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Abstract: Neurocognitive dysfunction is still considered as a well-recognized complication of coronary artery 
bypass graft (CABG) surgery. Cognitive decline after cardiac surgery is frequent. However, its reported incidence 
varies widely. The aim of this study was to evaluate cognitive function of patients after CABG surgery in 
Mazandaran Heart Center, Sari, northern Iran. In a cross-sectional study from September 2011 to April 2012, a total 
of 161 consecutive cases of elective CABG at Mazandaran Heart Center were included. Cognitive brain function of 
eligible individuals was evaluated by the Mini Mental State Examination (MMSE) before CABG and at 10-day and 
2-month follow-up. The results were analyzed using repeated measures analysis of variance, Pearson's correlation 
test, and linear regression analysis. Out of 161 patients, 98 were male (60.9 %) and 63 were female (39.1%). The 
mean age of patients was 58.83 ± 8.02 years. The mean total scores of MMSE before CABG surgery and 10 and 60 
days after it were 25.42, 24.89, and 25.48 respectively (P < 0.001). Scores of two areas of cognitive function, i.e. 
orientation (at 10 days and 2 months after surgery) and language-praxis (at 10 days after surgery) decreased 
significantly in patients (P < 0.05). MMSE scores 10 days after CABG surgery were significantly related with age 
and blood transfusion (P < 0.05). This study highlighted the incidence of early (10 days after surgery) cognitive 
dysfunction in patients undergoing CABG surgery. It also suggested cognitive function to be correlated with age and 
blood transfusion. Therefore, interventions for prevention or reduction of this complication after CABG are 
warranted.  
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1. Introduction 
               Coronary artery bypass graft (CABG) 
surgery is one of the most expensive and frequently 
performed surgical procedures in the world. It intends 
to treat ischemic heart disease and reduce angina 
pectoris (1-3). Despite technological advances in the 
surgical procedure, anesthesia, and cardiopulmonary 
bypass (CPB) which resulted in a steady decrease in 
the mortality and morbidity associated with these 
procedures over the past four decades, neurocognitive 
dysfunction is still recognized as a well-recognized 
complication of CABG (4,5). Cognitive decline is a 

frequent complication after cardiac surgery whose 
reported incidence varies widely. Its incidence rate 
has been estimated as 50-80% at discharge, 20-50% 
at 6 weeks, and 10-30% at 6 months after operation 
(5-9). Intraoperative cerebral microembolism and 
hypoperfusion have been proposed as the two major 
mechanisms involved in the occurrence of cognitive 
dysfunction after cardiac surgery (6). Neurocognitive 
dysfunction after CABG is associated with reduced 
quality of life and can threaten a patient’s 
independence, work performance and daily living 
skills after hospital discharge. It can also increase the 
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demand for healthcare resources (10). In spite of the 
importance of cognitive dysfunction and its 
consequences, few studies have been carried out in 
this regard so far. Therefore, this study was 
conducted to evaluate cognitive function in patients 
undergoing CABG surgery in Mazandaran Heart 
Center, Sari, northern Iran. 
 
2. Material and Methods  
                 In a cross-sectional study from September 
2011 to April 2012, a total of 161 consecutive cases 
of elective CABG at Mazandaran Heart Center 
entered the study. After the approval of the Ethics 
Committee of Mazandaran University of Medical 
Sciences, informed consents were obtained from 161 
patients who aged 20-70 years old and were 
scheduled for elective CABG using CPB 
(cardiopulmonary bypass). The exclusion criteria 
were other simultaneous cardiac surgeries (e.g. valve 
replacement), symptomatic cerebrovascular disease, 
alcoholism (more than 2 drinks/day), psychiatric 
illnesses (any clinical diagnosis requiring therapy), 
drug abuse (any illicit drug abuse in the previous 
three months), hepatic insufficiency (liver function 
tests > 1.5 times the upper limit of normal), severe 
pulmonary insufficiency (requiring home oxygen 
therapy), renal failure (serum creatinine > 2 mg/dl), 
reluctance to do cognitive test performance, previous 
heart surgery, and preoperative left ventricular 
ejection fraction (LVEF) < 30%. In addition, only 
patients who completed the 2-month follow-up were 
included. 
                 All patients received standardized 
anesthesia. They were premedicated with 
promethazine (25 mg) and morphine (5 mg) 
intramuscular injections one hour before entering the 
operating room. In all cases, anesthesia was based on 
moderate doses of fentanyl (20-30 μg/kg) and 
midazolam (0.05-0.15 mg/kg) supplemented with 
isoflurane (< 1%) or propofol (2.5-4.0 mg/kg/h) 
during CPB. Muscle relaxation was maintained with 
cisatracurium. Median sternotomy was performed in 
all patients and CPB was instituted through 
cannulation of the ascending aorta and the right 
atrium. Aortic palpation was used to detect 
atherosclerosis and, if present, to select an 
appropriate site for cannulation and clamping. In all 
patients, a blood based St. Thomas’ Hospital 
cardioplegic solution was used at 12°C for 
myocardial protection. Distal coronary anastomoses 
were completed with the proximal aorta cross-
clamped and the heart arrested. For proximal aortic 
anastomoses, the aorta was partially clamped while 
the heart was beating. The CPB circuit included a 
roller pump (Stockert Instruments, Munich, 
Germany), a hollow fiber membrane oxygenator 

(Medtronic Inc, Minneapolis, MN, USA), and an 
arterial filter with a 34-μm screen (Medtronic Inc.). 
Moderate hypothermia (32°C) was used during CPB.  
During rewarming, the maximum allowed blood 
temperature (at the heat exchanger) was 37.5°C and 
the maximum allowed nasopharyngeal temperature 
was 37°C. The warming rate was approximately 1°C 
and the core temperature increased per 3-5 minutes 
during the bypass time. Perfusion was non-pulsatile 
with indexed flows set at 2.4 L/m/min during cooling 
and rewarming and at 2.0 L/m/min during stable 
CPB. The mean arterial blood pressure was 
maintained between 60 and 80 mmHg. Alpha-stat 
acid-base management was used for all patients. 
                 Cognitive brain function was evaluated 
before CABG and at 10-day and two-month follow-
up using the Mini Mental State Examination 
(MMSE) or Folstein test. The test comprised five 
areas of cognitive functions and was applied 
individually for each patient by an experienced and 
well-educated nurse. MMSE was also used to 
estimate the severity of cognitive impairment at a 
given point of time and to follow the course of 
cognitive changes in an individual over time. The 
five areas of the test were orientation (10 points), 
registration (3 points), attention and calculation (5 
points), recall (3 points), and language and praxis (9 
points). The maximum score was 30 and scores 
greater than or equal to 25 were considered as normal 
(intact). Scores ≤ 9, 10-20, and 21-24 indicated 
severe, moderate, and mild cognitive impairment, 
respectively (11). This test has been previously used 
by Iranian researchers on patients undergoing CABG 
surgery (12, 13).  
                    Statistical analyses were performed with 
SPSS software (Statistical Package for Social 
Sciences, version 16.0, SSPS Inc., Chicago, IL, 
USA). Differences between preoperative 
neurocognitive scores and scores on the 10th and 60th 
days after the operation were tested by repeated 
measures analysis of variance. Pearson's correlation 
test and linear regression analysis were used to 
evaluate the relationships between variables and 
MMSE scores 10 days after the surgery. The 
statistical significance was set at a P < 0.05. 
 
3. Results  
                 Out of 161 patients, 98 were male (60.9%) 
and 63 were female (39.1%). The mean age of 
patients was 58.83 ± 8.02 years (range: 44-70). The 
mean LVEF was 48.68 ± 7.37%. In addition, 15 
subjects (71.4%) had hypertension and 65 (40.4%) 
had diabetes mellitus. Other baseline and clinical 
characteristics are shown in Table 1. 
 



Life Science Journal 2012;9(4)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  3838 

Table 1. Basic and clinical characteristics of 
patients 
Variable Mean ± 

SD 
95% confidence 

interval 

Body mass index (kg/m2) 26.1 ± 
4.7 

18.7-39.3 

Serum creatinine (mg/dL) 1.01 ± 
0.24 

0.60-1.96 

Intubation time (hour) 7.33 ± 
2.60 

4.10-22.00 

Cardiopulmonary bypass time 
(min) 

81.5 ± 
17.4 

44.0-150.0 

Cross-clamp time (min) 42.6 ± 
10.3 

26.0-91.0 

Minimum hemoglobin (g/dL) 7.6 ± 1.1 5.1-10.5 
Minimum temperature (°C) 30.7 ± 

1.5 
28.0-34.0 

Minimum mean arterial 
pressure (mmHg) 

50.5 ± 
6.1 

37.0-75.0 

 
                     The mean total score and scores of all 
five areas of MMSE at baseline and 10 and 60 days 
after the surgery are shown in Table 2.  
 
Table 2. The mean total scores and scores of the 
five areas of Mini Mental State Examination at 
baseline and 10 and 60 days after coronary artery 
bypass graft surgery  

Test Baseline 10th 
day 

60th 
day 

P  

Orientation (10 points) 8.95 8.78 8.86 0.045 

Registration (3 points) 2.99 2.97 2.98 0.640 

Attention and 
calculation (5 points) 

2.53 2.50 2.54 0.720 

Recall (3 points) 2.97 2.95 2.98 0.550 

Language and praxis 
(9 points) 

8.19 8.06 8.22 0.001 

Total (30 points) 25.42 24.89 25.48 < 
0.001 

 
                   As shown in Table 2, there were 
significant differences between the mean total scores 
of MMSE at baseline and on the 10th and 60th 
postoperative days (P < 0.0001). Moreover, scores of 
orientation and language-praxis significantly 
decreased as time passed (P < 0.05). Pearson 
correlation coefficient showed statistically significant 
negative correlations between MMSE scores on the 
10th day and age (r = -0.26; P = 0.001) and blood 
transfusion (r = -0.25; P = 0.001). Based on the 
adjusted regression model, every one-year increase in 
age was associated with 0.13 reduction in the MMSE 
score (on average) (95% confidence interval: -0.21 to 
-0.05; P = 0.002). On the other hand, every one-unit 
increase in blood transfusion decreased the MMSE 
score by 1.14 (95% confidence interval: -1.55 to -
0.04; P = 0.03) (Table 3). 
 

Table 3. Linear regression analysis of Mini Mental 
State Examination (MMSE) scores on the 10th day 
after coronary artery bypass graft surgery 

Linear 
regression 

Crude model Adjusted Model 

Variable B P 95% 
confidence 

interval 

 B P 95% 
confidence 

interval 
Age 
(years) 

-1.5 0.001 -0.24 to -
0.06 

  -
0.13 

0.002  -0.21 to -
0.05 

Blood 
transfusion 
(units) 

-
1.38 

0.001 -2.19 to -
0.56 

 -
1.14 

 0.030 -1.55 to -0.04 

                 Variables were analyzed using mixed 
linear regression models with MMSE scores on the 
10th postoperative day as a random effect with 
adjustment for age, sex, and blood transfusion.  
 
4. Discussions  
                  The results of this study demonstrated that 
cognitive function of patients after CABG surgery in 
our institution had significantly differences before, 
after 10 days and 2 month after surgery. In fact, the 
mean total MMSE score apparently decreases 10 
days after the surgery. Previous studies have 
suggested that cognitive dysfunction after CABG 
occurred in 3-80% of patients (5,8,14). In our study, 
the mean preoperative total score of MMSE was 
25.42 which was categorized as normal cognitive 
function. Farhudi et al. reported the mean total scores 
of MMSE before and after surgery as 23.82 and 
24.52, respectively (12). The results of our study 
showed that cognitive function of patients apparently 
decreases 10 days after CABG surgery. Likewise, 
Kadoi et al. reported that 7 days after CABG surgery, 
cognitive impairment occurred in 55% of patients 
without diabetes mellitus and in 68% of patients with 
diabetes mellitus (15). Farhoudi et al. compared the 
impacts of on-pump and off-pump CABG on 
neurocognitive impairment in low risk patients. 
Based on MMSE scores, cognitive impairment was 
detected in 21.2% of the cases in the on-pump group 
and 23.1% of the off-pump (16). In a retrospective, 
descriptive, cross-sectional study, Hassani et al. 
evaluated the documents of 514 patients with 
neurologic complication after open heart surgery. 
They found that cognitive disorders had developed in 
12 patients (2.33%) (17). Adverse neurological 
outcomes of cardiac surgery are the result of damage 
to the brain, spinal cord, or peripheral nerves. Central 
nervous system injury ranges in severity from subtle 
changes in personality, behavior, and cognitive 
function to fatal brain injury (18). Taban et al. used 
MMSE to compare cognitive dysfunction in elderly 
patients before and after surgeries. As they reported, 
cognitive dysfunction occurred in 29.1% of the 
participants (19). Boodhwani et al. indicated that 
59% of patients developed cognitive deficits after 
CABG surgery (20).  
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                  The reported incidence of cognitive 
decline varies widely (9). This variability is partly 
caused by methodological problems since a multitude 
of definitions of cognitive decline are used and a 
large number of neuropsychological tests exist to 
assess various cognitive domains (21). In this study, 
we found a statistically significant inverse correlation 
between age and cognitive function 10 days after 
CABG surgery. Kadoi et al. suggested that age was 
associated with cognitive impairment at 7 days after 
CABG surgery (15). Other studies by Ganavati et 
al.13 and Taban et al. showed that scores of cognitive 
function decreased with aging (19).  
                   On the other hand, we found a 
statistically significant inverse correlation between 
blood transfusion and cognitive function 10 days 
after CABG surgery. In a study on CABG patients in 
three Finnish hospitals, Mikkola et al. indicated that 
transfusion of blood products after CABG had a 
strong, dose-dependent association with the risk of 
stroke after surgery (22). Stone et al. showed that 
transfusion of more than three units of red blood cells 
after CABG was strongly associated with subsequent 
mortality (23). Similarly, Bahrainwala et al. (24) and 
Whitson et al. (25) showed that the use of blood 
products to restore coagulation and correct anemia 
may contribute to the development of neurological 
events after cardiac operation. The present study had 
some limitations. First, we only used one 
neuropsychological test (MMSE) to assess cognitive 
function. Second, MMSE is a simple screening tool 
which might not be reliable in detection of delicate 
cognitive impairments. Therefore, in further 
investigations, a more rigorous set of 
neuropsychological tests is required. 
                In conclusion, this study highlighted early 
(10 days after surgery) cognitive dysfunction after 
CABG surgery. It also suggested cognitive function 
to be associated with age and blood transfusion. 
Therefore, interventions for prevention or reduction 
of this complication after CABG are warranted.  
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