Supplemental Table 1. Reasons for exclusion of studies based on titles and abstracts (n=53)

Reason for exclusion Number of studies Studies (Reference No.)

Vitamin C not mentioned 39 1,2,3,4,5,7,8,11,12, 13, 14,
15,17, 19, 20, 21, 24, 27, 28,
29, 30, 31, 32, 33, 34, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46,
47,50, 51, 52,

Surgery not involved 7 9,10, 16, 22, 35, 48, 49,
No outcome on pain assessment 5 23,25, 26, 36, 53
Study on pediatric population 1 18,
Animal study 1 6,
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Supplemental Table 2. Cumulative morphine consumptions at postoperative 24 hour and the

respective pain scores

Vitamin C group Placebo group

Study Morphine (mg) Pain scale Morphine (mg) Pain scale
Ayatollahi 2017[5] 0.73 +0.086 2.5 +0.899¢ 6.06 + 0.067 3.85 + 0.745¢
Jarahzadeh 2019[22] NA 1.11 £ 0.57¢ NA 1.61 + 1.6
Jeon 2016[23] 30.1+17.3 3.5+1.91 37.7+183 44+1091
Kanazi 2012[24] 16.2+10.7 NA 22.8+13.8 NA
Moon 2019[27] 15.83 +8.48 1+0.91 22.79+8.24 23+1.11
Moon 2020[26] 20.94 +4.24 3.1+1.81 32.93 +5.37 3.0+1.11
Tunay 2020[25] 22.2 +6.55 2.7+0.8t 246+84 3.3+23t

tvisual analog scale; Tverbal numeric rating scale; NA: not available



Supplemental Table 3. Risks of bias for included studies

Ayatollahi 2017[5]
Bias Authors’ Support for judgment
judgment
Random Low risk Each patient was assigned to one of the two groups
sequence according to a random number table.
generation
Allocation Unclear risk  No descriptions on allocation concealment
concealment

Performance bias

Unclear risk

To ensure appropriate blinding of the rest of the team,
group C (vitamin C) received infusion of 3 g of
vitamin C in 500 mL of Ringer and group P (placebo)

received 6 mL normal saline in 500 mL of Ringer.

Detection bias

Unclear risk

The information regarding blinding of outcome

assessment was not described.

Attrition bias Low risk No patient lost on follow-up in both groups.
Reporting bias Low risk Main outcomes were measured and analyzed in
accordance with a prespecified plan.
Other bias Low risk There was no conflict of interest.
Jarahzadeh 2019[22]
Bias Authors’ Support for judgment
judgment
Random Unclear risk ~ No description on random sequence generation.
sequence
generation
Allocation Unclear risk ~ No description on allocation concealment.
concealment
Performance Unclear risk  The experimental group received vitamin C (2 g)
bias mixed with normal saline for a total injection volume

of 500 mL during 30 minutes and those in the control
group received normal saline 500 mL without vitamin

C.

Detection bias

Unclear risk

The information regarding blinding of outcome

assessment was not described.




Attrition bias Low risk No patient lost on follow-up in both groups.

Reporting bias Low risk Main outcomes were measured and analyzed in

accordance with a prespecified plan.

Other bias Low risk There was no conflict of interest.

Jeon 2016[23]
Bias Authors’ Support for judgment
judgment

Random Low risk Patients were randomly allocated to two groups using a

sequence computer-generated randomization table.

generation

Allocation Low risk Group allocation was concealed in sealed opaque

concealment envelopes.

Performance Low risk Immediately after induction of anesthesia, a nurse who

bias played no other role in the study selected an envelope for
each patient and prepared an injection according to the
group allocation. Patients in the vitamin C group received
vitamin C 50mg/kg mixed with normal saline for a total
injection volume of 50 mL, and those in the placebo group
received normal saline 50 mL. The syringes were covered
with black plastic and the solution was infused over 30
min using an infusion pump.

Detection bias Low risk A research assistant who was blinded to the study group
assignments checked patients for pain, fatigue,
postoperative nausea and vomiting (PONV), morphine
consumption, and rescue analgesic requirement every 10
min during their stay in the post-anesthesia care unit
(PACU) and again at 2, 6, and 24 h after discharge from
the PACU to the ward.

Attrition bias Low risk Three patients were excluded from the final analysis due
to complications. The withdraw rate was low and
acceptable. The reasons of lost on follow-up were
mentioned.

Reporting bias Low risk Main outcomes were measured and analyzed in
accordance with a prespecified plan.

Other bias Low risk There was no conflict of interest.




Kanazi 2012[24]

Bias Authors’ Support for judgment
judgment

Random Low risk Eighty-four patients were randomized using a computer-

sequence generated randomization table that was produced by the

generation research assistant

Allocation Low risk Group allocation was concealed in sealed opaque

concealment envelopes that were numbered and opened sequentially
after patient consent had been obtained.

Performance Low risk Patients were then assigned to receive either 2 g of

bias vitamin C or a placebo. Vitamin C effervescent tablets
were dissolved in 15 mL of water. An equivalent volume
of carbonated orange beverage having exactly the same
color and taste was used for placebo.

Detection bias Low risk All patients were evaluated for pain, sedation, nausea,
vomiting, pruritus, morphine consumption, and vital
signs every 15 min during their stay in the PACU and at
two, four, eight, 12, 18, and 24 hr after surgery. These
evaluations were performed by a blinded anesthesiologist
who was not involved in the study; preoperative staff,
operating room staff, recovery room staff, ward nurses,
and statisticians were also blinded.

Attrition bias Low risk Four patients were further excluded for protocol violation
(wound infiltration with bupivacaine), one patient from
the vitamin C group and three patients from the placebo
group. The withdraw rate was low and acceptable. The
reasons of lost on follow-up were mentioned.

Reporting bias Low risk Main outcomes were measured and analyzed in
accordance with a prespecified plan.

Other bias Low risk There was no conflict of interest.

Moon 2019[27]

Bias Authors’ Support for judgment
judgment

Random Low risk Patients were randomly assigned to one of the two groups

sequence according to the sealed envelope system.

generation




Allocation

Low risk

Patients were randomly assigned to one of the two groups

concealment according to the sealed envelope system.

Performance Unclear risk  The vitamin C group (Group C, n = 30) received 500 mg of

bias vitamin C in 50 ml isotonic saline infusion intravenously
over 10 min twice a day. The saline group (Group S, n=
30) received the same volume of isotonic saline over the
same period. The infusion was prepared by personnel at
the pharmacy and administered by the nurse (or
anesthesiologist) who was blinded to the patient’s group
assignment.

Detection bias Low risk The data were subsequently collected and analyzed by an
anesthesiologist who was also blinded to the study
groups.

Attrition bias Low risk No patient lost on follow-up in both groups.

Reporting bias Low risk Main outcomes were measured and analyzed in
accordance with a prespecified plan.

Other bias Low risk There was no conflict of interest.

Moon 2020[26]
Bias Authors’ Support for judgment
judgment

Random Low risk  Patients were randomly allocated using sealed envelope

sequence method.

generation

Allocation Low risk  Study drugs were prepared by a pharmacist equipped only

concealment with a random assignment table.

Performance Low risk  Vitamin C group (Group V, n =33): 40 ml of a solution of 50

bias 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/hr by continuous intravenous infusion
until the end of the operation. Control group (Group C, n=
33): 40 ml of isotonic saline is injected at a rate of 120 mL/hr
for 20 min as a bolus immediately prior to anesthesia
induction. Subsequently, 40 mL of isotonic saline was

infused at a rate of 10 mL/hr by continuous intravenous




infusion until the end of the operation. Owing to the yellow
color of vitamin C, all syringes were wrapped in aluminum

foil.

Detection bias Low risk  Data were collected by an anesthesiologist who was

blinded to the study groups

Attrition bias Low risk  Three patient lost follow-up in control group, and one
patient lost follow-up in vitamin C group. The withdraw

rate was low and acceptable.

Reporting bias Low risk  Main outcomes were measured and analyzed in accordance

with a prespecified plan.

Other bias Low risk  There was no conflict of interest.
Tunay 2020[25]
Bias Authors’ Support for judgment
judgment
Random Low risk The patients were randomly allocated to one of two
sequence groups of 55, each using a computer-generated random
generation number assignment.
Allocation Low risk After assignment to interventions, the trial participants,
concealment care providers, and outcome assessors were all blinded.
Performance Low risk Patients in group C (n = 55) received 2 g of vitamin C
bias (Solgar Vitamin C 1000 mg tb), and patients in group P (n

=55) received a placebo tablet, orally, in the preoperative
unit. The tablets were given by an anesthetist who was not

one of the observers, to ensure the double-blind design.

Detection Low risk After assignment to interventions, the trial participants,
bias care providers, and outcome assessors were all blinded.
Attrition bias Low risk There was no participant who discontinued or deviated

from intervention protocols.

Reporting Low risk Main outcomes were measured and analyzed in

bias accordance with a prespecified plan.

Other bias Low risk There was no conflict of interest.




