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ABSTRACT

Objective: In this study, we investigated whether the addi-
tion of vitamin B complex to prime solution for cardiopulmo-
nary bypass (CPB) in cobalamin-deficient patients undergo-
ing on-pump coronary artery bypass grafting (CABG) helps 
prevent the development of postoperative delirium (POD).

Materials and Methods: In the present study, 69 of 138 
patients with serum vitamin B12 levels <200 pg/mL based 
on the blood sample taken within 1 week prior to on-pump 
CABG between January 2013 and December 2017 were 
enrolled. The control group included 69 patients. Vitamin B 
complex (25 mg vitamin B1, thiamine hydrochloride; 2.734 
mg vitamin B2, riboflavin phosphate ester monosodium; 5 mg 
vitamin B6, pyridoxine hydrochloride; 15 mcg vitamin B12; 50 
mg niacinamide; and 17.2 mg D-panthenol) was added to the 
prime solution for CPB in the study group. The Intensive 
Care Delirium Screening Checklist (ICDSC) was used for the 
diagnosis of POD, and the severity of delirium was assessed 
by using the Delirium Rating Scale-Revised-98 (DRS-R-98). 

Results: Twenty-nine patients in the control group (42%) 
and 18 patients (26%) in the study group developed POD  
(P = .017); delirium severity scores were higher in the con-
trol group (16.5 ± 2.9 versus 15.03 ± 2.48; P = .034). Logistic 
regression analyses showed vitamin B complex was an inde-
pendent protective factor for preventing the development of 
POD in patients undergoing on-pump CABG (odds ratio 
[OR]: 0.23; 95% confidence interval [95% CI]: 0.06-0.83; 
P = .025).

Conclusion: On the basis of the results of our study, 
the addition of vitamin B complex to the prime solution for 
CPB decreases the incidence of POD in cobalamin-deficient 
patients undergoing on-pump CABG.

INTRODUCTION

Postoperative delirium (POD) is a rapidly occurring acute 
condition characterized by fluctuating episodes of inattention, 

disorganized thinking, and altered levels of consciousness 
[Mangnall 2011]. Delirium is usually observed between the 
first and third days after surgery and can resolve within hours 
to days [Silverstein 2007]. The exact incidence of post–cardiac 
surgery delirium is controversial and, according to the litera-
ture, ranges from 6% to 52%. Despite the recent improve-
ments in both medical treatment and operational techniques, 
such as off-pump coronary artery bypass grafting (CABG), 
minimally invasive cardiac surgical processes, and endovas-
cular interventions, delirium following open heart surgery 
remains a significant complication in patients undergoing 
cardiac surgery. Increased morbidity and long-term mortality, 
decreased functional status, and cognitive decline are some of 
the potential consequences of POD following cardiac surgery 
[Inouye 1999; Dasgupta 2006; Schreier 2010; Field 2013].

Advanced age, history of diabetes, high serum cortisol 
levels, use of perioperative analgesics, and benzodiazepines, 
β-blockers, antihypertensives, antiarrhythmics, calcium chan-
nel blockers, angiotensin-converting enzyme inhibitors, and 
antiemetics given during the postoperative period are some 
of the possible risk factors for the development of POD in 
cardiac surgery patients [Sockalingam 2005; Dasgupta 2006; 
Mu 2010].

Cobalamin (vitamin B12) deficiency (CD) affects up to 40% 
of elderly people and may cause hematologic, psychiatric, and 
neurologic disturbances [Wong 2015] as well as psychiatric 
disorders, such as delirium, dementia, depression, psychosis, 
and schizophrenia [Moore 2012; Jayaram 2013]. The CD 
prevalence is reported to be higher in developing countries 
[Yildirim 2015]. 

The relationship between CD and POD following cardiac 
surgery remains unclear. Additionally, taking the possible 
preoperative precautions may help the clinician prevent POD 
in patients undergoing on-pump CABG surgery.

In this study, we aimed to investigate whether the addition 
of vitamin B complex to prime solution for cardiopulmonary 
bypass (CPB) in cobalamin-deficient patients undergoing on-
pump CABG helps prevent POD.

MATERIALS AND METHODS

The present study was approved by the Ethics Commit-
tee of Bozok University Medicine Faculty Hospital (Yozgat, 
Turkey). The 138 patients who had preoperative CD and 
underwent on-pump CABG in the Cardiovascular Surgery 
Department of Bozok University Research and Application 
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Hospital between January 2013 and December 2017 were 
enrolled in this study. 

Patients with known psychiatric and/or neurologic dis-
eases before surgery, alcohol dependence, chronic renal and 
hepatic diseases, carotid artery stenosis, folate deficiency, 
redo-CABG, off-pump CABG, aortic plaque, simultaneous 
cardiac or noncardiac operation, preoperative ejection frac-
tion (EF) <40%, severe systemic illness, intensive care unit 
(ICU) length of stay longer than 24 hours, postoperative 
bleeding >1000 cc recorded within 12 hours, postoperative 
myocardial infarction (MI) history, perioperative hemody-
namic instability, hypoxia, or hypercapnia were excluded.

In the present study, 329 patients underwent on-pump 
CABG in the Cardiovascular Surgery Department of Bozok 
University between January 2013 and December 2017, and 
174 patients had preoperative CD (serum vitamin B12 level 
<200 pg/mL). Of the 174 patients, 5 were excluded because 
of reduced myocardial function (EF <40%), 6 because of 
massive bleeding (>1000 cc/12 hours), 9 because of long ICU 

stays (>24 hours), 3 because of known neurologic diseases, 2 
because of chronic renal disease, 4 because of carotid artery 
stenosis (unilateral occlusion rate of the internal carotid 
artery [ICA] >50%), 2 because of aortic plaques, 12 because 
of folate deficiency, and 3 because of simultaneous valvular 
and on-pump CABG operations.

Of the 138 patients, 69 were enrolled in the study group 
and 69 in the control group. In the study group, a vitamin B 
complex consisting of 25 mg vitamin B1 (thiamine hydrochlo-
ride), 2.734 mg vitamin B2 (riboflavin phosphate ester mono-
sodium), 5 mg vitamin B6 (pyridoxine hydrochloride), 15 mcg 
vitamin B12, 50 mg niacinamide, and 17.2 mg D-panthenol 
was added to the prime solution for CPB. 

Anesthesia
Anesthesia premedication (intramuscular 0.1 mg/kg mor-

phine HCl) was administered 30 minutes prior to the opera-
tion. Intravenous forms of 5-10 μg/kg of fentanyl, 0.1 mg/
kg of midazolam, and 0.6–0.8 mg/kg of rocuronium bromide 

Table 1. Patient Demographic Characteristics* 

Study Group (n = 69) Control Group (n = 69) P

Age, years, mean ± SD 66.4 ± 5.8 65.9 ± 5.1 .84

Sex, male, n 28 (40.5%) 29 (42.0%) .9

HT, n 53 (76.8%) 50 (72.4%) .63

DM, n 22 (31.8%) 24 (34.7%) .65

HL, n 42 (60.8%) 48 (69.5%) .27

Smoking, n 43 (62.3%) 38 (55.0%) .32

PVD, n 4 (5.7%) 3 (4.3%) .76

COPD, n 26 (37.6%) 17 (24.6%) .08

EuroSCORE II, mean ± SD 1.01 ± 0.33 1.02 ± 0.29 .89

Preoperative HCT, %, mean ± SD 33.24 ± 2.7 32.3 ± 2.1 .28

Anastomoses, median (IQR) 3 (3-4) 4 (3-4) .75

CPB time, minutes, median (IQR) 103 (82-124) 109 (77.2-125) .91

X clamp time, minutes, median (IQR) 64 (51-78) 66 (47.3-77.4) .75

Nadir Hct on CPB, %, median (IQR) 20 (18-23) 21 (18-24) .9

Operation time, minutes, mean ± SD 205.7 ± 30.1 207.8 ± 30.7 .71

Ventilator time, hours, mean ± SD 8.8 ± 2.6 8.9 ± 2.5 .31

RBC transfusions, unit, mean ± SD 2.24 ± 1.1 2.04 ± 1.12 .26

FFP transfusion, unit, mean ± SD 0.75 ± 0.5 0.69 ± 0.61 .33

Bleeding recorded 12 hours after operation, mL, median (min-max) 350 (250-500) 300 (200-400) .38

Preoperative Cbl levels, pg/mL, median (IQR) 159 (134.3-175) 151 (130.2-171.8) .88

Presence of delirium, n 18 (26.0%) 29 (42.0%) .017†

Delirium severity scores 15.03 ± 2.48 16.5 ± 2.9 .034†

*SD, standard deviation; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; PVD, peripheral vascular disease; COPD, chronic obstructive pulmo-
nary disease; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; Hct, hematocrit value; IQR, interquartile range; CPB, cardiopulmonary 
bypass; X clamp, cross-clamp; RBC, red blood cell; FFP, fresh frozen plasma; min-max, minimum to maximum; Cbl, cobalamin.
†P values <.05 were considered to indicate statistical significance.
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were used for the induction of anesthesia, and 1-2 μg/kg per 
hour of fentanyl, 0.3 mg/kg per hour of rocuronium bromide, 
and inhalation of 1%-2% sevoflurane were used for the main-
tenance of anesthesia.

Management of CPB
Median sternotomy was the standard chest incision in all 

patients. A roller pump and a membrane oxygenator were 
used for CPB. In the study group, Ringer lactate solution was 
used for the prime solution of the extracorporeal system, and 
the vitamin B complex (25 mg vitamin B1, 2.734 mg vitamin 
B2, 5 mg vitamin B6, 15 mcg vitamin B12, 50 mg niacinamide, 
and 17.2 mg D-panthenol) was added to the prime solution. 
The ascending aorta and right atrium were cannulated with 
a dual-stage venous cannula. Before the cannulation, 300-
400 U/kg heparin sulfate was administered to each patient 
to maintain activated clotting time (ACT) values above 480 
seconds. Nonpulsatile pump flow was 2.2-2.5 L/m2 per 
minute and mean arterial pressure was 50-70 mmHg during 
CPB. The body temperature was maintained at 28°C, and 
cold blood cardioplegia was used. An alpha-stat strategy was 
preferred, and PaCO2 was maintained at 35-45 mmHg. Sus-
pension of concentrated erythrocytes was added to the prime 
volume when the hematocrit levels were <20%.

Delirium Assessment
The Intensive Care Delirium Screening Checklist 

(ICDSC) was used for the diagnosis of delirium [Bergeron 
2001]. ICDSC consists of 8 items (one point each): inatten-
tion, altered level of consciousness, psychomotor agitation/
retardation, hallucination–delusion–psychosis, inappropriate 
speech or mood, disorientation, disturbance in the sleep–wake 
cycle, and symptom fluctuation [Bergeron 2001]. Patients 
with a score of at least 4 were considered to have delirium.

The delirium severity level was assessed by using the 
Delirium Rating Scale-Revised-98 (DRS-R-98) [Trzepacz 
2001]. The DRS-R-98 scale includes a 16-item clinician-
rated scale with 2 sections, a 13-item severity section and a 
3-item diagnostic section. Severity items are scored between 
0 and 3 points, and diagnostic items are scored between 0 and 

either 2 or 3 points and are related to the temporal course  
and attributed to an underlying etiology. The total score of 
the DRS-R-98, which is the sum of the scores of the 16-item 
scale and includes the 3 diagnostic items, ranges from 0 to 
46, with a maximum severity score of 39. An overall score of 
17-18 points and a score of 15 points on the severity scale are 
considered be meaningful in terms of differential diagnosis. 
However, milder forms of delirium, with scores higher than 
11, can be observed [Trzepacz 2001].

Patients, in the study and control groups were assessed in 
the ICU for delirium by using the ICDSC and DRS-R-98. 

Laboratory Tests
Within 1 week prior to the surgery, the serum vitamin B12 

level of each patient was measured. The serum cobalamin levels 
were determined by using chemiluminescent enzyme immu-
noassay in an automated analyzer (Roche Diagnostic Modular 
Analytics E170, Roche Ltd., Basel, Switzerland). The normal 
range for cobalamin in our laboratory is 200–663 pg/mL.

Statistical Analyses
SPSS Statistics for Windows, Version 17.0 (SPSS Inc Chi-

cago, IL, USA; released 2008.) was used for statistical analysis. 
To determine whether variables were normally distributed, 
visual (histograms, probability plots) and analytical methods 
(Kolmogorov–Smirnov test) were used. Continuous variables 
are reported as mean ± standard deviation (SD) for normally 
distributed variables and as median and interquartile range 
(IQR) for non-normally distributed variables. Categorical 
variables are presented as number and percentage.

Patients were divided into 2 subgroups. In the study group, 
the vitamin B complex was added to the prime solution for 
CPB; in the control group, the standard prime solution for 
CPB was used. The chi-square test for qualitative variables, 
independent t test for normally distributed continuous vari-
ables, and Mann-Whitney U test for non-normally distributed 
continuous variables were used to compare the 2 subgroups. 
Logistic regression analysis was used to evaluate associations 
between delirium and vitamin B complex supplementation. 
The strength of the linear relationships between the DRS-R-
98 and the clinical variables was assessed by using the Pear-
son or Spearman correlation coefficients as appropriate. The 
presence of delirium was treated as the dependent variable. 
Potential risk factors and predictor variables with a P value 
<.25 in the univariate analysis were included as covariates in 
the multivariate model. The multivariate model was adjusted 
for age, sex, diabetes mellitus (DM), chronic obstructive pul-
monary disease (COPD), and CPB time. P values <.05 were 
considered to indicate statistical significance.

RESULTS

The study group consisted of 28 (40.5%) males and 41 
(59.5%) females, and the mean age of the cohort was 66.4 ± 
5.8 years. The control group included 29 (42%) males and 40 
(58%) females, and the mean age of the cohort was 65.9 ± 5.1 
years (Table 1).

Table 2. Logistic Regression Analyses*

OR 95% CI P

Vitamin B complex 0.23 0.06-0.83 .025

Age 1.009 0.95-1.06 .76

Sex, male 1.22 0.34-4.4 .75

DM 0.7 0.21-2.36 .57

COPD 1.26 0.41-3.87 .68

CPB time 1.007 0.99-1.02 .37

*OR, odds ratio; 95% CI, 95% confidence interval; DM, diabetes mellitus; 
COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary 
bypass.
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The control group had a higher incidence of delirium 
(42% versus 26%; P = .017) and higher delirium sever-
ity scores (16.5 ± 2.9 versus 15.03 ±2 .48; P = .034) than the 
study group. The 2 subgroups did not significantly differ with 
regard to other clinical characteristics (Table 1).

According to the multivariate logistic regression analysis, 
the vitamin B complex was an independent preoperative and 
intraoperative risk factor for the development of POD after 
CABG (odds ratio [OR]: 0.23; 95% confidence interval [95% 
CI]: 0.06-0.83; P = .025). The multivariate logistic regression 
analysis is shown in Table 2.

DISCUSSION

Vitamin B12 is the largest vitamin and has the most chemi-
cally complex body. The main dietary sources of B12 are animal 
products. Owing to the limited bioavailability, the uptake and 
recycling of cobalamin is highly efficient. The recommended 
daily allowance is the lowest of all vitamins and is set at 2.4 
μg/day in adults [Bor 2006]. Cobalamin is stored in the liver; 
therefore, an adult human’s diet may be cobalamin deficient 
for many months to years before developing clinical symp-
toms. Recent findings suggest that cobalamin in the form of 
thiolatocobalamins may act as an intracellular antioxidant and 
may therefore play an important role in cell survival during 
inflammation [Birch 2009].

The pathophysiology of delirium has not yet been fully 
elucidated, and it is possible that multiple factors, rather than 
a single mechanism, are responsible for the onset of POD. 
Inflammation [Cerejeira 2010], changes in neurotransmitters 
(especially acetylcholine), electrolyte and metabolic disor-
ders, hemodynamic changes, and genetic factors are several 
potential causes of POD [Hshieh 2008; Adamis 2009].

Microglial activation is another mechanism of POD, 
especially in elderly patients with a history of neurodegen-
erative disease. Microglia are more sensitive to stimuli and 
show more pronounced proinflammatory behavior, resulting 
in an increased inflammatory response in the central nervous 
system [Cunningham 2013]. Thus, patients undergoing car-
diac surgery with CPB have an increased risk of developing 
POD because of the negative effects of CPB on increased 
neuroinflammation and development of microglia, resulting 
in blood–brain barrier disorders [McDonagh 2014]. CPB 
also causes an increased systemic inflammatory response. In a 
recent study, elevated levels of TNF-α, IL-10, IL-64, and sol-
uble TNF-receptor I during CPB were shown to be increased 
in patients with POD following open heart surgery [Kazmier-
ski 2013], and this process may aggravate neuroinflammation 
[Ritter 2014]. Additionally, cerebral hypoxia and hypoperfu-
sion and embolization are other possible CPB-related cere-
bral injury events [Robinson 2008].

The variation in neurotransmitter levels and the derange-
ment between the monoaminergic and cholinergic systems 
may increase the risk of POD development [Koster 2009]. 

Monoamine neurotransmitter metabolism and DNA syn-
thesis disorders, demyelination associated with elevated meth-
ylmalonic acid levels and the vasculotoxic effects of elevated 

homocysteine, perioperative elevated inflammatory oxida-
tive stress, mild cognitive impairment (MCI), and increase 
in plasma cortisol and IL-2 levels are possible physiological 
mechanisms for the development of POD in cobalamin- 
deficient patients undergoing cardiac surgery [Lachner 2012]. 

Cobalamin is essential in the biosynthesis of monoamines 
(serotonin, dopamine, and norepinephrine), which are impor-
tant for the regulation of cholinergic activity [Rush 2014]. CD 
causes elevated homocysteine and methylmalonic acid levels 
[Lachner 2012]. Methylmalonic acid acts as a myelin desta-
bilizer and can result in myelin formation disorders [Clarke 
2004]. Homocysteine is a neurotoxic amino acid, leading to 
DNA injury and apoptosis [Kruman 2000]. Increased homocys-
teine levels may cause oxidative stress by activating glutamate 
receptors and generation of reactive species [Boldyrev 2007; 
Matté 2009]. Thus, the neurotoxic effects of elevated homo-
cysteine and methylmalonic acid levels, which are significantly 
augmented by CPB, may contribute to the development of 
POD in patients with CD. Cobalamin exhibits a strong antioxi-
dant activity and provides significant cellular protection against 
oxidative stress [Suarez-Moreira 2009]. Because of its effects 
on the immune system, as well as production of cytokines and 
growth factors, cobalamin can be used as an antioxidant ther-
apy in situations of increased inflammatory oxidative stress, an 
important mechanism of POD in patients with CD [Scalabrino 
2008; Birch 2009; Matté 2009; Suarez-Moreira 2009]. In recent 
studies, CD has been linked to MCI, which was shown to be 
associated with the risk of delirium after open heart surgery. 
Cortisol and IL-2 concentrations are higher in patients with 
MCI than in non-MCI subjects. Thus, patients with MCI are at 
a higher risk of POD [Kazmierski 2014; Sanford 2014].

Reportedly, the prevalence of vitamin B12 deficiency in 
the United States is 3%-6% [Allen 2009]. The reported 
values are much higher in the developing countries: 40% in 
Latin America and up to 80% in African and Asian countries 
[Refsum 2001; Siekmann 2003; McLean 2007; Taneja 2007]. 
In Turkey, the reported prevalence of vitamin B12 deficiency 
is 50%-73.5% [Yildirim 2015]. 

In our study, the development of POD in cobalamin-defi-
cient patients undergoing on-pump CABG was decreased; 18 
patients in the study group developed POD, and 29 patients 
in the control group developed it (P = .017).

CONCLUSION

On the basis of the results of our study, the addition of 
vitamin B complex to the prime solution for CPB decreases 
the incidence of POD in cobalamin-deficient patients under-
going on-pump CABG. We recommend our colleagues to 
plan further studies for patients undergoing other open heart 
surgery operations.

LIMITATIONS

Retrospective design of the study is a major limitation. 
Postoperative cobalamin levels were not measured. The 
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study was conducted in patients undergoing CABG surgery. 
Biological tests helping measure the intracellular vitamin B12 
level do not exist in our hospital and even in many centers in 
Turkey. This was the main limitation of our study.
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