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 A B S T R A C T 

Opioids are frequently employed in postoperative analgesia, but their use is 
associated with numerous side effects, which have led to the search for non-
opioid adjuncts. This study compared the effect of two doses of magnesium 
sulphate on post-operative analgesia following emergency exploratory 

laparotomy. This was a double blind randomized comparative study of 
ninety adult surgical patients scheduled for emergency exploratory 
laparotomy. Patients were randomly assigned to three groups to receive 
normal saline (group N), IV Magnesium sulphate 40 mg/kg over 15 mins 
(group MB), or IV Magnesium sulphate 40 mg/kg over 15 mins followed by 
an infusion of 10 mg /kg/hr till the end of surgery (group MI). The 
postoperative numeric rating scale for pain, time to first request for 
analgesia, morphine consumption, and patients’ satisfaction with analgesia 
were measured. Age, weight, and pain scores were presented as means and 
standard deviations and analyzed using the Student t-test for comparisons 
between 2 groups and ANOVA for comparisons within 3 groups. The level of 
statistical significance was set at p <0.05. There was a significant reduction 
(26%) in 24-hour morphine consumption (p< 0.001) and prolongation of time 
to first analgesic request (p<0.001) in the magnesium-treated groups 

compared with the control. However, there was no significant difference in 
the numeric rating scale for pain (p>0.99) and patients’ satisfaction with 
post-operative analgesia (p=0.258) in the three groups. This study 
demonstrated that the administration of magnesium sulphate reduced 24-
hour morphine consumption and prolonged the time to first request for 
analgesia. 

 

Introduction 
Despite recent advances in perioperative care, a high number of patients within the African continent still 
experience significant postoperative pain [1-3]. Poorly treated postoperative pain can lead to respiratory 
problems like reduced alveolar ventilation and pneumonia; cardiovascular problems like tachycardia, 
hypertension, myocardial ischemia, and infarction; conversion to chronic pain, delay in wound healing, and 
prolonged hospital stay [4]. The medications used for the treatment of pain also cause side effects such as 
nausea, dizziness, and drowsiness, which are a source of discomfort to patients [5].  
Surgical patients report postoperative pain as a cause of perioperative anxiety ahead of the surgical procedure 
itself. It is therefore a major concern to patients [6]. Postoperative pain is often managed with multimodal 
analgesia that employs the use of more than one analgesic technique with different mechanisms of action [7]. 
These techniques include intravenous paracetamol and NSAIDs, opioids and epidural analgesia. Opioids are 
frequently used to manage pain in a multimodal analgesia setting, but side effects such as nausea, vomiting, 
respiratory depression and constipation have limited their use. Other analgesic methods like epidural 
analgesia have limitations such as hypotension, urinary retention and lack of expertise. These challenges 
have led to the search for other non-opioid analgesics with fewer side effects.  

The first documented clinical trial on the association between magnesium sulphate and postoperative 
analgesic requirement was done by Tramer and colleagues [8] in 1996. Its antinociceptive effect is related to 
the prevention of central sensitization caused by peripheral tissue injury [9]. The administration of 
intravenous magnesium sulphate has been found to result in a 30% reduction in postoperative analgesic 
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requirement [8,10]. However, another study challenged the previous result when it could not establish a 
beneficial analgesic effect for magnesium sulphate [11].  
The benefits of intravenous administration of magnesium sulphate may be more evident in emergency 
surgical patients who have been found to have a high incidence of hypomagnesaemia [12]. Therefore, this 
study was carried out to determine the effect of magnesium sulphate as an analgesic adjuvant in emergency 
surgical patients undergoing exploratory laparotomy. 
 
METHODS 
Study Setting and Design 
This study was carried out at the University of Ilorin Teaching Hospital (UITH). The hospital is a six-hundred 
(600) bedded tertiary hospital which serves as a referral centre for patients from the South-west and from the 
North-central regions of Nigeria. This was a prospective randomized double blind comparative study involving 
adult surgical patients scheduled for emergency exploratory laparotomy under general anaesthesia carried 
out from 1st of June to 30th of September 2023. 
 
Ethical considerations 
Ethical approval was obtained from the University of Ilorin Teaching Hospital ethical review board before the 
commencement of this study (approval number ERC PAN/2023/12/0450). Oral and written informed 
consent, signed and dated, was obtained from all patients following a comprehensive explanation of the 
procedure to them by the investigator. 
  
Study Population 
The subjects recruited were adult surgical patients of American Society of Anesthesiologists (ASA) physical 
status I to III, aged between 18 and 65years, presenting for emergency exploratory laparotomy under general 
anaesthesia. 
 
Sample Size Calculation 
Sample size was calculated using the formula of St. George’s University of London for comparing means. 

n = [A + B] ² × 2 × SD²/DIFF² [13] 

Seyan et al [10] found a reduction in morphine consumption of 33% and a standard deviation of 0.23. The 
calculated sample size was 15. Assuming an attrition rate of 10% gives a sample size of 16.5, approximately 
17 per group. However, in this study, 30 patients were recruited per group, making a total of 90 patients. 
 
Sampling technique 
Patients were assigned to three groups (magnesium bolus group MB, magnesium bolus and infusion group MI 
and control group N) using a simple random sampling technique. Randomization was done by a trained 
research assistant. Both the patient and the researcher were blinded to the group allocation.  
 
Inclusion and exclusion criteria 
All consenting patients between the ages of 18 and 65 years with American Society of Anesthesiologists (ASA) 
classification I to III scheduled for emergency exploratory laparotomy under general anaesthesia. Patient’s 
refusal to participate in the study, pregnancy, hepatic or renal disease, prior treatment with calcium channel 
blockers, opioid analgesic abuse and known allergy to magnesium sulphate were exclusion criteria. 
 
Anaesthesia management 
After routine pre-anaesthesia assessment, the patients were educated on the use of the numerical rating pain 
scale and the patient-controlled analgesia (PCA) infusion device. A self-designed proforma (appendix 1) was 
used to collect socio-demographic and medical data of the patients. All patients were weighed either in the 
ward or the emergency room.  
After routine anaesthesia machine check, baseline values for systolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean arterial pressure (MAP), pulse rate (PR), peripheral arterial oxygen saturation (SpO2), 
temperature, and electrocardiogram (ECG) were obtained and documented. 
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Two intravenous lines were secured, one for fluid and the other for administration of study medications. The 
first three (3) milliliter blood sample for preoperative serum magnesium and albumin was collected into a 
plain bottle. 
The study solutions were prepared by a trained research assistant, a resident doctor in the department of 
Anaesthesia, who did not take any further part in the study. They were administered by the researcher, who 
was blinded to the study groups. Patients in the N group were given 100ml of normal saline through a syringe 
pump in two 50 mL syringes to run over 15 min before the induction of anaesthesia.  This was followed 
immediately by 50 ml/hr of Normal saline till the end of surgery. 
Those in the MB group were given 40 mg/kg of magnesium sulphate made up to 100 ml of saline through the 
syringe pump in two 50 ml syringes over 15 min before the induction of anaesthesia. This was followed 
immediately by 50 ml/hr of normal saline administered through a syringe pump till the end of surgery. 
Patients in the MI group were given 40 mg/kg of magnesium sulphate made up to 100 ml of saline through 
the syringe pump in two 50 ml syringes over 15 min before the induction of anaesthesia. This was followed 
immediately by 10 mg/kg/hr of magnesium sulphate diluted to 50 ml of Normal saline, administered through 
a syringe pump till the end of surgery. 
The anaesthetic technique employed in all patients was general anaesthesia with endotracheal intubation. 
Pain assessment and analgesia 
Intraoperative analgesia was maintained with intermittent boluses of fentanyl at 1.5mcg/ kg/hr and this was 
supplemented with intravenous paracetamol 15 mg/kg. Postoperative pain was assessed by the researcher at 
rest and every 15 minutes for the first hour, then hourly till 4 hours postoperative time, then 4-hourly till 24 
hours postoperatively, using an 11-point Numeric Rating Scale (NRS) (0=no pain, 10=worst possible pain. 
In the post-anaesthetic care unit (PACU), the time to first request for analgesia was recorded. Intravenous 
morphine was titrated at 2 mg every 15 minutes until the numerical pain score was ≤ 3 (mild pain). Total 
morphine consumption in the PACU was recorded. 
On the ward, all patients were given intravenous Paracetamol 1g 6 hourly, then Morphine was given via a 
patient-controlled analgesia device (Abbott Pain Management Provider Abbott Laboratories, North Chicago, 
USA) connected to the intravenous line, which delivered 1mg morphine bolus with 15 min lockout interval 
and no background infusion. Morphine consumption was recorded at the 1st, 2nd, 4th, 12th, and 24th hours 
after the operation by the researcher. Patient’s satisfaction with pain relief was assessed 24 hours after the 
operation using a 5-point satisfaction score on a Likert scale. 
 
Statistical analysis 
The data obtained was analyzed using the Statistical Package for Social Sciences (SPSS) software version 20. 
Categorical data such as gender, NRS for pain score and ASA classification was represented as frequency, 
proportion, median and range. Analysis was done using the chi-square test. Continuous variables such as 
age, weight, time to first request for analgesia and total morphine consumption were presented as mean, 
standard deviations, and associations in the three groups were compared using the Analysis of Variance 
(ANOVA) test while associations between groups were determined by the Turkey post hoc analysis. Patient 
satisfaction with the post-operative analgesia was represented as frequency, percentiles, and was analysed 
using the Mann-Whitney U test. Statistical significance was assumed for P<0.05.  
 
RESULTS 
A total of 90 patients (30 in each group) were recruited from June 2nd 2023, to 2nd October 2023. Eighty-six 
(86) patients out of the 90 patients that were randomized completed the study.  Two patients from the control 
(N) group had an allergic reaction to morphine in the recovery room and were withdrawn from the study. One 
patient from the MI group opted out of the study on the ward because his IV line got tissue and did not want 
the IV access to be reset. The last patient from the N group could not complete the study because he went 
into septic shock.  
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Figure 1: Consort Flow Diagram 

 
Demographic Characteristics 
The mean ages were 46.00±12.58yrs, 41.70±12.70yrs and 40.78±14.91 years in groups MB, MI, and N, 
respectively (p= 0.30), while the mean weights in the three groups were 56.93±11.87 kg, 59.5±10.29 kg and 
62.11±15.33 kg in the MB, MI and N groups, respectively (p= 0.31). In group MB, the mean height was 
1.68±0.06m, while it was 1.67±0.08 m in group MI and 1.64±0.09 m in group N (p= 0.16). There was no 
significant difference in the gender, ASA status, weight, height and BMI across the three groups (p= 0.18, 
0.70, 0.31, 0.16 and 0.18 respectively) (Table 1). 
 

Table I: Comparison of the patient’s demographic data and ASA grading 

Variable 
Group MB 

(n =29) 
Group MI 
(n =30) 

Group N 
(n =27) 

P value 

Age (years) 46.00±12.58 41.70±12.70 40.78±14.91 0.296 

Weight (kg) 56.93±11.87 59.5±10.29 62.11±15.33 0.310 

Height (m) 1.68±0.06 1.67±0.08 1.64±0.09 0.158 

BMI(Kg/m2) 20.34±4.20 21.28±4.14 22.67±4.43 0.155 

Gender (M /F) 22/7* 24/6* 16/11* 0.184 

ASA I/II/III 2/10/17* 1/16/13* 4/9/14* 0.704 

Mean ±SD (ANOVA). *Frequency and proportion (Chi-square) 
 
Twenty-four-hour morphine consumption  
Morphine consumption in 24 hours was lowest in the magnesium bolus plus infusion group (MI) with a mean 
of 31.40±8.37mg. Both the MB group and the MI group had significantly lower morphine consumption than 
the control group (p <0.0001). There was no significant statistical difference in morphine consumption 
between the two-magnesium sulphate treated groups (p = 0.71) (see Table II). 
 
The time to first request for analgesia 
The time to first request for analgesia was longest in the MB group with a mean value of 45.97±20.30 mins, 
and was shortest with N group with a mean value of 27.03±10.92 mins. The mean value for MI group was 
35.23± 12.34 mins (p<0.0001). There was no significant difference in the meantime to first request for 
analgesia in the MI vs N group, p = 0.096. However, a significant increase in time to first request for analgesia 
existed in MB vs MI group, p = 0.020, and MB vs N, p < 0.0001 (Table II).  
There was a significant increase in the duration of surgery across the 3 groups (p=0.008). The duration of 
surgery was longest in the MB group with a mean value of 176.07±80.15mins, then 147.30±54.88mins in the 
MI and, and 122.50±57.89mins in the normal saline group. There was a statistically significant increase in 
the duration of surgery between MB vs N group with p =0.006 (Table II). 
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Table II:  Total morphine consumption in 24hrs, Time to first request for analgesia, and duration of 

surgery. 

 
Post-operative pain scores 
There was no significant difference in the NRS for pain scores post operatively in almost all the time periods 
(p=0.75) except at 1hr.  The median NRS for pain scores were lowest within the first 15 - 30 postoperative 
minutes, highest at 30 - 60 mins in the control group and 45 - 60 mins in the magnesium treated groups. The 
patients were pain free for the rest of the study period (Table III). 
 

Table III: Comparison of post-operative pain score 

Immediate 
post op 

Group 
MB(n=29) 

Group 
MI(n=30) 

Group N(n=27) P value 

0 (0-0) 0(0-0) 0(0-0) >0.999 

15mins 0(0-0) 0(0-0) 0(0-0) 0.695 

30 mins 0(0-0) 0(0-5) 7(5-8) 0.628 

45 mins 4(1-6) 5(0-5) 4(2-5) 0.747 

60mins 3(2-7) 1(0-4) 2(0-2) 0.004 

2hrs 0(0-0) 0.(0-0) 0(0-0) 0.537 

8hrs 0(0-0) 0(0-0) 0.(0-0) >0.999 

12hrs 0(0-0) 0(0-0) 0.(0-0) >0.999 

16hrs 0(0-0) 0.(0-0) 0(0-0) >0.999 

20 hrs 0(0-0) 0(0-0) 0(0-0) >0.999 

24hrs 0.(0-0) 0(0-0) 0(0-0) >0.999 
Median (interquartile range), p-value, Chi-square 

 
Patient satisfaction with the level of analgesia 
The level of patient satisfaction across the groups was high with 84 (97.7%) reporting complete satisfaction. 
This was distributed as 28 (96.6%) in the MB group, 30 (100%) in the MI group and 26 (96.3%) in the N 
group.  There was no significant difference in patient satisfaction with the level of analgesia in the 3 groups (p 
= 0.309 (Table IV).  
 

Table IV: Patients’ satisfaction with pain relief 

Likert score Group MB(n=29) Group MI(n=30) Group N(n=27) 

1 (Completely dissatisfied) 0(0 %) 0(0%) 0(0%) 

2 (Dissatisfied) 0(0 %) 0(0%) 0(0%) 

3 (Neither satisfied nor dissatisfied) 1(3.3%) 0(0%) 1(3.3%) 

4 (Satisfied) 0(0%) 0(0%) 0(0%) 

5 (Completely satisfied) 28 (96.6%) 30(100%) 26 (96.3%) 
No significant difference p-value>0.05, Frequency (%) 

 
 
 
 

Variable 
 

Group MB 
 

Group MI 
 

Group N 

P value 
MB vs MI 

vs N 

P value 
MB vs 

MI 

P value 
MB vs 

N 

P value 
MI 

Vs N 

Total morphine 
consumption 

33.07±6.23 31.40±8.37 44.48±9.55 <0.0001 0.711 <0.0001 <0.0001 

Time to 1st 
request for 

analgesia (mins) 
45.97±20.30 35.23±12.43 27.03±10.92 <0.0001 0.020 <0.0001 0.096 

Duration of 
surgery (mins) 

176.07±80.15 147.30±54.88 122.50±57.89 0.008 0.208 0.006 0.309 
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Discussion 
This study found that the administration of magnesium sulphate to patients undergoing exploratory 
laparotomy significantly reduced postoperative morphine consumption within the first twenty-four hours and 
prolonged the time to first analgesic request. 
The index study demonstrated a morphine sparing effect for magnesium sulphate, as 24 hours total morphine 
consumption was significantly reduced in patients who were pretreated with magnesium sulphate compared 
with the control (p<0.000l).  The mean morphine consumption was highest in the control group, but least in 
the MI group, although no significant difference existed between the MI and MB group (p=0.711). Total 
morphine consumption in 24 hours was 26% less in the magnesium-treated patients compared to the control 
group. The findings are comparable to those of Tramer et al [8], who found a 30% reduction in morphine 
consumption in the magnesium-treated group. This finding suggests that intravenous magnesium sulphate 
as an analgesic adjuvant has a morphine sparing effect. Also, other studies that found an opioid sparing effect 
used larger doses of magnesium than the index study. Tramer8 administered a 3g bolus and 10g infusion of 
magnesium sulphate, while Yazdi [14] administered the infusion dose intraoperatively and for 24 hours 
postoperatively. This study showed that lower doses of magnesium sulphate, restricted to the intraoperative 
period, were efficacious in producing an opioid sparing effect. 
Furthermore, the index study enrolled emergency procedures while the Tramer et al [8] study enrolled elective 
procedures, suggesting that the analgesic effects of magnesium are evident both in elective and emergency 
surgeries. 
The antinociceptive action of magnesium is from the inhibition of calcium influx into neurons through NMDA 
receptor blockade in the brain which prevents central sensitization and reduces neuronal excitability [15]. 
NMDA receptor antagonism also prevents pain hypersensitivity phenomena responsible for persistent pain 
after the original injury has healed. A systematic review has found that the perioperative intravenous 
administration of magnesium attenuates postoperative pain intensity [16]. 
The NRS for pain scores in the first 15 – 30 mins were low, probably due to the residual effect of anaesthesia, 
which had not fully worn off. However, between 30 and 60 mins, pain scores were the highest, probably 
because this was the period when the effect of anaesthesia was wearing off but postoperative analgesia had 
not fully taken effect. It may be prudent to commence postoperative analgesia within the first 30 mins to 
ensure a seamless transition from intraoperative to postoperative analgesia without undue patient discomfort.  
The index study did not show any significant difference in the NRS for pain scores across the three groups 
except at 60 minutes (p=0.04). The low pain scores in the groups were probably because all the patients had 
access to adequate analgesia, resulting in no difference in the pain scores in all three groups.  This finding is 
similar to the reports by other studies [8,11,17]. However, another systematic review found the pain scores to 
be less in participants who were administered magnesium [18] In the index study, at 2hr post operatively, all 
the patients had probably achieved a peak plasma concentration of morphine and were therefore pain-free, as 
demonstrated by pain scores 0 till the end of the study period. The peak time of highest pain score at 
30minutes for MB group and 60 minutes for the MI group was because the patient had not been able to 
titrate morphine to achieve a good pain control, especially the magnesium-treated patients who were just 
requesting for analgesia at that time. Magnesium is a physiological inhibitor of calcium channels by blocking 
NMDA receptors, which causes the antinociceptive effect; however, its mechanism of pain relief remains 
unknown. 
Time to first request for analgesia in the index study was significantly longer in the magnesium-treated 
groups compared to the control (p<0.001). This is similar to findings by another study [18]. This also 
buttresses the fact that magnesium sulphate has an effective analgesic effect when administered as an 
adjuvant. This will also help to reduce the dose of analgesics, especially opioids, and their attendant side 
effect. Surprisingly, the magnesium bolus group had a more prolonged time to first analgesic request than the 
magnesium bolus and infusion group. The longer duration of surgery experienced by participants in the 
magnesium bolus group may have impacted the time to first analgesic request. The prolonged time to first 
analgesic request may be from the repeated doses of analgesic agents administered intraoperatively and not 
the influence of magnesium sulphate. 
The index study did not show any significant difference in patients’ satisfaction with post-operative analgesia. 
(p=0.58). Patients’ satisfaction with analgesia has been described as a complex psychological entity which 
may be influenced by numerous factors, other than analgesia, such as the educational status of the patient, 
waiting time to get analgesia, and the level of information the patient received on pain [19]. Consequently, 
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factors other than the effectiveness of pain control can influence patient satisfaction with analgesia. This may 
explain why studies like the index one and the one by Buli et al [19] could not find an association between 
good analgesia and patient satisfaction.  
 
Limitations of the study 
The heterogeneity of the surgical procedure (exploratory laparotomy for ruptured appendix is different from 
gangrenous bowel or typhoid perforation) was a limitation, as the degree of surgical intervention varied from 
one patient to another. The duration of surgery also varied from group to group. Patient in the MB had a 
longer duration, whereas duration of surgery for MI and N group were similar, this may have affected 
subsequent post-operative data collected for example time to first request for analgesia. 
 

Conclusion 
This study demonstrated that perioperative administration of magnesium sulphate significantly prolonged the 
time to first request for analgesia, and reduced 24hrs morphine consumption in adult patients undergoing 
emergency abdominal surgeries.  
 
Acknowledgements 
The authors are grateful for the cooperation and assistance of the staff of the department of Anaesthesia, 
perioperative and ward nurses, towards the successful completion of this study. 
 
Conflict of interest: None.  
 
Funding 
The study was funded by the researchers. 
 

References 
1. Gao L, Mu H, Lin Y, Wen Q, Gao P. Review of the current situation of postoperative pain and causes of inadequate 

pain management in Africa. J Pain Res. 2023;16:1767-1778. https://doi.org/10.2147/JPR.S405574.  

2. Kolawole IK, Fawole AA. Postoperative pain management following caesarean section in University of Ilorin Teaching 
Hospital (UITH), Ilorin, Nigeria. West Afr J Med. 2003;22(4):305-309. https://doi.org/10.4314/wajm.v22i4.28052.  

3. Othow CO, Ferede YA, Tawuye HY, Aytolign HA. The magnitude and associated factors of post-operative pain among 
adult patients. Ann Med Surg (Lond). 2022;81:104406. https://doi.org/10.1016/j.amsu.2022.104406.  

4. Mazda Y, Jadin S, Khan JS. Postoperative pain management. Canadian Journal of general internal medicine. 
2021;16(1):5-17. https://doi.org/10.22374/cjgim.v16iSP1.529.  

5. Liu Y, Xiao S, Yang H, Lv X, Hou A, Ma Y, et al. Postoperative pain-related outcomes and perioperative pain 
management in China: a population-based study. Lancet Reg Health West Pac. 2023;39:100822. 
https://doi.org/10.1016/j.lanwpc.2023.100822.  

6. Kelly BP, Shauver MJ, Chung KC. Management of acute postoperative pain in hand surgery: a systematic review. J 
Hand Surg Am. 2015;40(8):1610-1619. https://doi.org/10.1016/j.jhsa.2015.05.024.  

7. Ashraf S, Andanappa A, Rani SDJ, Shrivatsam P. (2025). Multimodal analgesia strategies for optimal postoperative 
pain relief. Int L Clin Trials. 2025;12(2):169-175. https://doi.org/10.18203/2349-3259.ijct20251213.   

8. Tramer MR, Schneider J, Marti RA, Rifat K. Role of magnesium sulfate in postoperative analgesia. The Journal of 

the American Society of Anesthesiologists. 1996;84(2):340-347. https://doi.org/10.1097/00000542-199602000-
00011.  

9. Na HS, Ryu JH, Do SH. The role of magnesium in pain. In: Magnesium in the Central Nervous System, R. VINK and 
M. NECHIFOR (Eds.). University of Adelaide Press. 2011, pp. 157-166. 
http://www.jstor.org/stable/10.20851/j.ctt1t3055m.15.   

10. Seyhan TO, Tugrul M, Sungur MO, Kayacan S, Telci L, Pembeci K, et al. Effects of three different dose regimens of 
magnesium on propofol requirements, haemodynamic variables and postoperative pain relief in gynaecological 
surgery. Br J Anaesth. 2006;96(2):247-252. https://doi.org/10.1093/bja/aei291. 

11. Ko SH, Lim HR, Kim DC, Han YJ, Choe H, Song HS. Magnesium Sulfate Does Not Reduce Postoperative Analgesic 
Requirements. Anesthesiology. 2001;95(3):s640-646. https://doi.org/10.1097/00000542-200109000-00016.  

12. Djagbletey R, Boni F, Phillips B, Adu-Gyamfi Y, Aniteye E, Owoo C, et al. Prevalence and predictive factors of 
preoperative hypomagnesaemia among adult surgical patients in a large tertiary hospital in Ghana. BMC 
Anaesthesiol. 2015;15(1):132-139. https://doi.org/10.1186/s12871-015-0116-7.  

https://doi.org/10.69667/lmj.26610
https://lmj.ly/index.php/ojs/index
https://doi.org/10.2147/JPR.S405574
https://doi.org/10.4314/wajm.v22i4.28052
https://doi.org/10.1016/j.amsu.2022.104406
https://doi.org/10.22374/cjgim.v16iSP1.529
https://doi.org/10.1016/j.lanwpc.2023.100822
https://doi.org/10.1016/j.jhsa.2015.05.024
https://doi.org/10.18203/2349-3259.ijct20251213
https://doi.org/10.1097/00000542-199602000-00011
https://doi.org/10.1097/00000542-199602000-00011
http://www.jstor.org/stable/10.20851/j.ctt1t3055m.15
https://doi.org/10.1093/bja/aei291
https://doi.org/10.1097/00000542-200109000-00016
https://doi.org/10.1186/s12871-015-0116-7


 

Libyan Med J. 2026;18(6):365-372 
https://doi.org/10.69667/lmj.26610  

Libyan Medical Journal 

https://lmj.ly/index.php/ojs/index eISSN: 2079-1224 

 

  

Copyright Author (s) 2026. Distributed under Creative Commons CC-BY 4.0 
Received: 12-04-2026 - Accepted: 11-06-2026 - Published: 19-06-2026     372 

13. Bland J, Butland B, Peacock JL, Poloniecki J, Reid F, Sedgwick P. Sample size calculation. In: Statistical Guide for 
Research Grant Applicants. St George’s University of London. 2012, pp. 42-44. http://www-
users.york.ac.uk/~mb55/guide/guide44.pdf.  

14. Yazdi AP, Esmaeeli M, Gilani MT. Effect of intravenous magnesium on postoperative pain control for major 
abdominal surgery: a randomized double-blinded study. Anesthesia and Pain Medicine. 2022;17(3):280-285. 
https://doi.org/10.17085/apm.22156.  

15. Shin HJ, Na HS, Do SH. Magnesium and pain. Nutrients. 2020;12(8):2184. https://doi.org/:10.3390/nu12082184.  
16. Choi GJ, Kim YI, Koo YH, Oh HC, Kang H. Perioperative magnesium for postoperative analgesia: an umbrella review 

of systematic reviews and updated meta-analysis of randomized controlled trials. J Pers Med. 2021;11(12):1273. 
https://doi.org/10.3390/jpm11121273.  

17. Mahmoodpoor A, Latifi K, Ghojazadeh M, Nikbakht ME, Hosseini M, Sarfaraz T, et al. Effect of magnesium sulphate 
on post-operative pain: a systematic review and meta-analysis. J Res Clin Med. 2024;12:32. 

https://doi.org/10.34172/jrcm.34629.   
18. de Oliveira Filho GR, Mezzari Junior A, Bianchi GN. The effects of magnesium sulphate added to epidurally 

administered local anaesthetic on postoperative pain: a systematic review. Braz J Anesthesiol. 2023;73(4):455-466. 
https://doi.org/10.1016/j.bjane.2022.08.005.  

19. Buli B, Gashaw A, Gebeyehu G, Abrar M, Gerbessa B. (2022). Patient satisfaction with post-operative pain 
management and associated factors among surgical patients at Tikur Anbessa Specialized Hospital: Cross-sectional 
study. Ann Med Surg (Lond). 2022;79:104087. https://doi.org/10.1016/j.amsu.2022.104087.  

 

https://doi.org/10.69667/lmj.26610
https://lmj.ly/index.php/ojs/index
http://www-users.york.ac.uk/~mb55/guide/guide44.pdf
http://www-users.york.ac.uk/~mb55/guide/guide44.pdf
https://doi.org/10.17085/apm.22156
https://doi.org/:10.3390/nu12082184
https://doi.org/10.3390/jpm11121273
https://doi.org/10.34172/jrcm.34629
https://doi.org/10.1016/j.bjane.2022.08.005
https://doi.org/10.1016/j.amsu.2022.104087

