
Anesth Pain Med. 2014 December; 4(5): e22379. DOI: 10.5812/aapm.22379

Published online 2014 November 30. Research Article

Evaluation of the Anti-Inflammatory Effects of Peri-Operative Infusion 
of Magnesium Sulfate on the Microsurgical Procedures for Intracranial 
Tumors

Farhad Etezadi 1; Majid Aklamli 1; Atabak Najafi 1; Mohammadreza Khajavi 2,*; Reza Shariat 
Moharari 1; Bahador Mirrahimi 3; Seyed Abolghasem Mortazavi 1; Mojtaba Mojtahedzadeh 3

1Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran2Sina Trauma and Surgery Research Center, Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran3Pharmaceutical Sciences Research Centre, Faculty of Pharmacy, Tehran University of Medical Sciences, Teheran, Iran
*Corresponding author: Mohammadreza Khajavi, Sina Trauma and Surgery Research Center, Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran. Tel: +98-9123837096, 
Fax: +98-2166348551, E-mail: Khajavim@tums.ac.ir

 Received: July 30, 2014; Revised: August 20, 2014; Accepted: August 27, 2014

Background: The anti-inflammatory properties of magnesium sulfate have never been discussed in brain tumor surgeries.
Objectives: This study is aimed to find anti-inflammatory aspects of high dose magnesium sulfate infusion during perioperative period of 
neurosurgical patients through checking the serial C-reactive protein (CRP) blood levels as a biomarker of inflammation.
Patients and Methods: Sixty patients who were candidate for elective craniotomy were enrolled randomly into two equal groups 
to receive either magnesium sulfate or normal saline during their perioperative period. Infusion of magnesium was performed three 
times during the study and a summation of 15 grams was administered: 1- two days before surgery, 2- one day before surgery, 3- from the 
beginning of surgery (five grams was infused within six hours in each session). Serum level of CRP was checked just before commencement 
of magnesium infusion and on the first and second day after surgery as primary outcome. Hemodynamic parameters, total propofol 
requirement and total blood loss were recorded as well.
Results: No significant difference was found between groups in terms of serum CRP levels. The mean arterial blood pressure, heart rate, 
blood loss and total anesthetic requirement were significantly lower in magnesium group in comparison to the control group.
Conclusions: We did not find conclusive evidence for anti-inflammatory effects of magnesium in craniotomy for microsurgery of 
intracranial tumors using CRP level changes. However, high dose magnesium might be suggested as a safe anesthetic adjuvant in 
neurosurgery.
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1. Background
Magnesium sulfate has a wide variety of impact on the 

physiological processes in the human body. Neuro-pro-
tective effect of magnesium sulfate has been one of the 
most challenging aspects of this drug. In animal studies, 
magnesium showed reduction in glutamate release and 
prevented ischemic injury that led to protection of neuro-
nal cells (1, 2). Magnesium also inhibits calcium entry into 
the cell via a noncompetitive blockade of the N-Methyl-D-
aspartic acid (NMDA) receptor. Magnesium and the NMDA 
receptor are thought to be involved in the modulation of 
pain (3). Magnesium is also a physiological calcium antag-
onist at different voltage-gated channels, which may be 
important in the mechanisms of anti-nociception (4). The 
CNS depressant effect of anesthetic agents may be poten-
tiated when they are used concurrently with magnesium 
sulfate (5, 6).Therefore, intravenous and intrathecal injec-
tion of magnesium sulfate has been used as an adjuvant in 
anesthesia (7-11). Magnesium sulfate also has been used in 

clinical practice as an anti-inflammatory and neuro-pro-
tective treatment following traumatic brain injury, sei-
zure, subarachnoid hemorrhage, and cerebral ischemia 
(12). In addition, anti-inflammatory effects of magnesium 
sulfate administration were evaluated in coronary artery 
bypass patients (13).

2. Objectives
As far as our knowledge, no study dealt with anti-in-

flammatory effect of magnesium sulfate administration 
in normo-magnesemic neurosurgical patients. There-
fore, we have designed this study based on this hypoth-
esis that high doses of magnesium sulfate infusion may 
be effective for the reduction of inflammation in elective 
brain tumor surgeries.

3. Patients and Methods
This double-blind randomized controlled study was 

conducted in Sina hospital between September 2012 and 
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February 2014. After approval of the Ethics committee of 
the Tehran University of Medical Sciences, the written in-
formed consents were obtained from all patients prior to 
entry into the study. The study was registered in Iranian 
registry web-site for clinical trials by IRCT201204159475N1 
code. The study included sixty adult patients of both gen-
ders with American Society of Anesthesiologists (ASA) 
physical status I and II undergoing elective craniotomy 
for microsurgery of supratentoral tumors for the first 
time. Patients with significant organ dysfunctions (e.g. 
cardiac, respiratory, neurologic, renal, or liver disorders), 
morbid obesity or those who were on calcium channel 
blocker treatment were excluded from the study. In a ran-
domized fashion using computer software, the patients 
were divided into the magnesium (intervention) versus 
normal saline (control) groups. The age, sex, and weight 
of all patients were recorded. In the intervention group, 
two days before surgery, five grams MgSO4 (10 mL of 50% 
solution in 1 liter of normal saline) was infused during 
six hours and the day before surgery five grams of MgSO4 
again was infused during six hours. In the third day at 
operating room and during surgery, the same amount 
was infused within six hours from the start of surgery. 
All the patients in the control group have received the 
same amount of saline solution as a placebo. All bottles 
of fluids were the same shape and in hospital’s pharmacy 
the same label has been stuck on all bottles to keep the 
blinding process. The anesthesia team that was respon-
sible for intra-operative management was blinded to the 
type of fluids infused to the patients. It should be men-
tioned that an infusion pump was used for infusion of 
magnesium and placebo for all patients at the rate of 2.7 
mL per minute. At the operating room, all the standard 
monitoring including heart rate (HR), invasive blood 
pressure (IBP), electrocardiographic study (ECG), oxygen 
saturation (SpO2), end-tidal CO2 (EtCO2) and core tem-
perature measurements were applied for all patients. For 
Bi-spectral index (BIS), two electrodes were attached to 
forehead of all patients and connected to the monitoring 
system. Induction of anesthesia was carried out with IV 
injection of fentanyl (2 μg/kg) and midazolam (0.05 mg/
kg), followed by propofol (1.5-2 mg/kg) and atracurium 
(0.5mg/kg). Maintenance of anesthesia was performed 
using continuous infusion of propofol (6-8 mg/kg/h) 
and fentanyl (1-2 μg/kg/h) and adjusted to maintain the 
BIS value within the pre-defined range (40-60) and the 
hemodynamic parameters were kept within (30%) of the 
preoperative base line values. Muscle relaxation was kept 
by intermittent bolus injection of atracurium. After in-
duction of anesthesia, frequent sampling for blood gas 
analysis was performed according to clinical indications. 
Measuring serum CRP levels in three time points was our 
primary objective; therefore, three blood samples were 
collected: the first sample was obtained just before start-
ing of magnesium or placebo infusion, the second sam-
ple was taken the day after surgery and the third sample 
was prepared two days after the surgery in all patients. 

Serum CRP levels were measured by enzyme linked im-
munoassay kit (Labor Diagnostica Nord). As the second-
ary outcome hemodynamic parameters including mean 
arterial blood pressure (MAP) and HR, total propofol re-
quirements, blood loss, and duration of anesthesia (from 
the time of induction to the withdrawal of anesthetics) 
were all recorded.

3.1. Statistical Analysis
All statistical analysis was done using SSPS (version 17, 

Chicago, IL) and statistical significance was defined as P < 
0.05. Thirty patients were included in each group based 
on setting alpha to 0.05 and beta to 0.20. Chi Square and 
t-Test were used to compare the categorical variables 
between both groups. Pearson's correlation analysis 
was performed to determine interrelations among CRP 
measurements. Sphericity assumption was checked by 
Mauchly test before comparisons. Because of multiple 
measurements of serum CRP levels along the study time 
we used repeated-measures analysis of variance (ANOVA).

4. Results
Sixty patients were enrolled in this study with rather 

similar demographic characteristics in both groups (Ta-
ble 1). Table 2 and Figure 1 show that the serum CRP levels 
increased slightly from the first sample (obtained before 
commencement of the study) to the second sample (one 
day after surgery) in both groups; then the values of CRP 
levels decreased a little from second to the third sample; 
although none of those changes were statistically signifi-
cant (P = 0.435). The mean intra-operative HR and MAP 
was significantly lower in magnesium group as com-
pared with the control group. The mean intra-operative 
blood loss was also significantly lower in the magnesium 
group in comparison to the control group. The mean an-
esthetic requirement (propofol) that was used during 
surgery in magnesium group was significantly lower in 
comparison with the control group (Table 3).
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Figure 1. Comparison of C - reactive protein Levels between the Two 
Groups
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Table 1.  Patient Characteristics in Two Groups  a

Variable Mg Group (30) Control Group (30) P Value

Age, y 51.5±5.7 53.2 ± 6.2 ≥ 0.05

Sex ≥ 0.05

Male 13 14

Female 17 16

Weight, kg 80 ± 6 78 ± 5.7 ≥ 0.05

Duration of An-
esthesia, min

220 ± 7.2 242 ± 9.3 ≥ 0.05

a Abbreviation: Mg, magnesium.

Table 2.  Comparison of C - reactive protein Serum Levels be-
tween Groups during the Study a,b

Variable Magnesium 
(n = 30) 

(Mean ± SE)

Control (n = 30) 
(Mean ± SE)

P Value 
(Between 
Groups)

CRP0 
c 3.8864 ± 1.503 3.71627 ± 1.1507 0.624

CRP1 
c 4.5467 ± 1. 452 5.6784 ± 1.398 0.243

CRP2 
c 4.5231 ± 1. 429 4.8957 ± 1.663 0.815

P Value (within 
group)

0.2407 0.9533 0.435 b

a Abbreviations: CRP, C-reactive protein; SE , standard error.
b P Value for time and group interaction.
c  Dimension is n g/mL.

Table 3.  Comparison of Intraoperative Variables in Two Groups 
a

Variable Mg Group (30) Control Group 
(30)

P Value

MAP, mmHg 71.3 ± 4.3 84.5 ± 5.6 0.03

HR, per minute 68 ± 4.6 78 ± 5.7 0.04

Bleeding, mL 470 ± 34 685 ± 69 0.002

Propofol 1%, mL/hr 46.9 ± 5.6 58.7 ± 6.8 0.001
a Abbreviations: MAP, mean arterial pressure; Mg, magnesium; HR, 
heart rate.

5. Discussion
The present study indicates that magnesium sulfate re-

duced both the heart rate and mean arterial blood pres-
sure throughout the operative time. We were going to 
keep the hemodynamic parameters very near to the base 
line values and also BIS values within a predefined range 
(40-60). Thus, the propofol infusion rate was adjusted 
according to the parameters observed in monitoring de-
vices. This can explain why we have needed less amount 
of propofol infusion rate in the intervention group. It has 
been suggested that, when MgSO4 is co-administered 
with propofol, it potentiates its anesthetic effect (14). 
A probable mechanism by which we can explain such 
adjunctive effect of magnesium infusion may be the 
reduction of catecholamine release through reduced 

sympathetic outflow. It has also been shown that admin-
istration of magnesium led to significant reduction in 
the requirements for anesthetic drugs during total in-
travenous anesthesia (TIVA) with propofol, remifentanil 
and vecuronium (10, 14). The result of the current study 
supported this concept that magnesium administration 
may be a useful adjunct to propofol anesthesia. The sig-
nificant reduction of blood loss might be due to the more 
stable hemodynamic profile and lower mean arterial 
blood pressure that occurred in the magnesium group 
and so less blood transfusion was required in this group. 
C-reactive protein (CRP) has been used as an indicator of 
inflammatory processes. However, its expression is not 
specific and it will increase after routine neurosurgical 
procedures despite absence of any clinical or laboratory 
signs of infection. It also has been found that CRP level 
reaches to a peak level during the first 48 h after surgery 
and then it decline (15). However, there is some conflicting 
evidence about anti-inflammatory effects of magnesium. 
Magnesium infusion reduced cytokine production in 
intra-partum women except term and preterm neonates. 
It has also been demonstrated that magnesium may have 
beneficial effects in those at risk for inflammation-asso-
ciated adverse perinatal outcomes (16). The result of the 
current study contradicts to the above-mentioned stud-
ies. In agreement with our results, Mirrahimi et al. have 
shown that in traumatic patients with systemic inflam-
matory response syndrome (SIRS) , no evidence of anti-
oxidative and anti-inflammatory effects of magnesium 
was seen (17).

5.1. Limitation
This fact should not be ignored that we use CRP as a 

marker for tracing inflammation in the patients, because 
it is more accessible and is less expensive. It is probable 
that we would have obtained an entirely different result, 
if we had used new and more sensitive markers of inflam-
mation such as interleukins. Thus, we may suggest use of 
more sophisticated laboratory biomarkers in future stud-
ies. In conclusion, this study could not show conclusive 
evidence for anti-inflammatory effects of magnesium 
sulfate in craniotomy for microsurgery of intracranial 
tumors using CRP level changes. However, use of magne-
sium sulfate during anesthesia might be suggested as a 
safe anesthetic adjuvant in neurosurgical anesthesia.

Acknowledgements
Authors would like to thank Sina Hospital Research Cen-

ter for their valuable technical help.

Authors’ Contributions
Farhad Etezadi designed and wrote the manuscript, Ma-

jid Aklamli conducted the study, Atabak Najafi analyzed 
the results, Mohammadreza Khajavi drafted the article 
and analyzed the data, Reza Shariat Moharari analyzed 



Etezadi F et al.

Anesth Pain Med. 2014;4(5):e223794

the results, Bahador Mirrahimi conducted the study, 
Seyed Abolghasem Mortazavi conducted the study, and 
Mojtaba Mojtahedzadeh designed and corrected the 
draft.

Funding/Support
This research is funded by "Sina Trauma and Surgery Re-

search Center".

References
1.       Kang SW, Choi SK, Park E, Chae SJ, Choi S, Jin Joo H, et al. Neuro-

protective effects of magnesium-sulfate on ischemic injury me-
diated by modulating the release of glutamate and reduced of 
hyperreperfusion. Brain Res. 2011;1371:121–8.

2.       Mami AG, Ballesteros JR, Fritz KI, Kubin J, Mishra OP, Delivoria-
Papadopoulos M. Effects of magnesium sulfate administration 
during hypoxia on CaM kinase IV and protein tyrosine kinase 
activities in the cerebral cortex of newborn piglets. Neurochem 
Res. 2006;31(1):57–62.

3.       Buvanendran A, Kroin JS. Multimodal analgesia for controlling 
acute postoperative pain. Curr Opin Anaesthesiol. 2009;22(5):588–
93.

4.       Kaplan S, Ulus AT, Tutun U, Aksoyek A, Ozgencil E, Saritas Z, et 
al. Effect of Mg2SO4 usage on spinal cord ischemia-reperfusion 
injury: electron microscopic and functional evaluation. Eur Surg 
Res. 2004;36(1):20–5.

5.       Ryu JH, Kang MH, Park KS, Do SH. Effects of magnesium sulphate 
on intraoperative anaesthetic requirements and postoperative 
analgesia in gynaecology patients receiving total intravenous 
anaesthesia. Br J Anaesth. 2008;100(3):397–403.

6.       Shariat Moharari R, Motalebi M, Najafi A, Zamani MM, Imani F, 
Etezadi F, et al. Magnesium Can Decrease Postoperative Physi-
ological Ileus and Postoperative Pain in Major non Laparoscopic 
Gastrointestinal Surgeries: A Randomized Controlled Trial. Anes-
th Pain Med. 2014;4(1).

7.       Imani F, Najafi A, Sadr-al-sadat H, Khajavi MR. Evaluation of anal-
gesic effect of Magnesium sulfate in postoperative pain in lum-

bar spine surgery. J Iran Soc Anaesth Intens Care. 2006;53:26–41.
8.       Najafi A, Akbari H, Khajavi MR, Etezadi F. Inadvertent intrathe-

cal injection of large dose magnesium sulfate. Saudi J Anaesth. 
2013;7(4):464–6.

9.       Haaji Mohammadi M, Arbabian K, Khajavi MR, Sadra-ol-sadat SH, 
Fard F, Ghaffari SR. The effect of MgSO4 added to lidocaine in spi-
nal anaesthesia. J Iran Soc Anaesth Intens Care. 2004;45:41–6.

10.       Sedighinejad A, Haghighi M, Naderi Nabi B, Rahimzadeh P, 
Mirbolook A, Mardani-Kivi M, et al. Magnesium sulfate and suf-
entanil for patient-controlled analgesia in orthopedic surgery. 
Anesth Pain Med. 2014;4(1).

11.       Marzban S, Haddadi S, Naghipour MR, Sayah Varg Z, Naderi Nabi 
B. The effect of intravenous magnesium sulfate on laryngospasm 
after elective adenotonsillectomy surgery in children. Anesth 
Pain Med. 2014;4(1).

12.       Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ. 
Achieved serum magnesium concentrations and occurrence 
of delayed cerebral ischaemia and poor outcome in aneurys-
mal subarachnoid haemorrhage. J Neurol Neurosurg Psychiatry. 
2007;78(7):729–31.

13.       Aryana P, Rajaei S, Bagheri A, Karimi F, Dabbagh A. Acute Effect 
of Intravenous Administration of Magnesium Sulfate on Serum 
Levels of Interleukin-6 and Tumor Necrosis Factor-alpha in Pa-
tients Undergoing Elective Coronary Bypass Graft With Cardio-
pulmonary Bypass. Anesth Pain Med. 2014;4(3).

14.       Telci L, Esen F, Akcora D, Erden T, Canbolat AT, Akpir K. Evaluation 
of effects of magnesium sulphate in reducing intraoperative an-
aesthetic requirements. Br J Anaesth. 2002;89(4):594–8.

15.       Moharari RS, Zade SA, Etezadi F, Najafi A, Khajavi MR, Bidabadi 
MS, et al. Impact of subcutaneous infiltration of 0.5% bupiva-
caine on post-operative C-reactive protein serum titer after cra-
niotomy surgery. Med J Islam Repub Iran. 2013;27(1):1–6.

16.       Sugimoto J, Romani AM, Valentin-Torres AM, Luciano AA, Ramirez 
Kitchen CM, Funderburg N, et al. Magnesium decreases inflam-
matory cytokine production: a novel innate immunomodula-
tory mechanism. J Immunol. 2012;188(12):6338–46.

17.       Mirrahimi B, Hamishehkar H, Ahmadi A, Mirjalili MR, Aghamo-
hamadi M, Najafi A, et al. The efficacy of magnesium sulfate load-
ing on microalbuminuria following SIRS: One step forward in 
dosing. Daru. 2012;20(1):74.


