
of blood loss, urine output, fluid intake and surgeon’
s satisfaction were recorded. Data was analyzed with 
SPSS version 13.0 and P  values less than 0.05 were 
considered significant.

RESULTS: Twenty patients in the MGS group and 19 
patients in the REM group were studied. There was no 
difference between the two groups in the hemodynam-
ic variables, blood loss, urine output, fluid requirement 
and surgeon’s satisfaction for exposure. The target MAP 
was achieved in 75% of Mg and 58% of remifentanil 
groups. Although a higher number of patients in the 
REM group required nitroglycerin (42.1%) to reach the 
target MAP than those in the MGS group (25%), this 
difference was not statistically significant (P  = 0.32).

CONCLUSION: Our findings showed that in patients 
undergoing lumbar PSF surgery, remifentanil and MGS 
have a similar hypotensive effect and comparable 
amount of blood loss without any significant adverse 
effects.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: We conducted a relatively small sized prospec-
tive randomized clinical trial comparing intravenous 
infusion of remifentanil with magnesium in controlling 
blood pressure during posterior spine fusion in order to 
decrease the intraoperative blood loss. Our experiments 
showed no difference between the two administered 
regimens in reducing mean arterial blood pressure and 
intraoperative blood loss, and satisfaction of the oper-
ating surgeons.
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Abstract
AIM: To evaluate the efficacy of magnesium sulfate 
(MGS) in comparison with remifentanil for induction of 
relative hypotension in posterior fusion of spine (PSF).

METHODS: In this randomized clinical trial, 40 patients 
with the American Society of Anesthesiologists Ⅰ and Ⅱ 
physical status undergoing lumbar PSF were random-
ized to receive remifentanil (REM) 0.15 μg/kg or MGS 
50 mg/kg for controlled hypotension. The administering 
anesthesiologist was blinded to the medication. Con-
tinuous infusion was maintained at a fixed volume rate 
to deliver precalculated doses of either study drugs. All 
other aspects of anesthesia and surgery were similar in 
the two groups. The target mean arterial pressure (MAP) 
range used in this study was 60-70 mmHg. In the 
course of surgery, the hemodynamic variables, volume 
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INTRODUCTION
In lumbar spine surgery, especially in posterior spinal fu-
sion, a dry surgical field not only results in convenience 
for the surgeon, but also better hemostasis, reducing the 
likelihood of  transfusion and its complications. Also, it 
decreases operation time and thereby avoids complica-
tions of  prolonged surgery, particularly in the prone 
position, such as eyes injuries and nerve damage due to 
pressure, tongue edema and airway inflammation[1,2].

Induced hypotension is one of  the most effective 
methods for reduction of  bleeding during surgery, known 
as controlled hypotension. Using this method during an-
esthesia for major spinal surgeries results in less bleeding 
and less need for blood transfusion[3]. Different methods 
for controlled hypotension have been described that can 
be divided into two main groups. First, the traditional 
style that keeps the patient in a light anesthesia with a 
secure airway and complete monitoring under a ganglion 
blocker or a vasodilator with a direct effect and, using 
this way, a beta blocker being used simultaneously is pre-
ferred[4]. The second method tries to control blood pres-
sure without hypotensive drugs by increasing the depth of  
anesthesia, adequate ventilation and optimal position[5].

Reduction in bleeding is not only important to main-
tain the hemodynamic balance, but also creates better 
visibility for the surgeon during surgery; this issue is 
especially important (significant) in spinal cord surgery 
because important neuronal structures are located in 
the field. In major surgical procedures such as scoliosis 
correction or posterior fusion, excessive bleeding oc-
curs during or after surgery, so controlled hypotension is 
considered a way to reduce bleeding and improve surgical 
conditions[2,3].

Various drugs have been used to reduce blood pres-
sure, including vasodilators (nitroprusside, nicardipine), 
alpha-2 receptor agonists (clonidine, dexmedetomidine), 
beta-adrenergic antagonists (propranolol, esmolol) and 
alpha and beta antagonists (labetalol)[6-10]. However, hypo-
tensive agents have several disadvantages, such as reflex 
tachycardia and tachyphylaxis[9]. Therefore, it is neces-
sary to use compounds with dose-response effects that 
are predictable[11]. In recent years, remifentanil as a short 
acting opioid receptor agonist has been used for this pur-
pose in order for a mild to moderate reduction of  blood 
pressure and as an effective agent for controlled hypo-
tension[12]. Nevertheless, high doses of  remifentanil dur-
ing surgery have its limits, with pain management after 
surgery and hyperalgesia in these patients[13]. Currently, 
remifentanil with propofol is used for total intravenous 
anesthesia. Compared with other opioid drugs such as 
fentanyl and alfentanil, remifentanil can provide better 
hemodynamic stability in the stressful events of  surgery 

and can minimize changes in cerebral blood flow[14-17].
Magnesium sulfate (MGS) is a noncompetitive antago-

nist of  N-methyl, D-aspartate (NMDA) receptors with an 
analgesic effect and is essential for release of  acetylcholine 
from the presynaptic terminals[18,19] and, similar to calcium 
channel blockers (CCB), can prevent the entry of  calcium 
into the cell. According to previous studies, magnesium 
can cause hypotension with a vasodilatory effect. The 
vasodilatory effects of  this ion are due to increased con-
struction of  prostacyclins and inhibition of  angiotensin 
converting enzyme. So it seems that this product could be 
applied for lowering blood pressure during various surgi-
cal procedures[20,21].

To the best of  our knowledge, there have been no 
studies comparing controlled hypotension by magnesium 
and remifentanil in lumbar spine fusion surgery. So, we 
decided to compare their efficacy, blood loss and likely 
hemodynamic complications in a prospective study in 
candidates for lumbar spine fusion surgery. We hypoth-
esized that magnesium is as effective as remifentanil in 
deliberate induction of  hypotension used to reduce surgi-
cal blood loss.

MATERIALS AND METHODS
The study was designed as a prospective double-blind 
randomized trial. The experimental design and complete 
study protocol were reviewed and approved by the Medi-
cal Research Ethics Committee at Tehran University of  
Medical Sciences. The study was also registered with the 
national Iranian Registry of  Clinical Trials (http://www.
irct.ir), IRCT201111138091N1 in accordance with World 
Health Organization’s requirements and the International 
Committee of  Medical Journal Editors’ initiative.

The study population included orthopedic and neuro-
logical patients admitted to Tehran’s University Hospital 
(Firoozgar center) from 2010 to 2011. Patients between 
20 and 60 years old undergoing posterior lumbar spine 
fusion were surveyed based on inclusion and exclusion 
criteria. Eligible patients [American Society of  Anesthe-
siologists (ASA) physical status 1 or 2, operation time of  
3 to 5 h and mentally competent] were approached and 
signed informed consent after complete explanation of  
the details of  the research project and its potential risks.

Exclusion criteria were as follows: operation time 
more than 5 h, allergic reaction to drugs, and patients 
with a history of  liver, renal, heart and vascular failure, 
cardiac conduction disturbance, opium addiction, any 
drug or substance abuse and chronic treatment with 
opium, non-steroidal anti-inflammatory drugs and CCB.

Patients were randomized with block randomization 
(four piece blocks) into two groups: MGS and receive 
remifentanil (REM). Someone who was uninformed of  
the study developed a list of  replacement and then ac-
cording to the entry of  each sample to study, treatment 
groups of  patients were determined. Upon arrival to the 
operating room, standard monitoring, including end-
tidal carbon dioxide, pulse oximetry, non-invasive blood 
pressure and 5-lead electrocardiography, was started and 
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baseline hemodynamic variables were recorded. After 
establishing an Ⅳ line and administration of  500 cc nor-
mal saline before induction of  anesthesia, patients were 
preoxygenated with 100% oxygen for 5 min. All patients 
in both groups received midazolam 0.03 mg/kg and fen-
tanyl 3 μg/kg upon arrival in the operating room. For 
induction of  anesthesia, patients received 1.5-2.0 mg/kg 
propofol and atracurium 0.5 mg/kg was used for muscle 
relaxation and intubation. After induction of  anesthesia, 
a radial arterial line from the non-dominant hand for con-
tinuous monitoring of  mean arterial pressure (MAP) was 
obtained. All patients were mechanically ventilated with a 
mixture of  oxygen and nitrous oxide (fraction of  inspired 
oxygen was 50%) at a tidal volume of  8 mL/kg (ideal 
body weight), I/E ratio of  1/3 and the respiratory rates 
were adjusted in the 9-14 breaths/min range to maintain 
end-tidal concentration of  carbon dioxide between 30 
and 40 mmHg. Continuous infusion of  propofol with a 
dose of  100-120 μg/kg per minute and bolus doses of  
atracurium every 20 to 30 min were used for maintenance 
of  anesthesia, similar in both groups. Also, in the first 30 
min after the position, morphine sulfate was infused 0.1 
mg/kg within 20 min.

After establishing a prone position and ensuring 
hemodynamic stability, for the MGS group, a loading 
dose of  50 mg/kg magnesium diluted in 100 cc saline 
infused within 10 min and then the magnesium infusion 
continued with dose of  15 mg/kg per hour throughout 
surgery. In the REM group, remifentanil (loading dose 
1 μg/kg; maintenance infusion, 0.25 μg/kg per minute) 
was administered during anesthesia. A research pharma-
cist prepared both magnesium and remifentanil solutions 
to make sure the volumes of  infusion were the same for 
each group in order to maintain the blinding process for 
the administering anesthesiology team.

Our goal was to maintain MAP between 60 to 70 
mmHg. Using the above method, if  the optimum MAP 
was not reached in 10 min after skin incision, nitroglyc-
erin (NTG) 10 to 20 μg/min was applied and increased 
if  needed. Duration and frequency of  NTG use was 
recorded as a measurement of  failure in the primary goal 
for comparison between groups. If  the blood pressure 
dropped below the target range, the infusion rate of  
propofol was reduced to half  and in cases where hypo-
tension continued, ephedrine was injected in bolus doses 
of  5 mg. Possible complications such as arrhythmia, hy-
potension, hypertension and bradycardia and measures 
necessary to treat these complications were recorded in 
both groups. Operation time, approximate amount of  
bleeding, urine output, volume of  fluids and the need for 
transfusion were recorded on special forms. Blood trans-
fusion was determined based on primary hemoglobin 
and calculation of  maximum allowable blood loss (target 
hemoglobin = 10 g/dL).

For reducing the chance of  prolonged muscle re-
laxation by magnesium, the study drug infusion was 
stopped about half  an hour before the end of  surgery 
(after fixation of  rods and starting repair of  wounds) and 
propofol and remifentanil infusion was reduced to half. 

Finally, after surgery and changing the patient’s position 
from a prone to supine position, muscle relaxant effects 
was reversed and, in order to ensure adequate reversal 
of  muscle relaxation, nerve stimulator and double burst 
stimulation (DBS) were applied (DBS > 90%).

After removing the endotracheal tube, patients were 
transferred to the post-anesthesia care unit where they 
were monitored for signs of  hypermagnesemia (respira-
tory depression, decreased deep tendon reflexes, elec-
trocardiographic changes) every 15 min in addition to 
routine cardiorespiratory monitoring. Serum magnesium 
concentrations were obtained if  there was any clinical 
sign of  hypermagnesemia.

Surgeries were performed in two centers with the 
two almost constant teams. Surgeon’s satisfaction was 
recorded using the Likert technique or scale at the end of  
surgery (1 = very dissatisfied to 5 = completely satisfied). 
The research team member who recorded data during 
surgery, the person administering the infusion and the 
surgeon were blinded to the type of  intervention.

Statistical analysis
The data was analyzed with SPSS 18.0 software. Quanti-
tative data was given as the mean and standard deviation 
and qualitative data presented as frequency. Categorical 
data were analyzed using the χ 2 test and Fisher’s exact test; 
continuous variables were analyzed by the Student t test 
when data complied with a normal distribution and were 
expressed as mean ± SD. Otherwise, non-parametric tests 
were used (Wilcoxon Rank test) and data were expressed 
as median and interquartile range. analysis of  variance 
with repeated measures was used to analyze hemodynam-
ic variables at different time points. Null hypotheses were 
rejected if  p values were less than 0.05.

RESULTS
The study was completed with 39 patients. One patient 
from the REM group was excluded from the study be-
cause of  an unusual type of  surgery and prolonged dura-
tion of  operation. The average age was 41.2 ± 14.4 years 
old and body mass index was 30.8 ± 9.2 kg/m2. Demo-
graphic variables (age, gender, ASA physical status and 
body habitus) were comparable in the MGS and REM 
groups (Table 1).

Total intra-operative fluid administration was 3.6 ± 0.9 
L in the MGS group and 3.3 ± 1.0 L in the REM group 
(p = 0.39) (Table 2). Average bleeding in the MGS and 
REM groups was 650 ± 335.9 mL and 681 ± 312.8 mL, 
respectively (p = 0.77). Three patients in the MGS group 
(15%) and 5 patients in the REM group (25%) required 
blood transfusion but it was not significant statistically 
(p = 0.21). Maximum blood transfusion in patients was 
2 bags of  packed cells. There was no difference in urine 
output between the two study arms (p = 0.56). The sat-
isfaction scores from the surgeons regarding exposure 
of  the surgical field between the groups were similar. In 
both groups, these values were higher than 3 (good satis-
faction).
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fentanil in inducing controlled hypotension during lum-
bar fusion surgery. Magnesium was able to reduce MAP 
(60-70 mmHg), similar to remifentanil. Equal numbers 
of  patients needed supplemental nitroglycerine infusion 
to decrease the blood pressure to preset target levels. 
There was no life-threatening bradycardia, arrhythmias or 
hypotension in either group.

Controlled circulation, formerly known as deliberate 
hypotension, is used to reduce bleeding during surgery 
and to reduce blood transfusion. With surgical proce-
dures on bone and some other vessel-rich areas where di-
rect compression of  the blood vessels is not feasible due 
to anatomical reasons, significant bleeding may occur. 
Therefore, a controlled hypotension may reduce bleeding 
and improve the surgical exposure in these patients. Our 
findings showed that magnesium has a similar efficacy in 
reducing bleeding as remifentanil in lumbar fusion surger-
ies. Additionally, surgeon satisfaction scores were used to 
subjectively assess the surgical bleeding and exposure. A 
five point Likert scale was used for this assessment. Lik-
ert scales may be subject to central tendency bias, where the 
respondents agree to neutral answers; acquiescence bias, 
where they agree with statements as presented; or social 

The baseline heart rate was 84 ± 18 bpm in the MGS 
group and 81 ± 13 bpm in the REM group (p = 0.67). 
The mean heart rate changes at different time-points dur-
ing surgery are shown in Figure 1. These changes were 
similar in both groups. The baseline MAP was 102 ± 
12 mmHg and 99 ± 11 mmHg in the MGS and REM 
groups, respectively. Changes in MAP were similar in both 
groups (Figure 2). Five patients in the MGS group (25%) 
and 8 patients in the REM group (42.1%) failed to reach 
the target blood pressure and required NTG infusion at 
doses ranging from 0.5-1 μg/kg per minute (p = 0.32).

There were 4 episodes of  hypotension (MAP ≤ 60) 
in the MGS group and 3 episodes in the REM group re-
quiring pharmacological intervention (ephedrine boluses) 
(p = 0.732). There was no reported arrhythmias/tachy-
cardia in either group. A total of  3 patients in the MGS 
group (15%) and 1 patient in the REM group received at-
ropine due to bradycardia (HR ≤ 50 b/min), which was 
not significant (p = 0.61). Clinical assessment and neuro-
muscular monitoring of  patients revealed a full recovery 
from the remaining effects of  neuromuscular blocking 
drugs in all patients. Additionally, no patients had signs 
and symptoms of  hypermagnesemia post-operatively.

DISCUSSION
We have shown that magnesium is as effective as remi-

REM MGS P value

n  = 19 n  = 20
  Age (yr) 43.1 ± 15.6 39.3 ± 13.2 0.42
  Gender; male (%) 10 (52%) 11 (55%) 0.98
  Body mass index (kg/m2) 31.3 ± 12.4 30.2 ± 4.6 0.72
  ASA PS-1         5 (27%)         5 (25%) 0.86
  ASA PS-2 14 (73%) 15 (75%)
  Satisfaction score 4.2 ± 0.6 4.3 ± 1.1 0.89

Table 1  Demographic data

MGS: Magnesium sulfate; REM: Remifentanil; ASA: American Society of 
Anesthesiologists.

MGS REM P value

n  = 20 n  = 19
  Duration of surgery (min)     168 ± 54     162 ± 42 0.32
  Lowest recorded MAP (mmHg) 52 ± 13 55 ± 15 0.72
  Intravenous fluids (L) 3.6 ± 0.9      3.3 ± 1.02 0.39
  Urine output (mL) 959 ± 368   1043 ± 508 0.56
  Intraoperative blood loss (mL) 650 ± 336 681 ± 313 0.77
  Transfusion frequency (%) 3 (15%) 5 (26%) 0.21
  PRBC transfused (units) 1.75 ± 0.46 1.50 ± 0.54 0.33
  Preop. serum magnesium (mEq/L) 2.16 ± 0.21 2.18 ± 0.19 0.76

Table 2  Perioperative variables

MGS: Magnesium sulfate; REM: Remifentanil; MAP: Mean arterial pres-
sure; PRBC: Packed red blood cells; Preop.: Preoperative.
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Figure 1  Temporal changes of the heart rate in both groups at the base-
line, the induction of anesthesia, positioning, following 30 min and every 
hour thereafter. MGS: Magnesium sulfate; REM: Remifentanil.

Ghodraty MR et al . Magnesium and remifentanil in PSF

Ba
se

lin
e

In
du

cti
on

Po
sit

ion
ing

30
 m

in 1 h 2 h 3 h 4 h 5 h

Ar
te

ria
l b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)

 160

 140

 120

100

  80

  60

  40

  20

    0

MGS
REM
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positioning, following 30 min and every hour thereafter. MGS: Magnesium 
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Systolic blood pressure in REM group
Systolic blood pressure in MGS group

Mean arterial blood pressure in MGS group
Mean arterial blood pressure in REM group
Diastolic blood pressure in MGS group
Diastolic blood pressure in REM group



55 January 18, 2014|Volume 5|Issue 1|WJO|www.wjgnet.com

desirability bias, where they try to portray themselves or 
their organization in a more favorable light.

Previously, Ryu et al[22] compared the efficacy of  remi-
fentanil with magnesium to induce controlled hypoten-
sion in middle ear surgery. These authors demonstrated 
that magnesium and remifentanil were comparable in 
inducing controlled hypotension; however, the patients 
reported less post-operative pain in the magnesium 
group. Additionally, magnesium was associated with a 
lower incidence of  postoperative nausea and/or vomiting 
and shivering during emergence from anesthesia when 
compared to those receiving remifentanil. Our findings 
confirmed the results reported by these investigators. 
Analgesic effects of  magnesium were attributed to its 
ability to inhibit NMDA receptors in a non-competitive 
way. Although we did not study the analgesic effects of  
magnesium particularly, the intraoperative pain profile 
and requirement for morphine supplement was similar to 
remifentanil. Several other investigators also showed that 
the use of  magnesium reduced the analgesic requirement 
after surgery[19,23,24].

Magnesium is used to induce controlled hypoten-
sion due to its inherent vasodilatory effects. Yosry et 
al[25] successfully used magnesium to induce controlled 
hypotension for choroid melanoma (a highly vascular 
tumor with a tendency to bleed) surgery. They compared 
magnesium to nitroprusside and eloquently demonstrated 
that choroidal blood flow as measured by laser Doppler 
flowmetry was reduced with magnesium, comparable to 
nitroprusside. There was no need for a pharmacological 
supplement in either group in order to decrease the blood 
pressure to the target levels. Although we needed to 
supplement our patients with intravenous NTG in 25% 
of  patients to attain the preset target MAPs down to the 
60-70 mmHg range, there was no difference between the 
REM and MGS groups in the amount of  surgical bleed-
ing. Similarly, Göral et al[26] demonstrated that magnesium 
significantly decreased the amount of  surgical bleeding 
following lumbar discectomy surgery and improved the 
surgical exposure compared to normal saline controls. 
These authors used normal saline as a control, a strategy 
that we could not establish for both therapeutic and ethi-
cal reasons.

Cerebral perfusion is the main point of  concern 
when deliberate hypotension is used in clinical settings. 
Although an intact auto-regulation is supposed to main-
tain a constant blood flow to the brain as long as MAPs 
are maintained equal to or greater than 50 mmHg, the 
adequacy of  perfusion depends on cerebral metabolic 
rates. Controversy remains regarding the effects of  mag-
nesium on cerebral blood flow. While magnesium has 
been shown to increase cerebral blood flow in patients 
with preeclampsia, Wong et al[27] were unable to show any 
increase in regional cerebral blood flow using perfusion 
magnetic resonance imagings among 12 patients follow-
ing acute subarachnoid hemorrhage following intrave-
nous MGS infusion. In experimental settings, magnesium 
treatment preserves the ischemia-induced reduction in 
S-100 proteins, possibly by restoration of  blood brain 

permeability during hypoxia[28]. Additionally, Mori et al[29] 

have described neuro-protective effects following intra-
thecal infusion of  magnesium in a rat model of  subarach-
noid hemorrhage. Neuroprotective effects of  magnesium 
are considered advantageous during controlled hypoten-
sion.

Cardiovascular complications associated with mag-
nesium infusion, such as arrhythmia, hypotension, bra-
dycardia and tachycardia, were similar between the MGS 
and REM groups in our study. Although the number of  
patients studied in our series was not powered to com-
ment about the safety of  magnesium, the incidence of  
these complications in patients after a similar dose of  
magnesium was rare in the literature. Moreover, previous 
research showed that magnesium might in fact be benefi-
cial in reducing post myocardial infarction incidence of  
dysrhythmias, pump dysfunction and death[30]. Even the 
issue of  retention of  muscle relaxant drugs after surgery 
was not very concerning[31].
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