
Vol.:(0123456789)

PharmacoEconomics - Open (2023) 7:655–663 
https://doi.org/10.1007/s41669-023-00412-3

ORIGINAL RESEARCH ARTICLE

Effect of Perioperative Oral Vitamin C Supplementation on In‑Hospital 
Postoperative Medication Costs for Cardiac Surgery Patients: 
A Prospective, Single‑Centre, Randomised Clinical Trial

Jan Heerman1  · Charlotte Boydens1 · Silvie Allaert1 · Koen Cathenis2 · Koen Deryckere3 · Henk Vanoverschelde1

Accepted: 21 March 2023 / Published online: 11 April 2023 
© The Author(s) 2023

Abstract
Background Due to its antioxidant properties, vitamin C might be a promising and effective strategy for preventing postopera-
tive atrial fibrillation (POAF) after cardiac surgery. This study was aimed at evaluating whether vitamin C supplementation 
is effective in reducing the cost of in-hospital postoperative medication used for patients undergoing coronary artery bypass 
(CABG) or valve surgery (±CABG).
Objective The primary goal of this study was to evaluate the impact of perioperative vitamin C supplementation in patients 
undergoing cardiac surgery on in-hospital postoperative medication costs, while secondary endpoints were the effects on 
length of stay (LOS) in both the intensive care unit (ICU) and the hospital, and the incidence of POAF.
Material and Methods From November 2018 to January 2021, 253 patients planned for CABG or valve surgery (±CABG) in 
AZ Maria Middelares, Ghent, Belgium, and who met the inclusion criteria (≥18 years of age, all having cardiac sinus rhythm, 
and who provided written informed consent) were randomised into a placebo group or vitamin C group. The medication was 
administered orally (1 g twice daily), starting from 5 days preoperatively until 10 days postoperatively. The medication used, 
LOS in the hospital/ICU, and development of clinically relevant POAF in the ICU were registered.
Results Mean medication costs were €264.6 ± 98.1 for patients in the vitamin C group and €294.9 ± 267.3 for patients in 
the placebo group. When stratifying according to the type of surgery (CABG or valve surgery [±CABG]), these costs did 
not significantly differ. There was no significant difference in LOS or the incidence of clinically relevant POAF.
Conclusion Our data did not identify any short-term financial impact on postoperative medication costs after oral periopera-
tive vitamin C supplementation (1 g twice daily) for patients undergoing a CABG procedure or valve surgery (±CABG). 
No effect was found on the LOS or the incidence of clinically relevant POAF. Potential effects in the longer term, after 
intravenous administration of vitamin C or in other types of (cardiac) surgery, are still to be investigated.
Clinical Trials registration number NCT03592680.
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1 Introduction

Postoperative atrial fibrillation (POAF) is the most common 
arrhythmia after cardiac surgery [1]. The incidence of POAF 
depends on the type of cardiac surgery and is reported to 

be 20–50% for patients undergoing coronary artery bypass 
grafting (CABG) and about 60% for those undergoing 
combined CABG and valve surgery [2, 3].

POAF is considered a major problem in cardiac surgery 
due to its strong association with increased stroke rates, 
haemodynamic instability, increased thromboembolic 
events, uncontrolled heart rate and mortality [4, 5]. 
Consequently, as increased postoperative costs are associated 
with the occurrence of POAF, the financial burden of POAF 
in the overall costs of cardiac surgery is substantial [6–8]. 
Besides a prolonged length of stay (LOS) in the intensive 
care unit (ICU), the cost of postoperative medication used 
has also been reported as an important determinant of the 
higher postoperative costs found after POAF [4, 8, 9].
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Key Points for Decision Makers 

The economic impact of vitamin C supplementation on 
in-hospital medical costs after cardiac surgery is unclear.

Oral vitamin C supplementation (1 g twice daily), 5 
days before surgery until 10 days after surgery, had no 
effect on the postoperative medication costs for patients 
undergoing coronary artery bypass (CABG) or valve 
surgery (± CABG). No effect on the duration of postop-
erative stay in the intensive care unit or hospital, or on 
the incidence of clinically relevant postoperative atrial 
fibrillation, could be observed.

The results do not indicate vitamin C supplementation as 
a short-term, effective, cost-saving strategy for patients 
undergoing CABG or valve surgery (± CABG).

The search for novel therapeutic approaches to prevent 
or interfere with the development of POAF is ongoing. The 
pathophysiology of POAF is not yet totally elucidated but 
increasing evidence suggests a pivotal role for oxidative 
stress [10–12]. Several studies have already reported that 
the well-known antioxidant vitamin C is a promising and 
effective therapy for preventing POAF, however results 
remain inconsistent [13–19]. These previous reports 
did not evaluate the economic impact of vitamin C 
supplementation on in-hospital medical costs after cardiac 
surgery. Therefore, the primary aim of this study was to 
determine whether perioperative oral vitamin C intake 
could be a promising effective and cost-saving strategy for 
patients undergoing CABG or valve surgery (± CABG). The 
effect of perioperative oral vitamin C intake on the costs 
of in-hospital medication used, LOS in the ICU and the 
hospital, as well as the incidence of symptomatic POAF, 
was evaluated.

2  Material and Methods

2.1  Design

Patients scheduled to undergo elective CABG or valve 
surgery with or without CABG from November 2018 to 
January 2021 in AZ Maria Middelares, Ghent, Belgium, 
were screened for participation in this randomised, 
prospective, double-blind, placebo-controlled trial. The 
study protocol was in accordance with the Helsinki 
Declaration of the World Medical Association (2000) 
and was approved by the local Ethics Committee AZ 
Maria Middelares, Ghent, Belgium, and the central Ethics 

Committee UZA/UA, Antwerp, Belgium. The impact 
of perioperative vitamin C supplementation on costs of 
postoperative medication and clinical outcomes was studied 
over a short-term time horizon, i.e in-hospital stay.

2.2  Setting and Participants

A total of 600 patients scheduled to undergo elective CABG 
or valve surgery (± CABG) were screened, of whom 253 
entered the study. Included patients were ≥ 18 years of age, 
all having cardiac sinus rhythm, and who provided written 
informed consent. Patients on renal dialysis or taking 
supplementary vitamin C were excluded from the study. 
Before surgery, demographic and clinical characteristics 
such as age, sex, history of atrial fibrillation, type of surgery 
and risk factors were registered in the REDCap electronic 
data capture tool (Vanderbilt University, Nashville, TN, 
USA).

2.3  Randomisation and Intervention

Patients were randomly allocated to the placebo or vitamin 
C groups. Randomisation was performed by computer-
generated random number sequence; the allocation was 
concealed in an envelope. Overall, 117 patients were 
randomly assigned to receive vitamin C (intervention 
group) and the remaining 136 patients were assigned to 
receive placebo (control group). Patients in the intervention 
group received 1 g of vitamin C twice daily starting from 
5 days preoperatively until 10 days postoperatively. This 
dosing regimen was similar to dosing regimens used in 
prior studies [15–17, 19–21]. Patients in the placebo group 
received identical tablets containing lactose. Medication 
was administered orally, and both patient and surgeon were 
blinded to the medication administered. For all patients, 
premedication was on demand and was thus only taken when 
the patients asked for it. The anaesthesia protocol as well 
as the surgical procedure were performed according to the 
standard of care.

2.4  Outcomes and Follow‑Up

In the postoperative period, patients were closely clinically 
evaluated and received standard of care. POAF was 
diagnosed with an electrocardiogram (ECG), which was 
taken continuously in the ICU. On the cardiac surgical 
ward, an ECG was prompted in the case of symptoms 
possibly related to POAF. Symptomatic POAF was defined 
as the presence of one or more of the following symptoms: 
palpitations, syncope, dyspnoea, chest pain, dizziness, and 
fatigue. All patients diagnosed with POAF were treated. 
As rhythm control is the favourable approach for POAF 
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in this population, all patients diagnosed with POAF were 
treated with initial correction of electrolytes, if necessary, 
followed by amiodarone and anticoagulant therapy unless 
contraindicated. In the case of persistent and symptomatic 
POAF after 24 h of amiodarone administration, electrical 
cardioversion was performed.

2.5  Data Collection

To evaluate the impact of oral vitamin C supplementation 
on costs of in-hospital medication used, the postoperative 
medication costs were extracted from the pharmaceutical 
database of the hospital and expressed in Euros (valuation 
year, 2021). These data did not include the costs of vitamin 
C that was supplemented in the study. Costs of the used 
surgical materials were also not included in the analysed 
data as these are specific to the chosen type of surgical 
technique, which was determined by the surgeon. ICU 
and hospitalisation LOS were registered in the REDCap 
electronic data capture tool (Vanderbilt University).

2.6  Power Analysis

Due to the lack of a priori data, no reliable sample size 
calculation could be performed for the primary outcome 
(mean medication costs). Therefore, sample size was first 
calculated based on the incidence of POAF after cardiac 
surgery reported in the literature [16, 19, 21]: 30–50% in the 
placebo group, and a reduction of this risk of up to 30% after 
antioxidant supplementation. Considering the numerous 
confounders affecting the postoperative medication costs, a 
convenience sample size of 600 patients was set. To evaluate 
the study’s progress, an interim analysis was conducted 
after 50 patients were enrolled. Using the mean ± standard 
deviation (SD) of postoperative medication costs showed 
that 74 patients were required in each group to obtain a 
statistically significant alpha score of 0.05 and power of 
85%.

2.7  Statistical Analysis

Continuous variables are reported as mean  ±  SD. 
Postoperative medication costs were analysed using a 
generalised linear model with a logarithmic link function and 
a gamma distribution, with treatment (placebo vs. vitamin 
C) and surgery type (CABG vs. valve surgery [± CABG]) 
as predictors. Confidence intervals (CIs) and p values were 
based on a permutation test. Additionally, a Mann–Whitney 
test was performed, stratified on surgery type. Time-to-event 
outcomes were analysed using a log-rank test stratified on 
surgery type. The binary outcome POAF was analysed 
using logistic regression, with treatment and surgery type 

as predictors. Analyses were performed in R 4.0 by Stat-
Gent Crescendo, Ghent University, Ghent, Belgium. p values 
<0.05 were considered statistically significant.

3  Results

The study population consisted of 253 patients—136 in the 
placebo group and 117 in the vitamin C group. Both groups 
had comparable baseline and surgery-related characteristics, 
which are reported in Table 1.

3.1  Primary Endpoint

Mean postoperative medication costs for patients in the 
placebo group were €294.9 ± 267.3 and €264.6 ± 98.1 for 
patients in the vitamin C group (Table 2). Table 2 shows 
a breakdown of these costs for the placebo and vitamin C 
groups according to the Anatomical Therapeutic Chemical 
(ATC) class of the medication used. The main reason for the 
lower mean postoperative medication costs in the vitamin C 
group seems to be related to the costs of medication for the 
‘Anti-infectives for systemic use’ and ‘Nervous system’ clas-
sifications. When stratifying patients according to the type of 
surgery, e.g. CABG or valve surgery (± CABG), no signifi-
cant differences between the placebo and vitamin C groups 
could be observed for postoperative medication costs (cost 
ratio = 0.90; 95% CI 0.77–1.06; p = 0.31) [Fig. 1; p > 0.05].

3.2  Secondary Endpoints

The mean ICU LOS after cardiac surgery was 54.2 ± 44.8 h 
in the placebo group and 48.4 ± 35.2 h in the vitamin C 
group (Table 3). The log-rank test, stratified by surgery type, 
did not demonstrate a significant difference between the pla-
cebo and vitamin C groups (hazard ratio [HR] 1.24, 95% CI 
0.96–1.59; p = 0.09). The Kaplan–Meier survival curves 
illustrate the LOS in the ICU (Fig. 2) for patients undergo-
ing CABG or valve surgery (± CABG) in the placebo and 
vitamin C groups.

The mean hospital LOS after cardiac surgery was 
8.1 ± 5.4 days in the placebo group and 8.0 ± 5.6 days in 
the vitamin C group (Table 3). The log-rank test, stratified 
by surgery type, did not demonstrate a significant difference 
in hospital LOS between the placebo and vitamin C groups 
(HR 1.09, 95% CI 0.85–1.4; p = 0.37). The Kaplan–Meier 
survival curves illustrate the LOS in hospital (Fig. 3) for 
patients undergoing CABG or valve surgery (± CABG) in 
the placebo and vitamin C groups.

The incidence of clinically relevant POAF was 29%. In 
patients undergoing CABG surgery, POAF was diagnosed 
in 14 patients receiving placebo (20%) versus 12 patients 
receiving vitamin C (19%). In patients undergoing valve 
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surgery (±CABG), POAF occurred in 26 patients receiving 
placebo (40%) versus 22 patients receiving vitamin C (41%). 
The logistic regression model did not show any benefit of 
vitamin C supplementation versus placebo on the incidence 
of POAF for patients with the same type of surgery (odds 
ratio 1.00, 95% CI 0.57–1.75; p > 0.05).

4  Discussion

POAF is one of the most common arrhythmias after cardiac 
surgery, with a substantial financial burden on the overall 
postoperative costs [4, 6, 7, 9]. It has been shown that one 
of the main sources of these higher costs associated with 
the occurrence of POAF is the cost of postoperatively 
used medication [8]. Although the underlying mechanism 
of POAF is multifactorial, growing evidence suggests a 
role of oxidative stress in the initiation and maintenance 
of atrial fibrillation, hence the large number of studies 
exploring antioxidant vitamins as both preventive and 
therapeutic agents. Indeed, many studies already investigated 
the antioxidant capacity of vitamin C and its potential in 
preventing POAF after cardiac surgery [15–17, 19–23]. 
Perioperative vitamin C supplementation is suggested to be a 
promising and well-tolerated option for patients undergoing 
cardiac surgery [16, 17, 19–21]; however, as previous studies 
did not focus on the impact of vitamin C intake on the short-
term medical costs after cardiac surgery, it remains unclear 
whether prophylaxis with vitamin C may be an effective and 
cost-saving strategy in the prevention of clinically relevant 
POAF [24]. The present study is the first to assess whether 
perioperative oral vitamin C administration is effective 
in reducing in-hospital postoperative medication costs of 
patients undergoing CABG or valve surgery with or without 
CABG.

Patients were divided into two groups—one group 
received 1 g of vitamin C orally twice daily from day 5 
before operation until day 10 after operation, while the 
other group received placebo during the same period. The 
mean cost of postoperative medication used was higher in 
the placebo group compared with the vitamin C group. This 
difference seemed to be caused by the higher need for medi-
cines for the ‘Anti-infectives for systemic use’ and ‘Nerv-
ous system’ classifications in the placebo group. However, 
when stratifying according to type of surgery (CABG or 
valve surgery [±CABG]), no statistical difference in costs of 
the postoperatively used medication for patients in the inter-
vention or placebo groups for both types of surgery could be 
observed. This result suggests no immediate financial impact 
of oral vitamin C supplementation on the cost of postopera-
tively used medication after cardiac surgery.

In this study, we primarily focused on the costs of 
postoperatively used medication and excluded any costs 
related to surgical materials. The latter costs are specific 
to the type of surgery and could be a 100-fold higher 
than the costs of medication. Consequently, including the 
costs of surgical materials could mask a potential financial 
benefit of vitamin C supplementation. In addition, surgical 
materials vary widely in price, without any documented 
influence on the incidence of POAF.

The effect of vitamin C supplementation on the ICU/
hospital LOS has been extensively investigated previously, 
however contradictory results have been reported [15–17, 
19, 22, 23]. In line with some of these studies, we were 
unable to demonstrate that oral vitamin C shortens ICU/
hospital LOS and/or decreases the incidence of symptomatic 
POAF.

Table 1  Baseline- and 
surgery-related characteristics 
of patients in the placebo and 
vitamin C groups

Data are expressed as median (interquartile range) or n (%)
Pearson’s Chi-square test or Wilcoxon rank sum test
CABG coronary artery bypass

Variable Placebo [n = 136] Vitamin C [n = 117] p Value

Age 71 (63–75) 68 (63–74) 0.11
Sex 0.2
 Male 102 (75) 95 (81)
 Female 34 (25) 22 (19)

Body mass index 27.1 (24.7–30.9) 26.1 (24.3–28.7) 0.046
History of atrial fibrillation 10 (7.4) 14 (12) 0.2
Type of surgery 0.8
 CABG 71 (52) 63 (54)
 Valve (± CABG) 65 (48) 54 (46)

Preoperative statins 110 (81) 97 (83) 0.9
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Table 2  Postoperative medication cost for patients receiving placebo or vitamin C

All costs are expressed in Euros (€); valuation year, 2021
ATC  Anatomical Therapeutic Chemical, Max maximum, Min minimum, Qx quarter x, SD standard deviation, RAS renin-angiotensin system

ATC classification of medicines Treatment n Min Q1 Median Mean Q3 Max SD

Alimentary tract and metabolism Placebo 136 1.6 7.2 9.43 12.2 13.2 136.3 12.9
Vitamin C 117 2.4 7.1 9.1 10.6 12.0 31.7 5.5

Blood and blood-forming organs Placebo 136 22.7 66.2 78.1 91.3 94.3 855.4 76.0
Vitamin C 117 22.3 68.1 78.6 92.9 103.8 425.6 64.8

Cardiac therapy Placebo 136 0.0 9.0 14.8 22.7 27.0 225.0 28.3
Vitamin C 117 0.0 9.6 15.3 21.8 26.8 197.4 23.1

Antihypertensives Placebo 136 0.0 0.0 0.0 0.4 0.0 20.6 1.9
Vitamin C 117 0.0 0.0 0.0 0.3 0.0 25.3 2.4

Diuretics Placebo 136 0.0 0.0 0.1 1.7 0.9 55.3 6.3
Vitamin C 117 0.0 0.0 0.0 0.6 0.7 12.6 1.7

Vasoprotectives Placebo 136 0.0 0.0 0.0 0.1 0.0 6.4 0.5
Vitamin C 117 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Beta blocking agents Placebo 136 0.0 0.2 0.3 0.3 0.4 3.0 0.3
Vitamin C 117 0.0 0.2 0.3 0.3 0.4 1.7 0.2

Calcium channel blockers Placebo 136 0.0 0.1 6.4 14.0 19.1 76.8 16.7
Vitamin C 117 0.0 3.2 6.8 14.9 16.3 129.2 18.7

Agents on RAS Placebo 136 0.0 0.0 0.0 0.4 0.5 5.3 0.9
Vitamin C 117 0.0 0.0 0.0 0.2 0.3 4.0 0.5

Lipid-modifying agents Placebo 136 0.0 0.6 1.0 1.4 1.6 14.9 1.9
Vitamin C 117 0.0 0.4 1.2 1.6 1.7 20.9 2.8

Dermatologicals Placebo 136 2.0 7.3 7.7 9.1 10.6 50.1 4.9
Vitamin C 117 3.4 6.4 7.3 8.4 8.8 28.0 3.6

Gentiourinary system Placebo 136 0.0 0.0 0.0 0.6 0.0 13.1 2.0
Vitamin C 117 0.0 0.0 0.0 0.9 0.0 14.8 2.8

Systemic hormal preparations Placebo 136 0.0 0.0 1.3 0.8 1.3 2.9 0.7
Vitamin C 117 0.0 0.0 1.3 1.2 1.3 15.8 2.1

Anti-infectives for systemic use Placebo 136 2.3 5.1 5.1 22.7 5.2 1999.9 173.6
Vitamin C 117 2.5 5.1 5.1 5.8 5.2 33.0 3.8

Antineoplastic agents and immu-
nomodulating agents

Placebo 136 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vitamin C 117 0.0 0.0 0.0 1.5 0.0 117.1 11.5

Musculoskeletal system Placebo 136 0.1 7.4 7.4 7.7 8.6 21.2 3.3
Vitamin C 117 2.1 7.4 7.5 7.4 8.6 24.8 2.9

Nervous system Placebo 136 11.6 28.4 31.9 40.5 38.1 547.5 53.6
Vitamin C 117 8.3 28.1 30.5 31.7 34.7 140.2 12.9

Respiratory system Placebo 136 0.0 0.0 0.0 2.8 0.1 125.2 13.8
Vitamin C 117 0.0 0.0 0.0 2.0 0.0 38.8 6.5

Sensory organs Placebo 136 0.0 3.4 3.4 3.7 3.4 50.2 5.7
Vitamin C 117 0.0 3.4 3.4 3.5 3.4 48.1 5.4

Various Placebo 136 9.5 45.8 35.6 62.6 73.5 298.2 35.6
Vitamin C 117 15.4 42.8 55.3 59.4 75.9 186.0 25.4

Overall Placebo 136 100.1 222.7 252.3 294.9 294.8 2436.4 267.3
Vitamin C 117 87.6 221.1 250.6 264.6 292.0 731.3 98.1
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Fig. 1  Boxplot displaying the 
mean postoperative medica-
tion costs (€) for placebo- ver-
sus vitamin C-supplemented 
patients following CABG 
or valve surgery (± CABG). 
Vitamin C administration did 
not significantly affect mean 
postoperative medication costs 
compared with placebo admin-
istration for CABG patients or 
for patients undergoing valve 
surgery. Generalised linear 
model with a logarithmic link 
function and a gamma distribu-
tion, with treatment and surgery 
type as predictors (p > 0.05). 
CABG coronary artery bypass

Table 3  Summary of results on 
length of stay

ICU intensive care unit, Max maximum, Min minimum, Qx quarter x, SD standard deviation

Variable Treatment n Min Q1 Median Mean Q3 Max SD

Length of stay in the ICU (h) Placebo 136 8.0 28.0 46.8 54.2 52.0 373.0 44.8
Vitamin C 117 15.0 28.0 44.0 48.4 49.0 328.0 35.2
Overall 253 8.0 28.0 46.0 51.2 51.0 373.0 40.7

Length of stay in hospital (days) Placebo 136 5.0 6.0 7.0 8.1 8.0 59.0 5.4
Vitamin C 117 5.0 6.0 7.0 8.0 8.0 51.0 5.6
Overall 253 5.0 6.0 7.0 8.1 8.0 59.0 5.5

Fig. 2  Kaplan–Meier curve 
showing LOS in the ICU 
(hours) for placebo- versus 
vitamin C-supplemented 
patients following CABG 
or valve surgery (± CABG). 
Vitamin C administration did 
not significantly decrease the 
mean LOS in the ICU. Log-rank 
test stratified by surgery type 
(p > 0.05). LOS length of stay, 
ICU intensive care unit, CABG 
coronary artery bypass
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4.1  Limitations

This study has some limitations that should be acknowledged. 
First, the study only focused on the postoperative medication 
costs, therefore no firm conclusions could be drawn 
regarding the overall cost-effective potential of vitamin C 
intake for cardiac patients. Whether vitamin C should be 
recommended in daily therapeutic practice for these patients 
should be addressed in future research. Nonetheless, in 
this study, vitamin C intake did not alter costs or other 
outcomes such as LOS or the incidence of symptomatic 
POAF, therefore our results are a first indication that vitamin 
C supplementation has no short-term financial or clinical 
benefit for patients undergoing CABG or valve surgery (± 
CABG).

Second, it should be noted that this study only investigated 
the potential effect of oral vitamin C supplementation on 
postoperative medication costs during a short perioperative 
period (from 5 days before surgery until 10 days after 
surgery). POAF can be recurrent during the first weeks of 
the postoperative period [25], which implies that patients 
may have consulted medical services for postoperative 
complications later than the studied period. Therefore, 
although in this studied period no statistical differences were 
observed, potential significant differences of oral vitamin 
C administration in costs and outcomes over a longer time, 
for instance ranging from weeks to several months post 
operation, cannot be ruled out and should be investigated 
in future research.

Third, this study investigated the effect of oral (1 g twice 
daily) vitamin C administration. Plasma concentrations 
are limited after oral administration of vitamin C due to 
limited uptake capacity in the human bowel [15, 17, 19, 

20, 26, 27], therefore the dose of vitamin C that was used 
in this study might have produced plasma concentrations 
that were too low to affect the incidence of POAF, costs or 
LOS. Nonetheless, similar oral doses have been reported 
to be effective in decreasing the incidence of POAF and/
or LOS in the ICU [16, 17, 20], indicating that the dose of 
vitamin C that was used in this study could have been suf-
ficient to observe the potential effects on medication costs 
and/or outcomes. Supplementing patients with higher oral 
doses would not have resulted in higher plasma concentra-
tions as it was shown previously that peak plasma vitamin 
C concentrations are reached when 1.25 g of vitamin C was 
administered orally [27, 28]. Since intravenous administra-
tion can produce plasma concentrations 30- to 70-fold higher 
compared with what may be achieved by oral doses, possibly 
different results might have been seen when vitamin C was 
administered intravenously during the observed periopera-
tive period. However, in this study, it was not an option to 
administer vitamin C intravenously to patients as this can 
only be performed in a hospital setting. Consequently, 
patients participating in this study should have been admit-
ted to the hospital 5 days before the surgery to receive vita-
min C or placebo. Similarly, after surgery, patients receiving 
intravenous treatment would be kept in the hospital longer, 
until 10 days post operation, solely for the administration of 
vitamin C or placebo. However, administering vitamin C or 
placebo intravenously during the time of hospital admission 
could have been an option but unfortunately this was not 
explored in the present study. As this study only investigated 
oral vitamin C administration, no conclusions on the effect 
of intravenous vitamin C on costs and clinical outcomes 
after cardiac surgery could be drawn and should be further 
examined.

Fig. 3  Kaplan–Meier curve 
showing the LOS in hospital 
(days) for placebo- versus 
vitamin C-supplemented 
patients following CABG or 
valve surgery (±CABG). Vita-
min C administration did not 
significantly decrease the mean 
LOS in the hospital. Log-rank 
test stratified by surgery type 
(p > 0.05). LOS length of stay, 
CABG coronary artery bypass
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Fourth, in contrast to previous trials, patients in this study 
were deliberately not monitored continuously, after being 
dismissed from the ICU, to detect cardiac arrhythmias. Since 
asymptomatic POAF patients might have been missed, the 
real incidence of POAF might be higher than the reported 
29%. However, the aim of this study was to evaluate the 
impact of perioperative vitamin C supplementation on 
in-hospital medication costs after cardiac surgery rather than 
exploring the effect on POAF itself. Therefore, the option 
to treat only clinically relevant POAFs was chosen, as, in a 
non-trial setting, asymptomatic patients would not have been 
detected and hence not treated. Consequently, postoperative 
medication costs of asymptomatic POAF patients would not 
have been affected by whether or not POAF was present.

5  Conclusion

From our data, we were not able to identify any short-term 
financial impact of oral perioperative vitamin C supplemen-
tation (1 g twice daily) on postoperative medication costs for 
patients undergoing a CABG procedure or valve surgery (± 
CABG). No clinical effect on LOS in the hospital or ICU, or 
on the incidence of symptomatic POAF, could be observed. 
Since the potential effects of vitamin C supplementation (1) 
in the longer term, (2) after intravenous administration of 
vitamin C, and (3) in other types of (cardiac) surgery are 
still to be investigated, it is yet unclear whether vitamin C 
supplementation should be implemented in daily therapeutic 
routine for these patients.
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