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Background: This clinical trial was conducted to determine whether combined use of
magnesium sulfate and vitamin C more significantly reduced postoperative fentanyl con-
sumption and pain than magnesium sulfate or vitamin C alone.

Methods: The prospective, double-blinded, randomized controlled study enrolled 132
patients scheduled for laparoscopic gynecologic surgery. The patients were randomly
allocated to one of the four groups (n = 33 for each group; Group M [magnesium sulfate
40 mg/kg], Group V [vitamin C 50 mg/kg], Group MV [magnesium sulfate 40 mg/kg
and vitamin C 50 mg/kg] and Group C [isotonic saline 40 ml]). Cumulative postoperative
fentanyl consumption (primary endpoint measure), postoperative pain score by numeric
rating scale, and postoperative nausea and vomiting were recorded at 1, 6, 24, and 48
h after discharge from the postanesthesia care unit.

Results: Cumulative postoperative fentanyl consumption was significantly less in Groups
M, V, and MV than in Group C at all time points. Group MV showed significantly less cu-
mulative postoperative fentanyl consumption than Group M at postoperative 24 h (mean
t standard deviation, 156.6 + 67.5 vs. 235.6 £ 94.6 pg, P = 0.001), as well as signifi-
cantly less consumption than Groups M and V at postoperative 48 h (190.8 + 74.6 vs.
301.0 + 114.8 or 284.1 + 128.6 pg, P < 0.001, P = 0.003, respectively).

Conclusions: Combined use of magnesium sulfate and vitamin C provides an additional
benefit in postoperative pain management after laparoscopic gynecologic surgery in
comparison to single administration of magnesium sulfate or vitamin C.

Keywords: Ascorbic acid; Laparoscopy; Magnesium sulfate; N-Methyl-D-Aspartate recep-
tors; Postoperative pain.

INTRODUCTION

Postoperative pain, despite advances in pain management,
remains an important clinical problem. Inadequate postop-

erative analgesia can lead not only to serious clinical prob-

lems but also to diminished quality of life and patient satis-
faction [1,2]. Opioids provide potent analgesia for patients
with moderate to severe pain and remain the mainstay of
postoperative pain analgesia, but these substances also have

multiple adverse effects (e.g., nausea, vomiting, impaired gas-
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trointestinal motility, and respiratory depression) [1]. These
adverse effects are dose-dependent and have considerable
inter-individual variability [3]. To improve the analgesic effect
and reduce these adverse effects, several co-analgesic agents
and interventions have been introduced [4].

Magnesium is a divalent cation that plays a key role in
ATPase activities in physiologic processes. It is an antagonist
of N-methyl-D-aspartate (NMDA) receptors in the central
nervous system and attenuates central sensitization [5,6].

Vitamin C (ascorbic acid) is a water-soluble vitamin and
an antioxidant that is necessary for growth and development.
It is also known for neuroprotective and neuromodulating
effects [7,8]. The exact analgesic mechanism of vitamin C is
unknown, and multiple functions of the vitamin may be in-
volved in that process.

Several clinical studies have reported that perioperative
administration of magnesium or high-dose vitamin C can re-
duce postoperative opioid requirements [5,9]. Some studies
compared the analgesic efficacy of magnesium sulfate with
that of other drugs [10-12]. Other studies focused on vitamin
C also included some comparisons [13]. The authors of the
present study were interested in evaluating the combined ef-
ficacy of magnesium sulfate and vitamin C in reducing acute
pain. To our knowledge, this is the first study that compares
magnesium sulfate and vitamin C directly with each other
and with the combination of the two.

We investigated the efficacy of the combined use of mag-
nesium sulfate and vitamin C on postoperative pain manage-
ment by assessing cumulative fentanyl consumption and
pain scores for the postoperative 48 h. We hypothesized that
a combination of magnesium sulfate and vitamin C would
more significantly reduce cumulative fentanyl consumption

than either magnesium sulfate or vitamin C alone.

MATERIALS AND METHODS

One hundred thirty-two patients, aged 20 to 60 years, with
American Society of Anesthesiologists physical status I or II,
who were scheduled for elective laparoscopic gynecologic
surgery, were enrolled. This double-blind randomized con-
trolled trial was approved by the Institutional Review Board
of our hospital (no. 19-0042), and written, informed consent
was obtained for all enrolled patients.

Exclusion criteria were allergy to magnesium sulfate, vita-
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min C, or any other study drugs; cardiovascular, neuromus-
cular, renal, or hepatic disease, diabetes, cancer; opioid or
analgesic abuse; and treatment with calcium channel block-
ers. The day before surgery, all enrolled patients were taught
how to use the patient-controlled analgesia (PCA) system
(AutoMed3400°, Ace Medical, Korea).

Patients were randomly (sealed envelope method) allo-
cated to one of four groups:

1) Magnesium sulfate group (Group M, n = 33): 40 ml solu-
tion of 40 mg/kg of magnesium sulfate and isotonic saline is
injected at a rate of 120 ml/h for 20 min as a bolus immedi-
ately prior to anesthesia induction. Subsequently, 40 ml of
the same solution is infused at a rate of 10 ml/h by continu-
ous intravenous infusion until the end of the operation (for
an infusion of 10 mg/kg/h).

2) Vitamin C group (Group V, n = 33): 40 ml of a solution of
50 mg/kg of vitamin C (Ascorbic Acid Injection®, Huons Co.,
Korea) and isotonic saline is injected at a rate of 120 ml/h for
20 min as a bolus immediately prior to anesthesia induction.
Subsequently, 40 ml of isotonic saline is infused at a rate of 10
ml/h by continuous intravenous infusion until the end of the
operation.

3) Magnesium sulfate and vitamin C group (Group MV, n =
33): 40 ml solution of 40 mg/kg of magnesium sulfate and 50
mg/kg of vitamin C with isotonic saline is injected at a rate of
120 ml/h for 20 min as a bolus immediately prior to anesthe-
sia induction. Subsequently, 40 ml of a solution of 40 mg/kg
of magnesium sulfate and isotonic saline is infused at a rate
of 10 ml/h by continuous intravenous infusion until the end
of the operation.

4) Control group (Group C, n = 33): 40 ml of isotonic saline
is injected at a rate of 120 ml/h for 20 min as a bolus imme-
diately prior to anesthesia induction. Subsequently, 40 ml of
isotonic saline is infused at a rate of 10 ml/h by continuous
intravenous infusion until the end of the operation.

Infusion pumps with 50 ml syringes were used in every
group. Owing to the yellow color of vitamin C, all syringes
were wrapped in aluminum foil. Doses of solutions were
based on previous studies [14,15]. Solutions were prepared by
a pharmacist equipped only with a random assignment table.
Data were collected by an anesthesiologist who was blinded
to the study groups. Monitoring devices (electrocardiography,
non-invasive blood pressure, pulse oximetry, and bispectral

index [BIS]) were established. A peripheral nerve stimulator
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(TOF Watch SX®, Organon Ltd., Ireland) was placed on the
ulnar nerve on the volar side of the wrist for monitoring of
neuromuscular block. Anesthesia was induced with propofol
(2 mg/kg), rocuronium (0.6 mg/kg), and remifentanil (4 ng/
ml) followed by a target effect site concentration of 2-3 ng/ml
throughout the operation using a target-controlled infusion
device (Orchestra® Base Primea, Fresenius Vial, France). An-
esthesia was maintained with a 1.0-2.5% end-tidal concen-
tration of sevoflurane in 50% oxygen with air to maintain a
BIS of 40-60 and appropriate hemodynamic parameters. The
magnesium sulfate and anesthetic agent infusions were dis-
continued at skin closure, and 20 g fentanyl, 30 mg ketoro-
lac, and 0.3 mg ramosetron were administered intravenously.
At the point after surgery of TOF ratio > 0.4, pyridostigmine
0.25 mg/kg and glycopyrrolate 0.01 mg/kg were used to an-
tagonize neuromuscular block. The PCA solution contained
15 ug/ml fentanyl in isotonic saline, programmed to admin-
ister a bolus dose of 1 ml, with a lockout interval of 5 min and
no basal infusion. After the operation, a PCA device was con-
nected to the intravenous line, and patients were transferred

to the postanesthesia care unit (PACU). Rescue analgesia

Assessed for eligibility (n = 144)

(30 mg ketorolac) was administered at patient request. The
anesthesiologist who was blinded to the study group evalu-
ated pain, nausea, vomiting, pruritus, fentanyl consumption,
and vital signs every 20 min during patients’ stay in the PACU
and again at 1, 6, 24, and 48 h after transfer from the PACU to
the ward. Duration of surgery and anesthesia, as well as days
of hospital stay, were recorded. Pain scores were evaluated
using the verbal numeric rating scale (NRS) where 0 = no
pain and 10 = worst pain intensity. In this study, the primary
outcome measure was postoperative cumulative fentanyl
consumption and secondary outcome measures were post-
operative pain score and the incidence of PONV.

In the pilot study, including 10 patients, 24 h consump-
tion of fentanyl was mean + standard deviation (SD) (378.2 +
153.2 ug) for patients undergoing laparoscopic hysterectomy.
Based on previous studies, we targeted a 30% reduction in
postoperative fentanyl consumption, and a minimum sample
size of 29 patients was required per group with an alpha value
of 0.05 and a power of 80% [5,15,16]. Considering 10% of the
rate loss, 33 patients were selected. Statistical analysis was
performed using SAS 9.4 (SAS Institute Inc., USA). Differenc-
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Fig. 1. CONSORT flow diagram. Group
C: control group, Group M: magnesium
sulfate group, Group V: vitamin C
group, Group MV: magnesium sulfate +
vitamin C group. PONV: postoperative
nausea and vomiting.
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es in American Society of Anesthesiologists physical status,
postoperative pain scores (NRS), and incidence of postopera-
tive nausea and vomiting (PONV) were reported as numbers,
percentages and were analyzed using the chi-square test or
Fisher’s exact test. The other continuous variables were ana-
lyzed for normality using the Shapiro-Wilk test. Normally dis-
tributed parameters were analyzed using analysis of variance
(ANOVA), and a post-hoc analysis was performed by Tukey’s
honestly significant difference (HSD) analysis. If the data did
not follow a normal distribution, the Kruskal-Wallis test was
used. In cases of a statistical difference (P < 0.05), the Mann-
Whitney test was used for a post-hoc analysis (P < 0.008). All
measured data are reported as mean + SD, or median with

interquartile range (Q1, Q3) or counts or percentages.

RESULTS

One hundred thirty-two patients were randomly allocated
into groups, and the CONSORT process is illustrated in Fig. 1.
After randomized allocation, seven patients were lost to fol-
low-up. Six patients were lost owing to nausea and vomiting,
and one owing to a change of the surgical procedure during
the operation (Group MV). There were no signs of residual
neuromuscular blockade in any subjects. No significant in-
tergroup differences in demographics or other characteristics
were present (Table 1).

Cumulative postoperative fentanyl consumption was sig-
nificantly less in Group M, Group V, and Group MV than in
Group C at all times (Fig. 2). In addition, Group MV showed
significantly less cumulative postoperative fentanyl con-
sumption than Group M and Group V at certain time points
(Group MV, 156.6 + 67.5; 190.8 + 74.6 ug compared with
Group M, 235.6 + 94.6; 301.0 + 114.8 ug, P = 0.001, P < 0.001,

Table 1. Base of the Characteristics

at 24 and 48 h after operation, respectively, compared with
Group V, 284.1 + 128.6 pg, P = 0.003, 48 h after operation).
Postoperative pain scores at rest at 1, 6, 24, and 48 h were
significantly lower in Group MV (4 [3, 4]; 3 [2, 3]; 2 [1, 2]; and
1.5 [1, 2]) than in Group C (5 [4, 6]; 3 [3, 5]; 3 [2, 5]; and 3 [1.75,
4]; P=0.001, P = 0.001, P < 0.001, and P = 0.002, respectively).
There was a significant difference in the scores between
Group V (4 [3, 4]) and Group C (5 [4, 6]; P = 0.006) at 1 h
postoperatively. In addition, Group MV showed significantly
lower NRS than Group M and Group V at 24 h postoperative-
ly (P < 0.001, P = 0.002, respectively) (Fig. 3). There were no

significant difference in postoperative pain scores between
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Postoperative hour

Fig. 2. Cumulative fentanyl consumption. Mean cumulative injected
fentanyl dose of the intravenous patient-controlled analgesia solution
in the four groups. The error bars show standard deviation. Group C:
control group, Group M: magnesium sulfate group, Group V: vitamin C
group, Group MV: magnesium sulfate + vitamin C group. *Indicates sig-
nificant difference between Group C and the other groups (P < 0.008).
"Indicates significant difference between Group MV and Group M (P =
0.001, P < 0.001, 24 and 48 h after operation, respectively). *Indicates
significant difference between Group MV and Group V (P = 0.003).

Variable Group C (n = 30) Group M (n=31) Group V (n=32) Group MV (n = 32)
Age (yr) 41.9+10.0 40.3+11.6 40.7 £10.5 38.7+9.7
Weight (kg) 57.6+8.9 574+71 584 +10.9 61.9+10.3
Height (cm) 1584 +4.3 160.8 £ 6.5 159.6 £ 5.7 160.7 £ 5.4
ASA (I/11) 25/5 21/10 26/6 27/5
Duration (min)

Surgery 92.8+30 79.8+228 784 +34.7 80.4+26.5
Anesthesia 128.8 + 30.6 115.4 £ 25.2 1141+ 36.9 1144+ 27.3
Hospital stay (d) 31+0.7 31+08 3.6+13 35106

Values are presented as mean + SD or number only. Group C: control group, Group M: magnesium sulfate group, Group V: vitamin C group, Group
MV: magnesium sulfate + vitamin C group. ASA: American Society of Anesthesiologists physical status.
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Group M and Group V. The incidence of PONV was slightly
higher in Group C, especially at 1 and 6 h (12 patients, 40%
and 10 patients, 33%. 1 and 6 h after operation, respectively),
but the difference was significant only between Group V and
Group C (P = 0.001 and P = 0.007, 1 and 6 h after operation,
respectively) (Fig. 4). There were no significant intergroup
differences in patient requirements for rescue medication in
Group C (3), Group M (3), Group V (2), and Group MV (2).
All patients were discharged home without significant
complications, and the durations of hospital stays were simi-

lar in all groups.

DISCUSSION

In the present study, both magnesium sulfate and vitamin
C significantly reduced fentanyl consumption for postopera-
tive 48 h. Group MV showed significantly less cumulative
postoperative fentanyl consumption than Group M at post-
operative 24 h and than Groups M and V at postoperative 48 h.

Magnesium is an important ion that is involved in the
regulation of several ion channels and physiologic processes.
The exact mechanism of its analgesic effect is not yet clear,

but possible key functions are NMDA receptor antagonism

1 Group C
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Postoperative hour

Fig. 3. Postoperative pain scores. Postoperative pain scores by numeric
rating scale at 1, 6, 24, 48 h after surgery. Box plot with median (solid
line), interquartile ranges (box) and values within 1.5 interquartile rang-
es from each side of the box (whiskers). Outliers are indicated by solid
circles. Group C: control group, Group M: magnesium group, Group V:
vitamin C group, Group MV: magnesium + vitamin C group. *Indicates
significant difference between groups (P < 0.008).
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and inhibition of calcium influx [17,18]. Many studies have
reported the analgesic efficacy of perioperative intravenous
magnesium administration. These studies have suggested
several regimens for bolus and infusion [5]. The doses have
spanned a fairly wide range, with a bolus dose from 30-50
mg/kg followed by an infusion of 6-25 mg/kg/h [5,14]. Sey-
han et al. [14] reported that magnesium 40 mg/kg as a bolus
followed by 10 mg/kg/h by continuous infusion leads to a
significant reduction in postoperative morphine consump-
tion, compared to other regimens. We also chose this method
in the present study owing to our use of the same surgical
model (40 mg/kg as a bolus, 10 mg/kg/h by infusion).
Oxidative stress and inflammation is associated with arthri-
tis, complex regional pain syndrome, infection, cancer, and
surgical trauma [9]. Reactive oxygen species (ROS) mediate
neuropathic pain, and ROS scavengers are useful in attenuat-
ing mechanical discomfort in a rat model [19]. Vitamin C acts
as a potent antioxidant, scavenging both ROS and nitrogen
species. Vitamin C also has anti-inflammatory properties, de-
creasing C-reactive protein and pro-inflammatory cytokines,
such as tumor necrosis factor, interferon, and interleukins,
which are markers of inflammation [20]. In addition to anti-
oxidative and anti-inflammatory properties, vitamin C also
has a neuromodulating function that has been shown to
modulate dopamine and glutamate mediated neurotrans-

mission [9,21]. Redox change of the NMDA receptor by

* f
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404 — [ Group M
. B Group V
X 357 - El Group MV
% 30
o 254
o 201
2
g 15 A
2 10+
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1h 6 h 24 h 48 h

Postoperative hour

Fig. 4. Incidence of postoperative nausea and vomiting. Values are pre-
sented as number (%). Group C: control group, Group M: magnesium
group, Group V: vitamin C group, Group MV: magnesium + vitamin C
group, PONV: postoperative nausea and vomiting. *Indicates signifi-
cant difference between Group C and Group V (P = 0.001). TIndicates
significant difference between Group C and Group V (P = 0.007).
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vitamin C decreases pain in chemical behavioral models of
nociception in mice [21]. Vitamin C also acts as a cofactor for
the synthesis of catecholamine neurotransmitters, which are
known as the inhibitory pain pathway [22]. Based on these
studies, vitamin C has been investigated as a possible adju-
vant for postoperative pain management.

Recently, Kanazi et al. [23] used oral vitamin C (2 g) in
reducing the postoperative consumption of opioids in pa-
tients undergoing laparoscopic cholecystectomy. Jeon et al.
[15] used 50 mg/kg vitamin C by intravenous infusion in a
similar attempt to reduce the consumption of opiods follow-
ing surgery in patients undergoing laparoscopic colectomy.
Ayatollahi et al. [24] showed that administration of vitamin
C (3 g) by intravenous infusion reduced postoperative pain
without increased side effects in patients undergoing uvulo-
palatopharyngoplasty and tonsillectomy. At a dose of 500 mg,
approximately 63% of oral vitamin C is absorbed, compared
to absorption of 46% of a dose of 1,250 mg, and steady state
plasma vitamin C concentrations rarely exceed 80 uM be-
cause of rapid renal clearance [25,26]. In addition, osmotic di-
arrhea has been reported with administration of oral vitamin
C over 5 g [8]. Hence, we chose to administer a dose of 50 mg/
kg vitamin C by intravenous infusion in the present study.

Numerous studies have examined the perioperative use
of magnesium sulfate and vitamin C for pain management;
these have shown the suppression of neuropathic pain
[5,9,13] and the potentiation of opioid analgesia [15,17,23].
According to the previous studies, perioperative magnesium
sulfate and vitamin C are relatively safe to use without any
reported serious side effects. Moreover, there are many cases
of using vitamins with other minerals [27].

As in several previous studies, our study showed that mag-
nesium sulfate and vitamin C were effective in reducing post-
operative fentanyl requirements [5,9]. Unlike previous stud-
ies, we directly compared all groups and used a combination
of both magnesium sulfate and vitamin C as an adjuvant of
opioid analgesics. Neither the individual magnesium sulfate
nor the vitamin C group showed a significant difference in
reduction of fentanyl consumption. Combined use of the two
showed a greater reducing effect than not only the control
group, but also than the individual magnesium sulfate and
vitamin C groups. Moreover, postoperative pain scores were
significantly lower in the combined group than in each of the

individual magnesium sulfate and vitamin C groups at some

www.anesth-pain-med.org

time points. These outcomes may have shown that combined
use of magnesium sulfate and vitamin C has an additional
effect in reducing postoperative fentanyl requirements. In
addition, it may be suspected that these two substances act
at different NMDA receptor sites, or that they have different
sites of analgesic action. The incidence of PONV was slightly
higher in Group C than in other groups, especially at 1 and 6 h,
but a statistical difference was present only between Group V
and Group C.

There are some limitations in the present study. The in-
cidence of PONV was significantly lower in Group V than
in Group C in the acute postoperative period (1, 6 h), but
further studies are needed in this regard. We did not assess
the plasma concentration of all groups. The half-life of intra-
venous vitamin C (approximately 2 h) is very short and there
was time for fasting more than eight hours, so additional re-
search on plasma blood concentration appears to be needed.
Furthermore, we did not apply equianalgesic doses for the
comparison of analgesic efficacy. Some clinical studies have
compared magnesium sulfate to ketorolac [10] and fentanyl
[28]. In addition, rofecoxib, celecoxib, and acetaminophen
have been examined in comparison to vitamin C following
various surgical procedures [13]. However, because there was
limited literature regarding direct comparison of analgesic
effects between magnesium sulfate and vitamin C in previous
studies, we used doses known to be effective based on the
previous studies (magnesium sulfate: 40 mg/kg as a bolus, 10
mg/kg/h of infusion, and vitamin C: 50 mg/kg) [9,14]. As de-
scribed above, since both magnesium sulfate and vitamin C
are relatively safe, further experiments examining additional
use after surgery may be considered.

In conclusion, this study reports the analgesic efficacy of
intravenous magnesium sulfate and vitamin C on postopera-
tive pain management as adjuvant analgesics. In the present
study, single use of either magnesium sulfate or vitamin C
showed similar reduction of fentanyl consumption in laparo-
scopic gynecologic surgeries. Moreover, combined use of the
two substances significantly reduced postoperative fentanyl
consumption and pain scores even in comparison to use of
either of the two alone. Therefore, simultaneous infusion of
magnesium sulfate and vitamin C may provide an additional
analgesic effect and constitute a useful approach for postop-

erative pain management.
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