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Abstract
Background: Post-surgical pain is a physiological response to tissue trauma that produces unpleasant
physiological effects with manifestations on various organic systems.
Objective: According to the effect of magnesium sulfate on the N-methyl-d-aspartate (NMDA) receptor, this
study examined the effect of magnesium sulfate on the reduction of pain and the mean amount of narcotics
consumed by patients after abdominal hysterectomies.
Methods: This double-blind clinical trial study was performed on 60 patients who had undergone abdominal
hysterectomies in Shahid Sadoughi Hospital in Yazd, Iran, from 2013 to 2015. The patients were divided
randomly into two groups of 30 members each. All of the patients received 2 mg of Midazolam and 2 mcg/kg of
Fentanyl as the induction of anesthesia with propofol (2-2.5 mg/kg) and Atracurium 0.5 mg/kg was conducted.
All of the patients received 5 mg of intravenous morphine 30 min after induction of anesthesia. Afterwards, the
study group received 50 mg/kg of magnesium sulfate in 500 cm3 of Ringer’s serum during the 20 minutes, and
500 cm3 of Ringer’s serum was administered to the members of the placebo group. Visual analogue scale VAS
scores were evaluated to reach the minimum difference of 0.8 in mean pain score
Results: The results of this study indicated that the mean pain scores immediately after surgery and at 1, 2, 6, and
12 hr after surgery were lower in the study group than in the placebo group. The mean value of narcotic
consumption at all measured time points was higher in the placebo group. No significant differences were found
between two groups concerning drug complications.
Conclusion: The results of this study indicated that the intravenous injection of magnesium sulfate can reduce
pain, reduce morphine consumption, and reduce the side effects of morphine in patients after surgery.
Funding: This study was funded by Shahid Sadoughi University of Medical Sciences, Yazd, Iran
Clinical trial registration: The trial was registered at the Thai Clinical Trials Registry
(http://www.clinicaltrials.in.th) with the registration ID: TCTR20160308001.
Funding: This study was funded by Shahid Sadoughi University of Medical sciences, Yazd, Iran.
Keywords: Magnesium sulfate; Pain; Hysterectomy; Anesthesia; Analgesic

1. Introduction
Post-surgical pain is a complex physiological response to tissue trauma that produces extremely unpleasant
physiological effects with manifestations on various organic systems resulting in remarkable morbidity. With the
development of the epidemiological and physiological awareness of pain, more attention has been focused on
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patients under treatment and pain control following surgery. Efforts have also been directed at making the process as
convenient as possible for patients, decreasing the mortality rate, and reducing costs by reducing the length of stay
in the post-anesthesia care units (1). Uncontrolled pain after surgery can activate the sympathetic nervous system
and lead to morbidity and mortality. Sympathetic nervous system increases myocardial oxygen consumption, which
causes the extension of ischemia and even myocardial infarction (2, 3). In most cases, induction of general
anesthesia is done by intravenous drugs, which cause rapid loss of consciousness. Important things during general
anesthesia include blocking memory of the procedure (amnesia), pain relief (analgesia), relaxing the skeletal
muscles, and control of the sympathetic nervous system, induced by intense stimulation (1). Various approaches for
treating pain after surgery are available, including systematic and topical analgesics, such as opioids, ketamine, and
tramadol (4). Opioid analgesics are a proper way to control patients’ pain after surgery. These drugs have effects on
the (µ) receptors in the central nervous system, and they also affect the peripheral opioid receptors (4). Acute opioid
prescription has analgesic effects but also can produce complications, such as nausea, vomiting, sedation, and
respiratory depression. It seems that both tolerance and dependence can occur after chronic prescription of opioids,
although it has been observed that both can occur quickly after acute administration, both in animals and in people
(5). According to the antagonistic effect on N-methyl-d-aspartate (NMDA) receptor, magnesium sulfate can have an
analgesic effect. Many clinical research have indicated that the injection of magnesium during general anesthesia
decreases the demand for anesthetics and analgesics after surgery (6-9). With decrease in the activity of the
neuromuscular synaptic sites, magnesium sulfate decreases the irritability of the central nervous system, and it also
can cause the uterus to relax. Clinically, the therapeutic effect of magnesium sulfate is characterized by a decrease in
the tendon deep reflex response, and significant attenuation of this reflex is a symptom of magnesium toxicity (1).
Of the available magnesium sulfate, 25-35% is bound to plasma proteins. Minerals that contain magnesium enter the
body via an injection, and they are excreted in the urine. The action of the drug begins an hour after intramuscular
injection and immediately after intravenous injection. This drug should not be used in patients with heart block and
acute kidney failure (renal insufficiency) (10). Magnesium sulfate overdose leads to elevated levels of magnesium in
the blood and its important signs are suppression of nervous reflexes, respiratory weakness caused by neuromuscular
disorder, nausea, vomiting, skin redness (erythema), thirst, low blood pressure due to peripheral vascular ectasia
(dilation), dizziness, confusion, difficulty with speech, muscle weakness (myasthenia), diplopia, bradycardia, coma,
and cardiac arrest (10). Hysterectomy is one of the prevalent types of surgery, which has always been the only
approved treatment for dysfunctional uterine bleeding (DUB), and the patient’s satisfaction with the results was
higher than with the results of alternative treatments. In most cases, hysterectomy is done through the abdomen;
however, surgery through a small incision in the vagina usually has fewer complications (11). Abdominal
hysterectomy is mainly done through a surgical incision called a pfannenstiel incision; however, for 24-48 hours
after surgery, patients are likely to feel noticeable pain and will most likely require prescriptions for narcotic pain
medications (12). Based on the fact that magnesium sulfate decreases irritations of the central nervous system, we
decided to investigate its effect on reducing pain in patients after abdominal hysterectomy surgery. With the
extension of awareness in epidemiology and physiopathology of pain, more attention is paid to treatment and pain
control in patients after surgery, and attempts have been made to provide patients relief from pain while decreasing
both the mortality rate and the costs of health care while simultaneously reducing the length of their stays in
intensive care units (ICUs) and hospital rooms.

2. Material and Methods
2.1 Trial Design, participants, and ethics
This study was a double-blind, randomized, clinical trial (RCT), and it was approved by the Ethics Committee of
Yazd University of Medical Sciences. After obtaining written informed consent from patients, abdominal
hysterectomy surgery was done on 60 candidate patients in the age range of 35-65 with the physical status of ASA1,
2 (American Society of Anesthesiologists) in Shahid Sadoughi Hospital in Yazd, Iran, from 2013 to 2015.

2.2. Exclusion criteria
Exclusion criteria in the current study were women under age 35 and over 65, patients addicted to narcotics, patients
who already had pulmonary, heart and kidney disease, and patients who were known to be allergic to magnesium
sulfate.

2.3. Intervention
In this study, the patients were divided into two groups that according to similar studies and p-value= 0.05, Standard
deviation of visual analogue scale (VAS) (SD=1), reaching the minimum difference of 0.8 in mean pain score, each
group required 26 patients; there were 30 patients in each of our groups. All of the patients received 2 mg of
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Midazolam and 100 mcg of Fentanyl as the induction of anesthesia with propofol (2-2.5 mg/kg) and Atracurium 0.5
mg/kg was conducted. All patients received 5 mg of morphine intravenously 30 min after induction of anesthesia.
Afterwards, 50 mg/kg of magnesium sulfate in 500 cm3 of Ringer’s serum were administered over a 20-min period
in the study group, and 500 cm3 of Ringer’s serum was administered in placebo group; they were unaware what was
being administered. All of the surgeries were performed by the same team of surgeons. VAS scores were evaluated
and recorded by an anesthesiologist assistant.

3. Results
This study was performed on 60 patients who had undergone hysterectomy surgery. The patients were divided into
two groups of 30 patients each based on a random number table. The mean age of the patients in the placebo group
was 52 ± 6.95, and it was 51 ± 7.6 in the study group; there was no significant difference between them (p < 0.05).
The mean weight of the patients in the placebo group was 66 ± 5.64 Kg, and it was 68 ± 9.86 Kg in the study group,
i.e., there was no significant difference between them (p < 0.05). The pain the patients experienced was measured
based on the VAS score at time points of 1-12 hours after surgery on the basis of the t-test, as shown in Table 1. The
data indicate that the mean pain was significantly different between the two groups at all measured time points. The
mean pain scores at all time-points (immediately after surgery and 1, 2, 6, and 12 hours after surgery) were
measured. The mean values of pain were lower in the study group than in the placebo group (Table 1) (p = 0.009,
0.026, 0.0001, 0.043, 0.003; immediately after surgery and 1, 2, 6, and 12 hours after surgery respectively). The
means of narcotic consumption for all measured time points (immediately after surgery and 1, 2, 6, and 12 hours
after surgery) between the placebo and study groups were significantly different, with the values being higher in the
placebo group (Table 2) (p = 0.004, 0.0001, 0.0001, 0.0001; 1 hours after surgery and 1, 2, 6, and 12 hours after
surgery, respectively). After investigating the complications of drugs, no significant difference was found between
the two study groups. By comparison, the frequency distribution of drowsiness at time points of “immediately after
surgery” and “one hour after surgery” in two study groups, according to the Chi-square test, the difference was not
significant. It was concluded that there was a significant difference between the two groups; the mean pain score
was lower in the study group at all measured time points, whereas no significant difference was found between the
placebo and study groups at the time point of 6 hr after surgery. According to the table above, the one-way repeated
measure test, and the significance level of 0.05, a statically significant difference was found in mean morphine
consumption during measured time points between the two study groups, with the consumption being higher at all
measured time points in the placebo group.

Table 1. Comparison of the mean pain scores in the two study groups at various time points
Group Pain score (Mean ± SD)

Immediately
After surgery

1 hour after surgery 2 hours after
surgery

6 hours after surgery 12 hours after
surgery

Study group 8.76 ± 1.04 8.10 ± 0.99 7.00 ± 1.33 5.53 ± 1.43 3.43 ± 0.97
Placebo group 9.36 ± 0.61 8.60 ± 0.67 8.03 ± 0.55 7.03 ± 0.76 4.16 ± 0.83
p-value 0.009 0.026 0.0001 0.043 0.003

Table 2. Comparison of mean morphine consumption at various time points in the two study groups
Group Morphine intake  (Mean ± SD)

Immediately
after surgery

1 hour after surgery 2 hours after
surgery

6 hours after
surgery

12 hours after
surgery

Study group - 0.82 ± 0.05 1.60 ± 0.09 3.49 ± 0.14 8.13 ± 0.23
Placebo group - 0.86 ± 0.04 1.69 ± 0.06 3.71 ± 0.13 8.59 ± 0.18
p-value - 0.004 0.0001 0.0001 0.0001

4. Discussion
Hysterectomy is one the most prevalent surgeries for treatment of dysfunctional uterine bleeding (DUB) and it has
the highest patients satisfaction in comparison with other alternative treatments. In most cases hysterectomies are
done through the abdomen, although surgery through a small incision in the vagina usually has fewer complications
(11). Abdominal hysterectomy is mainly done through a surgical incision called the pfannenstiel incision, albeit in
24 to 48 hours after surgery patients experience more pain and need more morphine (12). In the case of lack of pain
relief and stimulation of sympathetic nervous system, important complications are produced in patients, such as pain
after surgery, which causes hypertension, and cardiac ischemia can occur in susceptible patients. For postoperative
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analgesia, many methods have been investigated that produced different results (4). The use of intravenous narcotics
may lead to respiratory depression in patients. Therefore, to prevent this associated complication, many different
drugs have been tried in efforts to minimize complications (5). Related to its antagonistic effect on NMDA receptor,
magnesium sulfate can have an analgesic effect, so that many clinical research have shown that the injection of
magnesium during general anesthesia decreases demands for anesthetics and analgesics after surgery (6-9). The use
of magnesium sulfate in different methods has been studied for pain relief after surgery. In a study by Ryh et al.
(2006) on 60 patients who were candidates for hysterectomy, after the preoperative prescription of 50 mg/kg of
magnesium sulfate and 15 mg/kg/h during abdominal hysterectomy surgery, it was seen that the pain score and total
rate of morphine use in the magnesium group was remarkably lower than in the placebo group (8). In our study, the
effect of the intravenous injection of 50 mg/kg of magnesium sulfate with placebo was compared to the
postoperative consumption of narcotics in pain relief after surgery. The results of a recent study showed that
prescribing 50 mg/kg of magnesium sulfate during surgery reduced the pain after surgery and reduced the amount of
morphine intake in the first 12 hours to a greater extent than in the control group. According to the stronger effect of
magnesium sulfate on relaxation, it was found no difference in two groups. In a study by Kahraman et al. (2014) on
40 patients who had undergone abdominal hysterectomy surgery under spinal anesthesia, it was shown that pain
score and the amount of morphine intake in a group that had received 60 mg/kg magnesium during surgery was
lower compared to the patients in  the placebo group, who had received normal saline. By comparison, the type of
anesthesia and the dose rate of magnesium sulfate in our study was different (13). A study was done by Sayhan et al.
on 26 women who were divided into four groups. Group 1 received 40 mg/kg of magnesium sulfate before surgery
and 20 mg/kg of magnesium sulfate four hours after surgery. Group 2 received 40 mg/kg of magnesium sulfate
before anesthesia and 10 mg/kg of magnesium sulfate four hours after surgery. Group 3 received 40 mg/kg of
magnesium sulfate before surgery and normal saline four hours after surgery. Group 4 also only received normal
saline before anesthesia. The results revealed that the magnesium group needed a lower rate of propofol than the
control group. And the amount of morphine total consumption was remarkably higher in the control group than that
in the magnesium sulfate group (14). The different point in the aforementioned study compared to the present study
was 40 mg/kg of magnesium before anesthesia and 10-20 mg/kg magnesium four hours after surgery; the amount of
morphine consumption was lower in the group of patients who received magnesium sulfate in both studies. A study
was done by Hwang et al. on 40 patients who had undergone total hip replacement surgery under spinal anesthesia;
pain score and the amount of morphine intake at time points of 4, 24, and 48 hours after surgery in the group who
had received 50 mg/kg of magnesium bolus injection in 15 minutes and 15 mg/kg/h afterwards was lower than the
patients in the group, who had received normal saline. This result was obtained in a case that type of surgery,
anesthesia type, and continuous dose of 15 mg/kg/h during surgery were different from our study (15). In a study
done by Dabbagh et al., 60 patients underwent lower extremity orthopedic surgery under spinal anesthesia; the pain
score 12 hours after surgery and the amount of morphine consumption in the first 24 hours after surgery in a group
of patients who received 8 mg/kg of magnesium sulfate before surgery was lower than the placebo group (normal
saline) (16). The results of the aforementioned study were almost similar to our findings. In a study by Na on 61
patients with cerebral palsy (CP) who had undergone orthopedic surgery, pain score, the dose of rocuronium, and
the use of analgesic drugs in the group who had received 50 mg/kg of magnesium sulfate bolus injection and then 15
mg/kg during surgery was lower than the placebo group (17). In another study that was done in 2008 on 48 patients
by Benhaj Amor, pain score and the amount of morphine consumption in the group who had received 50 mg/kg of
magnesium sulfate before surgery and 0.5 g/h after surgery was lower compared to the group who had received
normal saline. The results of aforementioned study were similar to our study, according to the difference in rate of
magnesium sulfate prescription (16). The side effects of magnesium sulfate included repression of nervous reflexes,
respiratory weakness due to neuromuscular disorders, nausea, vomiting, skin redness (erythema), thirst, low blood
pressure due to peripheral vascular ectasia, dizziness, confusion, difficulty with speech, muscle weakness
(myasthenia), diplopia, bradycardia (bradyarrhythmia), coma, and cardiac arrest; we evaluated the repression of
nervous reflexes, respiratory weakness, and drowsiness according to similar research, and it no significant difference
was found in the results that were obtained. No complications have been observed in patients in similar studies (10).

5. Conclusions
According to the results of this study, the pain scores and mean of narcotic consumption in measured time points
were lower in the patients who received magnesium sulfate than in the placebo group. Regarding the post-operative
pain of patients after abdominal hysterectomy and the necessity of care time after injection of morphine, we suggest
an intravenous injection of magnesium sulfate because of its ability to decrease post-operative pain and subsequently
to reduce morphine consumption and the associated side effects, as well as to decrease the time required for post-
operative care.
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