects associated 
with MgSO4 administration.  
 

Results: Patients receiving MgSO4 demonstrated significantly lower postoperative pain scores at 30 minutes 
(1.60 ± 0.58 vs 1.93 ± 1.21; p = 0.001) and 6 hours (1.97 ± 1.20 vs 2.31 ± 1.53; p = 0.03), whereas no significant 
difference was observed at 24 hours (1.54 ± 0.37 vs 1.60 ± 0.70; p = 0.4). Additional postoperative analgesia 
was required significantly less frequently in the MgSO4 group compared with controls (35.6% vs 64.4%; p < 0.001). 
Time to first analgesic request was longer in the MgSO4 group, although this did not reach statistical significance 
(6.95 ± 4.66 vs 5.40 ± 4.07 hours; p = 0.098). No clinically significant adverse effects related to MgSO4 
administration were observed.  
 

Conclusion: Perioperative MgSO4 administration significantly improves early postoperative analgesia and 
reduces postoperative analgesic requirements following laparoscopic surgery. These findings support the 
incorporation of MgSO4 into multimodal opioid-sparing perioperative analgesic protocols.  
 

Keywords: magnesium sulfate; postoperative pain; multimodal analgesia; opioid-sparing analgesia; 
laparoscopic surgery; perioperative medicine 
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Introduction 
Postoperative pain is a complex physiological and pathophysiological process resulting from the interaction 
between peripheral nociception, inflammatory mediators, and central nervous system sensitization triggered 
by surgical tissue injury. Despite advances in perioperative medicine, postoperative pain remains inadequately 
controlled in a substantial proportion of surgical patients and continues to represent a major clinical challenge. 
 

Poorly controlled postoperative pain is associated with delayed mobilization, impaired respiratory function, 
prolonged hospitalization, increased healthcare utilization, reduced patient satisfaction, and increased risk of 
chronic postsurgical pain. In addition, excessive reliance on opioid analgesics contributes to adverse effects 
such as postoperative nausea and vomiting, respiratory depression, sedation, ileus, and delayed recovery. 
 

Consequently, multimodal analgesia has become a central principle of contemporary perioperative care. This 
strategy combines agents with complementary mechanisms of action to improve analgesia while minimizing 
opioid exposure and opioid-related adverse effects. Particular interest has focused on co-analgesic agents 
capable of attenuating central sensitization and nociceptive transmission. 
 

Magnesium sulfate (MgSO4) has attracted increasing attention as a perioperative analgesic adjunct due to its 
physiological role in calcium homeostasis and neurotransmission. Magnesium acts as a noncompetitive antagonist 
of the N-methyl-D-aspartate (NMDA) receptor and inhibits calcium influx into neurons, thereby reducing excitatory 
neurotransmitter release and attenuating central sensitization. 
 

Although numerous randomized trials and meta-analyses have evaluated the perioperative use of MgSO4, the 
magnitude and duration of its analgesic effect remain inconsistent across surgical populations and anesthetic 
techniques. Additional well-designed clinical studies are therefore required to better define its role within 
contemporary multimodal analgesic strategies. 
 

The present study aimed to evaluate the effect of perioperative intravenous MgSO4 administration on 
postoperative pain intensity, postoperative analgesic requirements, time to first analgesic request, incidence 
of postoperative nausea and vomiting (PONV) and possible adverse effects in patients undergoing laparoscopic 
surgery under a standardized multimodal general anesthesia protocol. 
 

Materials and Methods 
 

STUDY DESIGN 
This prospective randomized controlled clinical study was conducted between June 2020 and January 2022 
and evaluated the analgesic effect of perioperative intravenous MgSO4 administration in patients undergoing 
elective laparoscopic surgery. 
 

ETHICAL APPROVAL 
The study protocol was approved by the Ethics Committee of St Ivan Rilski University Hospital, Sofia, Bulgaria. 
Written informed consent was obtained from all participants prior to enrollment. 
 

STUDY POPULATION 
A total of 350 adult patients with American Society of Anesthesiologists (ASA) physical status I III undergoing 
elective laparoscopic surgery under general anesthesia were enrolled. 
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INCLUSION CRITERIA 
   Age  18 years 
   ASA physical status I III 
   Elective laparoscopic surgery 
   Ability to understand the verbal numerical rating scale (vNRS) 
   Written informed consent 
 

EXCLUSION CRITERIA 
   Severe renal impairment 
   Significant hepatic dysfunction 
   Neuromuscular disorders 
   Chronic opioid therapy 
   Chronic pain syndromes 
   Pregnancy or breastfeeding 
   BMI > 35 kg/m² 
   Known hypersensitivity to MgSO4 
   Inability to communicate effectively 
 

RANDOMIZATION 
 

Patients were randomized using a computer-generated allocation sequence into: 
   Control group (n = 173) 
   MgSO₄ group (n = 177) 
 

ANESTHETIC TECHNIQUE AND INTRAOPERATIVE ANALGESIA 
Induction of anesthesia was performed using intravenous fentanyl (1 1.5 µg/kg), propofol (2 2.5 mg/kg), 
and rocuronium (0.6 mg/kg). Tracheal intubation was carried out after achieving adequate conditions based 
on neuromuscular monitoring (train-of-four, TOF = 0). 
 

Anesthesia was maintained with sevoflurane or desflurane, titrated to maintain a target bispectral index (BIS) 
between 40 and 60. 
 

Intraoperative analgesia was provided as part of a standardized multimodal protocol. Fentanyl (1 1.5 µg/kg) 
was administered at induction and prior to surgical incision. Following induction of anesthesia, dexketoprofen 
50 mg and dexamethasone 0.1 mg/kg were administered intravenously. Toward the end of the surgical 
procedure, patients received a combination of paracetamol (acetaminophen) and metamizole to optimize 
early postoperative analgesia. 
 

Additional doses of fentanyl were administered intraoperatively in response to increases in mean arterial pressure 
(MAP) or heart rate (HR) exceeding 20% of baseline values, provided that anesthetic depth was adequate 
(BIS 40 60) and neuromuscular blockade was sufficient (post-tetanic count, PTC < 7). 
 

Antiemetic prophylaxis was administered using dexamethasone and metoclopramide. 
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MAGNESIUM PROTOCOL 
 

Patients in the MgSO4 group received: 
   50 mg/kg intravenous bolus before induction 
   continuous intraoperative infusion at 15 mg/kg/h 
 

Control patients did not receive magnesium supplementation. 
 

OUTCOMES 
 

Primary Outcome 
   Postoperative pain intensity assessed by vNRS at 30 minutes, 6 hours, and 24 hours. 
 

Secondary Outcomes 
 Postoperative analgesic consumption within the first 24 hours, administered according to a 

predefined pain management algorithm (Table 1). 
 Time to first request for analgesia, defined as the interval between the end of surgery and the 

patient s first demand for pain relief.  
 Incidence of postoperative nausea and vomiting (PONV) within the first 24 hours, recorded as 

a binary outcome (yes/no).  
 Adverse events, including dizziness, confusion, respiratory depression, muscle weakness, 

hypotension, bradycardia, and other clinically relevant complications.  
 

STATISTICAL ANALYSIS 
Continuous variables were expressed as mean ± standard deviation and categorical variables as percentages. 
Comparisons between groups were performed using Student s t-test or chi-square test as appropriate. A p-
value < 0.05 was considered statistically significant. 
 

Table 1. vNRS-Based Postoperative Pain Management 
 

vNRS 
score 

Pain 
intensity 

Recommended postoperative management 

0 No pain No analgesia required 
1 3 Mild pain NSAIDs or acetaminophen as needed 

4 6 Moderate 
pain 

Regular administration of NSAIDs ± metamizole ± acetaminophen; weak 
opioid (e.g., tramadol) if required 

7 10 Severe pain Combination of NSAIDs + metamizole + acetaminophen + opioid (e.g., 
pethidine or morphine) 

 

Note: vNRS = verbal numerical rating scale; NSAIDs = nonsteroidal anti-inflammatory drugs. 
 

Results 
A total of 350 patients were included in the study and allocated to two groups: a control group (n = 173) and 
an MgSO4 group (n = 177). The two groups were comparable with regard to baseline demographic characteristics, 
including age and sex, allowing reliable comparison of postoperative analgesic outcomes. 
 

The baseline characteristics of patients included in the study are summarized in Table 2.  
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Table 2. Baseline demographic characteristics of the study population 
 

Variable Control group (n=173)  Study group (n = 177) p 
Age (years), 
mean ± SD 56.71 ± 15.02 54.26 ± 16.99 0.357 

Male n (%) 102 (59) 113 (63.8) 
 0.380 

Female n (%) 71 (41) 64 (36.2) 
 

              Note: Data are presented as mean ± SD or number (%). SD = standard deviation. 
 

Postoperative Pain Intensity 
MgSO4 administration resulted in significantly lower postoperative pain scores during the early postoperative 
period. 
 

At 30 minutes postoperatively, vNRS scores were significantly lower in the MgSO4 group compared with controls 
(1.60 ± 0.58 vs 1.93 ± 1.21; p = 0.001). 
 

At 6 hours, pain intensity remained significantly lower in patients receiving MgSO4 (1.97 ± 1.20 vs 2.31 ± 
1.53; p = 0.03). 
 

At 24 hours, no statistically significant difference was observed between groups (1.54 ± 0.37 vs 1.60 ± 0.70; 
p = 0.4). 
 

These results are summarized in Table 3 and Figure 1. 
 

Table 3. Postoperative pain intensity assessed by vNRS 
 

Group 
vNRS 30 min 
(mean ± SD) 

vNRS 6 h  
(mean ± SD) 

vNRS 24 h 
 (mean ± SD) 

Study group 1.60 ± 0.58 1.97 ± 1.20 1.54 ± 0.37 

Control group 1.93 ± 1.21 2.31 ± 1.53 1.60 ± 0.70 

     p  value                                            p = 0.001 p = 0.03 p = 0.4 
 

       Note: Data are presented as mean ± standard deviation (SD). vNRS = verbal numerical rating scale. 
 

Table 3 summarizes postoperative pain intensity at the predefined assessment intervals. Patients receiving 
MgSO4 consistently reported lower pain scores during the early postoperative period. 
 

Figure 1 illustrates the temporal evolution of postoperative pain scores in both groups and confirms the 
significant early analgesic benefit associated with MgSO4 administration. 
 

Postoperative Analgesic Requirements 
The proportion of patients requiring additional postoperative analgesia was significantly lower in the MgSO4 
group compared with the control group (35.6% vs 64.4%; p < 0.001). This represents an absolute reduction of 
approximately 29% in postoperative analgesic requirement and indicates a clinically meaningful analgesic effect. 
 

These findings are presented in Table 4 and Figure 2. 
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                   Note: Values represent mean pain scores measured using the verbal numerical rating scale (vNRS). 
 

Figure 1. Mean vNRS scores at 30 minutes, 6 hours, and 24 hours after surgery. 
 
 

Table 4. Need for postoperative analgesia 
 

Requirement for postoperative analgesia 

Group 
No analgesia required Analgesia required 

p  value 

 < 0.001 

n % n % 

 

Control 
group 

106 43.1 67 64.4 

Study 
group 

140 56.9 37 35.6 

Total 246 100 104 100 
 

            Note: Data are presented as number of patients (n) and percentages (%). 
 
As shown in Table 4, the proportion of patients requiring rescue analgesia was significantly lower in the MgSO4 
group. 
 

Regarding postoperative analgesic drugs, metamizole, dexketoprofen/ibuprofen, and tramadol were the most 
frequently used agents. A statistically significant difference between groups was observed for dexketoprofen/ 
ibuprofen, which was used more frequently in the control group (77.6% versus 45.9% in the MgSO4 group; 
p = 0.001). No statistically significant differences were found for tramadol, metamizole, acetaminophen, or 
pethidine. 
 

The distribution of postoperative analgesic drugs is shown in Table 5. 
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                     Note: Percentages are calculated relative to the total number of patients in each study group. 
 

Figure 2. Proportion of patients requiring additional postoperative analgesia. 
 
 

Table 5. Postoperative analgesic medications used 
 

Medication 
Control group Study group 

p-value 
n % n % 

Acetaminophen 3 4.5 0 0 0.192 

Dexketoprofen/Ibuprofen 52 77.6 17 45.9 0.001 

Tramadol 35 52.2 25 67.6 0.130 

Metamizole 49 73.1 27 73 0.991 

Pethidin 3 4.5 0 0 0.192 
 

Note: Percentages are calculated based on the number of patients requiring postoperative analgesia in each 
group. More than one analgesic agent could be administered per patient. 

 
TIME TO FIRST ANALGESIC REQUEST 
Time to first analgesic request was longer in patients receiving MgSO4 (6.95 ± 4.66 hours) compared with 
the control group (5.40 ± 4.07 hours). Although the difference did not reach statistical significance (p = 0.098), 
it demonstrated a trend toward prolongation of the analgesia-free interval. 
 

These data are summarized in Table 6 and Figure 3. 
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Table 6. Time to first analgesic request 
 

Outcome 

Control group (n = 67) mean 
± SD (h) 

Study group (n = 37) 
mean ± SD (h) 

p-value 

n 
 

SD n 
 

SD  

Time to first analgesic 
request 

67 5.40 4.07 37 6.95 4.66 0.098 
 

  Note: Only patients requiring postoperative analgesia were included in this analysis. Data are presented as mean ± SD. 
 
The results presented in Table 6 demonstrate a trend toward prolonged analgesia-free intervals among patients 
receiving magnesium sulfate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Note: Values represent mean time (hours) from completion of surgery to first analgesic request among 
patients requiring postoperative analgesia. 

 

Figure 3. Time to first postoperative analgesic request. 
 

Figure 3 visually demonstrates the longer mean time to first analgesic request observed in the MgSO4 group. 
 
POSTOPERATIVE NAUSEA AND VOMITING  
The incidence of postoperative nausea and vomiting (PONV) remained low in both groups, with no statistically 
significant difference observed between patients receiving MgSO4 and controls (5.6% vs 6.9%; p = 0.665). 
Perioperative MgSO4 administration was not associated with a reduction in PONV incidence under conditions 
of routine antiemetic prophylaxis (Table 7).  
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Table 7. Comparative analysis of PONV 
 

Outcome - PONV 

Control group 

 (n = 173) 

Study group 

 (n = 177) р 

n % n % 

No 161 93.1 167 94.4 0.665 

Yes 12 6.9 10 5.6   
 

Note: PONV = postoperative nausea and vomiting. Values are presented as number of patients and percentages. 
 
SAFETY OUTCOMES 
No clinically significant adverse effects related to MgSO4 administration were observed during the intraoperative 
or postoperative period. In particular, there were no cases of respiratory depression, clinically relevant muscle 
weakness, severe hypotension, bradycardia, dizziness, or confusion attributable to magnesium administration.  
 

In summary, MgSO4 administration was associated with a significant reduction in early postoperative pain 
intensity, a lower need for additional analgesia, and a tendency toward prolonged time to first analgesic request. 
The most pronounced effect was observed within the first 6 hours after surgery. 
 

Discussion 
The present study demonstrates that intravenous MgSO4, administered as an adjuvant to standardized 
multimodal general anesthesia, is associated with improved early postoperative analgesia in patients undergoing 
laparoscopic surgery. Patients receiving MgSO4 exhibited significantly lower pain intensity scores at 30 minutes 
and 6 hours postoperatively, while no statistically significant difference was observed at 24 hours. This time-
dependent analgesic profile is clinically relevant, as the early postoperative period represents a critical phase 
for effective pain control, early mobilization, and reduction of rescue analgesic requirements. 
 

The reduction in early postoperative pain observed in the present study is consistent with the majority of 
randomized controlled trials included in the current analysis. Importantly, the analgesic effect of MgSO4 has been 
demonstrated across a wide range of surgical procedures and anesthetic settings. Studies in gynecological, 
orthopedic, spinal, abdominal, ophthalmic, otorhinolaryngologic, and breast surgeries, as well as in obstetric 
anesthesia, have generally reported reduced postoperative pain scores or analgesic requirements following 
magnesium administration.1-22 These findings suggest that the analgesic effect of magnesium is not procedure-
specific but may reflect broader modulation of perioperative nociceptive processing. 
 

Evidence from orthopedic and spinal surgery, including lumbar spine procedures and total knee arthroplasty, 
demonstrates reduced postoperative pain intensity, lower analgesic requirements, or improved recovery 
profiles following MgSO4 administration.3,6-8 Similarly, studies across abdominal, laparoscopic, and minimally 
invasive gynecological procedures, including hysteroscopy, have reported lower pain scores and decreased 
analgesic requirements.4,5,14,16 In gynecological surgery, multiple trials have demonstrated reduced pain intensity, 
opioid consumption, or postoperative analgesic requirements.10,15,20,21 In obstetric anesthesia, magnesium 
has also been associated with improved postoperative analgesia and reduced anesthetic requirements.19,22 
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These findings across different surgical populations support the broader applicability of MgSO4 as an adjuvant 
in perioperative analgesia. 
 

However, the magnitude and duration of this effect vary across studies. In the present study, the analgesic 
benefit was significant at 30 minutes and 6 hours but not at 24 hours. This finding is partially consistent with 
systematic reviews and meta-analyses demonstrating that MgSO4 reduces postoperative opioid or analgesic 
consumption and may improve pain outcomes, although the magnitude and persistence of the analgesic 
effect are not uniform across studies.23-28 Some meta-analyses have reported analgesic effects extending 
into the later postoperative period. For example, Avci et al. demonstrated significantly lower pain intensity 
up to 24 hours after abdominal surgery, whereas Ng et al. reported no significant difference in pain intensity 
between magnesium and control groups despite reduced morphine consumption.24,25 Wu et al. also reported 
that intravenous magnesium may attenuate remifentanil-induced postoperative hyperalgesia, with analgesic 
effects extending beyond the immediate postoperative period.28 

 

The pharmacological profile of magnesium provides a plausible explanation for its perioperative analgesic and 
anesthetic-sparing effects. Magnesium has been reported to reduce intraoperative anesthetic requirements 
and postoperative opioid consumption, supporting its role as an adjuvant during balanced anesthesia.29,30 
Its antinociceptive effect is generally attributed to its action as a physiological calcium antagonist and 
noncompetitive N-methyl-D-aspartate receptor antagonist, mechanisms that may reduce nociceptive transmission 
and attenuate central sensitization.29,31 These mechanisms are particularly relevant during the early postoperative 
period, when nociceptive input and central sensitization are most pronounced. 
 

A major finding of the present study is the significant reduction in postoperative analgesic requirements in 
the MgSO4 group. The proportion of patients requiring additional analgesia was substantially lower compared 
with the control group, confirming the analgesic-sparing effect of magnesium. This finding is consistent with 
multiple randomized trials across different surgical populations, including abdominal, orthopedic, gynecological, 
spinal, and transplant surgery, which have demonstrated reduced opioid or analgesic consumption following 
magnesium administration.1-8,10-15,30-34 These results are further supported by systematic reviews and meta-
analyses showing reductions in opioid consumption and, in some analyses, improved postoperative recovery 
outcomes.23-28 

 

Unlike many previous studies that focus on single analgesic agents, the present study evaluated overall 
analgesic requirements using a structured vNRS-based algorithm. This approach reflects real-world clinical 
practice, where postoperative pain management typically relies on multimodal strategies rather than single-agent 
therapy. The reduced use of additional analgesics observed in the MgSO4 group further supports its analgesic-
sparing effect. 
 

The trend toward a longer time to first analgesic request observed in the MgSO4 group is also consistent with 
findings from several clinical studies across different surgical models.6,7,11,17,34 Although this difference did not 
reach statistical significance in the present study, this may be explained by the relatively low pain scores and 
the use of an effective baseline multimodal analgesic regimen. 
 

Despite the predominance of positive findings, not all studies have demonstrated a significant analgesic benefit 
of MgSO4. Some randomized trials in various surgical settings have reported inconsistent or nonsignificant 
effects on postoperative pain intensity and analgesic requirements.35-39 Additionally, more recent studies 
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have shown variable results, particularly in urologic and thyroid surgery.38,39 These discrepancies highlight 
the heterogeneity of the available evidence and suggest that the clinical efficacy of magnesium may depend 
on factors such as dosing regimen, timing of administration, type of surgery, anesthetic technique, and 
baseline analgesic protocol. 
 

The present study contributes to the existing body of evidence by evaluating a relatively large cohort of 
patients undergoing laparoscopic surgery under a standardized anesthetic and analgesic protocol. The use 
of objective intraoperative monitoring and a structured postoperative analgesic algorithm strengthens the 
internal validity of the findings. Furthermore, the observed results are consistent with the pharmacological rationale 
for magnesium use and with much of the available clinical evidence across multiple surgical disciplines. 
 

From a clinical perspective, the findings support the incorporation of MgSO4 into multimodal analgesic 
protocols. Its analgesic-sparing effect is particularly relevant in the context of enhanced recovery pathways, where 
minimizing opioid and rescue analgesic consumption is associated with improved recovery, fewer adverse 
effects, and enhanced patient satisfaction. In addition, magnesium is inexpensive, widely available, and easy 
to administer, with a favorable safety profile when used under appropriate monitoring. 
 

In addition to its analgesic effect, MgSO4 demonstrated a favorable safety profile in the present study. No 
clinically significant adverse effects attributable to magnesium administration were observed, including respiratory 
depression, relevant muscle weakness, hypotension, bradycardia, dizziness, or confusion. This finding supports 
the clinical applicability of MgSO4 as an adjuvant in multimodal analgesia when administered under standardized 
intraoperative monitoring. Furthermore, magnesium has been shown to reduce intraoperative anesthetic 
requirements, including propofol consumption, supporting its role as an adjuvant during balanced anesthesia.29,30,40 

 

Nevertheless, further research is required to better define the optimal dosing strategy, timing of administration, 
and duration of infusion, as well as to identify patient populations and surgical settings that may benefit most 
from magnesium-based analgesic approaches. 
 

Limitations 
The present study has several limitations that should be considered when interpreting the results.  
 

The study population was limited to patients undergoing laparoscopic surgery, potentially limiting generalizability 
to other surgical procedures. 
 

Long-term outcomes, including chronic postoperative pain, were not assessed. 
 

Postoperative opioid consumption was not quantified using morphine-equivalent dosing. 
 

Although postoperative pain intensity was significantly reduced during the early postoperative period, no 
significant difference was observed at 24 hours. 
 

Conclusion 
Perioperative intravenous magnesium sulfate significantly improved early postoperative analgesia following 
laparoscopic surgery. Patients receiving MgSO4 experienced lower pain intensity during the first postoperative 
hours and required additional analgesic medication less frequently than patients in the control group. 
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Although no significant difference in pain scores was observed at 24 hours, the reduction in early postoperative 
pain and analgesic requirements supports the role of MgSO4 as an effective opioid-sparing component of 
multimodal analgesia. Furthermore, magnesium administration was not associated with clinically significant 
adverse effects, supporting its safety and feasibility in routine perioperative practice. 
 

Further studies are warranted to determine the optimal dosing regimen and to evaluate long-term outcomes 
across different surgical populations. 
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