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Abstract. Effects of dexmedetomidine on postoperative 
cognitive function in patients undergoing coronary artery 
bypass grafting were investigated. Eighty patients undergoing 
systemic anesthesia with extracorporeal coronary artery 
bypass grafting in The People's Hospital of Guangxi Zhuang 
Autonomous Region from January 2015 to August 2017 
were selected and randomly divided into the observation 
group (n=40) and control group (n=40). The two groups were 
treated with dexmedetomidine and equal volume of normal 
saline, respectively. Moreover, safety indexes including EEG 
bispectral index (BIS) at 30 min before induction of anesthesia 
(T0), immediately after intubation (T1), when incision was 
made (T2), when chest was closed (T3), when operation was 
completed (T4) and at 6 h after operation (T5), intraoperative 
circulatory system-related complications, cortisol, epineph-
rine and norepinephrine levels at the end of surgery as well 
as anesthesia recovery time and postoperative mechanical 
ventilation time were recorded and compared. All the patients 
were followed up for 1 week. Mini-mental state examina-
tion (MMSE) and Montreal cognitive assessment (MoCA) 
were administered at 1, 3 and 7 days after operation, and 
the incidence of intraoperative awareness and postoperative 
cognitive dysfunction was recorded. BIS value in the observa-
tion group was lower than that in the control group (P<0.05) 
at T1-T4 time points, and the BIS value in the observation 
group was higher than that in the control group (P<0.05) at 
T5. Incidence rates of intraoperative arrhythmia, hypertension 
and hypotension in the observation group was significantly 
lower than those in the control group (P<0.05). At the end of 
operation, levels of cortisol, epinephrine and norepinephrine 

in the observation group were significantly lower than those 
in the control group (P<0.05). Anesthesia recovery time and 
postoperative mechanical ventilation time in the observation 
group was significantly shorter than the time in the control 
group (P<0.05). MMSE and MoCA scores of the observation 
group were better than those of the control group (P<0.05). The 
incidence of cognitive impairment and postoperative cogni-
tive impairment in the observation group was significantly 
lower than those in the control group (P<0.05). Therefore, it 
is concluded that dexmedetomidine can effectively reduce the 
incidence of postoperative cognitive impairment in patients 
undergoing coronary artery bypass grafting, and it is of high 
safety for circulatory function.

Introduction

Postoperative cognitive dysfunction is defined as postoperative 
consciousness, cognitive function, memory and orientation 
disorders, complicated with mental and sleep disorders in 
patients without mental illness before operation. Postoperative 
cognitive dysfunction is caused by postoperative neurological 
disorders due to various factors including brain disorders (1). 
Strong surgical stimulation caused by cardiac surgery may lead 
to significant body stress response, leading to increased level 
of catecholamines secreted by sympathetic nervous system (2). 
In particular, bypass coronary artery bypass grafting is consid-
ered to be one of the most common predisposing factors for 
postoperative cognitive impairment during cardiopulmonary 
bypass (3).

In recent years, with the development of anesthesia and 
cardiopulmonary bypass technology, incidence of postopera-
tive cognitive dysfunction was significantly decreased, but still 
cannot be eradicated (4). Dexmedetomidine, as a new and effi-
cient adrenergic receptor agonist α2, can induce physiological 
sleep (5). Dexmedetomidine can also effectively inhibit the 
body's inflammatory response and thus improve the protec-
tion of the nervous system (6). This study mainly explores the 
impact of dexmedetomidine on postoperative cognitive func-
tion in patients with coronary artery bypass grafting.

Patients and methods

General information. A total of 80 patients undergoing 
systemic anesthesia and extracorporeal coronary artery 
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bypass surgery in the People's Hospital of Guangxi Zhuang 
Autonomous Region (Nanning, China) from January 2015 
to August 2017 were selected. Patients were diagnosed by 
preoperative imaging, clinical manifestations, and direct 
observations during surgery. Patients with cognitive impair-
ment, mental and psychological illness and chronic alcoholics, 
drug addicts, abuse of psychotropic substances, illiterate 
education, intraoperative use of epinephrine and norepineph-
rine, or allergy to drugs used in this study were excluded. This 
study was approved by the Ethics Committee of the People's 
Hospital of Guangxi Zhuang Autonomous Region, and all 
patients signed informed consent. Patients were randomly 
divided into two groups, 40 cases in each group. No significant 
differences in sex, average age, body mass index (BMI), left 
ventricular ejection fraction, intraoperative cardiopulmonary 
bypass time and total operation time were found between the 
groups (P>0.05). Preoperative mini-mental state examina-
tion (MMSE) and Montreal Cognitive Assessment (MoCA, 
Beijing version) were performed and no significant differ-
ences in MMSE and MoCA scores were found between the 
groups (Table I).

Method. All patients underwent surgical treatment under 
general anesthesia with endotracheal intubation. Patients 
were fasted and not allowed to drink water before operation. 
Peripheral vein was opened and connected to the monitor, 
and patient's noninvasive blood pressure, electrocardiogram, 
heart rate and oxygen saturation were monitored continu-
ously. Anesthesia machine was used to detect the changes of 
respiratory function in patients. Anesthesia was induced by 
intravenous infusion of midazolam, fentanyl, cisatracurium 
and etomidate. Tracheal intubation was performed under 
slow induction of anesthesia, and was connected to anes-
thesia machine for mechanical ventilation, oxygen flow rate 
was set to 50%, respiratory rate was set to 14 times/min, and 
tidal volume was set according to patient weight (10 ml/kg). 
Peripheral arterial puncture, central venous catheterization 
and pressure measurement were performed. Intraoperative 
anesthesia was performed by using propofol, remifentanil and 
cisatracurium. Cardiopulmonary bypass technology was used. 
Dexmedetomidine (SFDA approval number: H20130027, 
CISEN), solution (4 µg/ml) was prepared and pumped into 
patients in the observation group through a vein with a dose 
of 1 µg/kg during the first 10 min, followed by the dose of 
0.2 µg/kg until the end of surgery. Equal volume of 0.9% saline 
was used at the same speed for patients in the control group, 

and 1 mg of midazolam was intravenously administered every 
30 min. Based on patient circulatory function, vasoactive 
drug was given through extracorporeal circulation machine 
during surgery, and vasoactive drugs were intravenously 
administered after cardiopulmonary bypass. All patients had 
the same indications for the use of vasoactive drugs, and drugs 
used here included: popamine, metaxylamine, epinephrine, 
phenylephrine and norepinephrine.

Observation indexes. Circulatory function-related complica-
tions, such as arrhythmia, hypertension, and hypotension 
were compared between the two groups. BIS was recorded at 
30 min before induction of anesthesia (T0), immediately after 
intubation (T1), when incision was made (T2), when chest 
was closed (T3), when operation was completed (T4) and at 
6 h after operation (T5). The levels of cortisol, epinephrine 
and norepinephrine at the end of operation were recorded, 
and recovery time and mechanical ventilation time of the two 
groups were compared. MMSE and MoCA were performed at 
1, 3 and 7 days after operation. The incidence rates of intraop-
erative awareness and postoperative cognitive dysfunction in 
the two groups were compared.

Assessment criteria. BIS value was measured by using 
A-3000 BIS monitor (Aspect Medical System, Covidien, MA, 
USA) and its ancillary equipment. BIS value fluctuated between 1 
and 100. The higher the BIS value is, the higher the sober level is. 
BIS higher than 95% indicated completely awaken state, and BIS 
lower than 70% indicated disorder of consciousness. Stress factors, 
including cortisol (80-550 nmol/l), epinephrine (<480 pmol/l) and 
norepinephrine (615-3240 pmol/l), were measured by Bio-Rad 
450 automatic biochemical analyzer (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). MMSE contains seven aspects and 30 
questions with a score of 0 to 30, and 27 points was the threshold 
for cognitive impairment. Lower MMSE score indicated more 
severe cognitive impairment. MoCA: Test was completed within 
10 min, and the highest score was 30 points, and the lowest score 
was 0. A score over 26 points indicated normal conditions. Lower 
MoCA score indicated more severe cognitive impairment. MoCA 
was not performed within 60 min after MMSE, and MMSE was 
not performed within 24 h after MoCA. Arrhythmias are indicated 
by electrocardiogram. Hypertension in anesthesia means: blood 
pressure is greater than 140/95 mmHg or elevated blood pressure 
is greater than 20%. Hypotension in anesthesia was defined as: 
blood pressure is less than 90/60 mmHg or decreased blood 
pressure is greater than 30%.

Table I. Comparison of general information between the two groups.

   Body Left Intraoperative
 Sex  mass ventricular cardiopulmonary Total
 (male/ Age index ejection bypass time operation
Groups female) (years) (kg/m2) fraction (%) (min) time (min) MMSE MoCA

Observation (n=40) 28/12 42.3±1.6 23.5±1.1 53.1±2.1 113.0±5.1 206.5±15.3 28.5±0.2 28.1±0.5
Control (n=40) 27/13 42.4±1.5 23.6±1.0 53.0±2.0 113.1±5.0 206.4±15.2 28.6±0.3 28.2±0.6
t or χ2 value 0.001 0.288 0.425 0.218 0.089 0.029 1.754 0.810
p-value 0.999 0.774 0.672 0.828 0.930 0.977 0.083 0.421
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Statistical analysis. SPSS13.0 (SPSS, Inc., Chicago, IL, USA) 
was used. Measurement data are expressed as mean ± stan-
dard deviation. Comparisons of mean values between the 
two groups were performed by using t-test, and intragroup 
comparisons were performed by χ2 test. P<0.05 was consid-P<0.05 was consid-0.05 was consid-
ered to indicate a statistically significant difference.

Results

Comparison of BIS values between the two groups at different 
time-points. BIS values in the observation group at T0-T5 
were 96.8±2.0, 45.8±2.9, 43.3±2.3, 56.9±3.1, 60.9±3.5 and 
81.9±3.3, respectively, and BIS values in the control group at 
T0-T5 were 96.9±1.0, 53.3±2.6, 49.6±1.8, 63.5±3.9, 65.3±4.6 
and 78.9±3.6, respectively. BIS values in the observation group 
were significantly lower than those in the control group at T1 
to T4 (t=8.931, 4.980, 8.379 and 4.814, P<0.05), while BIS 
value in the observation group was significantly higher than 
that in the control group at T5 (t=3.885, P<0.05) (Fig. 1).

Comparison of intraoperative circulatory function-related 
complications between the two groups. The incidence rates 
of intraoperative arrhythmia, hypertension and hypotension in 
the observation group were significantly lower than those in 
the control group (P<0.05) (Table II).

Comparison of levels of cortisol, epinephrine and norepi-
nephrine between the two groups at the end of operation. 
At the end of surgery, the levels of cortisol, epinephrine and 
norepinephrine in the observation group were significantly 
lower than those in the control group (P<0.05) (Table III).

Comparison of anesthesia recovery time and mechanical 
ventilation time between the two groups. Anesthesia recovery 
time in the observation group was significantly shorter than that 
in the control group (P<0.05), and postoperative mechanical 
ventilation time in the observation group was also significantly 
shorter than that in the control group (P<0.05) (Table IV).

Changes in MMSE during follow-up. MMSE scores in the 
observation group were 20.6±0.5 points, 25.1±0.7 points 
and 28.6±0.3 points at 1 day, 3 days and 7 days after opera-
tion, respectively. MMSE scores in the control group were 
17.5±0.9 points, 21.3±1.1 points and 23.8±0.7 points at 1 day, 
3 days and 7 days after operation, respectively. MMSE scores 
in the observation group were significantly higher than those 
in the control group at the three time points (t=19.043, 18.433 
and 39.862, P<0.001) (Fig. 2).

Changes in MoCA during follow-up. MoCA scores were 
18.6±1.5 points, 25.6±1.0 points and 27.4±0.6 points in the 
observation group at 1 day, 3 days and 7 days after operation, 
respectively, and MoCA scores in the control group were 
16.3±1.3 points, 21.5±0.8 points and 24.3±0.8 points at 
1 day, 3 days and 7 days after operation, respectively. MoCA 
scores in the observation group were significantly higher 
than those in the control group (t=7.328, 20.248 and 19.606, 
P<0.001 <0.05) (Fig. 3).

Figure 1. Comparison of BIS values between the two groups at different 
time-points. BIS values in the observation group were lower than those in 
the control group at T1 to T4, while BIS value in the observation group was 
higher than that in the control group at T5. *P<0.05 compared with the control 
group.

Table II. Comparison of intraoperative circulatory function-
related complications between the two groups.

    Total
Groups Arrhythmia Hypertension Hypotension incidence

Observation 1 1 1 3 (7.5%)
(n=40)
Control 3 4 4 11 (27.5%)
(n=40)
χ2 value  -  4.242
P-value  -  0.039

Table III. Comparison of levels of cortisol, epinephrine and 
norepinephrine at the end of operation between the two groups 
(mean ± SD).

 Cortisol Epinephrine Norepinephrine
Groups (nmol/l) (pmol/l) (pmol/l)

Observation (n=40) 10.1±0.7   50.3±2.3 58.5±5.0
Control (n=40) 23.2±1.9 100.1±6.5 179.6±11.7
t value 40.918 45.680 60.196
P-value <0.001 <0.001 <0.001

Table IV. Comparison of anesthesia recovery time and mechan-
ical ventilation time between the two groups (h, mean ± SD).

 Anesthesia Mechanical
 recovery ventilation
Groups time time

Observation (n=40) 6.2±0.8 13.8±2.1
Control (n=40) 9.9±1.3 18.6±2.6
t value 15.330 9.083
P-value <0.001 <0.001
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Comparison of intraoperative awareness and postoperative 
cognitive impairment between the two groups. The incidence 
rates of intraoperative awareness and postoperative cognitive 
impairment in the observation group were significantly lower 
than those in the control group (Table V).

Discussion

Postoperative cognitive impairment is a relatively mild clinical 
cognitive disorder, but it may cause decreased social activi-
ties for a few weeks or months, leading to decreased self-care 
ability (7). Incidence of postoperative cognitive impairment in 
patients with coronary artery surgery was significantly higher 
than that in patients without the surgery (8). Studies have shown 
that >40% patients will develop cognitive dysfunction within 
7 days after coronary artery-related surgery (9), and the inci-
dence in elderly patients is even higher. Dexmedetomidine is 
currently the most widely used α2 adrenergic receptor agonist 
in the clinical treatment (10). Dexmedetomidine can induce 
physiological sleep, achieve certain synergistic analgesic 
and sympathetic inhibitory effects (11). Previous studies (12) 

have shown that dexmedetomidine can reduce body stress, 
inflammation, and inhibit oxidation reaction. Application of 
dexmedetomidine in anesthesia can maintain sedation, accel-
erate recovery and reduce the feeling of being drunk (13).

The patients in the observation group were treated with 
dexmedetomidine. It was found that BIS values in the observa-
tion group were lower than those in the control group at T1 
to T4 (T1: immediately after intubation, T2: when incision 
was made, T3: when chest was closed, T4: when operation 
was completed), while BIS value in the observation group was 
higher than that in the control group at T5 (6 h after operation, 
t=3.885, P<0.05). The sedative effect was significantly better 
in the observation group than in the control group, suggesting 
that intraoperative sedation effect of dexmedetomidine can 
accelerate postoperative recovery. Comparison of cyclic func-
tion related complications showed that the incidence rates of 
arrhythmia, hypertension and hypotension were significantly 
lower in the observation group than in the control group, 
indicating that dexmedetomidine is safer than midazolam for 
circulatory function. The comparison of levels of cortisol, 
epinephrine and norepinephrine at the end of surgery showed 
that the levels of cortisol, epinephrine and norepinephrine in 
the observation group were significantly lower than those in the 
control group, indicating that dexmedetomidine can effectively 
inhibit the body's stress response and reduce catecholamine 
hormone secretion. The comparison of anesthesia recovery 
time and mechanical ventilation time showed that anesthesia 
recovery time and mechanical ventilation time were signifi-
cantly shorter in the observation group than in the control 
group, indicating that dexmedetomidine can effectively shorten 
the postoperative mechanical ventilation, and promote postop-
erative recovery. The comparison of MMSE and MoCA scores 
showed that MMSE and MoCA scores in the observation 
group were significantly higher than those in the control group 
at 1 day, 3 days and 7 days after operation, and the incidence 
rates of intraoperative awareness and postoperative cognitive 
dysfunction were significantly lower in the observation group 
than in the control group, indicating that dexmedetomidine 
can effectively improve postoperative cognitive function and 
reduce the incidence of intraoperative awareness.

Continuous intravenous infusion of dexmedetomidine 
can alleviate the severity of the patient's stress response and 
reduce catecholamine hormone secretion (14), thereby reducing 
the activity of the sympathetic nervous system, effectively 
stabilizing patient's hemodynamics (15), alleviating the stress 
reaction, reducing the trauma to the body caused by operation 

Figure 2. Changes in MMSE during follow-up. MMSE scores in the observa-
tion group were significantly higher than those in the control group at 1 day, 
3 days and 7 days after operation (P<0.05). *P<0.05 compared with the con-
trol group.

Figure 3. Changes in MoCA during follow-up. MoCA scores in the observa-
tion group were significantly higher than those in the control group at 1 day, 
3 days and 7 days after operation. *P<0.05 compared with the control group.

Table V. Comparison of intraoperative awareness and postop-
erative cognitive impairment between the two groups (cases, 
%).

 Intraoperative Postoperative cognitive
Groups awareness impairment

Observation (n=40) 1 (2.5) 1 (2.5)
Control (n=40) 9 (22.5) 10 (25)
χ2 value 5.600 6.746
P-value 0.018 0.009
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and anesthesia stimulation and ischemia-reperfusion injury 
caused by extracorporeal circulation, and improving the protec-
tion effects on the nervous system (16). Dexmedetomidine 
can also inhibit monocyte Toll-like receptor-1 and Toll-like 
receptor-2 expression (17), thereby reducing the body's 
inflammatory response (18) and reducing the incidence of 
postoperative cognitive dysfunction. In addition, the use of 
dexmedetomidine can reduce glutamate neurotoxicity (19) and 
apoptosis of neuronal cells (20). Therefore, it is of great signifi-
cance to relieve postoperative cognitive dysfunction in patients.

In conclusion, dexmedetomidine can effectively reduce the 
incidence of postoperative cognitive dysfunction in patients 
undergoing cardiopulmonary bypass surgery and it is of high 
safety for circulatory function.
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