
Background: Major abdominal surgeries are associated with severe pain, which can affect 
respiratory and cardiac functions if insufficiently treated; this increases postoperative morbidity. 

Objective: We aim at evaluating the efficacy of magnesium sulfate as an adjuvant to local anesthetic 
in an ultrasound-guided transversus abdominis plane (TAP) block for postoperative analgesia in total 
abdominal hysterectomy. 

Study Design: A prospective, randomized, double-blinded clinical trial.

Setting: An academic medical center.

Methods: This study is registered at https://clinicaltrials.gov (no.: NCT02930707). This randomized, 
double-blinded clinical trial included 60 women undergoing total abdominal hysterectomy that were 
divided into 2 groups (30 patients per group). Group I received a TAP block with 20 mL per side of 
0.25% bupivacaine plus 2 mL magnesium sulphate 10% (200 mg). Group II received a TAP block 
with 20 mL per side of 0.25% bupivacaine. Visual analog scale (VAS) scores, the time of the first 
analgesic request, total morphine consumption, and any side effects were assessed and recorded.

Results: The mean postoperative VAS score was significantly reduced in group I compared to 
group II in all of the time-points except after 10 hours. The mean time of the first request for rescue 
analgesia was significantly prolonged in group I (15.67 hrs.) compared to group II (7.33 hrs.) (P < 
0.001), and the mean total morphine consumption, over the first 24 hours postoperatively, was 
significantly lower in group I (7.63 ± 2.93 mg) than in group II (16.20 ± 3.24 mg) (P < 0.001). No 
significant difference in side effects was observed.

Limitations: Sample size. 

Conclusion: The addition of 200 mg of magnesium sulfate to bupivacaine in an ultrasound-guided 
TAP block significantly reduced postoperative opioid requirements, prolonged the duration of 
analgesia, and reduced the VAS score in patients who underwent abdominal hysterectomy, without 
significant side effects.
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postoperative pain relief, but it can result in significant 
adverse effects including sedation, nausea, vomiting, 
urinary retention, respiratory depression, delayed 
recovery of colonic mobility, and prolonged postopera-
tive ileus (2).

The transversus abdominis plane (TAP) block is 

Major abdominal surgeries are associated 
with severe abdominal pain, which if 
inadequately treated, can increase the 

incidence of postoperative morbidity and lead to a 
delayed recovery (1).

Opioid administration remains the mainstay of 
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weight: 50 – 85 kg) who were scheduled for total ab-
dominal hysterectomy for the management of uterine 
and ovarian cancer were included in this study. Patients 
with a history of relevant drug allergies, coagulation 
disorders, opioid dependence, morbid obesity (body 
mass index more than 40 kg/m2), sepsis, and those with 
psychiatric illnesses that would interfere with the per-
ception and assessment of pain were excluded from the 
study. Preoperatively, the patients were taught how to 
evaluate their own pain intensity using the visual ana-
log scale (VAS), scored from 0 – 10 (where 0 = no pain 
and 10 = worst pain imaginable).  

The patients were randomly assigned into 2 groups 
using an online research randomizer (www.randomizer.
org), with 30 patients in each group: 

Group I patients received an ultrasound-guided 
TAP block with 20 mL of 0.25% bupivacaine plus 2 mL 
of magnesium sulfate 10% (200 mg) on each side of the 
abdominal wall in the midaxillary line in the midpoint 
between the costal margin and the iliac crest.

Group II patients received an ultrasound-guided 
TAP block with 20 mL of 0.25% bupivacaine on each 
side of the abdominal wall in the midaxillary line in the 
midpoint between the costal margin and the iliac crest.

Ultrasound-Guided TAP Block Technique
The ultrasound-guided TAP block was performed 

before the induction of general anesthesia. Upon ar-
rival at the operating room, the patients were placed 
in the supine position and an 18-gauge intravenous (IV) 
cannula was inserted for IV fluid and drug administra-
tion. Basic monitoring probes (electrocardiography, 
non-invasive blood pressure, oxygen saturation, and 
temperature) were applied, and their baseline vital 
signs were recorded. Lactated Ringer’s solution 10mL/
kg was infused intravenously over 10 minutes before 
the initiation of the TAP block. 

The study drugs were prepared in the hospital 
pharmacy, and the attending anesthetist was blinded 
to it. The TAP block was performed with the use of 
ultrasound, under complete aseptic technique. A 
broadband linear array probe was used with an imag-
ing depth of 4 – 6 cm. The ultrasound probe was placed 
transversely to the abdomen (horizontal plane) in the 
midaxillary line between the costal margin and the iliac 
crest.  Three muscle layers are clearly seen in the image. 
The needle (22-gauge x 80 mm SonoPlex stim cannula, 
Pajunk®, Geisingen, Germany) was inserted in a sagittal 
plane approximately 3 – 4 cm medial to the ultrasound 
probe. The point of needle insertion was closer to the 

a compartment block in which the local anesthetic is 
distributed deep to the fascia between the internal 
oblique muscle and the transversus abdominis muscle. 
It blocks almost all of the somatic nerves that pass 
through the abdominal structures that are cut during 
abdominal incision and are a cause of pain generation 
after surgery (3-5).

The TAP block was first described by Rafi (6) and 
the procedure was named by McDonnell and others 
(3,5), while Hebbard (7) was the first to use sonography 
for this type of block. This method is a suitable substi-
tute for epidural analgesia in abdominal surgeries that 
have a minimal visceral pain component to them. A TAP 
block reduces opioid consumption and its complica-
tions (nausea, vomiting, urinary retention, decrease in 
blood pressure, and so on) and does not have the side 
effects of a neuraxial block (decrease in blood pressure, 
motor block) (8,9). The procedure is simple and easily 
executed, without any encroachment on the epidural 
space with effective analgesia, and it is very suitable in 
patients who are not candidates for epidural analgesia 
(8,9).

Magnesium sulfate has been shown to have an-
tinociceptive effects in animal and human models by 
blocking the N-methyl-D-aspartate (NMDA) receptor 
and associated calcium channels, thus preventing 
central sensitization caused by peripheral nociceptive 
stimulation. In addition to their central location, recent 
studies identified peripheral NMDA receptors in the 
skin, muscles, and knee joints and found that they play 
a role in sensory transmission of noxious signals (10).

 The addition of magnesium sulfate to local anes-
thetics for neuraxial anesthesia prolongs the duration 
of anesthesia and improves the quality of analgesia. 
However, there are few clinical studies assessing the 
addition of magnesium for peripheral nerve blocks (10).

The objective of this study was to detect the ef-
ficacy of magnesium sulfate as an adjuvant to local an-
esthetic in an ultrasound-guided TAP block in patients 
undergoing total abdominal hysterectomy. Our primary 
aim was to detect the reduction in total postoperative 
morphine consumption.

Methods

This randomized, double-blinded study was ap-
proved by the ethics committee of South Egypt Cancer 
Institute, Assiut University in Assiut, Egypt. This study is 
recorded at https://clinicaltrials.gov with identifier no. 
NCT02930707. After obtaining written informed con-
sent, 60 women (ASA classification I-III, aged ≥ 18 years, 
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probe. For optimal imaging of the needle, it was held 
parallel to the long axis of the probe (in-line view). 
The needle tip was directed into the plane below the 
internal oblique and above the transversus abdominis 
muscle. A small volume of local anesthetic (2 mL) was 
seen to open the plane between the 2 muscles and was 
followed by insertion of the full dose of local anes-
thetic. If the 2 mL dose appears to be within the muscle 
rather than between them, then needle adjustment 
was required. The local anesthetic injectate appeared 
hypoechoic (black compared to the muscle layers) on 
ultrasound image.

The TAP block was performed with the use of ultra-
sound under complete aseptic technique. A broadband 
linear array probe was used with an imaging depth of 
4 – 6 cm using a 22-gauge × 80 mm SonoPlex stim can-
nula (Pajunk®, Geisingen, Germany). Twenty minutes 
after the TAP block, the extent of sensory blockade was 
evaluated by using the pin prick test (0 = no block, 1 
= hyposthesia, and 2 = anesthesia) by another blinded 
attending anesthetist. Any patients with a failed block 
were excluded from both of the groups.

Anesthetic Technique
The anesthetic technique was standardized in the 

2 groups. No preoperative analgesics were given. After 
a successful TAP block, general anesthesia was induced 
intravenously (propofol 1 – 2 mg/kg, lidocaine 1.5 mg/
kg) and fentanyl 1 μg/kg. Endotracheal intubation was 
facilitated by neuromuscular blockade with cisatracu-
rium 0.3 mg/kg. Anesthesia and muscle relaxation were 
maintained with isoflurane in an air/oxygen mixture 
and cisatracurium 0.15 mg/kg. The patients were me-
chanically ventilated in parameters that maintained the 
end-tidal CO2 (ETCO2) between 33 and 36 mmHg. The 
patients’ heart rate, oxygen saturation, ETCO2, and sys-
tolic and diastolic blood pressures were measured and 
recorded. Hypotension was defined as a 15% decrease 
in systolic blood pressure from the base line, bradycar-
dia as a heart rate slower than 50 beats per minute, 
and hypoxia as an oxygen saturation less than 90%. 
Hypotension was treated with intravenous boluses of 
ephedrine 0.1 mg/kg, repeated as required. Bradycardia 
was treated with intravenous atropine 0.01 mg/kg. 

At the end of surgery, muscle relaxation was re-
versed by neostigmine 50 μg/kg and atropine 10 μg/
kg. The patients were extubated and transferred to 
the post-anesthesia care unit (PACU), where they were 
monitored for vital signs (heart rate, non-invasive blood 
pressure, respiratory rate, and O2 saturation) imme-

diately postoperatively and at 2, 4, 6, 12, 18, and 24 
hours postoperatively. A blinded observer collected the 
postoperative data.

The severity of pain and the presence of nausea, 
vomiting, and respiratory depression were assessed 
postoperatively at 1, 2, 4, 6, 8, 10, 12, and 24 hours. The 
severity of pain was assessed using a 10 cm VAS (0 = 
no pain and 10 = worst imaginable pain). If a patient’s 
VAS score was ≥ 3, morphine was administered intrave-
nously by a dose of 0.05 mg/kg at 15 minute intervals 
until complete pain relief was achieved. Morphine 
administration was ceased when the VAS score was < 
3 on assessment or when over-sedation or respiratory 
depression occurred (a respiratory rate of < 10 bpm). 
Rescue antiemetic was given in the form of metoclo-
pramide 10 mg IV when patients complained of nausea 
or vomiting. Our primary outcome measure was total 
morphine consumption in the first 24 hours postopera-
tively; our secondary outcome measures were the post-
operative VAS scores, the time of the first request of 
rescue analgesia (calculated from the time of the TAP 
block application), and the incidence of side effects. 

Statistical Analysis   
Using clinical data from similar studies, it was pos-

tulated that in order to detect the difference in total 
postoperative morphine consumption, with an ex-
pected background standard deviation of one, a type I 
error of less than 0.05, a power of 90%, and a sample 
size of 27 patients in each group would be sufficient. 
We recruited 30 patients in each group to compensate 
for drop-outs and to account for random errors.

Data entry and analysis were done using SPSS Ver-
sion 19.0 (IBM Corporation, Armonk, NY). Data were 
presented as number, percentage, and mean ± stan-
dard deviation. A chi-square test was used to compare 
qualitative variables. A Mann-Whitney test was used to 
compare quantitative variables in the studied groups. 
A Wilcoxon signed rank test was done to compare each 
2 time-points in the same group. The P-value was con-
sidered statistically significant when P < 0.05.

Results

Sixty women, scheduled for total abdominal hys-
terectomy for the management of uterine and ovarian 
cancer, were included in this study. Our results regard-
ing the patient demographic (age, weight, and height) 
and operative (duration of surgery and anesthesia) 
data showed an insignificant difference between the 2 
groups (Tables 1 and 2, respectively).
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Considering the hemodynamics, the mean blood pressure was 
significantly lower in group I than in group II after 1 and 2 hours 
intraoperatively (P < 0.05) and at 8, 10, and 12 hours postopera-
tively (P < 0.00, 0.029, & 0.000 respectively) (Fig. 1 and 2).

The intraoperative heart rate was significantly lower in group 
I than in group II at 1, 2, and 4 hours (P < 0.05) and all over the 
time-points in the postoperative period (P < 0.01).

There were insignificant differences between both of the 
groups regarding the postoperative O2 saturation and respiratory 
rate at different time-points.

Table 1. Demographic data of  the studied groups (mean ± SD).

Group I 
(n = 30)

Group II 
(n = 30)

P-value

Age (years) 47.97 ± 6.33 48.67 ± 10.01
NS

Range 40 – 60 29 – 60

Weight (kg) 70.50 ± 7.35 72.83 ± 6.11
NS

Range 60 – 85 60 – 80

Height (cm) 156.80 ± 4.16 157.33 ± 4.51
NS

Range 150 – 165 150 – 165

Table 2. The durations of  surgery and anesthesia (mean ± SD).

Group I 
(n = 30)

Group II 
(n = 30)

P-value

Duration of Surgery (hours) 4.27 ± 0.78 4.47 ± 0.73
NS

Range 3 – 6 3 – 6

Duration of Anesthesia (hours) 5.27 ± 0.78 5.47 ± 0.73
NS

Range 4 – 7 4 – 7

Fig. 1. Changes in the intraoperative mean blood pressure at 1, 2, 3, 4, 5, 
and 6 hours postoperatively.
Group I: TAP bupivacain + magnesium.
Group II: TAP bupivacain.

The mean postoperative VAS score was 
significantly lower in group I than in group 
II at all of the time-points until after 8 hours, 
where there was an insignificant difference in 
between both groups; at 10 and 12 hours there 
was a significantly lower VAS score in group II 
compared to group I, and at 24 hours, the VAS 
scores were significantly lower in group I than 
in group II. Also, there were significant differ-
ences regarding the VAS scores between each 
2 consecutive times in each group separately 
(P < 0.05) (Fig. 3).

The mean time of the first request for 
rescue analgesia calculated from the time of 
the TAP block application was significantly 
prolonged in group I patients than in group 
II patients (15.67 ± 6.04 hours, and 6.33 ± 0.96 
hours, respectively) (P < 0.001), and the mean 
total morphine consumption was significantly 
reduced in group I than in group II (7.63 ± 
2.93 mg and 16.20 ± 3.24 mg, respectively) (P 
< 0.001) (Table 3). Regarding side effects, nau-
sea and vomiting occurred more frequently in 
group II compared to group I (7 and 5 patients, 
respectively, in group II compared to 3 and 3 
patients, respectively, in group I), however this 
difference was not statistically significant (P > 
0.05) (Table 4).

discussion

In the current study, the addition of 2 mL 
of magnesium sulphate 10% (200 mg) to local 
anesthetic given in an ultrasound-guided TAP 
block reduced postoperative opioid consump-
tion, prolonged the duration of postoperative 
analgesia, and reduced postoperative pain 
scores in patients undergoing total abdominal 
hysterectomy under general anesthesia, with-
out significant side effects.

Magnesium is a physiological calcium 
channel blocker and noncompetitive antago-
nist of N-methyl-D-aspartate (NMDA) recep-
tors (11). It has been used with a local anes-
thetic solution in different regional anesthesia 
techniques to decrease the onset time of the 
block and to increase the quality and duration 
of anesthesia (10,12-15,).

The analgesic properties of magnesium 
on peripheral nerves can be explained by the 
surface charge theory. Akutagawa et al (16) 
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Fig. 2. Changes in the postoperative mean blood pressure at 1, 2, 4, 6, 8, 10, 
12, and 24 hours.
Group I: TAP bupivacain + magnesium.
Group II: TAP bupivacain.

Fig. 3. Changes in the postoperative VAS score at 1, 2, 4, 6, 8, 10, 12, and 
24 hours.
Group I: TAP bupivacain + magnesium.
Group II: TAP bupivacain.

showed that modulation of the external 
magnesium concentration bathing a nerve 
bundle resulted in the enhancement of the 
nerve blockade due to local anesthetics. An-
other possible mechanism for the analgesic 
action of magnesium is the voltage-depen-
dent antagonism of NMDA receptors, which 
play a well-defined role in modulating pain 
and a number of inflammatory responses, 
leading to the prevention of central sensiti-
zation from peripheral nociceptive stimula-
tion and a decrease in acute pain after tissue 
injury (16,17).

In concordance with that finding, Gun-
duz et al (10) found a prolongation of sen-
sory and motor block in axillary nerve block 
without any side effects when 150 mg mag-
nesium was added to prilocaine. However, 
they did not evaluate the effect of magne-
sium sulfate on the intensity of postopera-
tive pain, the duration of analgesia, and the 
consumption of postoperative analgesics.

Lee et al (18) compared magnesium 
sulfate at a dose of 200 mg (2 mL of 10% 
solution magnesium sulfate) to normal sa-
line when added to 0.5% bupivacaine with 
epinephrine in an interscalene nerve block 
for arthroscopic rotator cuff repair; they 
found a statistically significant prolongation 
of analgesia in the magnesium group than 
in the saline group (664 ± 188 minutes vs. 
553 ± 155 minutes, respectively).

Bondok et al (19) studied the effect of 
intraarticular magnesium in knee arthros-
copy and showed that magnesium in a dose 
of 10 mL of magnesium sulphate (MgSO4) 
at a concentration of 50 mg/mL resulted in 
a significant decrease in the postoperative 
VAS score in the first 24 hours, in addition to 
a significant decrease in the dose of postop-
erative rescue analgesia with a longer delay 
in the need for that analgesia, concluding 
that intraarticular magnesium can be a use-
ful alternative for postoperative analgesia. 

Furthermore, Elshama et al (20) assessed 
the potential analgesic effect of 5 mL of 
magnesium sulfate 10% solution (500 mg) 
when added to local anesthetic bupivacaine 
during a femoral nerve block. They conclud-
ed that it provided a profound prolongation 

of the block, in addition to a significant decrease in postoperative 
pain scores and the total dose of rescue analgesia.

Kashefi et al (21) studied the effect of adding magnesium 
to lidocaine during intravenous regional anesthesia and found 
that magnesium sulfate enhances the quality of anesthesia and 
analgesia during regional intravenous anesthesia, without caus-
ing side effects.

Recently, Rana and colleagues (22) investigated the analgesic 
effects of adding magnesium sulfate (150 mg) to bupivacaine 
in an ultrasound-guided TAP block in patients who underwent 
total abdominal hysterectomy under a subarachnoid block and 
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concluded that the addition of MgSO4 decreased VAS 
scores at 4, 6, and 12 hours postoperatively, prolonged 
the duration of analgesia, and decreased the number of 
demands for rescue analgesia. They also recommended 
further studies to establish the efficacy of magnesium 
in a TAP block.

In our study, we used a dose of 200 mg (2 mL of 
10% solution) of magnesium sulfate, and there were 
no recorded side effects, as it was found that most neu-

Table 3. The time of  the first request for analgesia and the total analgesic consumption (mean ± SD).

Group I 
(n = 30)

Group II 
(n = 30)

P-value

Time of First Request for Analgesia (hour) 15.67 ± 6.04 6.33 ± 0.96
0.000*

Range 10 – 24 6 – 8

Total Analgesia Consumption (mg) 7.63 ± 2.93 16.20 ± 3.24
0.000*

Range 5 – 14 14 – 21

Table 4. Side effects.

Side Effects
Group I 
(n = 30)

Group II 
(n = 30) P-value

No. % No. %

Nausea 3 10.0 7 23.3 0.17

Vomiting 3 10.0 5 16.7 0.70

Headache 0 0.0 0 0.0 _

Drowsiness 0 0.0 0 0.0 _

Visual Disturbance 0 0.0 0 0.0 _

Respiratory Depression 0 0.0 0 0.0  _

No significant difference regarding postoperative side effects was 
found between both groups (P > 0.05).
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