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Abstract: Objective: To evaluate the cerebral protection of Dexmedetomidine during anesthesia of cardiac valve
replacement surgery. Methods: 60 patients who underwent elective cardiac valve replacement surgery under cardiopulmonary bypass (CPB) in our hospital were randomly divided into Dexmedetomidine group and control group
(30 cases in each group); patients in Dexmedetomidine group were injected with Dexmedetomidine 1.0 μg/kg
intravenously at 10 min before routine anesthesia induction, then injected with 0.5 μg/kg/h till surgery finished;
the control group received equal volume of normal saline with the same infusion speed. Heart rate (HR) and blood
pressure were recorded at T1 (establish of CPB), T2 (end of CPB) and T3 (end of surgery), in the meanwhile, the
doses of vasoactive agents used during operation were also recorded. Jugular venous oxygen saturation (SjvO2),
Arterial venous oxygen content difference (Da-jvO2) and cerebral extraction of oxygen (CERO2) at T1-T3 were monitored analyzed. Central venous blood was drawn at time points of T1-T3 to detect the concentrations of plasma
S-100β protein, TNF-α and serum neuronspecific enolase (NSE) by ELISA. Mini-Mental State Examination (MMSE)
and Delirium Rating Scale (DRS) were used to assess postoperative cognitive function and postoperative delirium,
respectively. Results: Compared with the control group, the amount of Phenylephrine, Dopamine, Adrenaline used
in Dexmedetomidine group was significantly reduced (94 μg vs. 185 μg; 24 μg vs. 44 μg; 6.3% vs. 21%), while the
volume of Atropine was significantly increased (18% vs. 6.1%), the differences were statistically significant (all P <
0.05); the SjvO2 of two groups of patients at T2 was significantly higher than that at T1 while Da-jvO2 and CERO2
were significantly lower than those at T1. Moreover, by comparing with control group, the SjvO2 of Dexmedetomidine
group at T2 and T3 was significantly higher while Da-jvO2 and CERO2 were significantly lower (all P < 0.05). The
postoperative delirium score of dexmedetomidine group (15.8±4.2) was significantly lower than that of control
group (18.6±6.2), the difference was statistically significant (P < 0.05); there was a significant difference in MMSE
score (P < 0.05) between two groups at postoperative 1 week; the concentrations of TNF-α, S-100β protein and
NSE level of both groups at T2 and T3 were significantly increased (P < 0.05) by comparing with the values at T1,
and the levels in dexmedetomidine group were significantly lower than those of control group (P < 0.05) at T2 and
T3. Conclusion: Dexmedetomidine could improve brain oxygen metabolism and reduce intraoperative cerebral ischemia and hypoxia during cardiac valve replacement surgery under CPB; to a certain extent, Dexmedetomidine has
cerebral protective effect.
Keywords: Cardiac valve replacement surgery, dexmedetomidine, cardiopulmonary bypass, cerebral protection

Introduction
Cardiac valve replacement surgery under CPB
is the main method to treat rheumatic heart
disease. With the continuous improvement in
surgical techniques, there is a gradual reduce
in postoperative fatality rate; however, there is
no obvious improvement in postoperative complications of the central nervous system.
Studies have shown that about 1.8-2.4% of

patients had stroke during cardiac valve
replacement surgery, and the elder patients
had a higher incidence [1, 2]. During CPB, the
brain is at different levels of hypoxia, cerebral
ischemia is the main cause of brain damage.
Cardiopulmonary blood bypass, different from
physiological perfusion, may have embolism
and inflammation that lead to local hypoxic and
ischemic changes of brain tissues, which may
worsen the postoperative cognitive impairment
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and other symptoms of brain damage [3].
Therefore, select an anesthetic with cerebral
protective effect is crucial for patients undergoing heart valve replacement surgery under CPB.

observation group was applied as: loading dose
at 1.0 μg/kg, continuous infusion at a dose of
0.5 μg/kg/h; while the control group was
infused with the same volume of normal saline.

Dexmedetomidine is a highly selective α2adrenoceptor agonist, which is commonly used
in clinic as an adjuvant anesthesia that has
effects of sedation, analgesia, and anti-anxiety
[4, 5]. For coronary artery bypass surgery, dexmedetomidine could enhance hemodynamic
stability and maintain cardiac oxygen supply
balance [6]; for acute craniocerebral injury, the
application of Dexmedetomidine could suppress perioperative inflammatory response and
protect cerebral function at certain level [7, 8];
in animal models of cerebral ischemia injury,
Dexmedetomidine was also confirmed to possess the ability of reduce the concentrations of
brain damage markers, such as S100β protein.
Currently, whether Dexmedetomidine could
maintain stable hemodynamics and have cerebral protection effect during cardiac valve
replacement surgery under CPB has not been
clearly manifested yet. In this study, we investigated the effect of Dexmedetomidine on hemodynamic, brain injury markers and postoperative cognitive function in patients undergoing
cerebral valve replacement surgery under CPB,
in order to provide experimental evidence for
clinical practice.

Methods

Materials and methods
General information
60 patients underwent elective cardiac valve
replacement surgery under CPB at our hospital
from January 2014 to March 2015 were selected for this study. The participants were consist
of 34 males and 26 females, aged from 45-75
years old and weight from 51-75 kg, ASA classification was II or III, and NYHA heart function
was at II-III level. Inclusion criteria: patients
without atrioventricular block (AVB), cerebral
infarction (CI) or atherosclerosis disease;
patients without diabetes, or history of allergies and cardiac surgery, or liver pulmonary
dysfunction; the study was approved by the
hospital ethics committee, and the informed
consent was obtained from the family members of patients. According to the random number table, patients were divided into
Dexmedetomidine group and control group with
30 patients in each group. Dexmedetomidine in
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All patients breathed with application of oxygen
mask after entering the operation room; heart
rate, blood pressure, bispectral index and saturation of pulse oximetry (SpO2) as well as other
indicators of the patient were closely monitored
during the operation; left radial artery and the
right internal jugular vein were punctured to
place catheter under local anesthesia; in the
meanwhile, the nasopharyngeal and the rectal
temperature were monitored. Patients in
Dexmedetomidine group were intravenously
injected with Dexmedetomidine at 1.0 μg/kg in
10 min, followed with continuous transfusion of
0.5 μg/kg/h until the end of surgery. The
patients in control group were transfused with
same volume of normal saline in the same way
as described. Intravenous injection of sufentanil 1 μg/kg, midazolam 0.05 mg/kg, rocuronium 0.6 mg/kg and etomidate 0.3 mg/kg for
induction of anesthesia. After tracheal intubation, patients were mechanically ventilated to
maintain end-tidal carbon dioxide at 35-45
mmHg. The crystal/colloid ratio of priming solution used in CPB was 3:1, non-pulsatile perfusion was applied with a flow of 2.0-2.5 L/m2/
min, and mean arterial pressure was maintained at 50-80 mmHg. Rewarming treatment
was processed after intracardiac operation;
protamine was used to neutralize heparin at a
ratio of 1:1 after machine shutdown. Maintenance of anesthesia: inhalation of 1%-2%
sevoflurane, continuous intravenous injection
of 0.5-0.6 μg/kg/h sufentanil, intermittent
injection of atracurium to maintain muscle
relaxants, in the meanwhile, maintain the brain
bispectral index value at 40-50.
The application method of cardiovascular
drugs during the surgery
Before CPB, intravenous injection of atropine
0.05 mg/kg if heart rate was less than 45
beats/min, and esmolol 20 mg/kg if heart rate
was greater than 100 beats/min; intravenous
injection of phenylephrine 20-40 μg when
systolic blood pressure was less than 80
mmHg, and nicardipine 0.4 mg/kg if blood
pressure was higher than 160 mmHg. After
Int J Clin Exp Med 2017;10(1):1066-1072
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Table 1. The comparison of general information and in perioperative situation between two groups of
patients
Group

Number
(n)

Age
(year)

Male/
Female (n)

BMI
(kg/m2)

LVEF (%)

Time of Aortic Clamping
CPB (min)
Time (min)

Extubation
Time (h)

Dexmedetomidine Group

30

47.7±8.7

18/12

22.3±1.7 55.3±5.7

71±11

56±8

21.8±9.2

Control Group

30

46.8±7.4

16/14

22.4±2.1 55.4±4.7

72±13

57±6

22.3±8.7

blood (2 mL) was collected at
postoperative 24 h (T5), and
ELISA was used to detect the
concentrations of plasma protein S100β, TNF-α and serum
neuronspecific enolase (NSE)
at T1, T2, T3 and T5. MiniMental State Examination
(MMSE) was used to assess
postoperative cognitive function: the total score was 30
points with 24 points as cutoff value, and patients with
score under cut-off value
were regarded as cognitive
impairment; delirium rating
scale (DRS) was used to
assess postoperative delirium: the patients were evaluated without using any sedaFigure 1. Comparison of vasoactive drugs consumed in two groups of pative drugs, the total score was
tients, *P < 0.05. A: The amount of Phenylephrine; B: The amount of Dopa46 points, the score for the
mine; C: Adrenaline usage rate; D: Atropine usage rate.
most severe condition was 39
points, delirium was defined
aortic unclamping, dopamine was intravenousas total score > 18 or the score of severity >
ly transfused at 4 μg/kg/min, if the mean ar15.
terial pressure was still less than 50 mmHg
The statistical analysis
after shutdown, dopamine was increased at a
rate of 1 μg/kg/min; if a dose of 10 μg/kg/min
SPSS 19.0 software was used for statistical
still could not maintain mean arterial pressure
data analysis; measurement data was exover 50 mmHg, intravenously inject adrenaline
pressed as mean ± standard deviations, the
at 0.04-0.1 ug/kg/min.
comparison between the two groups was examined by t-test; the comparison between differObservation indices
ent time points within group were analyzed by
using ANOVA; count data was examined by χ2
The usage rate of atropine and epinephrine,
test. P < 0.05 was considered statistically
and the amount of dopamine and phenylephsignificant.
rine used in the surgery was recorded; the
heart rate (HR) and blood pressure at the time
Results
of establishing CPB (T1), end of CPB (T2) and
the end of surgery (T3) were carefully recorded;
Comparison of the general data between two
radial artery and jugular vein blood samples
groups of patients
were collected at T1-T3 and postoperative 6h
(T4) for blood gas analysis, and the jugular
The age, sex ratio, BMI and preoperative LVEF
venous oxygen saturation (SjvO2), arterial venvalue of two groups were comparable, without
ous oxygen content difference (Da-jvO2) and
significant difference (P > 0.05). As for the concerebral extraction of oxygen (CERO2) were calditions during perioperative period, there were
culated according to Fick formula; Venous
no significant differences in the cardiopulmo1068
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Table 2. The Comparison of hemodynamic changes at different times between two groups of patients
Group
Dexmedetomidine Group
T1
T2
T3
Control Group
T1
T2
T3

Heart rate
(times/min)

Mean arterial
pressure (mmHg)

77.4±8.7
77.3±9.1
79.7±8.5

74.5±8.1
74.1±7.9
75.0±8.2

78.1±8.3
77.9±8.4
80.1±8.1

73.7±7.8
74.3±8.2
74.7±8.8

Table 3. The comparison of SjvO2, Da-jvO2 and CERO2 at
each time point betweentwo groups of patients
Group

SjvO2 (%)

Da-jvO2
(mmol/L)

CERO2 (%)

Dexmedetomidine Group
T1
63.1±8.1
51.2±8.8
35.7±9.2
T2
82.3±5.2*,# 24.3±9.1*,# 17.2±6.2*,#
T3
66.5±6.8# 45.1±8.3# 35.5±8.7#
Control Group
T1
63.8±8.7
53.2±7.1
36.8±8.0
T2
71.7±9.4* 35.3±8.4* 27.5±7.1*
T3
58.9±9.1
52.4±7.8
41.6±6.3

between two groups of patients (P >
0.05). Compared with the control
group, the doses of phenylephrine,
dopamine and adrenaline in Dexmedetomidine group were significantly reduced (94 μg vs. 185 μg;
24 μg vs. 44 μg; 6.3% vs. 21%),
while the doses of Atropine was significantly increased (18% vs. 6.1%),
the differences was statistically significant (P < 0.05), see Figure 1.
Comparison of heart rate and blood
pressure between two groups of
patients
Heart rate (HR) and mean arterial
pressure (MAP) of patients in two
groups at each time point are shown
in Table 2, and we can see that the
differences were not statistically significant (P > 0.05).
Comparison of SjvO2, Da-jvO2 and
CERO2 between two groups of patients

SjvO2 at T2 of both groups were significantly higher than that of T1,
while Da-jvO2 and CERO2 were significantly lower than those of T1; moreover, the
SjvO2 at T2 and T3 of Dexmedetomidine group
were significantly higher than those of the
control group, while Da-jvO2 and CERO2 were
significantly lower than those of the control
group (P < 0.05), see Table 3.

Note: *P < 0.05, vs. T1; #P < 0.05, vs. control group at same time point.

Assessment of postoperative neurological
function

Figure 2. Comparison of the postoperative delirium
score between two groups, *P < 0.05.

nary bypass time, aortic clamping time or tracheal extubation time between two groups (P >
0.05), see Table 1.
Comparison of the doses of vasoactive drugs
There was no statistical difference in the dose
or application rate of esmolol and nicardipine
1069

Compared with the control group, the postoperative delirium score of Dexmedetomidine
group was significantly decreased ((15.8±4.2)
vs. (18.6±6.2)), the difference was statistically
significant (P < 0.05), see Figure 2. In control
group, 7 patients (23.3%) had delirium, while 4
cases (13.3%) in dexmedetomidine group had
delirium.
The preoperative MMSE scores between the
two groups of patients were not statistically
different (P > 0.05); however, in control group,
the MMSE score at postoperative 1 week were
statistically different from the preoperative
score (P < 0.05). MMSE scores of two groups
showed no significant difference in the scores
Int J Clin Exp Med 2017;10(1):1066-1072
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Table 4. The comparison of MMSE scores between two groups
of patients
Group
Control Group
Dexmedetomidine Group

Preoperative
28.12±1.24
28.27±1.42

After 1 week
26.42±1.61*
28.19±1.53#

Note: *P < 0.05, vs. preoperative value; #P < 0.05, vs. control group.

Table 5. The Comparison of the concentrations of TNF-α,
S-100β protein and NSE between two groups of patients at
each time point

refore, maintaining the balance
between supply and demand of
oxygen in patients undergoing
brain surgery and improving cerebral blood flow and cerebral oxygen metabolism, can reduce brain
function impairment after heart
valve replacement surgery under
CPB.

Blood flows to internal jugular bulb
via retrosigmoid approach, not inS-100β
cluding the external jugular vein
Group
TNF-α (pg/L)
NSE (μg/L)
Protein (μg/L)
blood, and detection of SjvO2 can
Dexmedetomidine Group
indirectly reflect cerebral oxygen
T1
0.35±0.02
0.16±0.05
6.5±1.5
metabolism [12, 13]. The normal
T2
0.46±0.04*,# 3.82±1.15*,# 17.4±4.7*,#
range of SjvO2 is 55%-75%, SjvO2 >
T3
0.73±0.06*,# 4.09±1.19*,# 20.1±4.1*,#
75% suggesting an increased
cerebral oxygen or brain blood
Control Group
flow, while < 55% suggesting a relT1
0.34±0.02
0.15±0.04
6.3±1.8
ative low cerebral oxygen supply
T2
0.54±0.06* 4.13±1.18* 21.2±4.1*
or cerebral blood flow; either deT3
0.84±0.09* 5.49±1.07* 24.2±4.3*
crease in oxygen supply or increase
Note: *P < 0.05, vs. T1; #P < 0.05, vs. control group at the same point.
in oxygen consumption of brain
can cause the drop of SjvO2 level.
before the operation, but at postoperative 1
Calculating Da-jvO2 and CERO2 can reflect the
week, the two groups were significantly differcorrelation between oxygen consumption and
ent (P < 0.05), see Table 4. There were 12
cerebral blood flow [14, 15]. CERO2 level will
patients (40%) in control group developed cognot be affected by hemoglobin content, and is
nitive impairment while there were only 4
suitable for the evaluation of the balance of
patients (13.3%) in Dexmedetomidine group
cerebral oxygen supply and demand during
developed cognitive impairment.
operation; CERO2 reduction suggests a decreased cerebral metabolic rate of oxygen, which
Comparison of levels of TNF-α, plasma S100β
means leftover in oxygen consumption in cereand NSE in two groups of patients
bral blood flow; CREO2 elevation, however suggests an increased cerebral oxygen uptake,
At T1, there were no significant differences in
which means insufficient cerebral oxygen conTNF-α, S-100β protein and NSE levels between
sumption in cerebral blood flow. This study
the two groups (P > 0.05). Compared with T1,
showed that the SjvO2 in two groups of patients
the level of TNF-α, S-100β protein and NSE
were significantly higher at T2 than the value at
at T2 and T3 of both groups were significantly
T1, while Da-jvO2 and CERO2 were significantly
increased (P < 0.05). The level of TNF-α, S-100β
lower than the values at T1; the SjvO2 in dexmeprotein and NSE in Dexmedetomidine group at
detomidine group at T2 and T3 were significantT2 and T3 were significantly lower than those
ly higher than those of the control group (P <
of the control group (P < 0.05), See Table 5.
0.05). Thus, in heart valve replacement surgery
under CPB, dexmedetomidine may reduce cereDiscussion
bral oxygen consumption by reducing cerebral
Due to the non-physiological oxygenation and
oxygen metabolism, and further improve brain
perfusion, local cerebral hypoxic ischemia or
oxygenation and the hypoxia tolerance of brain
embolism during cerebral valve replacement
tissue, to play a protective effect on cerebral
surgery under CPB can induce inflammatory
tissues.
cascade, causing central nervous system damStudy has shown that the intravenous infusion
age and increased incidence in postoperative
of Dexmedetomidine 1 μg/kg prior to convenneuropsychological complications [9-11]. The1070
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tional induction of anesthesia and followed by
0.4 μg/kg/h infusion until the end of the operation can reduce perioperative inflammatory
response of patients with acute brain injury
[16]. TNF-α, an important cytokine of inflammation response and tissue damage in CPB, plays
a key role in postoperative organ injury mechanisms. The levels of cytokines, such as TNF-α,
can directly reflect the severity of systemic
inflammatory response syndrome after CPB,
which is closely related to the occurrence of
postoperative complications [17, 18]. S-100β
and NSE protein mainly exist in gliocytes in central nervous system with a very low concentration under normal circumstances; however,
under the circumstances of brain trauma or
CPB, gliocytes damage and blood-brain barrier
function disorder will result in increased concentration of S-100β and NSE, which will
increase with the severity of trauma increased
[19, 20]. Combined detection of NSE and
S-100β can reflect brain injury during CPB. The
results of this study showed that compared
with T1, concentrations of TNF-α, S-100β protein and NSE in two groups were significantly
increased at T2 and T3 (P < 0.05). The concentrations of TNF-α, S-100β protein and NSE in
Dexmedetomidine group at T2, T3 were significantly lower than those of the control group (P
< 0.05), indicating that dexmedetomidine can
significantly improve the situation of brain damage in heart valve replacement surgery under
CPB, which is possibly achieved by inhibiting
the inflammatory response.

of control group; however, due to the small
sample size, we still need clinical trials with
large samples size to further verify.

Delirium and cognitive impairment occurs more
frequently in cardiac surgery; Dextromethorphan can not only stabilize hemodynamic condition and protect vital organs, but also reduce
the incidence of postoperative neurological
symptoms [21]. A study shows that dexmedetomidine can not only prevent the occurrence of
postoperative delirium, but also has a good
treatment effect on postoperative delirium
developed in ICU [22]. In the present study, the
postoperative delirium score of control group
(18.6±6.2) was significantly higher than that of
dexmedetomidine group (15.8±4.2), the difference was statistically significant (P < 0.05); at
postoperative 1 week, the difference in MMSE
score between the two groups was significantly
different (P < 0.05). In this study, the incidence
of postoperative delirium and cognitive impairment in Dexmedetomidine was lower than that

[3]
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In conclusion, Dexmedetomidine can significantly improve brain oxygen metabolism and
postoperative neurological symptoms in heart
valve replacement surgery under CPB, which
shows a cerebral protective effect to a certain extent. However, due to small sample size,
we still need more clinical trials to prove its
application value in heart valve replacement
surgery.
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