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Abstract

Background: Ascorbic acid is a strong antioxidant that prevents post-
operative delirium by inhibiting reactive oxygen species production. 
This pilot study was designed to investigate the prevalence of post-
operative delirium among older patients undergoing cardiovascular 
surgery, who received perioperative ascorbic acid administration, to 
estimate an appropriate sample size for further randomized controlled 
trials.

Methods: This single-arm prospective interventional study enrolled 
patients aged > 70 years scheduled to undergo elective cardiovascu-
lar surgery using cardiopulmonary bypass. Ascorbic acid (500 mg) 
was administered intravenously every 6 h for a total of eight times 
following the induction of general anesthesia. The incidence of post-
operative delirium was evaluated until discharge using the Confusion 
Assessment Method for the Intensive Care Unit.

Results: Data from 48 patients were analyzed. Of the 48 patients, 16 
developed postoperative delirium (33.3%). Patients in the delirium 
group had more severe heart failure (New York Heart Association 
Classification), higher European System for Cardiac Operative Risk 
Evaluation scores, lower intraoperative Bispectral Index, longer dura-
tion of cardiopulmonary bypass and surgery, incidence of postopera-
tive cerebral infarction, longer intubation time, and length of inten-
sive care unit stay.

Conclusions: The incidence of postoperative delirium among older 
patients undergoing cardiovascular surgery who received ascorbic 

acid perioperatively (2 g/day for 2 days) was 33%. This incidence 
was comparable to that observed in a previous observational study, 
suggesting that ascorbic acid administration may not be effective in 
preventing the incidence of postoperative delirium.
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Introduction

The incidence of postoperative delirium (POD), a major cause 
of concern in the intensive care unit (ICU), affects short- and 
long-term prognoses [1]. A high prevalence of POD has been 
observed in patients who have undergone cardiac surgery. The 
reported incidences of POD after cardiovascular surgery vary 
from 4% to 55% [2]. POD is especially concerning among 
older patients undergoing cardiovascular surgery because of 
the increase in the number of older patients undergoing sur-
gery. However, medications for the prevention of POD remain 
unknown [3, 4]. The incidence of POD among patients under-
going cardiac surgery may be attributed to several factors, such 
as preoperative cognitive function, aging, diabetes, European 
System for Cardiac Operative Risk Evaluation II (EuroSCORE 
II) score, New York Heart Association Classification (NYHA) 
functional class, intraoperative hypoperfusion, cumulative flu-
id balance, time of intubation, and length of stay in the ICU [2, 
5-8]. Reactive oxygen species (ROS) generation during car-
diopulmonary bypass (CPB) plays a substantial role in induc-
ing POD in patients undergoing CPB cardiac surgery [9, 10].

CPB can induce a systemic inflammatory response via 
foreign surface contact and is a potential source of cerebral 
microemboli (thrombi, fat, or gas bubbles) [10-12]. These 
factors contribute to the incidence of ischemia/reperfusion in-
jury, which is characterized by excessive ROS levels that can 
cause endothelial dysfunction, cellular injury, and multiple or-
gan failure. The brain tissue is highly susceptible to oxidative 
damage due to the high content of polyunsaturated fatty acids 
and high oxygen demand. The high prevalence of POD among 
patients undergoing cardiac surgery with CPB may indicate 
greater brain damage due to the ROS generated by CPB than 
in patients without CPB. Minimizing the effects of ROS may 
be a strategy for preventing and treating POD.
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Ascorbic acid, a vital water-soluble vitamin, acts as an 
electron donor by directly scavenging ROS. Furthermore, it 
prevents the generation of new ROS by inhibiting the nico-
tinamide adenine dinucleotide phosphate (NADPH) oxidase 
pathway and assists in the recycling of other antioxidants 
[13]. The postoperative ascorbic acid levels decrease be-
cause of the production of ROS after cardiac surgery with 
CPB, indicating a potential link between low plasma ascorbic 
acid levels and multiple organ damage [14-16]. Moreover, 
the plasma ascorbic acid levels of older patients scheduled 
for cardiac surgery were expected to be lower than normal 
levels (9 - 12 µg/mL) because plasma ascorbic acid levels 
have been reported to decrease with age, heart failure, and 
frailty [17-19]. Thus, ascorbic acid supplementation in older 
patients may reduce organ damage after cardiac surgery. Nu-
merous studies have been conducted on the administration 
of ascorbic acid and the prevention of organ damage in car-
diovascular surgery, particularly in the prevention of postop-
erative atrial fibrillation [20]. However, no previous studies 
have investigated whether ascorbic acid has a preventive ef-
fect on the incidence of delirium, a phenotype of brain dam-
age. Ascorbic acid is the most important antioxidant in the 
brain, and its levels in the brain cells (350 - 1,700 µg/mL) are 
much higher than those in the plasma (9 - 12 µg/mL), owing 
to its active transport via the sodium-dependent vitamin C 
transporter-2 (SVCT2) [21].

Our previous study investigated the relationship be-
tween preoperative and postoperative blood ascorbic acid 
levels and the incidence of POD and revealed that 32% of 
the enrolled patients (31/98) developed POD [14]. The pre-
operative plasma ascorbic acid levels recorded immediately 
after the induction of general anesthesia were 5.6 (4.6 - 7.8) 
and 5.2 (3.6 - 7.2) µg/mL in the non-POD and POD groups, 
respectively. The postoperative plasma ascorbic acid levels 
were 2.8 (2.3 - 3.5) and 2.3 (1.6 - 3.3) µg/mL in the non-POD 
and POD groups, respectively. While the plasma ascorbic 
acid level decreased by more than 50% from the preoperative 
value in both groups, a significant association was detected 
between postoperative plasma ascorbic acid levels and the 
incidence of POD. Thus, the findings of this study suggest 
that the administration of ascorbic acid during cardiac sur-
gery to compensate for the consumption of ascorbic acid may 
prevent the incidence of POD.

This study hypothesized that ascorbic acid administration 
would reduce the incidence of POD in older patients under-
going cardiovascular surgery. However, this is the first study 
in which ascorbic acid was administered to prevent delirium, 
and the Ethics Committee recommended that the incidence of 
POD following the administration of ascorbic acid should be 
examined without controls. Therefore, this study aimed to de-
termine the prevalence of POD among older patients undergo-
ing cardiovascular surgery, who received 2 g/day ascorbic acid 
for 2 days, to estimate an appropriate sample size for further 
randomized controlled trials, by comparing the incidence of 
POD in other studies without ascorbic acid administration. If 
the incidence of POD in this study was < 32% of that reported 
in a previous study conducted using the same inclusion criteria 
[14], the administration of ascorbic acid could be considered to 
have a preventive effect on the incidence of POD.

Materials and Methods

This single-center interventional study was approved by the 
Ethics Committee of the author’s institution on February 16, 
2023. This study investigated the incidence of POD in older 
patients who underwent cardiovascular surgery with CPB. In 
accordance with the advice of the Ethics Committee, this was 
a single-arm study with no comparison, as no previous study 
has investigated whether the administration of ascorbic acid 
prevents the incidence of POD to estimate an adequate sample 
size. The inclusion criteria were as follows: 1) age > 70 years; 
2) scheduled to undergo elective cardiovascular surgery using 
CPB. The exclusion criteria were as follows: 1) patients with 
cognitive disorders who could not understand the details of the 
present study; 2) patients requiring urgent surgery.

Perioperative management

An arterial catheter was placed in the radial artery and 5 mL 
of blood was drawn from the arterial catheter before or im-
mediately after the induction of general anesthesia to deter-
mine preoperative plasma ascorbic acid levels. Ascorbic acid 
(500 mg) mixed with saline (50 mL) was administered intra-
venously over 10 min after drawing the preoperative sample. 
In addition, the solution was administered intravenously every 
6 h for a total of eight times (2 g/day for 2 days) during the 
perioperative period.

Anesthetic management and hypothermic CPB were ad-
ministered as follows. Midazolam/propofol/remimazolam, 
fentanyl, and rocuronium were administered intravenously 
to induce general anesthesia. Subsequently, 1-1.5% of sevo-
flurane and remifentanil were administered to maintain an-
esthesia, except during CPB when 1.5 - 4 mg/kg of propofol 
and 0.1 - 0.4 µg/kg/min of remifentanil were administered to 
maintain anesthesia. Valvular surgery was performed under the 
condition of mild hypothermia (bottom temperature set as 30 
°C), whereas aortic surgery requiring circulatory arrest with 
CPB was performed under the condition of deep hypothermia 
(bottom temperature set as 25 °C). By the end of the surgery, 
10 - 20 µg/kg of fentanyl was administered. All patients were 
transferred to the ICU postoperatively and extubated after 
hemodynamic stabilization. The hemodynamic target was to 
maintain a mean arterial pressure (MAP) of > 60 mm Hg, ex-
cept during CPB when 50 - 80 mm Hg of MAP was the hemo-
dynamic target. Hemofiltration was not routinely performed 
during CPB.

The postoperative plasma ascorbic acid levels were meas-
ured from plasma samples drawn 24 h after drawing the first 
preoperative sample and just before the fifth administration of 
ascorbic acid (usually in the morning on postoperative day 1). 
Plasma ascorbic acid levels were measured only on weekdays. 
The levels were not measured on weekends and holidays due 
to the unavailability of laboratory technicians.

The patients were monitored for POD incidence by an 
ICU nurse until discharge from the ICU using the Confusion 
Assessment Method for the Intensive Care Unit (CAM-ICU). 
The ICU nurses worked two shifts, day and night, with at least 
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one CAM-ICU evaluation per shift. Some patients at risk for 
POD may be assessed more than once during a shift. There-
fore, the CAM-ICU score was routinely assessed twice or 
more per day in all patients. Patients with at least one positive 
CAM-ICU result were considered to have delirium. The dura-
tion of delirium was defined as the period between positive 
and negative ICU CAM results. The duration of delirium was 
summed for each episode in cases in which multiple episodes 
of delirium were reported. Patient backgrounds and intraop-
erative and ICU events were reviewed from the charts. Intra-
operative MAP and Bispectral Index (BIS), as parameters of 
anesthetic depth, were obtained from the anesthetic records 
every minute, except during CPB. We excluded information on 
BIS and MAP during CPB because the degree of hypothermia 
would interfere with the influence of hypotension and depth of 
anesthesia on POD.

Statistical analysis

This study aimed to estimate the incidence of POD following 
ascorbic acid administration. Because this was a pilot study 
with no comparisons, an adequate sample size could not be 
estimated. Data were collected from 50 older patients sched-
uled to undergo cardiac surgery with CPB. The normality of 
continuous variables was assessed using the Shapiro-Wilk test. 
Variables with normal distribution are expressed as mean ± 
standard deviation (SD), whereas the variables with non-nor-
mal distribution are expressed as medians (interquartile range 
(IQR)). As a secondary analysis, to represent the characteris-
tics of patients with POD, we compared the groups with and 
without POD. Continuous variables were compared using the 
two-sample t-test and the Mann-Whitney U test, as appropri-
ate. Categorical variables are expressed as numbers and com-
pared using Fisher’s exact test or the Chi-square test, where 
appropriate. Statistical significance was set at P < 0.05. All 
statistical analyses were performed using EZR version 3.6.3. 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), a graphical user interface for R (version 3.6.3) (R 
Foundation for Statistical Computing, Vienna, Austria) [22]. 
Data were visualized using GraphPad Prism (version. 10.1.1, 
GraphPad Software LLC, Boston, MA, USA).

Ethics approval and consent to participate

This single-center interventional study was approved by the 
Jichi Medical University Central Clinical Research Ethics 
Committee on February 16, 2023. This study was conducted 
in accordance with the Declaration of Helsinki and was regis-
tered in the Japan Registry of Clinical Trial (jRCT) on March 
9, 2023 (Registration No.: jRCTs031220690). Written in-
formed consent was obtained from all the patients.

Results

Among 57 eligible patients who received explanations regard-

ing the study objectives between April 2023 and December 
2023, consent was obtained from 51 patients. One patient 
scheduled to undergo resection of a left atrial myxoma expe-
rienced a mild cerebral stroke due to the myxoma after pro-
viding consent; consequently, her willingness to consent to 
participate in the study was uncertain. Therefore, this patient 
was excluded from the study. Thus, 50 patients were enrolled 
in the study. Among the 50 patients scheduled to receive ascor-
bic acid, one patient did not receive ascorbic acid during the 
postoperative period. In addition, one patient developed fatal 
arrhythmia due to postoperative coronary graft occlusion and 
died. Thus, these patients were excluded from the analysis, and 
data from 48 patients were analyzed (Fig. 1).

The characteristics of the enrolled patients are shown in 
Table 1. Sixteen patients developed POD (33.3%), whereas 32 
patients did not. The mean duration of delirium in the POD 
group was 19.9 (11.3 - 59.5) h. The number of patients with 
NYHA functional class III/IV, higher EuroSCORE II, lower 
intraoperative BIS, longer duration of CPB and surgery, inci-
dence of postoperative cerebral infarction, longer intubation 
time, and length of ICU stay were higher in the POD group. 
Significant differences were observed between the non-POD 
and POD groups in terms of the preoperative plasma ascorbic 
acid levels (6.08 ± 2.33 vs. 4.25 ± 1.26 µg/mL, P = 0.005); 
however, no significant differences were observed between 
the groups in terms of the postoperative plasma ascorbic acid 
levels (17.3 ± 5.6 vs. 22.1 ± 10.7 µg/mL, P = 0.09). The post-
operative plasma ascorbic acid levels were measured in only 
34 patients as these values could not be measured on weekends 
and holidays. Figure 2 shows a box plot of the preoperative 
and postoperative plasma ascorbic acid levels for each group. 
Figure 3 shows the distribution of EuroSCORE II and the inci-
dence of POD. No adverse events attributable to ascorbic acid 
administration were observed in any patient.

Discussion

The current study revealed that 33% of older patients under-
going cardiovascular surgery with CPB who received ascor-
bic acid at a dose of 2 g/day for 2 days experienced POD. To 
the best of our knowledge, this is the first study to examine 
the effects of ascorbic acid administration on the incidence of 
POD in this patient group. These findings may help estimate 
an appropriate sample size for future pilot randomized clini-
cal trials.

Several studies have reported the effects of ascorbic acid 
in patients undergoing cardiac surgery. However, most of these 
studies have focused on its role in preventing postoperative 
atrial fibrillation, with many studies and meta-analyses indi-
cating that the administration of ascorbic acid can reduce this 
condition [20, 23]. Other studies have noted benefits such as 
shorter mechanical ventilation duration, reduced ICU stay du-
ration, and decreased overall hospital stay duration [20]. How-
ever, its protective effects against cerebral ischemic events, 
postoperative cognitive dysfunction, and delirium remain un-
clear. A significant decline in ascorbic acid levels in the brain 
has been observed during cerebral ischemia in animal models 
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[24], indicating a strong association between ascorbic acid lev-
els in the brain and the incidence of postoperative neurological 
complications such as delirium. Moreover, the administration 
of ascorbic acid effectively reduced the size of cerebral infarc-
tions in animal models [25, 26]. Thus, the administration of 
ascorbic acid may protect the brain tissue and prevent the inci-
dence of POD after cardiac surgery with CPB.

Contrary to our expectations, the incidence of POD (33% 
in this study) was almost identical to that observed in our pre-
vious observational study (31 of 98 patients developed POD; 
incidence of POD was 32%) [14]. This study lacked a control 
group for comparison, rendering it insufficient to conclusively 
determine the protective effect of ascorbic acid against delir-
ium; however, the results suggest that the effect of ascorbic 
acid on preventing POD is minimal compared to that observed 
in our previous observational study. There are several possible 
explanations for these findings. The following factors that may 
influence the results may aid future research.

Severity of patient condition

The patient conditions in this study were more severe than 
those observed in our previous study. The patients in the POD 
group in this study exhibited higher EuroSCORE II scores, 
longer intubation times, and longer ICU stays. These differ-
ences in disease severity may have influenced our results. Eu-
roSCORE II, which integrates patient, cardiac, and operation-
related factors, predicts mortality after cardiac surgery [27]. 

High EuroSCORE II scores have been suggested as risk fac-
tors for POD development [6]. In the present study, patients 
with higher EuroSCORE II scores had a higher incidence of 
POD (Fig. 3). In the highest EuroSCORE II group (> 10%), 
the effect of 2 days of ascorbic acid supplementation was lim-
ited or disappeared because the intubation time and ICU stay 
were much longer than 2 days. A limited number of patients 
with mild-to-moderate severity (such as EuroSCORE II < 
10%) could be appropriate to determine the effect of ascor-
bic acid more clearly. The incidence of POD in patients with 
EuroSCORE II < 10% was 23.8% in the present study and 
29.2% in our previous study. This suggests that the sample 
size would need 2,170 patients in a future larger study, which 
investigates the effect of ascorbic acid on the prevention of 
POD in patients over 70 years of age scheduled for cardiac 
surgery with CPB and a mild-to-moderate risk of mortality 
(EuroSCORE II < 10%).

Dose of ascorbic acid

The dose of ascorbic acid administered may have influenced 
the outcome. A dose of 2 g/day was administered for 2 days in 
the current study. This dose appears to be minimal, as 2 - 4 g/
day of ascorbic acid has been administered for 1 - 5 days in 
several studies investigating the effects of ascorbic acid ad-
ministration in patients undergoing cardiac surgery [6]. The 
dose of ascorbic acid was set to 2 g/day, which is the maximum 
dose permitted in Japan. The duration of ascorbic acid admin-

Figure 1. Flow chart depicting patient enrolment. CPB: cardiopulmonary bypass; CABG: coronary artery bypass graft.
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istration in the ICU was set to 2 days in the current study, as 
a few patients may be discharged from the ICU on postopera-
tive day 2. A small dose and short duration of ascorbic acid 
administration may be less likely to influence the incidence of 
POD than a larger dose and longer duration of ascorbic acid. 
Theoretically, the first dose administered before the start of 
CPB may be the most important for replenishing consumption 
during surgery. A larger initial dose of ascorbic acid may be 

required to maintain a high level of ascorbic acid at the begin-
ning of CPB.

Type of ascorbic acid

The form of ascorbic acid used in this study may have affected 
its efficacy. Ascorbic acid can enter the cerebrospinal fluid di-

Table 1.  Patient Characteristics

Overall Delirium (-) Delirium (+) P value
N 48 32 16
Age (years) 77 (74 - 81) 76 (73 - 79) 80 (74 - 83) 0.06
Sex (male, female) 32, 16 20,12 12,4 0.4
Height (cm) 160 ± 8.6 159 ± 9.2 160 ± 7.7 0.8
Weight (kg) 57 ± 12 58 ± 11 54 ± 12 0.22
Mini-Mental State Examinationa 29 (26 - 30) 29 (27.5 - 30) 28 (23.5 - 29) 0.06
Hypertension (n) 39 25 14 0.45
Diabetes mellitus (n) 13 8 5 0.66
Dyslipidemia (n) 24 16 8 1
Past cerebral infarction (n) 5 3 2 0.78
NYHA functional status III/IV (n) 5 1 4 0.02
Main Procedure (n) 0.01
  Valve surgery 38 29 9
  Aortic surgery 4 0 4
  Coronary artery bypass grafting 0 0 0
  Composite surgery 6 3 3
EuroSCOREII (%) 4.28 (1.9 - 7.39) 3.45 (1.56 - 4.85) 8.40 (5.94 - 10.7) < 0.001
Preoperative plasma level of ascorbic acid (µg/mL) 5.47 ± 2.2 6.08 ± 2.33 4.25 ± 1.26 0.005
CPB time (min) 140 (105 - 176) 119 (92 - 168) 155 (134 - 181) 0.03
Operation time (min) 296 (248 - 337) 271 (232 - 318) 316 (300 - 364) 0.006
Intraoperative MAP less than 60 mm Hg (except during CPB) (min) 59 ± 34 59 ± 34 59 ± 35 0.99
Intraoperative BIS (except during CPB) 45 (40 - 50) 46 (41 - 52) 42 (38 - 47) < 0.001
Fluid balance during the operation (mL) 4,083 ± 1,664 3,774 ± 1,558 4,700 ± 1,748 0.07
APACHEII score at ICU admission 17 ± 3.8 17 ± 3.6 17 ± 4.5 0.9
APACHEIII score at ICU admission 63 ± 14 60 ± 13 68 ± 16 0.1
Postoperative plasma level of ascorbic acid (µg/mL) (n = 34) 19.1 ± 8.1 17.3 ± 5.6 22.1 ± 10.7 0.09
Postoperative cerebral infarction (n) 3 0 3 0.01
Fluid balance in first 48 h in ICU (mL) 1,361 ± 1,915 1,063 ± 1,720 1,957 ± 2,192 0.13
The use of dexmedetomidine before the development of POD (n) 8 6 2 0.6
Intubation time (h) 13 (7.9 - 22.7) 11 (7.5 - 16.6) 23 (8.6 - 89.5) 0.03
Length of ICU stay (h) 94 (88 - 163) 93 (91 - 117) 165 (82 - 222) 0.03
Incidence of POD 33% - - -
Duration of POD (h) - - 19.9 (11.3 - 59.5) -

Values are shown as median (25th - 75th percentile), mean (± standard deviation), or numbers. aMini-Mental State examination was evaluated in 46 
patients. NYHA: New York Heart Association; EuroSCORE: European System for Cardiac Operative Risk Evaluation; MAP: mean arterial pressure; 
CPB: cardiopulmonary bypass; BIS: Bispectral Index; APACHE II: Acute Physiology and Chronic Health Evaluation II; ICU: intensive care unit; POD: 
postoperative delirium.
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rectly through the choroid plexus via SVCT2 and can enter 
neurons via the same transporter. This process is slow, saturable, 
and controlled. Dehydroascorbate (DHA) is transported directly 
and quickly into the brain via glucose transporter (GLUT) 1 on 
the endothelial cells of the blood-brain barrier and via GLUT1 
or GLUT3 in neurons [12, 23]. In neurons, DHA is converted 
into ascorbic acid by glutathione and other intracellular thiols. 
Intravenous administration of DHA, but not ascorbic acid, gen-
erates supraphysiological concentrations of ascorbic acid in the 
brain due to the more efficient uptake of DHA. The results might 

have varied if DHA had been used instead of ascorbic acid. 
However, ascorbic acid, the more stable form, was used in this 
study because the use of DHA is not permitted in Japan. Preop-
erative supplementation with ascorbic acid may be another op-
tion to achieve a high concentration of ascorbic acid in the brain 
more quickly at the beginning of CPB. In this study, no patients 
developed POD when their preoperative levels of ascorbic acid 
were above 6.3 µg/mL. Although this level seemed to be much 
lower than the normal range (9 - 12 µg/mL), it may imply that 
increasing preoperative ascorbic acid levels to within the normal 
range might be useful. Moreover, the use of DHA to maintain 
adequate plasma and brain levels of ascorbic acid swiftly needs 
to be assessed in future studies.

Limitations

The primary limitation of this study is its design, which lacked 
a control group. Ideally, a control arm without ascorbic acid 
administration would be necessary. However, due to the ab-
sence of prior studies investigating the use of ascorbic acid 
for delirium prevention in patients undergoing cardiovascular 
surgery, the Ethics Committee initially assessed the incidence 
of delirium without a control group. The committee decided 
that the study was not at a stage where ascorbic acid should be 
studied in two groups, given its unknown effect on delirium, 
and its potential aggravating effect. Consequently, this study 
was not suitable for evaluating the preventive effects of ascor-
bic acid on delirium. The second limitation of this study is its 
small sample size, heterogeneous population, and single-cent-
er design. Particularly, the variety of patients who underwent 

Figure 2. Plasma ascorbic acid levels in the non-delirium and delirium groups.

Figure 3. Distribution of EuroSCORE II and the incidence of postop-
erative delirium (POD). EuroSCORE II: European System for Cardiac 
Operative Risk Evaluation II.
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aortic surgery with CPB under deep hypothermia might have 
affected the results, because these patients might have had 
a higher incidence of POD than those who underwent usual 
cardiac surgery. Three patients (all counted in the composite 
surgery group) were in the non-POD group, and six (two in the 
composite surgery and four in the aortic surgery group) were in 
the POD group. This heterogeneous population may limit the 
generalizability and reproducibility of our findings to other in-
stitutions. Third, we had three patients with mild postoperative 
cerebral infarction discovered from delayed emergence only in 
the POD group. Cerebral infarction may affect the incidence 
of POD because cerebral infarction is a risk factor for POD. 
However, these patients were not excluded from the analysis. 
Since the patients did not undergo routine postoperative brain 
magnetic resonance imaging (MRI) or computed tomography 
(CT), we could not rule out the occurrence of mild cerebral 
infarction in other patients. Hence, the effect of mild cerebral 
infarction on POD in this study was unclear. Fourth, dexme-
detomidine was administered to six patients in the non-POD 
group during their ICU stay. Since dexmedetomidine has been 
suggested to reduce POD [4], its use may have influenced the 
results. Fifth, the incidence of delirium was determined using 
the CAM-ICU, which may not capture the effects of postop-
erative cognitive dysfunction, such as subclinical delirium 
(e.g., hallucinations), which can occur even in patients who are 
CAM-ICU-negative. Subsyndromal delirium, which is charac-
terized by mild cognitive dysfunction, does not meet the for-
mal criteria for delirium, and its symptoms vary substantially 
[28]. Administration of ascorbic acid may reduce overall cog-
nitive dysfunction; however, data on subsyndromal delirium 
were not collected in the current study.

Conclusions

The incidence of POD among older patients who underwent 
cardiovascular surgery and received perioperative ascorbic acid 
(2 g/day for 2 days) was 33%. This incidence was comparable 
to that observed in our previous observational study. Thus, the 
ascorbic acid regimen may not be effective in preventing de-
lirium. Further studies are warranted to investigate the effects of 
ascorbic acid on POD prevention in homogeneous populations.
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