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Purpose: In this study, the effect of intravenous vitamin C during surgery on the incidence
of postoperative pulmonary complications (PPCs) in patients undergoing cardiopulmonary
bypass and cardiac surgery was observed, and its protective effect on the lungs was evaluated
to provide a reference for clinical medication.

Patients and Methods: Patients undergoing cardiac surgery under cardiopulmonary
bypass (CPB) were selected. The patients were divided into group A and group C by random
sequence. Patients in group A received intravenous vitamin C 1 g 10 minutes after induction
of anesthesia, 10 minutes before cardiac reanimation and at the moment of sternal closure.
Patients in group C were intravenously injected with the same volume of saline at the same
time. The primary outcome was the postoperative pulmonary complication severity score.
Other outcomes were the incidence of PPCs, awakening time, extubation time, length of ICU
stay, length of hospital stay, adverse events, oxygenation index (PaO,/FiO,), alveolar arterial
oxygen partial pressure difference (A-aDO,), dynamic lung compliance (Cd) and static lung
compliance (Cs).

Results: Seventy patients completed the study. Compared to group C, the postoperative
pulmonary complication score [2(2-3) vs 2(1-2); P=0.009] and the incidence of postoperative
pulmonary complications (32.43% vs 12.12%; P =0.043) were lower in group A. There were no
significant differences in awakening time, extubation time, length of ICU stay, length of hospital
stay, adverse events, Pa0O,/Fi0,, A-aDO,, Cs, and Cd between the two groups (P>0.05).
Conclusion: In summary, this small randomized trial including low-risk cardiac surgery
patients shows that intravenous vitamin C may safely be administered and may be helpful to
prevent PPCs after cardiac surgery.

Keywords: cardiac surgery, cardiopulmonary bypass, postoperative pulmonary complications,

vitamin C

Introduction

Some scholars define postoperative pulmonary complications (PPCs) as the compre-
hensive result of respiratory-related complications that occur in the hospital after
surgery.'” PPCs not only increase the postoperative mortality of patients but also
prolong the length of hospital stay and medical costs for patients.’ For decades, the
development of cardiopulmonary bypass and surgical technologies for open-heart
surgery has continued to benefit patients with cardiovascular disease, but surgical
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procedures, extracorporeal circulation, protamine application
during surgery, mechanical ventilation, lungs undergoing
ischemia-reperfusion, and systemic inflammatory reactions
lead to varying degrees of pulmonary complications in
patients after cardiac surgery. Faced with pulmonary compli-
cations after cardiac surgery, the current prevention and
treatment methods have limited effects.

Vitamin C is the first-line antioxidant in the human
body. It is widely used clinically because of its low
price, wide range of uses, and high safety. Basic experi-
ments have shown that vitamin C can reduce structural
damage in the pulmonary blood vessels and alveoli of
mice.* Based on previous experiments, researchers have
also tried to clinically verify the protective effect of vita-
min C on the lungs. At present, clinical trials have con-
firmed that vitamin C can reduce ischemia-reperfusion
injury (IRI) in isolated lung and stabilize the function of
isolated lung.” When the body undergoes ischemia-
reperfusion, xanthine oxidase formation increases, neutro-
phil breathing bursts, mitochondrial function is impaired,
and catecholamine auto-oxidation results in increased gen-
eration of oxygen radicals. Oxygen free radicals cause
damage to cell membrane phospholipids, proteins, nucleic
acids, and extracellular matrix. Among them, oxygen free
radicals produced by neutrophils and xanthine oxidase are
the main mediators of pulmonary IRI. Vitamin C can
remove oxygen free radicals in the human body and can
remove the reactive oxygen species (ROS) in the body
through rapid electron transfer to achieve antioxidant func-
tions. Therefore, vitamin C is expected to reduce pulmon-
ary complications in patients undergoing cardiac surgery.
The relationship between vitamin C and PPCs after cardiac
surgery has never been the focus of research.

Patients and Methods

This was a prospective, double-blind, randomized con-
trolled trial conducted between December 2018 and
September 2019 in accordance with the principles of the
Declaration of Helsinki. The study was registered in the
American Clinical Trial Registry (NCT03756727) and was
approved by the Ethics Committee of The Affiliated
Hospital of Xuzhou Medical University (Jiangsu, China;
XYFY (XYFY2019-KL003-01)). Written informed con-
sent was obtained from the patients before surgery.

Participants
We included patients aged 18—65 years with American
Society of Anesthesiologists (ASA) physical status II or

IIT who were scheduled for cardiac surgery under CPB at
Affiliated Hospital of Xuzhou Medical University. Patients
were excluded for the following reasons: were scheduled
for emergency surgery; had a history of cardiac surgery;
were allergic to ascorbic acid; had gout, high oxalate urine,
uric acid kidney stone, glucose-6-phosphate dehydrogen-
ase deficiency, hemochromatosis, sickle cell anemia, iron
myeloblastic anemia, or thalassemia; had a preoperative
chest radiograph showing active lung disease; or had
a pulmonary arterial systolic blood pressure >60 mmHg.
Patients with operation time exceeding 6 hours, withdraw-
ing informed consent, died of non-respiratory diseases
during hospitalization are eliminated.

Randomization and Masking

Patients were assigned to receive vitamin C (group A) or
saline (group C) in a 1:1 ratio. A random sequence was
generated using a computer-generated randomization pro-
gram and kept within sealed opaque envelopes by an
assistant not involved in data collection. On the day of
the surgery, the assistant opened the envelope, and pre-
pared the drugs in identical syringes, which covered by
opaque paper, drugs injection by the assistant. According
to the group, patients in group A would receive vitamin
C injection. Patients in group C received the same volume
of saline at the same time. Patients, anesthesiologists, and
personnel involved in drug formulation, data collector, and
blood sample collector were not aware of the groupings.
The groupings were announced after the test.

Anesthesia and Intervention

The patients fasted for 8 hours. After each patient entered the
room, the venous access of the left upper limb was opened,
the mask emitted oxygen, and the oxygen flow was 8 L/min.
Electrocardiogram, pulse oxygen saturation, bispectral
index, invasive blood pressure, and central venous pressure
were monitored. Anesthesia induction involved intravenous
injection of midazolam 0.05 mg/kg, etomidate 0.2-0.3 mg/
kg, Sufentanil 7 pg/kg, rocuronium bromide 1 mg/kg.
Mechanical ventilation was performed after tracheal intuba-
tion. The mechanical ventilation mode was volume control
ventilation, tidal volume (V) 6-8 mL/kg, fraction of inspira-
tion O, (Fi0O,) 80—100%, inspiration and expiration ratio (I:
E) 1:1.5, respiratory rate (RR) 10—12 times/minute, and end-
tidal carbon dioxide partial pressure (PgrCO,) was main-
tained at 35 mmHg ~ 45 mmHg. Anesthesia maintenance
involved intravenous infusion of propofol 4-8 mg - kg ' - h™"
and cis-atracurium 0.08-0.12 mg - kg ' - h™', maintained
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with a bispectral index between 40 and 60. During cardio-
pulmonary bypass, the mean arterial pressure was maintained
at 50-60 mmHg, hematocrit 25% —30%, and blood glucose
<200 mgy/dl.

The drug was slowly injected by the assistant through
a peripheral vein. Patients in group A were injected intra-
venously with vitamin C 1 g (diluted to 10 mL) with
a total of 3 g 10 minutes after induction of anesthesia, 10
minutes before cardiac reanimation and at the moment of
sternal closure. Patients in group C were injected intrave-
nously with 10 mL of saline at the same time.

All patients were transferred to the ICU after surgery.
Patients continued to receive respiratory and circulatory
system support after entering the ICU. The mechanical
ventilation mode was volume control ventilation with
FiO, of 40%. The other parameters were set the same as
in the operation. After the patient’s breathing and circula-
tion function were stabilized and the patient was con-
scious, could obey simple instructions (such as blinking,
nodding), the muscle strength was restored, the breathing
rate was >10 times/minute, the tracheal tube was removed
if Sp0,>95% after 5 minutes of inhalation of air.

Observed Parameters
An independent trained anesthesiologist who was blinded
to the assigned group checked all measurements. The
observed parameters included postoperative pulmonary
complication score (patient scoring once a day during the
hospital stay, the highest score is the final PPC score);
incidence of PPCs (we defined PPCs as PPC score >3);
and types of disease; oxygenation index (PaO,/FiO,),
alveolar arterial oxygen pressure difference (A-aDO,) at
10 minutes after intubation (T0), at the end of the surgery
(T1), the first postoperative day (T2) and the third
postoperative day (T3); pulmonary dynamic compliance
(Cd), and pulmonary static compliance (Cs) at TO and T1
(Most patients removed the tracheal tube on the night after
surgery, so data of Cs Cd at T2 and T3 were not available).
The patient’s time from operation to waking up, extubation
time, length of ICU stay, length of hospital stay, and
postoperative adverse events (nausea, vomiting, abdominal
distention, constipation, headache, nightmares, insomnia,
heart failure, infection, blood transfusion, atrial fibrillation,
acute kidney injury, etc.) were recorded. (Diagnostic cri-
teria for postoperative adverse events see Supplement 1)
The scoring scale (Supplement 2) has been used and
continuously optimized since 1992.5° Postoperative pul-
monary complications were scored on a scale of 0 to 5,

with 0 representing no respiratory symptoms and signs, 1
to 4 representing a gradual increase in the severity of the
complications, and 5 representing death before discharge.

Statistical Analysis

According to previous studies,® the mean scores of post-
operative pulmonary complications in the experimental and
control groups were 1.8 and 2.1; that is, when the average
score difference between the two groups was 0.3, the differ-
ence in scores between the two groups was statistically
significant. It was determined that o = 0.05 and 1-f = 0.80.
The sample size was calculated using PASS15.0 software for
68 cases, allowing for a 10% dropout rate. Ultimately, we
estimated that 76 patients were needed.

Normally distributed variables were reported as the
means + standard deviations (means + SDs) and were
analyzed with independent sample #-tests and repeated
measurements analysis of variance at different time points
in each group. Nonnormally distributed data were reported
as medians (interquartile ranges) and were analyzed with
the Mann—Whitney U-test. The Friedman test was used to
compare the different time points in the group. Categorical
data were reported as frequencies (%) and were analyzed
using the chi-squared test or Fisher’s exact test.

SPSS software (version 25.0; SPSS Inc., IBM,
Chicago, IL, USA) was used to conduct all statistical
analyses. All tests were two-sided, and P< 0.05 was con-
sidered to be statistically significant.

Results

A total of 76 patients were initially randomized. In group C,
1 patient was eliminated from the trial due to an operation
time greater than 6 hours. Ultimately, 37 patients partici-
pated in the analysis of experimental data. In group A, 5
patients were eliminated, 2 patients withdrew their
informed consent, 1 patient had surgery for more than 6
hours, 2 patients died of low cardiac output syndrome
before leaving the hospital, 33 patients eventually partici-
pated in the analysis of experimental data (Figure 1). The
demographic and perioperative characteristics of the two
groups were similar, as shown in Table 1 (P> 0.05).

The postoperative pulmonary complications data of the
two groups of patients are shown in Figure 2 and Table 2.
Compared to group C, the postoperative pulmonary com-
plications score of group A was lower [2(2-3) vs 2(1-2);
P= 0.009]. The incidence of postoperative pulmonary
complications was also lower in group A (32.43% vs
12.12%; P= 0.043). The scores of patients in group
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Enrollment

Assessed for eligibility(n=179)

Excluded(n=103)
Not meeting inclusion criteria(n=52)

Y

Meeting exclusion criteria(n=31)

Randomized(n=76)

Refused to sign informed consent(n=20)

v

Allocated to receive intravenous vitamin
C (n=38)

Lost to follow-up(n=0)
Discontinued intervention due to withdraw
informed consent(n=2)

+ Allocation
Allocated to receive intravenous saline
(n=38)
Follow-up
Lost to follow-up(n=0)
Discontinued intervention(n=0)
¢ Analysis

.

Analysed (n=37)
Excluded from analysis(n=1)
Operation time exceeds 6 hours(n=1)

Analysed (n=33)

Excluded from analysisi(n=3)
Operation time exceeds 6 hours(n=1)
Died of low cardiac output syndrome(n=2)

Figure | CONSORT flowchart showing the number of patients at each phase of the study.

C were mostly in the range of 2 to 3 (81.08%), while the
scores of patients in group A were concentrated in the
range of 1 to 2 (87.87%).

There were no significant differences in awakening
time and extubation time, length of ICU stay and length
of hospital stay between the two groups (Table 3). There
was no significant difference in PaO2/Fi02, A-aDO2, Cs,
and Cd between the two groups (P> 0.05). PaO2/FiO2 and
A-aDO?2 in the two groups decreased significantly from T1
to T3 compared to TO (P <0.05). At T1, Cs and Cd in the
two groups decreased significantly (P <0.05) (Figure 3).

There was no significant difference in the incidence of
postoperative adverse events between the two groups. The
highest incidence of postoperative adverse events was atrial
fibrillation, with an incidence of 28.57%, followed by post-
operative blood transfusion, and the incidence of adverse
events in the digestive system was relatively higher (See
Table 3). After follow-up for 30 days after discharge, neither
group of patients died or were readmission.

Discussion

The results of this trial support the beneficial effects of intra-
venous injection of vitamin C 3 g during surgery, which can
reduce the severity of PPCs and the incidence of PPCs and
have no effect on adverse surgical events. Hence, Vitamin
C may be beneficial for PPC in low-risk patients undergoing
cardiac surgery. In clinical use, the actual effect of vitamin C is
closely related to the route, timing and dose. Vitamin C is
absorbed through the intestine after oral administration and
can maintain an unbound state in the plasma. In general,
a person taking 100 mg of vitamin C a day can maintain
a plasma concentration of 60 pmol/L, and the vitamin
C concentration in the tissue can reach saturation. When the
intake dose is 1 g/d, the plasma concentration can reach
saturation. The plasma concentration reached the highest
level 2 h after oral ingestion.'® Therefore, the single dose
was set to 1 g. Compared with oral administration, intravenous

vitamin C reached its peak plasma concentration after
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Table | Demographic and Perioperative Characteristics by

Group

Variables

Group C (n=37)

Group A (n=33)

Age (years)

Gender, M/F

BMI (kg/m?)

Preoperative PPC score
Aortic cross-clamp time (min)
Duration of CPB (min)
Duration of surgery (min)
Fluid intake (mL)

Urine output (mL)

Blood loss (mL)

55.00£9.92
14 (37.84)/23 (62.16)
22.54+3.06

0 (0-0)

39 (27-55)

78 (60-105)

230 (195-255)

2106 (1963-2379)
798 (623-840)

502 (486-562)

59.1548.11
13 (39.39)/20 (60.61)
23.54+3.58

0 (0-1)

41 (30-54)

80 (60-113)

225 (200-252.5)
2194 (2007-2299)
769 (660-839)

498 (475-566)

Type of surgery

Valve surgery 21 (57) 24 (73)
CABG 7(19) 6 (18)
Congenital heart surgery 9 (24) 309
Comorbid conditions
Hypertension 18 (48.65) 19 (57.57)
Dyslipidemia 16 (43.24) 14 (42.42)
Diabetes mellitus 15 (40.54) 15 (45.45)
Smoking 13 (35.14) 12 (36.36)
Angina 7 (18.92) 6 (18.18)
Liver disease 2 (5.41) 1 (3.03)

Notes: Data are presented as the medians (interquartile ranges) for the preopera-
tive PPC score, Aortic cross-clamp time, duration of CPB, duration of surgery, fluid
intake, urine output, and blood loss; the means+SDs for age and BMI; and the
number of patients (%) for gender, type of surgery and comorbid conditions. There
were no significant differences among the two groups (P>0.05). Group C=control
group, Group A=Vitamin C group.

Abbreviations: M, female; F male; BMI, body mass index; PPCs, postoperative
pulmonary complications; CPB, cardiopulmonary bypass; CABG, coronary bypass
surgery.

injection, and an exponential decrease in plasma concentration
was observed, with a drug half-life of approximately 1 h."!
Therefore, this experiment chose intravenous administration.
The timing of drug administration should be settled before the

3 Score 1

Group A(n=33)

Group C(n=37)

patient undergoes ischemia-reperfusion, and at the same time,
the times of drug administration and reperfusion should be
close. Considering the effectiveness of the intervention
method, to avoid the interaction of the drug in the infusion
line as much as possible, the timing of drug administration in
this study was 10 minutes after anesthesia induction, 10 min-
utes before the cardiac reanimation, and after the sternum
closure. This not only ensured that the plasma vitamin
C concentration was maintained at a high level before the
occurrence of ischemia-reperfusion injury but also avoided
the sequential use of multiple drugs during the induction of
anesthesia and the cardiac rebound before interaction.

The incidence of pulmonary complications after car-
diac surgery is 10-25%.'° Patients undergoing cardiovas-
cular surgery can suffer from IRI during the operation. The
final organ damage of patients is mostly related to IRIL'?
During CPB, the lungs undergo IRI after ischemia and
hypoxia-reperfusion, which also makes the incidence of
pulmonary complications after cardiac surgery higher than
in other types of surgery.”

The results of this study showed that patients who
received vitamin C intraoperatively had lower PPCs scores
and a lower incidence of PPCs than patients who did not.
These findings indicate that vitamin C can prevent and
reduce postoperative pulmonary complications in patients
undergoing cardiac surgery, suggesting that vitamin C may
play a protective role when the lungs undergo ischemia-
reperfusion injury. The exact protective mechanism is not
clear. Studies have shown that vitamin C is very active in
transport between plasma and cells. Higher intracellular
vitamin C concentrations can inhibit type 2A protein phos-
phatase and protect the endothelial cell barrier,'® which

() Score2 @3 Score3 B Score 4

0 20 40 60 80
Patients (%)

100

Figure 2 Severity of Postoperative Pulmonary Complications.
Notes: Group C=control group, Group A=Vitamin C group.
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Table 2 PPCs of Patients

Table 3 Postoperative Outcomes and Complications of Patients

Variables Group Group P-value
C (n=37) A (n=33)
PPC score 2 (2-3) 2 (1-2) 0.009
Incidence of PPCs 12 (32.43) 4 (12.12) 0.043
PPC score by
Dichotomized as grade
| 6 (16.22) 14 (42.42)
2 20 (54.05) 15 (45.45)
3 10 (27.03) 4 (12.12)
4 1 (2.70) 0 (0.00)
Types of PPCs
Lung infection 6 (16.21) 3 (9.09)
Pneumothorax 4 (10.81) 1 (3.03)
Pleural effusion 1 (2.70) 0 (0.00)
Reintubation 1 (2.70) 0 (0.00)

Notes: Data are presented as the medians (interquartile ranges) for the PPC score
and the number of patients (%) for the incidence of PPCs, PPC score by
Dichotomized as grade, and types of PPCs. Group C=control group, Group
A=Vitamin C group.

Abbreviation: PPCs, postoperative pulmonary complications.

helps restore blood vessel responsiveness to vasoactive
drugs,'* thereby improving microcirculation blood flow."”

There were no significant differences in awakening
time, extubation time, length of ICU stay, and length of
hospital stay between the two groups of patients. First, the
patient did not continue to use vitamin C injection from
the day of surgery to the time of discharge. Studies have
shown that in patients undergoing stress reactions after
surgery, the content of vitamin C in the body was
decreased; thus, the demand for vitamin C after surgery
increased accordingly, and the post-surgical requirement
for patients with simple surgery is 500 mg/d. The demand
for patients with complex surgery is correspondingly
higher.'® Second, patients will continue to receive treat-
ment in the ward after surgery; it is impossible to achieve
a unified treatment of patients, which may also affect the
outcome. In addition, the sample size is calculated based
on the PPC score, which may not make the difference
between these indicators statistically significant.

From the comparison of postoperative adverse events
of patients, there was no statistically significant difference
between the two groups in the observed adverse events. It
can be considered that intravenous vitamin C will not
increase the incidence of postoperative adverse events in
this study. However, studies'”'® have shown that vitamin
C can cause adverse reactions, which are rare. Among all
the adverse events observed, the incidence of AF was the

Variables Group Group P-value
C (n=37) A (n=33)

Awakening time (min) 657 (350-865) 593 (390-900) 0.663

Extubation time (min) 660 (358-862) 660 (401-920) 0.448

Length of ICU stay (h) 39.5 (20.544.5) | 39.5 (20.8-44.3) | 0.883

Length of hospital stay 12 (11-17) 14 (10-15) 0818

(days)
Adverse events
Atrial fibrillation 10 (27.03) 10 (30.30) 0.762
Blood transfusion 7 (18.92) 8 (24.24) 0.588
Abdominal distention 6 (16.22) 5 (15.15) 0.903
Constipation 5 (13.51) 5 (15.15) 0.845
Acute kidney injury 5 (13.51) 4 (12.12) 1.000
Vomiting 2 (5.41) 3 (9.09) 0.894
Nausea 3@8.11) 2 (6.06)2 0.739
Headache 3@8.11) | (3.03) 0.691
Insomnia 1 (2.70) 3 (9.09) 0.526
Heart failure 2 (5.41) 1 (3.03) 1.000
Nightmare 2 (5.41) 1 (3.03) 1.000
Incision infection 1 (2.70) 1 (3.03) 1.000
ICU re-entry 1 (2.70) 0 (0.00) 1.000
Ventricular fibrillation 0 (0.00) 1 (3.03) 0.954

Notes: Data are presented as the medians (interquartile ranges) for the awakening
time, extubation time, length of ICU stay, and length of hospital stay and the number
of patients (%) for adverse events. Group C=control group, Group A=Vitamin
C group.

Abbreviation: ICU, intensive care unit.

highest. Existing evidence indicating whether periopera-
tive use of vitamin C can reduce the incidence of post-
operative AF is still inconsistent.'”?' This difference in
results may be due to different regimens of vitamin C.

In consideration of the safety of the intervention
method, this study did not establish a larger dose test
group, but used the intermediate dose of the instruction
of 2 to 4 g/day, that is, 3 g/day.

Due to ethical constraints, this study did not use
a larger experimental group and was not able to perform
vitamin C supplementation over a longer period of time.
Second, the vitamin C concentrations in the patients’
plasma were not monitored during the perioperative per-
iod; therefore, it could not be determined whether the
patients had vitamin C deficiencies for a longer period
after the operation. More research is needed to determine
the optimal dose and timing of vitamin C during the
perioperative period. Third, our conclusions are based on
a relatively small sample size, so the number of patients
recruited may not be sufficient to detect the effect of
vitamin C on lung function and length of hospital stay.
Fourth, this was a single-center study. In the populations in
other regions, whether a single-day use of vitamin C can
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Figure 3 Changes in lung function in the two groups. (A) PaO2/FiO2; (B) A-aDO2; (C) Cs; (D) Cd.

Notes: *P<0.05 vs T0. Group C=control group, Group A=Vitamin C group.

Abbreviations: Cs, Pulmonary static compliance; Cd, Pulmonary dynamic compliance.

improve postoperative pulmonary complications remains
to be determined. Therefore, more high-quality, multicen-
ter, simple randomized trials are still needed to confirm
these findings.

Conclusion

In summary, this small randomized trial including low-risk
cardiac surgery patients shows that intravenous vitamin
C may safely be administered and may be helpful prevent
PPCs after cardiac surgery.

Data Sharing Statement

We will share all of the individual de-identified participant
data that underlie the results reported in this article. Other
study-related documents, including study protocol and sta-
tistical analysis plan, will be made available. Data are
available indefinitely at https://doi.org/10.6084/m9.fig
share.11986980.v1. Anyone who wishes to access the

data can acquire them immediately following publication
and no end date. For further data, proposals should be

directed to wangdongyue763996674@hotmail.com to
Dr. Wang.
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