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Abstract

Objectives: Carotid endarterectomy (CEA) is efficient in preventing stroke for patients with sig-
nificant carotid stenosis, but results in mild cognitive dysfunction. Dexmedetomidine is neuropro-
tective in stroke models. Ve hypothesized that dexmedetomidine may improve cognition after CEA.
Methods: Forty-nine patients scheduled for elective CEA were randomly assigned to intrave-
nous dexmedetomidine treatment group (n=25) and control group C (normal saline, n=24).
Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MOCA), as well as
lactate, TNF-0, IL-6, and BDNF levels in blood, were assessed before, during, and after surgery.
Results: MMSE and MOCA scores showed subtle decline in both groups at 24 hours postop-
eratively; this decline remained at 48 hours postoperatively in group C. Both scores were higher
in group D than in group C at 48 and 72 hours postoperatively. TNF-o and IL-6 were lower from
5 minutes post-clamping through 24 hours postoperatively in group D; lactate was lower at
5 minutes post-clamping in group D. BDNF was higher from 5 minutes post-clamping through
| hour postoperatively in both groups, and remained high in group D at 24 hours postoperatively.
Conclusions: Dexmedetomidine improved recovery of cognition after CEA, potentially due to
reduced inflammation and enhanced BDNF expression.
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Introduction

Carotid endarterectomy (CEA) is a classical
method for prevention of life-threatening
strokes in patients with severe internal
carotid artery stenosis (ICA), regardless of
symptoms.'> However, there is increasing
evidence that subtle cognitive dysfunction
may occur in 27%-31% of patients after
CEA; this may be caused by cerebral perfu-
sion deficiency related to hemodynamic
changes and cerebral emboli, as well as a
variety of individual factors.>”
Brain-derived  neurotrophic  factor
(BDNF) is a well-known member of the
neurotrophic family of growth-promoting
proteins, which is essential to neuronal sur-
vival, axon growth, and synaptic plasticity.®
Elevation of BDNF in the central nervous
system is known to prevent hypoxic neuro-
nal death in animal models of stroke,’
and has been implicated in learning and
memory processes,® as well as other
advanced neuronal functions. Moreover,
BDNF can be detected in blood, and a
direct correlation has been observed between
cortical and serum levels of BDNF.” !
Thus, the serum BDNF level may serve as
an indicator of changes in BDNF levels in
the central nervous system.
Dexmedetomidine (DEX) is a highly
selective agonist of a-adrenergic receptors
with multiple effects on the human brain,
including clinical sedation, anesthesia, and
analgesia.'> Moreover, DEX has drawn
widespread attention for its neuroprotective
effects against stroke in animal models

through its actions on o,-adrenergic recep-
13716, this neuroprotection is partly
related to the DEX-induced elevation
of BDNF levels in the cortex and hippo-
campus,'"'® as well as concurrent anti-
inflammatory effects.'” However, for
patients who have undergone CEA, the
impacts of DEX on cognition and plasma
BDNF level have not yet been determined.

Based on the above considerations, we
hypothesized that DEX may improve cogni-
tion in aged patients after CEA. Here, we
aimed to determine the effects of DEX
administered intravenously during CEA on
postoperative cognitive function, and to
assess cerebral inflammation and plasma
levels of BDNF, in order to elucidate wheth-
er DEX can prevent cognitive dysfunction in
patients undergoing CEA.

Methods

The study protocol was approved by the
institutional review board of Subei
People’s Hospital (No. 2011032). Informed
consent was obtained from patients under-
going elective CEA during the period from
January 2013 to December 2014 in Subei
People’s Hospital for severe carotid disease.
In accordance with the recommendations of
the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) and the
Asymptomatic Carotid Atherosclerosis
Study, the inclusion criteria' were as fol-
lows: male or female patients aged 65-80
years, with symptomatic ICA >50% or
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asymptomatic ICA > 70%, as measured by
ultrasound (non-invasive equivalent of the
NASCET criteria). In addition, patients
were required to understand and be willing
to participate in the research.

Exclusion criteria were as follows: refus-
al of general anesthesia or enrollment in the
study; history of mental disease and use of
psychiatric drugs, or history of alcoholism
and/or drug abuse; history of recent stroke
(within 4 weeks) and modified Rankin
Scale of > 1 before CEA. Reasons for aban-
donment of the protocol included the use
of additional anesthetic drugs other than
those indicated in the protocol; use of a
shunt; severe hypotension and hemorrhage;
administration of a second anesthetic
within the first 24 h; and/or the inability to
understand the contents of the Mini-Mental
State Examination (MMSE) and Montreal
Cognitive Assessment (MOCA).

All patients were randomly assigned into
two groups: group C (control group) and
group D (treated with DEX). In the evening
before surgery, all patients took 25mg of
clorazepate orally; they did not take pre-
medication orally on the day of surgery.
Anesthesia was induced with intravenous
doses of midazolam 0.05-0.1 mg/kg, fenta-
nyl 2 ng/kg, etomidate 0.2-0.3 mg/kg, and
rocuronium bromide 1.0mg/kg; armored
endotracheal intubation was then per-
formed. Mechanical ventilation settings
were tidal volume of 8ml/kg, FiO, of
0.50, and breathing frequency of 10—
14 breaths/min, such that normal end-tidal
CO, was maintained. Anesthesia was main-
tained with intravenous infusion of remifen-
tanil 0.1-0.3 ug-kg "min~' and propofol
2-6 mgkg "h™'; these were adjusted on
the basis of bispectral index. Rocuronium
bromide 0.1 mg/kg was intermittently
administered to maintain muscle relaxation.
In group D, additional infusions of DEX
(0.3 pg/kg loading dose, 10 minutes before
induction of anesthesia; 0.3 pgkg 'h™!
maintenance dose) were administered until

30 minutes before the end of surgery.
Patients in the control group received
equal volumes of normal saline. During sur-
gery, mean arterial blood pressure (MAP)
was maintained at 80%—120% of the base-
line value; however, during clamping of
the carotid artery, the MAP value was
maintained at 125% of the baseline value.
Maintenance of MAP was achieved by infu-
sion of dopamine 2-8 pg-kg 'min~', and
nitroglycerine 0.1-8.0 pg-kg '-min~". After
unclamping of the carotid artery, the surgi-
cal field was infiltrated with ropivacaine
10 ml (5mg/ml) for analgesia. All patients
received tropisetron 5mg intraoperatively.
The anesthetists were not blinded to the
study protocol; however, surgeons and
post-anesthetic care unit staff were blinded.

Five-lead electrocardiography, pulse
oximetry (Philips IntelliVue MP50, Philips
Medicine Systems GmbH, Hamburg,
Germany), end-tidal CO, concentration,
and bispectral index (A-2000 BIS monitor,
version XP, Aspect Medical Systems,
Newton, MA, USA) were used for intrao-
perative monitoring. The MAP and heart
rate (HR) were recorded at 20 minutes
before anesthesia; immediately after trache-
al intubation; 5 and 15 minutes after clamp-
ing of the carotid artery; and 5 minutes
after unclamping of the carotid artery.
When the carotid artery stump pressure
was <50mmHg after clamping, a pipe
was placed for shunting. A peripheral
venous catheter and a radial artery catheter
were inserted, followed by an arterial line
for continuous monitoring of arterial
blood pressure. An internal jugular vein
catheter was then inserted in a retrograde
manner into the jugular bulb to collect
blood samples, at a location ipsilateral to
the operated carotid. Blood samples were
drawn from the jugular bulb at 20 minutes
before anesthesia (T,), 10 minutes after tra-
cheal intubation (T;), 5 minutes after
clamping of the carotid artery (T5),
15 minutes after unclamping of the carotid
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artery (T3), 1 hour postoperatively (Ty4), and
24 hours (Ts) postoperatively. Lactate
blood gas analysis was performed at time
points Ty through Ts, using 1 mL of
the blood samples. A portion of the samples
for serum isolation were allowed to clot for
30 minutes at room temperature and then
centrifuged at 10000 xg for 15 minutes at
4°C; the resulting supernatant was stored at
—80°C for further analysis. Serum BDNF,
tumor necrosis factor alpha (TNF-o), and
interleukin (IL)-6 at all time points were
measured using enzyme-linked immunosor-
bent assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China),
in accordance with the manufacturer’s
instructions.

Cognitive assessment was performed
using the MMSE and MOCA. The MMSE
primarily measures cognitive function in the
dominant cerebral hemisphere®®?'; its scores
range from 0 to 30, and a score of <23 is
considered indicative of cognitive impair-
ment. The MOCA was developed to rapidly
screen for mild cognitive impairment, and is
expected to overcome the limitations of the
MMSE?; its scores range from 0 to 30 and
are assigned for seven subsets: visuospatial/
executive; naming; memory; attention;
language, abstraction, and orientation.
A MOCA score <25 is considered indicative
of cognitive impairment. Neuropsychologic
evaluations were performed by one trained
clinical neuropsychologist who was blinded
to the protocol; evaluations were performed
at 1 day (ty) preoperatively, as well as at
24 hours (t;), 48 hours (ty), 3 days (t3),
7 days (t4), and 1 month (ts) postoperatively.

Statistical analysis

The Statistical Package for the Social
Sciences (SPSS) 19.0 software (IBM
Corp., Armonk, NY, USA) was used for
statistical analyses. The data are presented
as mean and standard deviation for quanti-
tative variables; categorical variables are

shown as counts and percentages. To assess
differences between groups, comparisons of
normally distributed variables were per-
formed by using one-way analysis of variance
(ANOVA); comparisons of non-normally
distributed variables were performed by
using the Kruskal-Wallis test. Within each
group, comparisons of normally distributed
variables were performed by using repeated-
measures ANOVA; comparisons of non-
normally  distributed  variables  were
performed by using the Friedman test or
the Wilcoxon signed-rank test. The chi-
squared test was used to assess statistical dif-
ferences in the ratio between the two groups.
Differences with p < 0.05 were considered to
be statistically significant.

Results

Fifty-six patients who underwent CEA were
enrolled in the study (n=28 per group).
Technical success was observed in 49
patients (24 in group C and 25 in group
D). In group C, two patients were excluded
for excessive bleeding and two patients were
excluded because of shunt use. In group D,
two patients were excluded because of
shunt use and one patient died of myocar-
dial infarction. Table 1 shows the demo-
graphic and clinical data of the patients in
this study. There were no significant differ-
ences between groups in terms of age, sex,
American Society of Anesthesiologists’
grade, years of education, comorbid dis-
ease, medications, intraoperative adverse
events (hypotension, hypoxia, or blood
transfusion), the incidences of postopera-
tive delirium and agitation, anesthesia dura-
tion, clamping duration, endarterectomy
site, or the duration of postoperative hospi-
talization. However, during the surgery,
patients who required vasoconstrictors
(phenylephrine and ephedrine) and atropine
were comparable in the two groups. The
usage of nitroglycerine was slightly higher
in group C than in group D, while the
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Table |. Patient demographics and clinical data.

Variable

Group C (n=24)

Group D (n=25)

Age (years)

Sex (M/F)

ASA grade (II/1lN)

Years of education

Preoperative MMSE score
Lateral carotid stenosis >70%, n (%)
Previous CVA or CEA, n (%)
Peripheral artery disease, n (%)
Coronary artery disease, n (%)
Hypertension, n (%)

Diabetes mellitus, n (%)
Hyperlipidemia, n (%)

Smoker, n (%)

Antiplatelet drugs, n (%)
Antihypertensive therapy, n (%)
Hypotension/hypoxia, n (%)
Blood transfusion, n (%)

Usage of vasoconstrictors, n (%)
Usage of nitroglycerine, n (%)
Usage of atropine, n (%)
Anesthesia duration (minutes)
Clamp duration (minutes)
Endarterectomy site (left/right)
Dosage of propofol (mg)
Delirium, n (%)

Agitation, n (%)

Postoperative hospitalization (days)

7245 70+3
15/9 17/8

16/8 15/10
943 1043
27.0+08 275407
3 (12.5%) 5 (20.0%)
6 (25.0%) 3 (12.0%)
3 (12.5%) 3 (12.0%)
8 (33.3%) 10 (40.0%)
20 (83.3%) 22 (88.0%)
6 (25.0%) 9 (36.0%)
15 (62.5%) 18 (72.0%)
14 (58.3%) 12 (48.0%)
5 (62.5%) 18 (72.0%)
10 (41.7%) 17 (68.0%)
0 (0%) 0 (0%)

0 (0%) 0 (0%)

9 (37.5%) 14 (56.0%)
13 (52.0%) 5 (20.0%)*
3 (12.5%) 8 (32.0%)
12349 119+ 4
3145 29+ 4
14/10 12/13

585 + 23 542 4 26*
2 (8.3%) | (4%)

2 (8.3%) 3 (12%)
46+ 1.1 48+13

*p < 0.05, significant intergroup differences.

CVA, cerebrovascular accident; CEA, carotid endarterectomy; MMSE, Mini-Mental State Examination.

dosage of propofol was slightly lower in
group D than in group C (p <0.05).

MAP and HR in the two groups are shown
in Table 2. Consistent with the requirements
for blood pressure regulation in CEA, MAP
was approximately 120%—125% of baseline in
both groups during carotid clamping (p < 0.05
for both). Compared with group C, MAP and
HR were both more stable after tracheal intu-
bation in group D. HR decreased significantly
in group D during the carotid clamping period
(p<0.05). However, HR remained in the
normal range (>60 beats/min) during most
of the surgery.

MMSE and MOCA scores in the two
groups are shown in Figure la and 1b.
Compared with baseline, a subtle decline
in both scores was observed at t; and t, in
group C (p<0.05 for both); there was a
mild decrease in group D at t; (p <0.05).
Both scores were higher in group D than
in group C at t; and t3 (p <0.05); MOCA
scores were slightly higher in group D than
in group C at t; (p <0.05). The proportions
of patients showed reductions in their initial
MMSE and MOCA scores were also signif-
icantly higher in group C within the first
72 hours postoperatively (t;_s).



2476 Journal of International Medical Research 47(6)

Table 2. Hemodynamic data of patients in dexmedetomidine-treated and control groups.

Time points

Variable Groups 0 I 2 3 4

MAP (mmHg) Group D 102+ 10 104+ 12 119+ 12% 121 + 9% 103+8
Group C 104+9 114+ 13% 120 + 10% 120 + 12% 102+ 10

HR (beats/minute) Group D 78+6 80+9 70+ 7% 68 + 8* 73+8
Group C 75+8 89+ 8% 7749 78+7 7848

HR, heart rate; MAP, mean arterial blood pressure. The data were recorded at 20 minutes before anesthesia (0),
immediately after tracheal intubation (1), 5 and 15 minutes after clamping of the carotid artery (2-3), and 5 minutes after
unclamping of the carotid artery (4). Data are mean =+ standard deviation. *p < 0.05, significant intragroup differences from
baseline in group D; #p < 0.05, significant intragroup differences from baseline in group C.

(@) €3 GowC ()
304
E3 Group D 304

t0 t1 t0 t1 t2 t3 t4 t5
Figure I. Mini-Mental State Examination (a) and Montreal Cognitive Assessment (b) scores in the two

groups. One day before the surgical procedure (tp), 6 hours postoperatively (t|), 24 hours postoperatively
(t2), 72 hours postoperatively (t3), 7 days postoperatively (t4), and | month postoperatively (ts). *p < 0.05,
significant intergroup differences; #p < 0.05, significant intragroup differences from baseline in both groups.

MMSE, Mini-Mental State Examination; MOCA, Montreal Cognitive Assessment.

Discussion

In the present study, the DEX-treated
group (group D) exhibited a number of dif-
ferences from the control group (group C),
which suggested that DEX may be benefi-
cial for the recovery of cognition in patients
who have undergone CEA. In particular,
group D demonstrated superior MMSE
and MOCA scores, as well as measurements

Compared with that in group C, the level
of blood lactate was significantly lower in
group D at T3 (p<0.05), and was slightly
higher at T; than at baseline in both
groups (Figure 2a). Serum TNF-o and IL-6
levels were lower in group D than in group C
at T, through Ts (p < 0.05 for all). (Figure 2b
and 2c). Plasma levels of BDNF were com-
parable between groups: relative to baseline,

they increased at Ts and T4 in both groups
(p < 0.05 for both), and continued to remain
high in group D at Ts (p < 0.05). However,
the value of BDNF returned to baseline in
group C at Ts (Figure 2d).

of cerebral inflammation (TNF-o, IL-6,
and lactate content in jugular venous
blood). Moreover, the infusion of DEX
was associated with increased plasma
BDNF levels.
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Figure 2. Lactic acid (a), IL-6 (b), TNF-a (c), and BDNF (d) levels in blood from the jugular bulb in the two
groups. Twenty minutes before anesthesia (Tp), 10 minutes after tracheal intubation (T,), |5 minutes after
clamping of the carotid artery (T,), |5 minutes after unclamping of the carotid artery (T3), | hour post-
operatively (Ty), and 24 hours postoperatively (Ts). *p < 0.05, significant intergroup differences; #p < 0.05,
significant intragroup differences from baseline in both groups.

For most aged patients undergoing
CEA, hemodynamic fluctuation occurs fre-
quently, and most such patients exhibit
comorbid cerebrovascular disease.>* Thus,
it is very important for these patients to
maintain relatively stable circulation to
avoid severe hypotension during carotid
artery clamping. Hemodynamic assessment
showed that MAP remained above baseline
in both groups during carotid clamping;
this may have been related to vasoconstric-
tor function, and could effectively increase
cerebral blood flow.>* Moreover, MAP was
more stable after tracheal intubation in
group D than in group C; fewer patients
were given nitroglycerine intraoperatively
in group D, which further supported the

ability of DEX to maintain stable circula-
tion. Previous studies showed that improper
application of DEX could result in severe
hypertension or hypotension and bradycar-
dia.>> However, in the present study, patients
who required atropine for bradycardia, as
well as the wvasoconstrictor intervention,
were comparable between the two groups.
These findings support the safety of the intra-
venous administration of DEX in the dosage
used in this study.

Many studies have focused on the neuro-
cognitive course in patients undergoing
CEA, but the results have been controver-
sial, in that they showed either postopera-
tive improvements or no functional
changes; in some cases, patients have
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exhibited functional decline secondary
to CEA.?*® Notably, one study demon-
strated that approximately 27%-31% of
patients had subtle cognitive dysfunction
after CEA.* Similarly, in the present
study, approximately 33% of patients
showed reductions in MMSE and MOCA
scores at 6 and 24 hours after surgery, com-
pared with baseline. These functional dete-
riorations may be due to residual anesthetic
effects, cerebral microemboli during and
after surgery, oxidative stress, or prolonged
global cerebral ischemia during carotid
cross-clamping.>**°

The MMSE and MOCA are the most
commonly used tests to assess mental abil-
ities. Notably, the specificity of the MMSE
is relatively high for detection of the effects
of new ischemic events.’' The MOCA was
developed as a tool to rapidly screen for
mild cognitive impairment, in order to over-
come limitations of the MMSE.*
Therefore, a combination of MMSE and
MOCA was used in the present study to
observe changes in the cognitive function
of patients after CEA; we expected that
this would increase the accuracy of the
results. The trends of the two scores were
similar, in that both decreased for a short
period postoperatively (24 hours in group C,
and 6 hours in group D). Moreover, the
scores were significantly higher in group D
at 24 and 72 hours postoperatively; MOCA
scores were, significantly higher as early as
6 hours postoperatively, which suggested
that MOCA was indeed more sensitive
to changes in cognition. However, the two
values did not differ between the two groups
at 7 days or 1 month postoperatively. These
findings indicated that infusion of DEX
during CEA may be beneficial for improving
the recovery of cognitive performance in the
early period after CEA.

Previous studies showed that carotid
occlusion during CEA could result in lac-
tate production due to cerebral ischemia™;
this finding was inconsistent with our

results. Higher levels of blood lactate were
present in both groups after -carotid
unclamp. Additionally, significantly lower
lactate levels were present in group D, com-
pared with group C. This relative reduction
of lactate production may be related to the
amelioration of blocked cerebral blood flow
or suppression of cerebral metabolism by
DEX; such findings are consistent with the
neuroprotective effects of DEX, which have
been demonstrated in a series of animal
experiments and clinical studies.'* %3

The improvements in cognitive recovery
and lactate accumulation by DEX were
accompanied by significantly lower levels
of TNF-o and IL-6. There is accumulating
evidence that neuroinflammation plays a
key role in cognitive dysfunction.®>¢
A subset of inflammatory cytokines, such
as TNF-o and IL-6, may have direct effects
on neuronal functions, especially with
respect to learning and memory.>>*¢
A recent study showed that increased levels
of TNF-a were present in patients with mild
cognitive impairment, compared with
normal controls.’” In the present study,
indicators of inflammation (TNF-a and
IL-6) were increased after carotid unclamp-
ing and remained high through 24 hours
postoperatively. This may be an important
underlying cause of cognitive decline after
CEA. There is evidence that DEX exerts
anti-inflammatory effects, such as reduction
of the production of inflammatory cyto-
kines in critically ill patients with severe
sepsis, as well as attenuation of increased
plasma cytokine levels after endotoxin
injection in animal models.*® Similarly,
TNF-o and IL-6 levels in group D were sig-
nificantly lower than those in group C
through 24 ho postoperatively. This consti-
tutes further evidence of the anti-
inflammatory effects of DEX in relation
to cerebral potential injury after CEA,
and may be the basis for the improved cog-
nitive  performance  observed  with
DEX treatment.
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BDNF is mainly synthesized by neurons,
and there is a large amount of BDNF pre-
sent in the adult brain because it its crucial
role in plasticity and cerebral functions. It
has been established that BDNF can cross
the blood brain barrier, and that the plasma
level of BDNF correlates directly with the
brain level of BDNF.?? Several studies have
focused on the increased circulating BDNF
levels in stroke patients,**** which are con-
sistent with increased brain BDNF levels in
animal models of stroke. The cerebral levels
of BDNF could not be directly assessed in
the present study; however, the blood sam-
ples for BDNF measurement were obtained
from the jugular venous bulb, where blood
collects from the cerebral hemispheres.
Thus, the blood samples in this study may
largely reflect cerebral levels of BDNF.
Cerebral BDNF has been extensively stud-
ied in animal models of ischemic stroke,
which consistently showed that brain
BDNPF levels increased rapidly in early peri-
ods of postischemic recirculation***°; those
findings suggested that BDNF participates
in the early stress response after brain
injury, and that it may have a relatively
important neuroprotective role in either
global or focal brain damage. Similarly, in
the present study, the plasma BDNF level
significantly  increased after carotid
unclamping in both groups; moreover, it
remained higher in group D, and this
enhancement lasted for an extended
period, compared with that observed in
group C. These findings constitute further
evidence of the enhancement of BDNF
levels following DEX treatment. A recent
study proposed that DEX promoted astro-
cyte expression of BDNF in cultured astro-
cytes.'® An additional study suggested a
central role for BDNF in neuroprotection
against apathy and memory loss.*” BDNF
is important for cognitive function, and
lowered levels of circulating BDNF have
been associated with lower cognitive test
scores and mild cognitive impairment.*®

Therefore, the present experimental results
suggest that the neuroprotective effects of
DEX with respect to cognitive performance
may be partly related to the enhancement of
BDNF levels.

There were several limitations in this
study. First, only a small number of patients
were included in this study; thus, the results
should be validated in a larger cohort of
patients. Second, the observation time was
short in this study, and should be extended
to determine the long-term effects of DEX
administration in patients undergoing CEA.
Third, the preoperative symptom severity of
the patients was not fully analyzed in this
study; this may impact cognition after
CEA, and may have thus biased the results.
In addition, postoperative administration of
analgesic and antiemetic medications were
not fully standardized, which may have
affected the cognitive results. Larger and
more rigorous studies should be performed
in the future to overcome these limitations.

In conclusion, this study preliminarily
established that the neuroprotective effects
of DEX with respect to cognitive perfor-
mance in patients undergoing CEA may
be partly related to the anti-inflammatory
effects of DEX and its ability to enhance
BDNF levels. However, the specific mecha-
nisms for DEX-induced neuroprotection
remain unclear; moreover, the present
study did not perform a detailed analysis
of the correlation among DEX, postopera-
tive cognition, and BDNF levels, which
should be implemented in a future study.
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