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Purpose: Propofol is commonly used as an intravenous anesthetic in surgical patients. 
However, its usage is associated with adverse effects. Auxiliary medication can reduce the 
dose of intravenous anesthetics. Hence, we investigated whether vitamin C could lower 
propofol dosage in elderly patients undergoing total knee replacement surgery.
Patients and Methods: The trial was carried out in PLA General Hospital in Beijing, 
China. We enrolled patients aged ≥50 years who were undergoing unilateral total knee 
arthroplasty with total intravenous anesthesia combined with lumbar sciatic nerve block. 
The patients were randomly assigned to either the vitamin C (Vc) group (0.067 g/kg) or the 
control group (an equivalent dose of normal saline). Nerve block was done for all the patients 
before the general anesthesia. The same depth of anesthesia was maintained during the 
operation. We compared the propofol dosage and adverse events (eg hypotension) during 
anesthesia between the two groups. This study was registered with the Chinese Clinical Trial 
Registry, www.chictr.org.cn, number ChiCTR-TRC-16010112.
Results: There were significant differences in the total infusion dose (Vc group: 704.3 ± 
188.6 mg; control group: 888.6 ± 232.7 mg; p = 0.016) and the average maintenance dose of 
propofol (Vc group: 5.8 ± 1.0 mg/kg/h; control group: 6.9 ± 1.6 mg/kg/h; p = 0.013). But 
there were no significant differences in the induction dose of propofol (control group: 90 mg, 
range 80–115 mg; Vc group: 100 mg, range 90–110 mg, p = 0.379) between the Vc and 
control groups. Furthermore, there were no significant differences in the hemodynamics and 
the incidence of intraoperative hypotension.
Conclusion: Vitamin C can reduce the dosage of propofol in patients undergoing total knee 
replacement.
Keywords: propofol, vitamin C, general anesthesia, elderly patients

Introduction
Propofol as an intravenous anesthetic has both anesthetic and antioxidant 
properties.1 Because of its fast onset and short induction effects, propofol is 
commonly used for surgical anesthesia in China. However, the most common 
side effect of the drug during induction is dose-dependent hypotension. Propofol- 
related hypotension increases with increasing dosage, which is attributed to 
a decrease in the systemic vascular resistance and to a lesser extent to myocardial 
suppression.2–7 The elderly patients are particularly sensitive to this effect. Reich 
et al reported that despite controlling for age, pre-existing hypotension, and physi-
cal conditions as defined by the American Society of Anesthesiologists (ASA), 
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hypotension after induction was associated with increased 
mortality.8 Propofol also causes respiratory suppression 
and affects the regeneration of neurons, learning, and 
memory.9–11

Auxiliary medication can reduce the dosage of intrave-
nous anesthetics and alleviate the adverse of anesthetics 
during the perioperation.12–14 For example, midazolam, 
narcotic analgesics, α2-receptor agonists, β-receptor block-
ers, and melatonin use with propofol can alleviate the 
postoperative adverse reactions and improve the quality 
of recovery in patients with fast-induction anesthesia.15,16 

Nonetheless, these drugs affect mental motor function, 
sleep patterns, hemodynamics, and pharmacokinetics, and 
the resulting problems have to be dealt with. For example, 
a small dose of midazolam can relieve the anxiety of fast- 
induction patients. However, if the ED95 of propofol is 
reduced by 41%, it is necessary to administer midazolam 
20 min in advance to obtain a satisfactory anesthetic effect 
without significant changes in the hemodynamics.12 If the 
dosage is increased, the awakening time will be extended 
by 3–6 hours or even longer.17 Moreover, midazolam can 
impair cognitive function, induce oversedation, and result 
in orientation disorders.18,19 Melatonin is a new medica-
tion that has sedative, hypnotic, analgesic, anti- 
inflammatory, anti-oxidant, sleep-improving, and other 
effects, but its application in anesthesia and the dosage, 
timing, and pathways are yet to be studied. Hence, the 
drug is not an optimal choice for the anesthesiologist. 
Finding the appropriate medication remains to be a big 
challenge.

Ascorbic acid is a water-soluble antioxidant vitamin, 
which is known as vitamin C. It is a cofactor in several 
important enzymatic reactions and has neuroprotective and 
antioxidant effects.20,21 Vitamin C is commonly used to 
treat infections, cancers, autoimmune diseases, and dis-
eases of unknown origin.22–24 It is safe even when injected 
in high dosages.25 Qiu et al reported that intraperitoneal 
injection of vitamin C reduced the dose of propofol by 
37.5% in mice.26,27 However, it is unclear whether vitamin 
C can reduce the dosage and decrease the side effects of 
propofol in patients. We therefore conducted a trial to 
determine whether vitamin C reduces the dosage of pro-
pofol and decreases the incidence of hypotension during 
surgery.

Materials and Methods
We conducted a randomized, placebo-controlled trial at the 
Anesthesia and Surgery Center of the Chinese People’s 

Liberation Army General Hospital in Beijing, China. This 
study was conducted in accordance with the Helsinki 
Declaration and the research protocol was approved by 
the Medical Ethics Committee of the Chinese PLA 
General Hospital (S2016-026-03) and was registered in 
the Chinese Clinical Trial Registry, www.chictr.org.cn, 
number ChiCTR-TRC-16010112. All participants have 
signed informed consent forms in writing before the 
study. We have got all the consents obtained by the study 
participants prior to study commencement and data-access 
permission from participants.

We chose the patients aged ≥50 years who were under-
going unilateral total knee arthroplasty (TKA) with total 
intravenous anesthesia combined with lumbar sciatic nerve 
block. The inclusion criteria were: patients satisfied the 
American Society of Anesthesiologists classification status 
I–III; BMI ≤ 30. The exclusion criteria were: refusal to 
provide written informed consent; contraindications to 
nerve block (clotting disorders, puncture site infection); 
current severe psychiatric disease, alcoholism or drug 
dependence, sleep disorders, stroke or transient ischemic 
attack history; inability to communicate during the perio-
perative period; incomplete nerve block, additional analge-
sic or sedative medication needs during the intraoperative 
period.

A biostatistician independent of data management and 
statistical analysis used SAS 9.2 software (SAS Institute, 
Cary, NC) to generate random numbers (ratio 1:1). The 
results were sealed in sequentially numbered envelopes 
and kept at the study site until the end of the investigation. 
The patients were randomly divided into vitamin C (Vc) 
group or control group (normal saline). Vitamin C or 
normal saline was administered by a nurse anesthesiologist 
according to the randomization sequence. The anesthesiol-
ogists and the patients were masked to the treatment group 
during the entire study. The anesthesiologists could request 
unmasking of the treatment allocation in the event of an 
emergency (eg, patient’s life endangered unexpectedly).

Non-invasive blood pressure, pulse oximetry, electro-
cardiograph, and bispectral index (BIS) were checked 
upon the patient’s arrival to the operating room. 
Intravenous (IV) access was established. The Vc group 
was given vitamin C 0.067 g/kg in a Murphy’s dropper, 
and the control group was given an equivalent dose of 
normal saline. Sufentanil 5 μg was administered to provide 
conscious sedation before nerve block insertion. The face-
mask was supplied with oxygen (5 L/min). The patients 
were in the lateral decubitus position. After aseptic 
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preparation, draping, and local infiltration, a 21-gauge 
100-mm nerve block needle (Stimuplex A®, B Braun 
Melsungen AG, Tochigi-ken, Japan) was inserted under 
the guidance of a nerve stimulator. The peripheral nerve 
blocks were performed as previously reported by Liu.28 

After the nerve stimulator was set at a frequency of 2 Hz 
and the current at 0.3–0.5 mA to determine the muscle 
response, negative aspiration was test. Subsequently, 
30 mL of 0.4% ropivacaine for lumbar plexus block and 
20 mL of 0.4% ropivacaine for sciatic nerve block were 
injected. After completion of the procedure, the sensory 
and motor blocks on the operated limb were evaluated 
every 5 minutes before proceeding with surgery until 
a satisfactory nerve block was achieved. If the patient 
continued to feel pain 30 minutes after the completion of 
the nerve block and the VAS score was greater than two, 
they were excluded from the study.

General anesthesia was given after the completion of 
the evaluation. A target-controlled infusion (TCI) of pro-
pofol (Diprivan 1% AstraZeneca Corp) was administered 
using the Diprifusor, which relied on the Marsh pharma-
cokinetic model. The propofol infusion was started at 4 
μg/mL until the BIS declined to 60. Rocuronium 0.6 mg/ 
kg and sufentanil 0.3 μg/kg (excluding 5 μg sedation dose 
for nerve block) were intravenously administered, and 
a laryngeal mask airway (LMA) was inserted when the 
BIS declined to 60. The parameters of mechanical ventila-
tion were as follows: tidal volume 8~10 mL/kg, respiratory 
rate 12 times/minute, oxygen concentration 70%~80%, 
and PetCO2 35~45 mmHg. Intravenous rocuronium 
0.2 mg/kg was administered as needed. The total intrave-
nous anesthesia of propofol was administrated during the 
operation. The BIS was controlled at 45~55 by adjusting 
the concentration of propofol. An audible alarm was set 
when the BIS score went out of the prescribed range. 
During the maintenance of anesthesia, if the BIS value 
fell out of the predetermined range, the targeted blood 
concentration of propofol was either increased or 
decreased by 0.2 μg/mL until the BIS value returned to 
the targeted range. The total infusion dose of propofol 
(mg) was recorded during the operation, and the average 
maintenance dose (mg/kg/h) was calculated. The arterial 
blood pressure was noted during the induction and main-
tenance periods. The time from the start of propofol infu-
sion to the placement of LMA was defined as the induction 
period. The time from the insertion of LMA to the end of 
anesthesia was defined as the maintenance period. 
Hypotension was defined according to the following 

criteria:8 1. Preinduction: MAP<70 mmHg. 2. 
Postinduction: MAP decrease>40% and MAP<70 mmHg 
or MAP<60 mmHg. Ephedrine hydrochloride 6 mg was 
administered each time until the blood pressure returned to 
the preoperative baseline. The recovery time from the end 
of LMA to the time of discharge from the operating room 
was recorded.

All the patients received postoperative patient- 
controlled intravenous analgesia (PCIA): sufentanil 150 
μg, ondansetron 16 mg, and normal saline 50 mL, 
0.5 mL/h as background dose and 0.5 mL as bolus, with 
an 8-minute lockout time.

Power analysis showed that at a significance level of 
5%, the mean difference is 200 with a standard deviation 
of 200, at least 16 patients are needed in each group to 
achieve a power of 80%. Statistical analyses were per-
formed using SPSS Version 22.0 software. Demographic 
and clinical characteristics that were described as numbers 
(%) and mean ± standard deviation were compared using 
the χ2 test or the t-test. The data from non-normal distribu-
tion were represented as median (quartile interval) and 
analyzed using nonparametric test. All statistical tests 
were two-sided. p < 0.05 was considered statistically 
significant.

Results
In total, 42 patients meet the inclusion and exclusion 
criteria between Jan 2017 and Jun 2017. Then they were 
randomly divided into two groups. Duration the operation, 
three patients change the original surgical plan, and the 
anesthesia method of three patients was changed because 
of an incomplete nerve block or the use of drugs affecting 
sedation (Figure 1). Finally, 36 patients were enrolled in 
the final data collection and have completion data. there 
were 15 patients in vitamin C group and 21 patients in 
control group. No unmasking occurred in the study. There 
were no significant differences in sex, age, weight, height, 
or BMI. Most patients belonged to Level II of ASA 
classification, and there were no significant differences in 
the incidence of comorbidities such as hypertension, cor-
onary arterial disease, or diabetes between the control and 
Vc groups (Table 1).

In the anesthesia induction phase, there were no sig-
nificant differences in the time of induction (control group: 
3 minutes, range 2–4; Vc group: 3 minutes, range 2–3, p = 
0.412), the induction dose of propofol (control group: 
90 mg, range 80–115; Vc group: 100, range 90–110, p = 
0.379), or the average induction dose (control group: 1.4 ± 
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0.3 mg; Vc group: 1.5 ± 0.4 mg; p = 0.637). In the 
anesthesia maintenance phase, there were no significant 
differences in the duration of anesthesia (control group: 
118 min, range 108.5–130; Vc group: 110 min, range 96– 
124; p = 0.131), but the total infusion dose of propofol was 
significantly lower in the Vc group than in the control 

group (Vc group: 704.3 ± 188.6 mg; control group: 
888.6 ± 232.7 mg; percentage of change in Vc group/ 
control group: 20.7%; p = 0.016) and the average main-
tenance dose was also lower in the Vc group than in the 
control group (Vc group: 5.8 ± 1.0 mg/kg/h; control group: 
6.9 ± 1.6 mg/kg/h; p = 0.013). However, there was no 

Figure 1 Flowchart of the trail.

Table 1 Patients’ Demographic Characteristics

Variables Control Group (n=21) Vc Group  
(n=15)

P

Sex, male 1 2

Age, y, mean±SD 67.2±5.7 69.1±7.4 0.406

Weight, Kg, mean±SD 65.2±7.7 66.7±7.4 0.552

Height, cm, mean±SD 157.6±8.1 161.8±6.2 0.552

BMI, (IQR) 26.8 (24.8, 28.3) 26.8(23.4, 27.3) 0.328

Surgical side, R/L 8/13 7/8

ASA classification, n (%)

I 2 (9.5) 1 (6.7)

II 17 (81.0) 13 (86.6)

III 2 (9.5) 1 (6.7)

Comorbidities

Hypertension, n (%) 9 (42.9) 5 (33.3) 0.563

Coronary arterial disease, 
n (%)

1 (4.8) 2 (13.3) 0.359

Diabetes n (%) 2 (9.5) 0 (0) 0.219
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significant difference in recover time (control group: 11.2 
± 2.5 mg; Vc group: 12.8 ± 2.7 mg; p = 0.072) (Table 2) 
between the two groups. Moreover, there were no signifi-
cant differences in the hemodynamics, including the MAP 
during the intubation and 3, 6, and 9 minutes after the 
intubation between the control and Vc groups. There was 
no significant difference in the incidence of intraoperative 
hypotension either (control group:76.2%; Vc group: 60%; 
p = 0.465) (Table 3).

Discussion
The main finding of the current study was that intraopera-
tive vitamin C can reduce the dosage of propofol in the 
TKA patients. In our study, we chose the patients who 
underwent unilateral TKA because the lumbar plexus 
combined with the sciatic nerve block can serve as an 
effective analgesic for the patients so that only propofol 
can be administered and the interference of other anes-
thetics could be avoided to the best possible extent.28 Our 
results were consistent with previous findings that antiox-
idants have synergistic effects on intravenous anesthetics. 
Qiu has reported the adjuvant effect of antioxidants on 
intravenous anesthetics in mice.26 When antioxidants 
were given, the total anesthetic dosage was significantly 
reduced or the time of anesthesia was prolonged. But there 
were no differences in the effects of hypnosis, antinocicep-
tion, cardiovascular parameters, and body temperature in 

mice. These evidences indicated that the anesthetic effect 
has not been affected by the reduction in the use of 
propofol. Elas and Najafpour have also reported that vita-
min C administration prior to ketamine treatment could be 
used to increase the duration of anesthesia in rabbits.29,30 

Oral melatonin can enhance the anesthetic effect of thio-
pental and ketamine in rats.31 Egwu has stated that vitamin 
C prolonged the sleeping time of rabbits after xylazine 
administration.32 The findings from the two aforemen-
tioned studies prove our conclusions indirectly, although 
these anesthetics and sedatives are rarely used clinically. 
Our result shows that there was no significant difference in 
the induction dose of propofol, which could be due to the 
fact that the induction time was too short for vitamin C to 
take effect.

In our results, there were no significant differences in 
the MAP and the incidence of hypotension during the 
intubation and maintenance periods between the control 
and Vc groups. One of the reasons for this observation 
could be that the TCI was started at 4.0 ug/mL in the 
intubation so that a high dose of propofol was adminis-
tered within a short time, and the vitamin C had not yet 
taken effect. Moreover, a previous study has shown that 
propofol has a weak inhibitory effect on respiration and 
a strong inhibitory effect on circulation.33 In our study, to 
maintain BIS stably between 45 and 55 during the surgery, 
the required dose of propofol was high for the elderly 

Table 2 Intraoperative Clinical Data

Variables Control Group (n=21) Vc Group (n=15) P

Time of induction, min, (IQR) 3(2, 4) 3(2,4) 0.412
Induction dose, mg, (IQR) 90(80, 115) 100(90,110) 0.379

Average induction dose, mg/kg/h, (IQR) 32(24.6, 43.5) 26.9(22.4, 39.7) 0.344

Average induction dose, mg/kg, mean±SD 1.4±0.3 1.5±0.4 0.637
Duration of anesthesia, min, (IQR) 118(108.5, 130) 110(96, 124) 0.131

Total infusion dose, mg, mean±SD 888.6±232.7 704.3±188.6 0.016

Average maintenance dose, mg/kg/h, mean±SD 6.9±1.6 5.8±1.0 0.013
Recover time, min, mean±SD 11.2±2.5 12.8±2.7 0.072

Table 3 Hemodynamics Data

Variables Control Group (n=21) Vc Group (n=15) P

Baseline MAP, mmHg, mean±SD 97.6±6.9 94.6±5.9 0.185
MAP in the intubation, mmHg, mean±SD 81.9±7.3 81.7±7.4 0.940

MAP after 3 minutes of intubation, mmHg, mean±SD 72.8±12.5 73.6±11.5 0.836

MAP after 6 minutes of intubation, mmHg, mean±SD 72.2±11.1 72.0±9.7 0.944
MAP after 9 minutes of intubation, mmHg, (IQR) 77.7(72.5, 83.3) 74.3(66.7, 82.7) 0.386

Intraoperative hypotension, n (%) 16(76.2%) 9(60%) 0.465
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patients in both the groups even though vitamin C reduced 
the propofol dosage in the Vc group. Consistent with ear-
lier reports, the increased prevalence of significant hypo-
tension during the induction and maintenance periods is 
associated with higher doses of propofol.34,35

The mechanism of the synergistic effect of the antiox-
idants on intravenous anesthetics is unclear. Propofol is an 
intravenous anesthetic with both anesthetic and antioxidant 
properties. Its chemical structure contains a phenolic 
hydroxyl group. The compound is similar to α-tocopherol 
and possesses proven in vitro and in vivo antioxidant 
properties.36 Hans et al have established in different 
experimental models that propofol inhibits lipid peroxida-
tion to protect cells from oxidative stress and improves the 
antioxidant capacity of plasma in humans.37,38 In addition, 
it has been reported that polyphenols serve as ligands for 
transcription factors, regulating protein kinase and pro-
tease activities.39–42 These antioxidant effects are similar 
to the effects of antioxidants in the body, such as vitamin 
C. Egwu has reported that vitamin C prolonged the sleep-
ing time of rabbits after xylazine administration, these may 
be a result of the membrane stabilizing effect of vitamin C, 
thus preventing further movement of xylazine in and out 
of the brain.32 Hence, we hypothesized the possibly 
mechanism of the synergistic effect of vitamin C on pro-
pofol is that pretreatment with vitamin C has effect of 
membrane stability and influence propofol induced 
anesthesia via modulatory effect on central nervous system 
functions or change the pharmacokinetic parameters of 
propofol in vivo and alters its elimination half-life. 
However, the mechanism of synergistic effect of the anti-
oxidants on intravenous anesthetics will require to prove 
and the effect of Vc reduces the dosages of propofol on 
surgical patients such as postoperative pain, wound heal-
ing, prevention of chronic pain or reduction the incidence 
of postoperative cognitive dysfunction in elderly need 
further investigations.

Limitations of the Study
Our study has some limitations. First, the patients were 
limited to those from a single institution and undergoing 
unilateral TKA with total intravenous anesthesia combined 
with lumbar sciatic nerve block. Therefore, these results 
may not be generalizable to elderly surgical patients who 
undergo other surgeries in different settings. Second, we 
did not monitor the adverse reactions faced by patients 
receiving vitamin C although it has been reported26 that 
even large doses of vitamin C are well tolerated.

Conclusion
The findings from the present study suggest that antioxidant 
vitamin C can reduce the dose of propofol in the elderly 
undergoing unilateral TKA with total intravenous anesthesia 
combined with lumbar sciatic nerve block. The “cocktail 
combination” of antioxidants and anesthetics can achieve 
the desired sedative effect while simultaneously reducing 
the anesthetic dosage. Our founding may be provided 
a new method for clinically reducing the dosage of propofol.

Data Sharing Statement
The datasets generated and analysed in this study are not 
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