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Background: Cardiovascular problems are among the most common health issues. A considerable number of cardiac patients undergo 
cardiac surgery, and coronary artery disease patients constitute about two-thirds of all these surgeries. The application of cardiopulmonary 
bypass (CBP) usually results in some untoward effects.
Objectives: Studies have suggested magnesium sulfate (MgSO4) as an anti-inflammatory agent in a coronary artery bypass graft (CABG). 
This study aimed to assess the effect of an IV MgSO4 infusion during elective CABG (with CBP) on the blood levels of interleukin-6 (IL-6) and 
tumor necrosis factor alpha (TNF-α).
Materials and Methods: During a 12 month period, after review board approval and based on inclusion and exclusion criteria, 90 patients 
were selected and entered randomly into one of the two study groups (MgSO4 or placebo). Anesthesia, surgery and CBP were performed 
in exactly the same way, except for the use of MgSO4 or a placebo. Both preoperative and postoperative plasma levels of IL-6 and TNF-α were 
checked and compared between the two groups using an ELISA.
Results: There was no difference found between the two groups with regard to; gender, basic variables, Ejection Fraction (EF), CBP time and 
aortic cross-clamp time. The preoperative levels of IL-6 and TNF-α were not different; however, their postoperative levels were significantly 
higher in the placebo group (P value = 0.01 for IL-6 and 0.005 for TNF-α).
Conclusions: This study showed that MgSO4 infusion could suppress part of the inflammatory response after CABG with CBP. This was 
demonstrated by decreased levels of interleukin-6 and TNF-α in postoperative serum levels in elective CABG with CBP.
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Implication for health policy/practice/research/medical education:
An infusion of magnesium sulfate can suppress part of the inflammatory response following a coronary artery bypass graft (CABG) with cardiopulmo-
nary bypass (CBP). This was demonstrated as decreased levels of interleukin-6 and tumor necrosis factor alpha (TNF-α), found in postoperative serum 
levels after elective CABG with CBP.
Copyright © 2014, Iranian Society of Regional Anesthesia and Pain Medicine (ISRAPM); Published by Kowsar Corp. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 
is properly cited.

1. Background
Cardiovascular problems are among the most common 

health problems worldwide, and they impose a significant 
disease burden (1-6). A considerable number of cardiac pa-
tients undergo cardiac surgery, with coronary artery dis-
ease patients constituting about two-thirds of all surgeries. 
This surgery usually includes the application of cardiopul-
monary bypass (CBP) and it often has unwanted side effects 
(7-9). CBP is a common technique used every day for thou-
sands of patients worldwide and its use has been practiced 
for more than 50 years (1, 2, 7, 10). Perhaps one of the most 
important complications of CBP is systemic inflammation 
caused by contact of blood with the CPB surface and this 
process induces widespread activation of the inflamma-

tory pathways (1, 2, 5, 7, 11-15). Nowadays, the CBP circuits 
are usually coated with heparin, but the systemic inflam-
mation resulting from the contact of blood with a foreign 
surface has not been resolved (1, 2, 5, 11-15). So far, several 
methods to control inflammation in patients undergoing 
bypass CBP have been proposed, those worth mentioning 
include; impregnation of the tubes with heparin (1, 2), ad-
ministration of high doses of corticosteroids to prevent in-
flammation (7, 16, 17), using anti-inflammatory drugs (12), 
although none have proved to be totally effective (18-29).

2. Objectives
Recent studies have suggested that magnesium sulfate 
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(MgSO4) solution has anti-inflammatory properties in 
many conditions (3-6, 30-33). In addition, it has also been 
demonstrated in a number of studies that magnesium 
can 'modulate cellular events involved in inflammation' 
while 'activation of leukocyte and macrophage and the 
release of inflammatory cytokines' are the characteristic 
features of this inflammatory syndrome (34, 35). Among 
the main proposed mechanisms for the anti-inflamma-
tory effects of MgSO4, the 'phosphoinositide 3-kinase/Akt 
pathway' is one of the most important ones. Meanwhile, 
another main mechanism seems to be the suppressing 
role of magnesium throughout the inflammatory pro-
cess by the 'activation of N-methyl-d-aspartate (NMDA) 
receptors. Since, magnesium is a natural antagonist of 
calcium ion and MgSO4, which acts through inhibition of 
'N-methyl-D-aspartate dependent cellular pathways'(3-6, 
30, 35, 36). On the other hand, it has been demonstrated 
that decreased plasma levels of magnesium can activate 
inflammatory neuromediators via the activation of 'neu-
roendocrinological pathways (37). At the same time, oth-
er studies have demonstrated that NF-kappaB activation 
with simultaneous suppression ofendotoxin, induces an 
increase in inflammatory mediators due to magnesium 
infusion in animals; furthermore, these mechanisms pos-
sibly work in a similar way in coronary artery bypass graft 
(CABG) patients (3-6, 34, 38-43). A number of cytokines 
have been named as pro-inflammatory ones; interleu-
kin-6 (IL 6) and tumor necrosis alpha (TNF-α) are among 
them (26, 38, 44, 45). This randomized clinical trial study 
was designed and implemented to assess the effect of an 
intravenous magnesium sulfate (IV MgSO4) infusion com-
pared with a placebo, during elective CABG (with CBP) on 
the blood levels of IL-6 and TNF-α.

3. Materials and Methods
The study started from October 2011 for a 12 month peri-

od, after review board approval from the Shahid Beheshti 
University of Medical Sciences Research Committee. The 
study complied with current ethical considerations. Au-
thors declare that:

•Informed consent was obtained from each patient in-
cluded in the study

•The study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki as reflected in a priori 
approval by the institution's human research committee.

All patients in the operating room of Shahid Modarres (a 
university hospital affiliated to Shahid Beheshti University 
of Medical Sciences), undergoing elective CABG surgery 
were the target population, and 90 patients were selected 
and entered the study. The patients were randomly allo-
cated in either the control group (45 patients) or the case 
group (45 patients) the case group received a MgSO4 infu-
sion and the control group received a placebo (Figure 1). 
Except for this classification, there were no differences be-
tween the two groups regarding; anesthesia method, surgi-
cal procedure, surgeons and physicians, or medical treat-
ment protocols. In addition, the volume of the magnesium

Stage 1:  

enrollment of 90 patients with ASA class I or II patients (i.e. admission to the study) 

considering inclusion and exclusion criteria 

  

Stage 2: 

randomization 

Random allocation was done between the 2 groups (MgSO4 or Placebo group) 

    

 Stage 3:  

treatment 

 

Treatment Group  (MgSO4 group: 45 

patients) 

 Standard Care plus MgSO4 

 
Control Group  (Placebo group: 45 

patients) 

 Standard Care plus placebo 

  

Stage 4: follow up: 

postoperative levels of IL6 and TNF alpha 

 

Figure 1. A Summary of Study Stages Are Presented in the Following Dia-
gram

infusion and the placebo as well as their syringes were sim-
ilar (50 mL syringes). Sample size determination was done 
after a power analysis (power = 0.8, β = 0.2, α = 0.02) using 
sample size software: PASS 2005; NCSS, LLC; UT, USA.

Patient entry to the study was done after obtaining an 
informed written consent and they were allocated into 
the two groups based on a computer table of random 
numbers and after considering the inclusion and exclu-
sion criteria.

3.1. Inclusion and Exclusion Criteria Were as Fol-
lows

3.1.1. Inclusion Criteria
•Elective CABG using CPB
•Age 30-65 years

3.1.2. Exclusion Criteria
•Underlying heart failure (right sided or left sided, in-

cluding low left ventricular ejection fraction, ie. preop-
erative LVEF < 25%)

•Underlying renal disease
•Underlying diabetes mellitus
•Underlying uncontrolled hypertension
•Underlying thyroid problems (hypo/hyperthyroidism, 

active or controlled)
•Underlying malabsorption (active or controlled)
•Underlying untreated arrhythmias
•Underlying inflammatory disease (active or controlled)
•Underlying uncorrected magnesium or calcium ab-

normalities
•Emergent or urgent CABG
•Patient refusal to enter or continue study
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•QTc interval abnormalities (including Torsades de 
pointes syndrome)

•Co-administration of steroids, statins, aspirin/anti-in-
flammatory agents

After the patient's entry into the operating room, stan-
dard monitoring was administered, including; electro-
cardiography (ECG), pulse oxymetry and invasive blood 
pressure monitoring through an indwelling arterial 
catheter performed after the administration of local an-
esthetics, and the performance of an Allen test in the 
non-dominant radial artery. Non-heparinized arterial 
samples were taken from the arterial line of the patients, 
and these were centrifuged and then frozen at -18°C in-
side the Stat laboratory of the operating room, before be-
ing collected and then transferred in an ice box at -70°C to 
the immunology laboratory cooperating with the study. 
After completion of the monitoring, the patients were 
anesthetized using a titrated intravenous dose of sufen-
tanil (1 µg/Kg), cisatracurium (0.2 mg/Kg) and sodium 
thiopental (1 mg/Kg). Then, after 3 minutes, the patients 
were intubated by direct laryngoscopy. A central venous 
catheter was inserted through the right internal jugular 
approach. All the patients were anesthetized using the 
same method with a maintenance dose of sufentanil 
(0.01 µg/Kg/min), atracurium (0.5 mg/min), midazolam 
(1 mcg/Kg/min) and isoflurane (0.2-1%), to keep Bispectral 
index (BIS) levels between 40-60; the surgeon and the 
surgical technique were similar as far as possible. At the 
end of the surgery, the patients were transferred to the 
intensive care unit, where they were extubated after full 
awakening, along with full recovery of their muscle func-
tion. Furthermore, the intensive care colleague made 
sure that the hemostatic status of the patients was stable 
and did not require any surgical intervention. Then, dur-
ing the 2 hour period after the surgery, non-heparinized 
arterial samples were taken from the arterial line of the 
patients, and these were centrifuged at 2500 G for 10 
minutes at 4°C, then frozen at -18°C inside the Statlabo-
ratory of the ICU, before being transferred in an ice box 
at -70°C to the immunology laboratory cooperating with 
the study. After collecting all the samples, they were 
thawed and used for an assessment of the serum levels of 
IL-1, IL-6 and TNF-α, using an ELISA assay. Each blood sam-
pling, both before and after the operation, contained 10 
ml blood without heparin. In both of the sampling steps, 
ie, before anesthesia and after transferring the patient to 
the ICU, the blood was centrifuged at 2500 G for 10 min-
utes at 4°C. Then, 2250 Lambda of the centrifuged plasma 
was separated and collected in Eppendorf microtubes. 
Next they were frozen at -18°C, and then transferred to 
-70°C, as described previously. The 2250 Lambda of the 
centrifuged serum was separated into 3 samples of 500 
Lambda and one sample of 750. The 500 Lambda samples 
were used for an ELISA assessment of IL-6 and TNF-α. After 
completion of the sampling stage during the 6 month pe-
riod, the samples were removed from the freezer, and the 
samples were melted in each ELISA well kit. The results of 

Table 1.  Basic Variables in the Two Groups a

MgSO4 group Placebo group P value

Gender > 0.05 b

Male 28 30 -

Female 17 15 -

Age, y 64 ± 8 62 ± 10 > 0.05

Weight, kg 73 ± 12 77 ± 6 > 0.05

LVEF, % 44 ± 12 47 ± 10 > 0.05

CPB time 96 ± 8 92 ± 12 > 0.05

ACC time 54 ± 6 57 ± 7 > 0.05
a Abbreviations: MgSO4, magnesium sulfate; CPB, cardiopulmonary 
bypass pump; Left Ventricle Ejection Fraction (LVEF); ACC, aortic cross-
clamp.
b Chi square.

a standard ELISA kit based on optical density spectropho-
tometry were calculated as concentrations of interleu-
kins. One of the members of the research team divided 
the patients randomly (according to the table of ran-
dom numbers) into one of the two study groups: group 
1 (MgSO4 group) or group 2 (placebo group). For the pa-
tients in group 1, a bolus dose of MgSO4 (30 mg/Kg in 5 
minutes) was administered after the induction of anes-
thesia; then, the maintenance dose of MgSO4 (10 mg/Kg/
hour) was infused. In the placebo group, the patients re-
ceived normal saline with the same volume and the same 
infusion model. The blood samples of the patients were 
collected as samples of the 1st or the 2nd group and each 
patient was given a specific code which was noted in a 
data collection notebook. Meanwhile, another colleague 
gathered the data from the patients in the intensive care 
unit, in addition, she was blinded regarding the group to 
which the patients belonged.

The study data were recorded and extracted from each 
patient’s data sheet, and statistical analysis was performed 
using SPSS (version 11.5; SPSS Inc, Chicago, IL). For statisti-
cal data analysis, Student's t-test and Chi-square test were 
used. A P-value less than 0.05 was considered significant.

4. Results
There was no difference between the two groups re-

garding demographic variables including; gender, age, 
weight, ejection fraction (EF), cardiopulmonary bypass 
pump time, and aortic cross-clamp time (Table 1).

In the MgSO4 group, the post-operative level of IL6 was 
67.6 ± 22.3 pg/mL; while in the placebo group, the post-
operative level of IL-6 was 102.1 ± 33.7 pg/ml (P value = 
0.01). Also, the postoperative level of TNF-α in the MgSO4 
group was 27.4 ± 4.2 pg/mL; while in the placebo group, 
the post-operative level of TNF-α was 44.7 ± 6.1 pg/mL (P 
value = 0.005).
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5. Discussion
The results of this study demonstrated that adminis-

tration of MgSO4 solution in adult patients undergoing 
elective CABG could suppress part of the inflammatory 
response after CABG with CPB. This was demonstrated as 
decreased levels of IL-6 and TNF-α in postoperative serum. 
However, the two groups had no difference in regard to 
cardiopulmonary bypass items, surgical variables, or an-
esthetic parameters; this indicated that the underlying 
clinical situations for the study were largely identical in 
the two groups. Magnesium may 'modulate cellular in-
flammation' while 'suppressing the inflammatory role 
of inflammatory cells and cytokines' (34, 35) through the 
'activation of N-methyl-d-aspartate (NMDA) receptors', 
'phosphoinositide 3-kinase/Akt pathway' and suppres-
sion of inflammatory neuromediators through the acti-
vation of 'neuro-endocrinological pathways' as the main 
mechanisms; since, magnesium is a natural antagonist 
of calcium ion (3-6, 30, 35-37, 42). The inflammatory re-
sponse after CBP is one of the most significant side effects 
of this surgical intervention, and a number of compensa-
tory mechanisms and approaches have been proposed, 
though many remain equivocal (1, 2, 10, 12, 27, 45-49). Mag-
nesium infusion is an easy and routine therapeutic agent, 
and its anti-inflammatory effects are an important effect 
of the drug (4, 31, 35, 39, 50, 51). There are many studies de-
noting the therapeutic effects of magnesium infusion on 
many other systems, including its positive effects on the 
cardiovascular and respiratory system, as well as its anal-
gesic effects (30). Since the usage of magnesium infusion 
could lead to improved inflammatory status, according 
to this study, it can be recommended that a magnesium 
infusion is used to suppress some of the inflammation in 
a cost effective way.

5.1. Limitations
Among the study methods, the limited assessment epi-

sodes of IL-6 and TNF-α assessments are among the main 
limitations of the study. Moreover, other interleukins 
could be helpful for making more exact assessments. The 
sample size was also limited.
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