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Abstract 
Purpose: The purpose of the study is to evaluate the analgesic effect of adding 
magnesium sulfate to bupivacaine in Fascia Iliaca Compartment Block (FI- 
CB). Patients and Methods: Ninety-six burn patients scheduled for skin- 
grafting procedures were allocated into two equal groups. After induction of 
general anaethesia, forty-eight patients received US guided FICB using 35 ml 
bupivacaine 0.25% + 5 ml isotonic sodium chloride solution with a total vo-
lume of 40 ml. The other forty-eight patients received 35 ml bupivacaine 
0.25% + 250 mg of magnesium sulfate with a total volume of 40 ml. Results: 
Total postoperative pethidine consumption in the first 24 h post-operative 
showed a highly statistically significant decrease in the magnesium group in 
comparison to the bupivacaine group. Conclusion: Adding magnesium sul-
fate to bupivacaine in FICB in skin grafting procedures decreased the pain 
scores post-operative, delayed the first request of analgesia and reduced the 
total analgesic consumption in the first 24 h post-operative without any sig-
nificant side effects. 
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1. Introduction 

Patients who survive severe burns undergo multiple reconstructive surgeries to 
re-establish function. These operations involve placement of split-thickness skin 
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graft [1]. Often, the site of the harvested graft is the most painful part of the pro-
cedure. Because of this, regional nerve blockade has been used to provide better 
analgesia [2]. 

Skin graft donor sites are usually chosen from the lateral and/or anterior up-
per part of the thigh. These areas coincide with the distribution of the lateral fe-
moral cutaneous nerve (LFCN) and femoral nerve [3]. The fascia iliaca com-
partment block (FICB) is effective in producing the simultaneous blockade of 
both LFCN and femoral nerve [4]. The local anesthetics (LA) should spread be-
tween the iliacus muscle and the fascia iliaca [5]. 

Magnesium is a physiologic cation that potentiates neuromuscular and peri-
pheral nerve blockade. It has been shown to have antinociceptive effects in ani-
mal and human models. It blocks the NMDA receptors and their associated cal-
cium channels preventing calcium influx [6]. Magnesium also prevents catecho-
lamine release from the adrenal and peripheral nerve endings producing a sym-
patholytic action [7]. 

2. Patients and Methods 

This is a double blind prospective randomized controlled study that was con-
ducted for one year (from May 2018 to May 2019) in Plastic Surgery Center— 
Mansoura University. After approval from the Institutional Research Board 
(IRB) (Code Number: MS.18.06.166), Faculty of Medicine, Mansoura University, 
96 burn patients with second- or third-degree burn, American Society of Anes-
thesiologists physical status grade I and grade II, aged between 21 and 60 years 
of either sex were included in the study. 

Patients with neuromuscular diseases, hematological diseases, psychiatric dis-
eases, local skin infection or sepsis at site of the block, known intolerance or 
hypersensitivity to the study drugs, uncompensated heart, liver or kidney dis-
eases were excluded. 

The primary outcome was the total dose of pethidine consumed in the first 24 h 
post-operative. The secondary outcomes were the intraoperative and post-operative 
hemodynamic stability, post-operative visual analogue scale (VAS) score, the 
time of first request of rescue analgesics, post-operative Ramsay sedation scale 
(RSS) score and the simplified post-operative nausea and vomiting (PONV) im-
pact scale score. 

Eligible 96 patients were randomly allocated by closed envelope method ac-
cording to the type of the injected local anesthetic solution into 2 equal groups. 
Bupivacaine Group (B group) (n = 48): patients received 35 ml bupivacaine 
0.25% + 5 ml isotonic sodium chloride solution with a total volume of 40 ml. 
Magnesium Group (M group) (n = 48): patients received 35 ml bupivacaine 
0.25% + 250 mg of magnesium sulfate with a total volume of 40 ml. Double blind-
ness was ensured through the usage of equal volumes of injectates for both groups 
in similar syringes prepared by an anesthetist not involved in the study. All block-
ades were performed by the same trained anesthetists who took part in this study. 
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All patients were assessed preoperatively by history, physical examination and 
laboratory investigations. The study protocol and fascia iliaca compartment 
block procedure were explained to all patients. All patients became familiar with 
the use of visual analogue scale (VAS) score. Patients fasted 6 - 8 h before the 
time of surgery.  

On arrival of the patient to the preparation room, routine monitoring was ap-
plied, peripheral IV cannula (20G) was inserted and ringer solution started to be 
infused. All patients were premedicated using midazolam 0.03 mg/kg IV.  

GA was induced using IV propofol (2 - 3 mg/kg), IV fentanyl (1 µ/kg) and 
atracurium besylate (0.6 mg/kg) to facilitate intubation. Then, the patient was 
mechanically ventilated using volume control mode with TV (6 - 8) ml/kg, RR 
(10 - 14) breath/min and I: E ratio (1:2) to maintain EtCo2 (30 - 35) mmHg. 

Anesthesia was maintained using minimum alveolar concentration of isoflu-
rane 1.2% and 60% air in O2 mixture with top up doses of atracurium. Addi-
tional IV fentanyl doses (25 microgram) were given according to hemodynamics 
(Blood pressure & Heart rate > 20% of the basal). Intraoperative fentanyl con-
sumption was calculated. Intraoperative IV fluids and blood (if needed) were 
given per body weight and according to the intraoperative loss. 

Fascia iliaca compartment block was performed after induction of general 
anesthesia and approximately 10 - 15 min before skin incision. 

All patients were extubated at the end of surgery after neuromuscular reversal 
with administration of neostigmine (0.04 mg/kg) and IV atropine (0.02 mg/kg) 
and fulfilling the criteria of extubation.  

The patient was properly positioned in supine position. The superficial US 
probe (Philips, ClearVue350) was placed on the patient in a transverse plane 
over the inguinal crease. A 22-gauge Quincke needle was introduced via an in- 
plane approach. The target was to lay the needle’s tip just underneath the fascia 
iliaca. 

After reliable negative aspiration, we injected 1 - 2 ml of local anesthetic (LA) 
to confirm the correct injection plane. This formed a small bleb or “lens” deep to 
the fascia iliaca. Gently we advanced the needle into this bleb and further LA was 
injected. Forty ml of LA were injected between the iliacus muscle and the fascia 
iliaca for optimal distribution around the nerves.  

In the operating room, monitoring of ECG, heart rate (HR), SpO2, EtCo2 and 
non-invasive blood pressure (NIBP) was done. Base line values of HR, SpO2 and 
MAP were collected just before induction of anesthesia, after induction and at 
skin incision (10 - 15 min after the block). Then, recording was done every 15 
min till the end of surgery. 

After admission of the patients into the post anesthesia care unit (PACU) and 
their transfer into the ward, these data were recorded at 1, 2, 4, 8, 16 and 24 
hours post-operatively: 
• HR and MAP. 
• Pain intensity using visual analogue scale (VAS): in which, the patient is told 
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to mark the strength of pain he feels at one point along the length of a 10-cm 
line. The two ends of the scale represent “no pain” on the left end of the scale 
(0 cm) and the “worst pain” on the right end of the scale (10 cm). [8] When 
the patient experienced pain (score > 3), a bolus dose of IV pethidine 0.25 
mg/kg was administered and repeated every 15 minutes till visual analogue 
scale score ≤ 3 was attained.  

• Ramsay sedation score (RSS) [9] where;  
1 = Anxious, agitated, restless. 
2 = Awake, but tranquil and cooperative. 
3 = Responsive to commands only. 
4 = Brisk response to light glabellar tap or loud auditory stimulus. 
5 = Sluggish response to light glabellar tap or loud auditory stimulus. 
6 = No response to light glabellar tap or loud auditory stimulus. 
The time of first request of analgesia was recorded from the time of arrival to 

PACU. The total dose of pethidine (mg) consumed in the first 24-hour post-
operative was calculated in both groups. Postoperative complications like nausea 
and vomiting (PONV) were recorded using the simplified PONV impact scale 
where clinically important PONV was defined as a total score of more than 4 
[10]. PONV was treated using primperan 10 mg IV. 

Sample size calculation: A Priori G-power analysis was done to estimate study 
sample size using a previous study: magnesium prolongs the duration of analge-
sia after a bupivacaine fascia iliaca compartment block [11] in which tramadol 
was used postoperative, and by calculating the equilivant doses of tramadol and 
pethidine (0.4 mg pethidine equals 0.2 mg tramadol as regards oral morphine 
equivalent). A power of 80% was estimated with type I error of 0.05 to get an 
analgesic difference between groups of approximately 30% to yield of total sam-
ple size of 91 cases. A drop out of 5% of cases was expected. Therefore, a total 
number of 96 cases were needed (48 cases per group). 

Statistical analysis: The statistical analysis of the collected data was done by 
IBM’s SPSS statistics (Statistical Package for the Social Sciences) for windows 
(version 25, 2017). The normality of the data distribution was checked by Sha-
piro-Wilk test. Student t test and Mann-Whitney were used for normally and 
abnormally distributed continuous data respectively. Chi square test was used 
for categorical data using the crosstabs function. Every test was conducted with 
95% confidence interval. Probability (P) value < 0.05 was considered statistically 
significant. SPSS’ chart builder and Microsoft Excel for windows 2019 were used 
for generating charts. 

3. Results 

This double blind prospective randomized controlled study was conducted on 96 
patients ASA I, II of either sex between 21 and 60 years who were scheduled for 
skin grafting procedures for treatment of second- or third-degree burn (study 
flowchart Figure 1). 
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There were no statistically significant differences between the two groups re-
garding demographic data, BMI, ASA classification and duration of surgery 
(Table 1). As regard intraoperative haemodynamics (HR and MAP) there were 
no statistically significant differences between the 2 studied groups. 

As regard postoperative HR, there was a statistically significant decrease in the 
magnesium group in comparison to the bupivacaine group at 4 and 8 hours 
postoperative (Figure 2). 

As regard postoperative MAP, there was a statistically significant decrease in 
the magnesium group in comparison to the bupivacaine group at 4, 8 and 16 
hours postoperative (Figure 3). 
 

 
Figure 1. Flow chart for patients participating in the study. 

 
Table 1. Demographic data. 

 
Group B  
(n =48) 

Group M  
(n =48) 

P value 

Age (years) 38.73 ± 9.15 37.40 ± 10.67 0.51 

BMI (kg/m2) 27.18 ± 1.98 26.73 ± 3.27 0.41 

Sex    

Male No. (%) 28 (58%) 27 (56%) 
1 

Female No. (%) 20 (42%) 21 (44%) 

ASA    

I No. (%) 33 (69%) 35 (73%) 
0.66 

II No. (%) 15 (31%) 13 (27%) 

Duration of surgery (min) 67.65 ± 7.09 68.75 ± 9.37 0.52 

Group B: Bupivacaine group, Group M: Magnesium group, BMI: Body mass index, ASA: American Society 
of Anaesthesiologists. Data are expressed as mean ± SD, number, %. 
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Figure 2. HR variation. Basal, intraoperative and postoperative follow-up of heart rate 
variation in both groups, Group B: Bupivacaine group, Group M: Magnesium group, 
*Significant when p value < 0.05. 

 

 
Figure 3. MAP variation. Basal, intraoperative and postoperative follow-up of MAP vari-
ation in both groups, Group B: Bupivacaine group, Group M: Magnesium group, MAP: 
mean arterial pressure *Significant when P value < 0.05. 

 
VAS was significantly lower at 2, 4, 8 and 16 hours post-operative when group 

M was compared to group B (Table 2). However, Ramsay sedation score showed 
no statistically significant difference among the two groups (Figure 4). 

The time of first request of analgesia was longer in group M than in group B. 
Total postoperative pethidine consumption in the first 24 h post-operative 
showed a highly statistically significant decrease in the magnesium group in com-
parison to the bupivacaine group (Table 3). 

The total dose of intraoperative fentanyl administered showed no statistically 
significant difference between the 2 studied groups (Table 3).  

The incidence of PONV in the 1st 24 h post-operative, determined by PONV 
impact scale score, was significantly lower when group M was compared to 
Group B (Table 4). 
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Table 2. VAS score. 

VAS score 
Group B  
(n = 48) 

Group M  
(n = 48) 

P value 

1 h PO 1 (0 - 1) 0 (0 - 1) 0.31 

2 h PO 2 (1 - 2) 1 (1 - 1) <0.001** 

4 h PO 2 (2 - 3) 2 (1 - 2) <0.001** 

8 h PO 3 (3 - 3) 3 (2 - 3) <0.001** 

16 h PO 4 (4 - 5) 3 (3 - 3) <0.001** 

24 h PO 2.5 (2 - 3) 2 (2 - 3) 0.75 

VAS: Visual analogue scale, Group B: Bupivacaine group, Group M: Magnesium group, PO: Post-operative, 
Data are expressed as median and range, **Highly significant when P value < 0.001. 

 
Table 3. Analgesic profile (intra-operative fentanyl (µg), first request of analgesia and to-
tal post-operative pethidine (mg) consumption in the first 24 h) in the studied groups. 
Data are expressed as mean ± SD. 

 
Group B  
(n = 48) 

Group M  
(n = 48) 

P value 

Intra-operative fentanyl (µg)  
consumption 

104.17 ± 20.19 102.08 ± 14.43 0.56 

Time of 1st request of analgesia 
(hours) 

6.48 ± 1.11 7.29 ± 1.34 0.002* 

Total pethidine consumption in the 
first 24 h (mg) post-operative 

43.75 ± 11.18 30.31 ± 8.84 <0.001** 

Group B: Bupivacaine group, Group M: Magnesium group, *Significant when P value < 0.05, **Highly sig-
nificant when P value < 0.001. 

 

 
Figure 4. Ramsay sedation score. Basal and post-operative follow-up of Ramsay sedation 
score in both groups, RSS: Ramsay sedation score, Group B: Bupivacaine group, Group 
M: Magnesium group, PO: Post-operative. 
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Table 4. Post-operative complications. 

 
Group B  
(n = 48) 

Group M  
(n = 48) 

P value 

PONV impact scale score 3 (2 - 4) 2 (2 - 3) 0.012* 

Post-operative hypotension 1 (1 - 1) 1 (1 - 1) 1 

Post-operative complications (PONV impact scale scoreandpost-operative hypotension) in the studied 
groups. Data are expressed as median and range. Group B: Bupivacaine group, Group M: Magnesium 
group, PONV: Post-operative nausea and vomiting *Significant when p value < 0.05. 

4. Discussion 

The main finding of this study is that adding MgSo4 to bupivacaine in US 
guided FICB in partial thickness skin grafting procedures (in patients with second 
and third degree burn) decreased the post-operative VAS at 2, 4, 8 and 16 hours 
after surgery, prolonged the analgesic duration (delayed the time of first request 
of analgesia (P value = 0.002)) and decreased the total dose of pethidine con-
sumption in the 1st 24 h post-operative (P value = < 0.001).  

The demographic data and the mean duration of surgery in our study, 
which were statistically insignificant between the two groups, were to a great ex-
tent similar to other research and this supplied us with the uniform platform to 
compare the obtained results evenly. 

Both groups in this study showed no statistically significant difference re-
garding intra operative HR and MAP. These findings are consistent with Mu-
thiah et al., who proved that adding 150 mg magnesium to bupivacaine in 3-in-1 
nerve block had no effect on intraoperative hemodynamics [12]. Also, adding 
MgSo4 to bupivacaine in femoral and sciatic nerve block was proved to have no 
impact on intraoperative hemodynamics [13] and this may be explained by the 
absence of systemic vasodilator effect of magnesium.  

There was a significant decrease in the HR 4 h and 8 h post-operative and in 
the MAP 4 h, 8 h and 16 h post-operative in the magnesium group. This can be 
explained by less pain in the magnesium group and it is consistent with the 
post-operative VAS, total pethidine consumption and the first request of analge-
sia in our study and in Abd-Salam’s study [7]. 

The mechanism of the analgesic action of MgSO4 can be related to a sys-
temic action, a direct effect on the nerve or local vasoconstriction. It is primarily 
due to antagonism at the NMDA receptors within the dorsal horn of the spinal 
cord leading to prevention of central sensitization caused by peripheral nocicep-
tive stimulation. Also, magnesium antagonizes calcium influx into nerve fibers, 
interferes with the release of neurotransmitter substances and potentiates the ac-
tion of LA agents [14]. Another theory is that magnesium ions elevate the firing 
threshold of both myelinated and unmyelinated nerve fibers causing a state of 
hyperpolarization [15]. 

In our study, it was found that adding MgSO4 to bupivacaine had significant 
analgesic effects and this was represented by a statistically significant decrease 
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in VAS scores at 2, 4, 8 and 16 hours post-operative. These results agree with 
the study conducted by Elshamaa and his colleagues who reported significant 
lower VAS scores all over the first 24 h post-operative in patients receiving Mg 
during femoral nerve block [16].  

The current study demonstrated that there was a significant prolongation in 
the analgesic duration represented by the significant delay in the time of first 
request of analgesia when adding MgSO4 to bupivacaine. These findings corre-
late with Eid et al., who found that adding 250 mg magnesium sulfate to bupi-
vacaine in fascia iliaca compartment block significantly prolonged the duration 
of effective analgesia and the time offirst request of rescue analgesia [11]. Abd 
Elmawgoud and his colleagues also proved that adding magnesium sulfate to 
ropivacaine in continuous femoral nerve block significantly prolonged the time 
for the first request of analgesia postoperatively. [17].  

On the other hand, Khairnar et al., reported no significant prolongation in 
the duration of postoperative analgesia when added 1.5 ml of 15% magnesium 
sulfate to 21.5 ml of 0.5% levobupivacaine in combined femoral and lateral fe-
moral cutaneous nerve block (3). This may be the result of the low volume in-
jected (23 ml). The minimal effective volume oflocal anesthetics in the FICB to 
produce a block in 99% of caseswas 37.3 ml for bupivacaine and 36.6 ml for ro-
pivacaine as describedby Helayel [18]. 

Also, the total dose of analgesic consumption in this study (pethidine) was 
significantly reduced in the first post-operative dayand this result correlates with 
the study conducted by Ekmekci et al., who found a highly significant decrease 
in the amount of tramadol consumption in patients receiving magnesium during 
femoral nerve block [19]. 

One study that disagrees with our study is the one done by Choi and his col-
leagueswho added 200 mg magnesium to ropivacaine in 38 patients undergoing 
brachial plexsus block and found that there was no difference in VAS scores and 
no difference in opioid consumption post opertative [20]. These results may be 
due to the use of the blind technique without any usage of US, which increases 
the failure rate of the brachial plexsus block. This point in addition to the small 
sample size in the study (38 patients) could make the study unreliable. Also, ad-
ministration of general anasthesia without any analgesic drug (as they did in 
their study) and performing the block after the surgery was completed, just be-
fore extubation leads to sensitization of the pain pathways which increases pain 
sensation post operative. It also contradicts the rules of preemptive analgesia 
which recommends giving effective analgesia before the start of any surgical 
stimulus to avoid sensitization of the pain pathways which once sensitized, can 
not be easily opposed. 

Although IV magnesium produces some sedation and has anticonvulsant ac-
tion in eclampsia, the current study didn’t report any sedative effects when mag- 
nesium was added to bupivacaine, and this was represented by the non-signifi- 
cant results of the post-operative Ramsey sedation scores. This finding can be 
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explained by the theory of localized action of magnesium on nociceptive path-
ways and this finding was also concluded by Sayed and Fathy when they added 
two different doses of intrathecal magnesium to bupivacaine fentanyl spinal 
anasthesia and did not observe any sedation either intraoperative or post opera-
tive [21].  

The ideal dose of magnesium in peripheral nerve block is not yet determined. 
Doses from 50 mg up to 500 mg have been used without any neurological se-
quelae in human as in ELshamaa’s study in which 500 mg of magnesium sulfate 
was used in femoral nerve block [16]. However, it was said, in an animal study, 
that neurological damage such as demyelination might be linked to high doses of 
intrathecal magnesium administration [22]. So, we used the 250 mg dosage to 
stay away from the debate about high doses of magnesium. More studies are 
needed to test the safety of perineural administration of high doses of magne-
sium and to determine a safe range of magnesium in peripheral nerve blockade. 

The dose of magnesium used in our study (250 mg) relied on data from the 
study of Eid et al., in which 250 mg magnesium potentiated bupivacaine antino-
ciception in FICB in patients with hip fracture without any side effects or neu-
rological sequalae [11]. 

In our study, there was a significant decrease in the incidence of PONV, 
represented by the significant decrease in the PONV impact scale score in the 
1st 24 h post operative in the magnesium group. This can be explained by lower 
pain scores and decrease in pethidine consumption in the magnesium group. 
This result correlates with Al-Refaey and his colleagues who found that adding 
magnesium to bupivacaine in TAP block was associated with less incidence of 
PONV [23]. 

However, when Malleeswaran and his colleagues used magnesium sulfate as 
an adjuvant to intrathecal bupivacaine [24], they found no difference in the in-
cidence of nausea and vomiting postoperative which may be explained by their 
use of NSAIDS (diclofenac) in post operative analgesia instead of pethedine 
(used in our study) which is famous of producing nausea and vomiting as a side 
effect. 

Although IV magnesium can cause hypotension when it is used to treat ec-
lampsia, our study found that there was no significant difference in the inci-
dence of postoperative hypotension (decreased systolic blood pressure by ≥25% 
of baseline). This may be due to absence of systemic vasodilator effect of magne-
sium. This result correlates to Eid et al., who found that adding magnesium to 
bupivacaine in fascia iliaca compartment block did not affect the incidence of 
hypotension [11]. 

The current study has some limitations including: The onset of the block in 
both groups had not been compared (as the patients were already under general 
anasthesia when performing the block). The intensity of the sensory block in the 
distribution of femoral, LFCN and obturator nerves had not been assessed after 
performing the FICB (as the patients were already under general anasthesia when 
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performing the block). 

5. Conclusion 

This study found that adding magnesium sulfate to bupivacaine in ultrasound 
guided fascia iliaca compartment block in skin grafting procedures decreases the 
pain scores postoperatively, prolongs the analgesic duration, delays the first re-
quest of analgesia and decreases the total analgesic consumption in the first 
postopertive 24 h without any significant side effects, so magnesium sulfate can 
be considered an effective and valuable adjuvant to local anesthetics in fascia 
iliaca compartment block. 
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