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Intrathecal injection of magnesium sulfate: shivering
prevention during cesarean section: a randomized, double-
blinded, controlled study
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Department of Anesthesiology and Pain Medicine, Rasoul-Akram Medical Center, Tehran University of Medical Sciences, Tehran, Iran

Background: Regional anesthesia is known to significantly impair thermoregulation and predispose patients to hypo-
thermia. We hypothesized that the addition of an intrathecal injection of magnesium sulfate (MgSO,) to bupivacaine
would improve perioperative shivering in female patients undergoing elective caesarean section.

Methods: In a block-randomized, double-blinded, controlled trial 72 patients scheduled for elective caesarean section
with spinal anesthesia were separated into two groups. In the treatment group, 2 ml of 0.5% bupivacaine plus 25 mg
MgSO, (0.5 ml) were injected intrathecally, and in the control group 2 ml of 0.5% bupivacaine plus 0.5 ml normal saline
were injected intrathecally. Core temperature was measured before and after drug injection at predetermined intervals.
Sedation was graded using the Ramsay sedation scale.

Results: No significant intergroup differences in appearance of shivering were seen immediately or at 5, 30, 40, 50, 60,
and 90 min after block administration. However, at 10, 15, and 20 min post block, there was a significant difference in
shivering. The group administered MgSO, showed lower shivering grades compared with the control group. Core tem-
perature was significantly reduced in the MgSO, group compared to the normal saline group 30 min after blocking.
Conclusions: Intrathecal injection of MgSO, improved perioperative shivering in female patients undergoing elective
caesarean section. (Korean ] Anesthesiol 2013; 65: 293-298)

Key Words: Bupivacaine, Cesarean section, Magnesium sulfate, Shivering.

Received: January 25, 2013. Revised: 1st, February 14, 2013; 2nd, March 15, 2013. Accepted: April 15, 2013.

Corresponding author: Poupak Rahimzadeh, M.D., Department of Anesthesiology and Pain Medicine, Rasoul-Akram Medical Center, Tehran
University of Medical Sciences, Tehran 14455-364, Iran. Tel: 98-21-64359, Fax: 98-21-66509059, E-mail: p-rahimzadeh@tums.ac.ir

© This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © the Korean Society of Anesthesiologists, 2013 www.ekja.org



Magnesium prevents shivering

Introduction

Shivering is a common post-anesthetic complication occur-
ring in up to 56.7% of patients undergoing spinal or epidural an-
esthesia. Shivering may interfere with electrocardiogram, blood
pressure, and oxygen saturation monitoring. In addition, shiver-
ing increases oxygen consumption, carbon dioxide production,
and metabolic rate by up to 400%. Thus, it may result in problems
in patients with low cardiac and pulmonary reserves [1-3]. Pre-
venting shivering could therefore result in better postoperative
outcomes or reduce the incidence of post-surgical complications.

Magnesium sulfate (MgSO,) has anti-shivering effects. More-
over, it has potential neuroprotective effects, and may enhance
neuroprotection against the effects of hypothermia [1,3-9]. In-
trathecal MgSO, administration provides effective perioperative
analgesia and can prolong the period of anesthesia and sensory
blockade without any additional side-effects [4-10]. However,
most of the research on the role of MgSO, in the prevention
of shivering has focused on intravenous infusion of this drug
[11,12]. Few clinical trials have examined the effect of adding
intrathecal MgSO, to anesthetic agents such as bupivacaine to
suppress anesthesia-related shivering in patients.

Similar to infusion studies, we hypothesized that the addition
of intrathecal injection of MgSO, to bupivacaine would improve
perioperative shivering in female patients undergoing elective
caesarean section. Few previous studies evaluated neuroaxial
anti-shivering effects of intrathecal magnesium and none evalu-
ated the anti-shivering effect of intrathecal MgSO,. Therefore,
we elected to use the lowest dosage (25 mg MgSO,) that was
formerly utilized for investigation of analgesic effects [5,7,10].

Materials and Methods

In a randomized, double-blinded controlled trial, 72 patients
in an academic general hospital between June 2011 and March
2012 were enrolled in the study. The patients were selected by
block randomization into two groups. The inclusion criteria
were as follows: 18—-37 years of age and American Society of An-
esthesiologists (ASA) physical status I-1I who were scheduled for
elective repeat cesarean section under spinal anesthesia. The ex-
clusion criteria were as follows: ASA physical status > II, obesity
(body mass index > 30 kg/m’), preoperative temperature > 38°C,
any contraindications to regional anesthesia, allergy to the study
drugs, pre-eclampsia, alcohol or substance use, neuropathies,
respiratory distress, coagulopathies, and any possible thermo-
regulation altering medications. The hospital Ethics Committee
approved the study protocol and written informed consent was
obtained from all participants.

Operating room temperature was maintained at 23-25°C
with a humidity of 55-65%. No other warming device was used.
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Intravenous fluids fluids were preheated at room temperature.
All patients were covered with one layer of surgical drapes over
the chest, thighs, and calves during the operation, and one cot-
ton blanket over the entire body postoperatively. Before admin-
istering spinal anesthesia, standard monitoring was established
and patients were given 10 ml/kg lactated Ringer’s solution in-
travenously over 30 min.

Spinal anesthesia was administered in the left lateral decu-
bitus position at the L4-L5 interspace. All participants received
2 ml of 0.5% bupivacaine (Mylan, 20 mg/4 cc) using a Quincke
spinal needle (K-3 Point, 25 G, 90 mm, Dr.Japan, Co., Tokyo,
Japan). The syringes were prepared by a separate colleague and
the anesthetist was not aware of the contents. In the treatment
group, 2 ml of 0.5% bupivacaine plus 25 mg MgSO, (MgSO,
5% diluted to 25 mg/0.5 ml, Samen daru, Iran) were injected
intrathecally. In the control group, 2 ml of 0.5% bupivacaine plus
0.5 ml normal saline were injected intrathecally. All variables
were recorded by a different colleague who was not aware of
the group allocation. Core temperature was measured using an
infrared tympanic electronic thermometer (Genius II, Covidien,
Mansfield, MA, USA). Heart rate (HR) was measured by ECG
monitoring. Systolic and diastolic blood pressures were mea-
sured by non-invasive blood pressure, and oxygen saturation by
pulse oximetry. Vital signs were assessed every 5 min for the first
15 min and every 10 min thereafter until the end of recovery.
Temperature measurements were performed before the spinal
block, immediately after the spinal anesthesia, and then every 30
min until 1 h after entry into the post-anesthesia care unit.

Shivering was measured at the following time points: im-
mediately after spinal anesthesia, and at 5, 10, 15, 20, 30, 40, 50,
60 and 90 min later. Shivering was graded where 0 (none) = no
visible shivering or muscular tonicity; 1 (mild) = mild increase
in masseter or face muscle tonicity; 2 (moderate) = tremor or
muscular tonicity in proximal muscles; and 3 (severe) = tremor
or muscular tonicity involving the whole body [13].

Sedation was graded using the Ramsay sedation scale, in
which 1 = patient was anxious, agitated or restless; 2 = patient
was co-operative, oriented, and tranquil; 3 = patient responded
to commands only; 4 = patient exhibited a brisk response to
light glabellar tap or loud auditory stimulus; 5 = patient exhib-
ited a sluggish response to light glabellar tap or loud auditory
stimulus; and 6 = patient exhibited no response [14]. In cases
where shivering scores were greater than or equal to 3, 25 mg
meperidine was administered intravenously. If the heart rate was
less than 50 beats per min, 0.5 mg atropine was administered.
Also, if the systolic arterial pressure was less than 90 mmHg, an
intravenous dose of 10 mg ephedrine was administered.

Results were reported as means * standard deviation (SD) for
quantitative variables and percentages for categorical variables.
The groups were compared using Student’s t-test for continuous

www.ekja.org



Korean J Anesthesiol

variables and the chi-square test (or Fisher’s exact test if appro-
priate) for the categorical variables. Trends in the changes in vi-
tal signs during the study were assessed using the trend for chi-
square test. P values of 0.05 or less were considered to indicate
statistical significance. All statistical analyses were carried out
using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) and SAS
version 9.1 for Windows (SAS Institute Inc., Cary, NC, USA).

Results

A total of 72 females with a mean age of 26.74 + 3.87 (range
20-37 years), were considered for admittance into the study.
They were randomized into two groups: 1) administered MgSO,
or 2) normal saline. The two groups had similar characteristics
with regard to age, body mass index, sensory block onset and
duration, blood loss, and duration of surgery (Table 1). Cardio-
respiratory indices including systolic and diastolic blood pres-
sures, heart rate, and SpO, between the groups at various time
points after blocking were similar (P > 0.05) (Fig. 1 and 2).

Table 1. Demographic Data and Basal Variables of the MgSO, and
Control Groups

Study group
Study variable P value
MgSO, Control
Age of patients 26.22 +£3.78 27.20 £3.94 0.28
Body mass index 27.92+0.88 27.64+0.93 0.87
Operation duration 52.08 +5.77 51.81 +5.63 0.95
Sensory block duration ~ 80.42 + 4.98 77.36 +4.99 0.44
Blood loss 252.87 £ 63.18  243.06 £ 57.51 0.50
Sensory block onset 2.49 +£0.69 247 +0.77 0.75

All parameters are expressed as Mean + SD. There are no significant
differences between them. MgSO,: Magnesium sulphate.

140 -
=) Systolic BP PEN
2 120{
€
£
g
§ 100 - —— MG group
o . . ---- MS grou
5 Diastolic BP group
3 -
oS 80
m
60 T T T T T T T T T 1
AN ANY N N & & & & & &
&e\oo @e\oo {(.\@ S S ° &o\& O \(} &° Qb &° A\& &° & ° & &°
CePCg® (& e 2 ot odnd gt «Oae «Oaet
S & & FrF & FEE

Fig. 1. Trends of systolic and diastolic blood pressure changes after blocking
in the MgSO, and control groups (P > 0.05).
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No significant intergroup differences in appearance of shiv-
ering were seen immediately, or at 5, 30, 40, 50, 60, and 90
min after block administration. However, after 10, 15, and 20
min, there was a significant difference (P < 0.05) between the
groups. The group administered MgSO, exhibited lower shiv-
ering grades compared with the control group. No differences
between the groups in the grade of sedation were observed at
various time points after blocking (Table 2). Core temperature
was significantly reduced in the MgSO, group compared to the

Table 2. Sedation Rates in the MgSO, and Control Groups

Sedation rate MgSO, group - Control group P value

(n=36) (n=36)
Immediately before blocking 0.55
Grade 0 15 (41.7) 13 (36.1)
Grade 1 21 (58.3) 23 (63.9)
Grade 2 0(0.0) 0(0.0)
Immediately after blocking 0.28
Grade 0 11 (30.6) 7 (19.4)
Grade 1 25 (69.4) 29 (80.6)
Grade 2 0(0.0) 0(0.0)
First 30 min after blocking 0.22
Grade 0 2 (5.6) 0(0.0)
Grade 1 31 (86.2) 33 (91.7)
Grade 2 1(2.8) 3(8.3)
Second 30 min after blocking 0.30
Grade 0 2 (5.6) 0(0.0)
Grade 1 29 (80.6) 33 (91.7)
Grade 2 5(13.8) 3(8.3)
Third 30 min after blocking 0.18
Grade 0 6 (16.7) 9 (25.0)
Grade 1 26 (72.2) 27 (75.0)
Grade 2 4(11.1) 0(0.0)

All parameters are expressed as Numbers. There are no significant
differences between them. Parenthesis show percent of them (%).
MgSO,: Magnesium sulphate.
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Fig. 2. Trends of heart rate and arterial oxygen saturation changes after
blocking in the MgSO, and control groups (P > 0.05).
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Fig. 3. Trend of core temperature changes after blocking in the MgSO,
and control groups (P < 0.05 after 30 min).

normal saline group 30 min after blocking (Fig. 3). None of the
patients in the MgSO, group needed meperidine. However, 25-
mg meperidine was administered intravenously to eight patients
(22.2%) in the control group; the difference was statistically non-
significant (P = 0.07).

Discussion

Shivering may interfere with intraoperative monitoring
devices and increases oxygen consumption, carbon dioxide
production and lactic acidosis [3]. Research has demonstrated
the effectiveness of intravenous infusion of MgSO, in shivering
control after regional anesthesia. Therefore, we evaluated its in-
trathecal effects in this study. There are also beneficial effects of
the addition of MgSO, to anesthetic drugs, including improving
intraoperative conditions, prolongation of analgesia duration,
and minimizing clinical drug-related side effects such as nau-
sea, pruritis, and somnolence [15-18]. Indeed, MgSO, infusion
can prevent shivering during transurethral prostatectomy and
lower limb surgeries in patients receiving spinal anesthesia [3,7].
However, the current study is the first to determine the effect of
adding intrathecal MgSO, to bupivacaine in patients undergoing
caesarean section.

The main finding of this study is that in patients undergoing
caesarean with spinal anesthesia, the addition of MgSO, intra-
thecally effectively reduced shivering within 10 to 20 min after
block administration. This effect, however, did not persist there-
after. Considering these findings, we presume that the injection
of 2 ml of 0.5% bupivacaine plus 25 mg MgSO, intrathecally is
not a sufficient dose to achieve a continuous or longer duration
of anti-shivering effects. Interestingly, the shivering scores were
lower in both groups after 20 min (Table 3).
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Table 3. Appearance of Shivering after Blocking in the MgSO, and
Control Groups

MgSO, group  Control group

Time after blocking (n = 36) (n = 36) P value
Immediately after blocking 0.63
Grade 0 29 (80.5) 31 (86.1)
Grade 1 6 (16.7) 4(11.1)
Grade 2 1(2.8) 1(2.8)
5 min after blocking 0.23
Grade 0 27 (75.0) 23 (63.9)
Grade 1 6(16.7) 10 (27.8)
Grade 2 3(8.3) 3(8.3)
10 min after blocking 0.01
Grade 0 28 (77.8) 16 (44.5)
Grade 1 8(22.2) 17 (47.2)
Grade 2 0 (0.0) 3(8.3)
15 min after blocking <0.01
Grade 0 32 (88.9) 16 (44.5)
Grade 1 4(11.1) 14 (38.8)
Grade 2 0(0.0) 6 (16.7)
20 min after blocking <0.01
Grade 0 34 (94.4) 25 (69.4)
Grade 1 2 (5.6) 10 (27.8)
Grade 2 0(0.0) 1(2.8)
30 min after blocking 0.10
Grade 0 33(91.6) 30 (83.3)
Grade 1 2 (5.6) 5(13.9)
Grade 2 1(2.8) 1(2.8)
40 min after blocking 0.55
Grade 0 31 (86.1) 32 (88.9)
Grade 1 5(13.9) 4(11.1)
Grade 2 0(0.0) 0(0.0)
50 min after blocking 0.43
Grade 0 32 (88.9) 33 (91.6)
Grade 1 4(11.1) 2 (5.6)
Grade 2 0(0.0) 1(2.8)
60 min after blocking 0.31
Grade 0 30(83.3) 32(88.9)
Grade 1 4(1L.1) 3(8.3)
Grade 2 2 (5.6) 1(2.8)
90 min after blocking 0.27
Grade 0 32 (88.9) 31 (86.1)
Grade 1 3(8.3) 4(11.1)
Grade 2 1(2.8) 1(2.8)

All parameters are expressed as numbers. There are significant differences
between them in 10, 15 and 20 minutes. MgSO,: Magnesium sulphate.

Haulbold and Meltzer [19] reported sensorial and motor
blockades in humans after intrathecal administration of mag-
nesium. Furthermore, recent studies have demonstrated that the
administration of magnesium intrathecally is safe and in combi-
nation with other anesthetic agents extends the effects of spinal
anesthesia in both animal and human models [20]. The beneficial
effects of MgSO, on preventing post-anesthetic shivering, how-
ever, remain unclear. Despite the investigation of multiple drug
regimens in prevention of postoperative shivering, the ideal treat-
ment has not yet been determined. Some of these agents are as
follows: meperidine, tramadol, fentanyl, physostigmine, clonidine,
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and ketamine [1,21-26]. Because the incidence of hypotension,
sedation and other side effects is relatively significant following
use of these drugs, administration to reduce shivering may not
be ideal. Consequently, the use of regional MgSO, is attractive
for this purpose.

The mechanism of shivering during regional anesthesia is
not understood. Some possibilities include a temporary halt in
central thermoregulation [1,23,24] and internal redistribution of
body heat lost to the environment [25]. Furthermore, MgSO, use
can cause peripheral vasodilatation, which potentially improves
coetaneous circulation, thus decreasing the incidence of shivering
[10]. Moreover, MgSO, acts as a calcium antagonist and a non-
competitive antagonist of N-methyl-D-aspartate receptors, and
its effect on analgesia, particularly neuropathic pain symptoms
and motor blockade lengthening, has been reported [3,15,27].
This mechanism of action has also been considered for the anti-
shivering effects of magnesium, but requires further investiga-
tion in animal models and clinical studies.

In the current study, we also report that core temperature
was reduced in the MgSO, group 30 min after block administra-
tion. Indeed, injection of MgSO, is known to result in reduction
of core temperature following anesthesia. Gozdemir et al. [3]
reported that MgSO, infusion prevented shivering in patients
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