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Background: This study aimed to evaluate the postoperative analgesic effect of magnesium 
sulfate during abdominal surgery.

Methods: This randomized double-blinded study involved 84 patients candidates for ab-
dominal surgery into two same groups. In the magnesium group, at first 25 mg/kg/1 h 
magnesium sulfate; and then, 100 mg/kg/24 h was infused in the intensive care unit. 
The pain intensity (the primary outcome), was assessed using the numeric rating scale 
(NRS) every 3 h. If the NRS was > 3, morphine (as a secondary outcome) was used and 
evaluated. The results were analyzed using SPSS ver. 19 software, and statistical signifi-
cance was set at P < 0.05.

Results: Demographic parameters were similar between the groups. The pain intensity were 
similar at first and then at the third hour in both groups (P = 0.393 and P = 0.172, respec-
tively), but thereafter between 6 and 24 h, the pain severity was significantly lower in the 
magnesium group (4.4 ± 1.3 in the control and 3.34 ± 1 in the magnesium group at 6th 
hour and P = 0.001). In addition, morphine intake in the first 24 h in the two groups had a 
significant difference, with 13.2 ± 5.7 mg in control group and 8 ± 3.5 mg in magnesium 
group (P = 0.001).

Conclusions: In this study, intravenous magnesium sulfate after abdominal surgeries for 24 
h resolved the pain intensity after six hours and reduced morphine dosage.
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INTRODUCTION 

Postoperative pain can cause many complications such as 

restlessness, increased sympathetic activity, high blood 

pressure, and tachycardia. Opioids are effective analgesics; 

however, they produce unwanted side effects, such as respi-

ratory depression, nausea, and vomiting. Nonopioid drugs 

can decrease opioid usage and dependency [1,2]. Postoper-

ative pain management improves the patient’s recovery time 

and activity, and reduces the risk of thromboembolism. Fur-

thermore, pain control leads to faster discharge in outpatient 

surgeries and is one of the most critical parameters in the 

enhanced recovery after surgery protocol [3]. 

According to numerous reports, magnesium sulfate has 

analgesic effects and lowers opioid consumption [4–9]. Mag-

nesium inhibits calcium channels and N-methyl-D-aspar-
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tate (NMDA) receptors for pain relief; however, the mecha-

nism is unknown [10]. Magnesium sulfate is used for local 

and regional anesthesia, intravenous injections, and oral 

consumption [11–13]. However, magnesium can prolong 

muscle relaxation, sedation, slow recovery time, dysrhyth-

mia, and negative inotropic effects [5,14]. 

In some studies, the side effects of magnesium were high-

er than the pain-relieving effects; therefore, the analgesic ef-

fects require further evaluation [10,13]. In this study, we hy-

pothesized that magnesium sulfate would reduce postsurgi-

cal pain and opioid consumption; therefore, we evaluated 

the effect of magnesium sulfate on pain relief and opioid us-

age in abdominal surgery. 

MATERIALS AND METHODS 

This study is a randomized double-blinded clinical trial 

conducted in the surgical intensive care unit (ICU) of the 

university’s educational center. The local ethical committee 

approved this study (no. IR.MUMS.MEDICAL.REC.980757 

on 5/11/2019), and it was registered in the Iranian registra-

tion center (no. IRCT20210214050359N1 on 24/8/2021). In 

this study, 84 patients who were candidates for major cancer 

abdominal surgery with open laparotomy and American So-

ciety of Anesthesiologists physical status I–II were evaluated. 

After acquiring the patients’ consent forms, they were ran-

domly assigned to two groups (magnesium sulfate and con-

trol; allocation ratio 1:1) using an online random number ta-

ble. In this study, 84 patients were recruited, but two patients 

in the magnesium group refused to follow up (n =  2). The 

remaining 82 patients fulfilled all the criteria and participat-

ed in the study. Each patient was allocated to a group using 

a sealed envelope. Patients and nurses who assessed the pa-

tients were blinded to the study groups. 

Patients with magnesium sulfate allergy, opioid depen-

dency, addiction, neuromuscular disease, low ejection frac-

tion ( <  40%), liver and kidney failure, and dissatisfaction 

with participating in the study were excluded. 

All the patients were monitored for blood pressure, elec-

trocardiography, oxygen saturation, and capnography. In 

both groups, the patients were induced with fentanyl (2 µg/

kg), 1 mg of midazolam, propofol (2–2.5 mg/kg), and atracu-

rium (0.5 mg/kg). Anesthesia was maintained by propofol 

infusion (100–150 µg/kg/min) and fentanyl bolus (1 mg/kg) 

every half hour. After the surgery, neostigmine (0.04 mg/kg) 

and atropine (0.02 mg/kg) were administered, endotracheal 

tube was removed, and transfer to the recovery unit was 

done. Muscle relaxation status was carefully evaluated using 

a 5-s head lift and grip strength maneuver before injecting 

magnesium sulfate when they were awake. In the magne-

sium group, 25 mg/kg of magnesium sulfate was injected for 

1 h. After ICU transfer, magnesium sulfate was infused with 

100 mg/kg/d saline solution. In the control group, 15 ml/L 

sterile distilled water was added to isotonic saline as place-

bo, and infused intravenously. The primary outcome was 

pain intensity, which was evaluated using the NRS (0–10), 

and the secondary outcome was opioid consumption, which 

was observed every 3 h in 24 h period at the ICU. If the NRS 

was >  3, morphine (0.02 mg/kg) was used to reduce pain. 

No other analgesics were prescribed during the study peri-

od. In addition, all patients were monitored for magnesium 

side effects, such as deep tendon reflex and respiratory rate, 

every 3 h. Magnesium injection was stopped if any side ef-

fects such as bradypnea and muscle relaxation were ob-

served.  

Statistical methods  

Using the G*Power V3.1 software and according to Kashefi 

et al. [15], with an average NRS of 3.3, a reduction of 30%, an 

alpha error 0.01 and 90% power, a sample size of 34 persons 

in each group was obtained. Considering a 20% decline, 42 

individuals were chosen from each group (a total of 84 par-

ticipants). SPSS ver. 19 software (IBM Co., USA) was used for 

data analysis, and a P value <  0.05 was significant. Chi-

square and Fisher exact tests were used to compare 

non-parametric data, and t-tests, Mann–Whitney tests, and 

repeated measures analysis of variance (ANOVA) were used 

to compare parametric data, such as NRS and morphine 

dosage.  

RESULTS 

In total, 84 patients (42 in each group) participated in 

this study from June 2021 to May 2021 in the surgical ICU 

of the university hospital. Two patients in the magnesium 

group were excluded from the study due to follow-up re-

fusal (Fig. 1). Demographic data, such as age, sex, American 

Society of Anesthesiologists physical status, BMI, and dura-

tion of surgery, were similar in both groups (Table 1). 

The pain levels were evaluated using the NRS (0–10) every 

3 h. After 6 h, there was a significant difference in pain inten-

sity between the two groups (Table 2). At the beginning of 

the study, the NRS levels were 4 ±  0.2 in the control group 
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Table 1. Demographic Parameters and Operation Time

Parameters Control group (n =  42) Magnesium group (n =  40) P value
Age (yr) 57.2 ±  15.6 54.8 ±  15.9 0.861

BMI (kg/m2) 27.1 ±  3.2 26.5 ±  3.2 0.722

Sex, F/M 27/15 23/17 0.648

ASA, I/II 35/7 31/9 0.584

Operation time (min) 215.2 ±  28.1 228.3 ±  30.2 0.427

Values are presented as mean ± SD or number only. BMI: body mass index, ASA: American Society of Anesthesiologists physical status.

Excluded (n = 0)

Allocation

Follow-Up

Analysis

Allocated to intervention (n = 42)
• Received allocated intervention (n = 42)
• Did not receive allocated intervention (give 

reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)

Analyzed  (n = 42)
• Excluded from analysis (give reasons) (n = 0)

Analyzed  (n = 40)
• Excluded from analysis (give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0)

Allocated to intervention (n = 42)
• Received allocated intervention (n = 40)
• Did not receive allocated intervention (give 

reasons) (n = 2)

Enrollment Assessed for eligibility (n = 84)

Randomized (n = 84)

Control group Magnesium group

Fig. 1. Consort flow diagram.

Table 2. Pain Intensity at 24 h on Numeric Rating Scale (NRS)

NRS evaluation time Control group (n =  42) Magnesium group (n =  40) P value
Initial 4 ±  0.2 3.8 ±  0.2 0.393

3rd hour 3.98 ±  0.2 3.45 ±  0.2 0.172

6th hour 4.4 ±  1.3 3.34 ±  1 0.001

9th hour 4.21 ±  1.5 3.2 ±  1 0.009

12th hour 4.28 ±  1.5 2.98 ±  1.2 0.012

15th hour 3.98 ±  1.3 2.85 ±  0.9 0.043

18th hour 3.67 ±  1.4 1.37 ±  1 0.021

21st hour 3.26 ±  1.2 1.19 ±  1 0.022

24th hour 3.05 ±  1.2 1.16 ±  1 0.033

Values are presented as mean ± SD.
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and 3.8 ±  0.2 in the magnesium group (P =  0.393). After 3 h, 

the NRS levels were 3.98 ±  0.2 in the control group and 3.45 
±  0.2 in the magnesium group (P =  0.172). In subsequent 

evaluations, the pain intensity in the magnesium group was 

significantly lower than that in the control group (Fig. 2). 

Additionally, the morphine intake after 1 h and 3 h 

post-operation did not have a significant difference (P =  

0.950, 0.451 respectively). However, morphine intake in the 

magnesium group was lower than that in the control group 

after 6 h. Subsequently, morphine dosage was lower in the 

magnesium group in the first 24 h (13.2 ±  5.7 mg in the con-

trol group and 8 ±  3.5 mg in the magnesium group (P =  

0.001). No considerable changes were observed in the he-

modynamic condition, respiratory rate (P =  0.759), muscle 

relaxation, and deep tendon reflex (P =  0.322). 

DISCUSSION 

This study demonstrated that magnesium sulfate reduced 

pain levels after 3 h in a major abdominal surgery, and there 

were no unwanted side effects. In the first 3 h, no significant 

difference was observed between the two groups, which 

may be due to the persistence of the intraoperative analgesic 

effect and peak delay effect of magnesium sulfate. In addi-

tion, it reduced the need for opioids, 24 h after surgery. In 

our previous study, hypomagnesemia prevalence was 46.7% 

in hospitalized patients in the ICU after the initial 24 h of 

elective surgery [16]. A single dose of magnesium to correct 

hypomagnesemia may decrease pain intensity. 

Magnesium is a physiological inhibitor of calcium chan-

nels; however, its mechanism of pain relief remains un-

known. It may also act as an analgesic by adjusting the flow 

of calcium into the cell and may also serve as an antagonist 

to the NMDA receptor. On the other hand, intraoperative 

magnesium injection can lead to dangerous side effects, 

such as prolonged muscle relaxant effects, prolonged recov-

ery, and sometimes severe heart disturbances. The effects of 

magnesium on the bispectral index (BIS) and sedation were 

also studied, and it was shown that magnesium could sig-

nificantly reduce BIS [12,14]. 

Magnesium sulfate has been used for analgesia in various 

surgeries, such as hysterectomy, abdominal surgery, ortho-

pedics, and the thorax, which reduces pain levels and opioid 

usage [17–21]. Magnesium is used as a loading dose or infu-

sion for regional anesthesia, intra-articular injection, and 

oral administration after surgery [11–13]. Intra-articular in-

jection of magnesium after arthroscopy helped patients to 

move faster and reduce their pain [22]. Oral consumption of 

magnesium results in reduced pain and trismus of the jaw 

muscles after tooth removal [11]. In a meta-analysis study, 

no significant difference was observed in the various meth-

ods of prescribing magnesium and its effectiveness in pain 

relief. In addition, no difference was observed between total 

magnesium consumption and reduced morphine intake 

during the initial 24 h [23]. 

In a study conducted by Mehraeen et al., pre-anesthesia 

injection of 25 and 50 mg/kg of magnesium sulfate did not 

reduce pain levels during inguinal hernia surgery [24]. Sub-

sequently, in another study conducted by Wilder-Smith et 

al. [25], magnesium injection before hysterectomy did not 

affect postoperative pain levels. In a study on knee arthros-

copy, the bolus and infusion of magnesium sulfate were not 

adequate for pain relief [26]. In a study on children, magne-

sium injection did not affect pain levels and sedation [27]. 

The difference between these findings and those of our 

study may be due to the type of surgery, time, method, and 

magnesium dosage. 

In this study, we evaluated the effects of magnesium on 

hemodynamic and muscle relaxation. No significant side ef-

fects, such as muscle relaxation or cardiovascular complica-

tions, were observed during the initial 24 h of the surgery. 

No significant differences were observed between studies on 

magnesium side effects such as muscle relaxation and hypo-

tension [23]. However, in some studies, bradycardia was 

more common in the magnesium group but without hemo-

dynamic instability [28,29]. In a research conducted on 

10,000 pregnant women with preeclampsia, no side effects 

from high doses of magnesium (28 g) were observed in the 

first 24 h [30]. 

One of the limitations of this study was the small sample 

Fig. 2. Pain intensity on 24 h with numeric rating scale (NRS).
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size. Also, the pain control methods were applied only in 

painful and complicated abdominal surgeries. Consequent-

ly, the study included ICU patients who required more seda-

tives. 

In conclusion, prescribing magnesium in the form of bo-

lus and infusion in the ICU can reduce pain levels and mor-

phine dosage, during the first 24 h after abdominal surgery, 

which does not result to any significant complications. How-

ever, owing to these limitations, further evaluation is neces-

sary to determine the effectiveness of magnesium sulfate in 

pain control. 
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