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tudy Objective: To study the role of magnesium sulphate (MgSO4) on analgesic
equirement, pain, discomfort, and sleep during perioperative period.
esign: prospective, double-blinded, randomized study.
ettings: Operating room and recovery ward at a university teaching hospital.
atients: 50 ASA physical status I and II patients scheduled for elective open cholecys-

ectomy with general anesthesia.
nterventions: patients were randomly allocated to receive MgSO4 or saline intravenously
IV). Patients in the magnesium group received 50% MgSO4 (50 mg kg�1) in 100 mL
aline and those in the control group received an equal volume of saline IV during the
reoperative period followed by 50 mL hr�1 infusion of either MgSO4 (15 mg kg�1 hr�1)
r saline until the end of surgery.
easurements and Main Results: Morphine requirement, pain during rest and on

oughing, discomfort, and insomnia were assessed during the postoperative period for 24
ours. Intravenous morphine 40 �g kg�1 increments were given to all patients in the
ostoperative period for analgesia. Patients in the magnesium and control groups had
imilar morphine requirement during the first 24 hours postoperatively (p � 0.07).
atients in the magnesium group experienced less discomfort during the first hour after the
peration. They also had better sleep quality during the first postoperative night than did
he control group patients (p � 0.05). The frequency of side effects was similar in the two
roups.
onclusion: Administration of intraoperative MgSO4 as an adjuvant analgesic in
atients undergoing open cholecystectomy resulted in better pain relief and comfort in the
irst postoperative hour, but it did not significantly decrease the postoperative morphine
equirement. Magnesium sulphate resulted in better sleep quality during the postoperative
eriod, without any significant adverse effects. The role of MgSO4 as an adjuvant
nalgesic in open cholecystectomy needs to be studied further. © 2004 by Elsevier Inc.

eywords: Analgesics; postoperative: magnesium sulphate; postoperative
utcomes: comfort; insomnia; pain; receptors: N-methyl-D-aspartate.

ntroduction

alcium-channel blockers have antinociceptive effects in animals1 and they
2
otentiate morphine analgesia in patients with cancer pain. Magnesium sulfate

0952-8180/04/$–see front matter
doi:10.1016/j.jclinane.2003.08.012
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Magnesium and perioperative analgesia: Bhatia et al.
MgSO4) is a physiologic calcium-channel blocker3 and an
ntagonist of the N-methyl-D-aspartate (NMDA) recep-
or.4 NMDA receptor antagonists can prevent the induc-
ion of central sensitization caused by peripheral nocicep-
ive stimulation and abolish the hypersensitivity once it is
stablished.5 Thus, it has been suggested that substances
ith calcium-channel blocker effects and NMDA antago-
ism can play a role in prevention of pain. Use of MgSO4

s an adjuvant has been associated with significantly less
nalgesic requirement in the postoperative period in
atients undergoing abdominal hysterectomy and lower

imb operations.6–9 Previous clinical trials on the analgesic
ole of MgSO4 have concentrated mainly on postoperative
ain in lower abdominal and limb surgeries. To date,
here are no studies on the use of MgSO4 as a supplement
o opioids in patients undergoing upper abdominal sur-
ery. We conducted this study to evaluate the analgesic
fficacy of MgSO4 administered intravenously (IV) on the
erioperative analgesic requirements, pain at rest and on
oughing, discomfort, and quality of sleep in patients
ndergoing open cholecystectomy.

aterials and Methods

fter obtaining approval from the Institutional Ethics
ommittee of the All India Institute of Medical Sciences
nd informed consent, we studied 50 ASA physical status I
nd II patients in a double-blinded, prospective, random-
zed manner. Patients with prior abdominal surgery, major
ystemic illness, those receiving calcium-channel blockers,
hose with renal dysfunction, or history of neuropathy or

yopathy were excluded from the study.
Patients were randomly allocated, via computer-gener-

ted random numbers table, to one of two groups of 25
ach: a magnesium group and a control group. Patients in
he magnesium group received an IV bolus of MgSO4 50

g kg�1 in 100 mL of 0.9% normal saline (50% MgSO4

SP inj., Hindustan Pharmaceuticals, New Delhi, India),
nd those in control group received 100 mL of 0.9%
ormal saline 15 minutes before induction of anesthesia.
he bolus dose was followed by a continuous infusion of
gSO415 mg kg�1hr�1 or 0.9% normal saline 50 mL every

our in both groups. The bolus dose of the MgSO4

egimen corresponded to 75% of a usual bolus dose in the
reatment of preeclamptic women and a maintenance
ose corresponded to 25% of the normal amount given in
hese patients.10

A standard horizontal 100-mm linear visual analog scale
VAS) was used to assess pain at rest and on coughing (0

no pain at all to 100 � worst pain imaginable).
iscomfort was assessed by asking the patient, “How much
iscomfort do you feel right now?” and was rated by
atients on a VAS (0 � no discomfort at all to 100 �
xtreme discomfort). Insomnia was assessed by asking,
How well did you sleep last night?” and quality of sleep
as rated by patients on the VAS (0 � no insomnia,
xcellent quality of sleep to 100 � absolute insomnia).
uring the preoperative visit, patients were instructed in

he use of the VAS, after which baseline values of pain at
6
est, discomfort, and insomnia were obtained. s
Patients were fasted orally for 6 hours before surgery,
nd no premedication was given. General anesthesia was
nduced with thiopental sodium and tracheal intubation
as facilitated with 0.1 mg kg�1 vecuronium. Anesthesia
as maintained with 66% nitrous oxide in oxygen, vecu-
onium, and 0.5% to 1% halothane. The top-up doses of
ecuronium were given following visual and tactile moni-
oring of train-of-four, because MgSO4 has been impli-
ated in prolonging neuromuscular blockade. Morphine
.1 mg kg�1 was administered IV at induction of anesthe-
ia, and subsequent incremental doses of 0.04 mg kg�1

ere given if a patient had sweating, lacrimation, or a 20%
ncrease above baseline in heart rate (HR) or blood
ressure. The total amount of vecuronium and morphine
dministered and time of last dose of intraoperative
orphine during surgery were recorded. Intraoperative
onitoring included electrocardiography, HR, pulse

ximetry, noninvasive blood pressure (NIBP), end-tidal
arbon dioxide concentration, and neuromuscular junc-
ion monitoring. At the end of surgery, neuromuscular
lockade was reversed with neostigmine 0.05 mg kg�1 and
tropine 0.02 mg kg�1.

All patients were monitored in the postanesthesia re-
overy room for the first 24 hours. Postoperative monitor-
ng included HR, NIBP, and pulse oximetry. A trained
nesthetist who was not involved in the study assessed
ain, and analgesia was administered to achieve a VAS �
0. Pain relief in the postoperative period was given with
V increments of morphine 40 �g kg�1 to patients in both
roups. Morphine requirement during the first 24 hours
fter surgery was recorded. Pain and discomfort were
ecorded for comparison between the two groups at 0, 1,
, and 24 hours postoperatively, and insomnia was assessed
fter the first postoperative night. Sedation was assessed at
, 1, 6, and 24 postoperative hours using a 4-point rating
cale,7 in which 1 � patient fully awake; 2 � somnolent,
esponds to call; 3 � somnolent, no response to call but
esponds to tactile stimulation; and 4 � asleep, responds
o painful stimulation. No other sedatives or analgesics
ere used during the perioperative period. Any side
ffects or any significant events were noted.

tatistical Analysis

restudy power analysis indicated that 25 patients per
roup would be necessary to have a 80% chance (� � 0.2)
t a 5% level of significance of detecting a difference of at
east 25% in morphine consumption between the two
roups [version 6.0 of Epi Info (Centers for Disease
ontrol, Atlanta, GA, and World Health Organization,
eneva, Switzerland)]. Continuous variables such as de-
ographic data and the intraoperative and postoperative
orphine consumption were analyzed using Student’s

-test. and ordinal data (VAS scores, sedation score, pain
ating score) were analyzed using the Mann-Whitney U
est. Chi-square testing was used to analyze categorical
ata. Probability values �0.05 were considered statistically

ignificant.

263J. Clin. Anesth., vol. 16, June 2004
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esults

ifty patients who underwent open cholecystectomy were
tudied in two groups of 25 patients each. The two groups
ere comparable with respect to age, weight, gender
istribution, and duration of surgery (Table 1). Morphine
equirement during the intraoperative period was statisti-
ally similar in both groups. The cumulative morphine
onsumption during the first 24 hours of the postopera-
ive period was 0.28 � 0.05 mg/kg in the control group
nd 0.23 � 0.05 mg/kg in the MgSO4 group (p � 0.07).

VAS scores for pain in the preoperative period were
imilar in the two groups. After the operation, pain scores
n coughing at 0 hour and 1 hour were significantly lower

n the magnesium group (p � 0.05, Figure 1). VAS scores
or pain at 6 and 24 hours postoperatively were similar in
oth groups. Preoperative discomfort and insomnia levels
ere also similar in both groups. Discomfort scores at 0
our and 1 hour were significantly lower in the MgSO4

roup than in the control group (p � 0.05, Table 2). At 6
ours postoperatively, discomfort was significantly in-
reased in both groups compared with preoperative val-
es. However, discomfort was comparable in both groups
t 6 and 24 hours postoperatively. There was no difference
n sedation scores between the two groups at 0, 1, 6, and 24
ours postoperatively. Patients who were administered
gSO4 had significantly less insomnia during the first

ostoperative night compared with patients from the
ontrol group (p � 0.05, Table 3).

able 1. Patient Characteristics (mean � SD) and Analgesic R

roup (n � 25)

ender (M: F)
ge (ys)
eight (kg)
uration of surgery (min)

ntraoperative morphine requirement (mg)
otal vecuronium consumption(mg)
ostoperative morphine consumption (mg/kg)

ote: No significant differences between groups were noted.

igure 1. Visual Analog Scale (VAS) scores for pain on
oughing during the first 24 hours after surgery (data are
edians and 25% to 75%). Scores at 0 and 1 hour were
1ignificantly lower in the magnesium group (p � 0.05).

64 J. Clin. Anesth., vol. 16, June 2004
The time of onset and duration of neuromuscular
lockade of vecuronium were similar in both groups.
one of the patients in the MgSO4 group had any sign or

ymptoms of prolonged neuromuscular blockade. Four
atients in the control group and three patients in MgSO4

roup did suffer postoperative nausea and vomiting,
hich was treated with an injection of ondansetron 0.1
g/kg IV. Postoperative shivering was observed in four

atients from the control group. No patient in the MgO4

roup had any postoperative shivering.

iscussion

e found that administration of MgSO4 intraoperatively
o patients undergoing open cholecystectomy did not
ignificantly decrease the requirement of morphine dur-
ng the first 24 hours of the postoperative period. The
umulative intraoperative and postoperative need for mor-
hine was similar in the magnesium and control groups (p

0.07). Patients in the MgSO4 group experienced signif-
cantly less discomfort during the first hour in the postop-
rative period compared with the control group. The
uality of sleep during the first postoperative night in the
gSO4-treated patients was better than that of the control

roup.
Parenteral MgSO4 has been used for a long time in

bstetric and cardiovascular practice but its role as an
nalgesic during the perioperative period is controver-
ial.6–9,11 In current medical practice, opioids are com-
only used as perioperative analgesic drugs but high

oses may produce adverse effects such as respiratory

able 2. Visual Analog Scale Scores (median and range) for
iscomfort

eriod Control (n � 25) Magnesium (n � 25)

reoperative 5.60 (0–25) 3.0 (0–25)
ostoperative
0 hour 62.60 (25–85) 46.40 (25–80)*
1 hour 57.40 (25–80) 47.00 (25–80)**
6 hours 43.20 (25–75) 40.00 (25–60)
24 hours 33.20 (10–60) 35.60 (20–60)

ote: No significant differences between groups except at the 0 and

ment

Control Magnesium

5: 20 7: 18
36.70 (10.7) 38.90 (9.5)
54.20 (10.8) 59.40 (10.8)
76.24 (15.16) 77.33 (17.61)
6.78 (1.59) 7.16 (1.89)
7.74 (1.43) 6.52 (1.10)
0.28 (0.05) 0.23 (0.05)
equire
hour timepoints: *P � 0.05; **P � 0.01.
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Magnesium and perioperative analgesia: Bhatia et al.
epression and nausea and vomiting. Use of MgSO4 as an
djuvant analgesic may reduce the requirement for opi-
ids, thus reducing or avoiding such side effects.

There is limited literature on the role of MgSO4 as an
nalgesic drug. Magnesium has been used as a sole or
djuvant analgesic during the intraoperative period in
atients undergoing hysterectomy or lower limb opera-
ions.6–9 Wilder-Smith and colleagues11 used a periopera-
ive infusion of magnesium levulinate in patients under-
oing elective abdominal hysterectomy and concluded
hat perioperative magnesium infusion does not improve
ostoperative analgesia. A small study group size and

nadequate dose of MgSO4 might have been possible
auses for this finding.

Tramer and colleagues6 reported that postoperative
dministration of MgSO4 for 20 hours is associated with
ignificantly less morphine requirement during the first 48
ours after the operation. Magnesium has a short duration
f action and its administration during the postoperative
eriod for 48 hours has been found to cause less discom-
ort and a better quality of sleep. We could not use MgSO4

n the postoperative period, because facilities for the
easurement of serum MgSO4 concentration are not

vailable at our institution.
The analgesic requirement with MgSO4 during the

ntraoperative period has been investigated in patients
ndergoing knee arthroscopy.8 The requirement of fent-
nyl in patients who were administered MgSO4 was signif-
cantly less than patients of the control group during the
ntraoperative and first 4 postoperative hours. We have
sed MgSO4 infusion along with morphine in patients
ndergoing open cholecystectomy. This procedure in-
olves an upper abdominal incision, which is more painful
nd which is associated with higher postoperative morbid-
ty compared with lower abdominal or limb operations.

In our study, VAS scores for pain during cough and
iscomfort were significantly lower in the MgSO4 group
ompared with the control group at 0 hour and 1 hour
ostoperatively (� 0.05). This finding may be because of
etter analgesia achieved by administration of a combina-
ion of morphine and MgSO4 to patients in the MgSO4

roup. However, this decrease in VAS score for pain and
iscomfort did not affect the requirement of morphine
ostoperatively. Later, at 6 and 24 hours postoperatively,

hese VAS scores were statistically similar in the two groups.
Intermittent bolus doses of morphine were used for

ostoperative analgesia in this study rather than patient-
ontrolled analgesia (PCA) pumps due to a lack of tech-
ical facility with PCA. Patient-controlled analgesia for
ostoperative analgesia administration could have been a

able 3. Visual Analog Scale Scores (median and range) for
nsomnia

eriod Control Magnesium

reoperative 5.3 (0–25) 4.6 (0–10)
ostoperative 51.0 (26–75)* 42.8 (10–70)

ote: No significant differences between groups except *P � 0.05.
etter option to study, but patient mood and anxiety level
ay significantly have affected use of the PCA pump.
itration of the analgesic doses by intermittent assessment
nd administration of analgesia by an independent inves-
igator are not influenced by patient factors and therefore
nlikely to reflect the postoperative analgesic requirement
ore accurately.
A relatively low requirement of morphine was found in

oth the groups in our study. This finding may be a result
f the low mean weight of our patients as compared with
ther studies.6,8 An ethnic variation in pain perception
nd pain tolerance may have affected the analgesic re-
uirement. Finally, a higher level of pain may be accept-
ble to some patients as this varies in different cultures.12

In conclusion, MgSO4 administration in patients un-
ergoing open cholecystectomy does not significantly de-
rease the requirement of morphine during the first 24
ostoperative hours as compared with that of control
atients. Magnesium administration resulted in better
ain relief and comfort in the initial postoperative period.
he quality of sleep was also better during the first
ostoperative night in the MgSO4-treated patients. Fur-
her studies with varying dose regimens of MgSO4 infusion
n the perioperative period in patients undergoing upper
bdominal operations may be required to evaluate its
nalgesic efficacy.
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