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Abstract
Dexmedetomidine has sedative, anxiolytic, analgesic, anti-sympathetic, and anti-shivering effects. Dexmedetomidine might be effective in 
combination with sevoflurane for anesthesia, but prospective randomized controlled clinical trials with which to verify this hypothesis are 
lacking. In total, 120 patients who underwent embolization of an intracranial aneurysm were recruited from Anhui Provincial Hospital 
and Renmin Hospital of Wuhan University of China and randomly allocated to two groups. After intraoperative administration of 2% to 
3% sevoflurane inhalation, one group of patients received pump-controlled intravenous injection of 1.0 μg/kg dexmedetomidine for 15 
minutes followed by maintenance with 0.3 μg/kg/h until the end of surgery; the other group of patients only underwent pump-controlled 
infusion of saline. Bispectral index monitoring revealed that dexmedetomidine-assisted anesthesia can shorten the recovery time of spon-
taneous breathing, time to eye opening, and time to laryngeal mask removal. Before anesthetic induction and immediately after laryngeal 
mask airway removal, the glucose and lactate levels were low, the S100β and neuron-specific enolase levels were low, the perioperative 
blood pressure and heart rate were stable, and postoperative delirium was minimal. These findings indicate that dexmedetomidine can 
effectively assist sevoflurane for anesthesia during surgical embolization of intracranial aneurysms, shorten the time to consciousness and 
extubation, reduce the stress response and energy metabolism, stabilize hemodynamic parameters, and reduce adverse reactions, thereby 
reducing the damage to the central nervous system. This trial was registered at the Chinese Clinical Trial Registry (http://www.chictr.org.
cn/) (registration number: ChiCTR-IPR-16008113).
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Introduction
Rupture of an intracranial aneurysm may cause sub-
arachnoid hemorrhage or intraparenchymal hemorrhage 
accompanied by severe headache, vomiting, and changes 
in consciousness (Brisman et al., 2006; Korja et al., 2016). 
Embolization of intracranial aneurysms is highly promising; 
it causes fewer traumas and bleeding than other currently 
available methods and does not require craniotomy. In re-
cent years, increasing evidence regarding the greater efficacy 
of interventional embolization than aneurysm clipping has 
been reported (Taki et al., 1998; Wu et al., 2010). However, 
during embolization of intracranial aneurysms, hemody-
namic and intracranial pressure fluctuations, especially 
during emergence from general anesthesia, can increase the 
transmural pressure and stress on the blood vessel wall, in-
creasing the risk of aneurysm rupture (Fukuda et al., 2015; 
Zhang et al., 2016). Therefore, careful selection of the anes-
thetic agent and method is needed. 

Fast-track anesthetic techniques result in rapid recovery 
from general anesthesia, which is important for timely man-
agement of adverse events. Despite the usefulness of these 
fast-track techniques, they lack uniform standards. Fast-
track anesthesia can be achieved using a balanced anesthesia 
technique and a combination of drugs given at the mini-
mum dosage required to obtain the best effect (Ali Hassan, 
2015). Fast-track anesthesia is preferred for embolization 
of intracranial aneurysms because of the low demand for 
muscular relaxation. Sevoflurane, a new, safe, and effective 
inhalable anesthetic, is characterized by rapid absorption/
discharge and good controllability along with neuroprotec-
tive effects such as a reduced brain metabolic rate and little 
effect on the cerebral blood flow. Sevoflurane is commonly 
used for aneurysm embolization (Sakai et al., 2005). How-
ever, sevoflurane can also elevate the intracranial pressure 
and trigger respiratory depression (Holmström and Akeson, 
2004). Therefore, a low dose of sevoflurane might reduce the 
likelihood of adverse reactions during aneurysm emboliza-
tion. Dexmedetomidine (DEX), a novel, highly selective α2 
adrenergic receptor agonist that has a short elimination half-
life and is non-addictive, produces dose-dependent sedative, 
anxiolytic, and analgesic effects. Moreover, DEX has an-
ti-sympathetic and anti-shivering properties. DEX can also 
be used for semi-arousable sedation and cooperative seda-
tion, acting as an auxiliary analgesic to enhance sedative and 
analgesic effects; can maintain hemodynamic stability; and 
can reduce the necessary dosage of other analgesic agents 
(Tang et al., 2015b; Prontera et al., 2017). Bispectral index 
monitoring, highly associated with sedation, consciousness, 
and memory, helps to determine the depth of anesthesia, 
adjust the amount of anesthetic agents administered, and re-
duce the recovery time from general anesthesia (Kim et al., 
2014).

While the effects of DEX have been retrospectively ex-
amined in many studies (Cheung et al., 2015; Tang et al., 
2015b, 2017; Tang and Li, 2016), its clinical applications as 
an auxiliary analgesic with sevoflurane anesthesia for embo-
lization of intracranial aneurysms have not been adequately 

investigated. Therefore, we conducted this prospective, ran-
domized, double-blind study in two tertiary-care hospitals 
in Hefei City and Wuhan City of China to explore the use 
of fast-track anesthesia utilizing DEX combined with sevo-
flurane for the embolization of intracranial aneurysms by 
monitoring the bispectral index.

Subjects and Methods
Study design
This prospective, randomized, double-blind clinical trial was 
approved by the Clinical Research Ethics Committees of 
Anhui Provincial Hospital of Anhui Medical University and 
Renmin Hospital of Wuhan University of China (approval 
Nos. 2015[31] and 2016K-C007) and registered at the Chi-
nese Clinical Trial Registry (ChiCTR) (registration number: 
ChiCTR-IPR-16008113). 

Study population
Patients were recruited by attending physicians at Anhui 
Provincial Hospital and Renmin Hospital of Wuhan Uni-
versity of China. After providing written informed consent, 
patients were screened according to the inclusion and exclu-
sion criteria. 

Inclusion criteria
Patients of either sex presenting with all of the following cri-
teria were considered for study inclusion: an American So-
ciety of Anesthesiologists physical status of I to IV (Tang et 
al., 2016), age of 18 to 70 years, Glasgow coma scale score of 
> 11 (Teasdale and Jennett, 1974), Hunt-Hess grade of I to 
III (Hunt and Hess, 1968), and embolization of intracranial 
aneurysms. 

Exclusion criteria
Patients with one or more of the following conditions were 
excluded from this study: coagulation dysfunction, history 
of drug allergy to DEX or sevoflurane, severe hypertension 
or cardiovascular disease, liver or kidney dysfunction, use of 
sedatives within 2 days prior to surgery, sinus bradycardia, 
known history of second- or third-degree heart block, and 
ischemic heart disease. 

Randomization
Patients were enrolled and randomly assigned to two groups 
by a blinded statistician: the NS group (sevoflurane anesthe-
sia with normal saline) and DS group (sevoflurane anesthe-
sia with DEX) (n = 60). 

Anesthesia procedure
Patients were sent to the operating room with no premed-
ication. The standard monitoring consisted of five-lead 
electrocardiography and measurement of oxygen saturation 
and noninvasive blood pressure. One anesthesia nurse who 
was not involved in the study prepared a 50-mL syringe 
containing DEX (4 μg/mL) or normal saline. A 20-gauge in-
travenous cannula was inserted into the dorsum of each pa-
tient’s left hand. A central venous catheter was then inserted 



282

Tang CL, Li J, Zhang ZT, Zhao B, Wang SD, Zhang HM, Shi S, Zhang Y, Xia ZY (2018) Neuroprotective effect of bispectral index-guided fast-track anesthesia 
using sevoflurane combined with dexmedetomidine for intracranial aneurysm embolization. Neural Regen Res 13(2):280-288. doi:10.4103/1673-5374.226399

into the jugular vein under local anesthesia. The bispectral 
index was monitored. A loading dose of DEX (1.0 μg/kg) 
or normal saline was administered for 15 minutes and then 
changed to a continuous infusion at 0.3 μg/kg/h.

Before induction, 100% oxygen was administered through 
a face mask for at least 3 minutes. General anesthesia was 
induced after infusion of the loading dose of the drug: 1.5 to 
2.0 mg/kg of propofol (AstraZeneca, London, UK), 0.2 μg/kg 
of sufentanil (Yichang Renfu Pharmaceutical Co., Ltd., Chi-
na), and 0.1 to 0.15 mg/kg of cisatracurium (Shanghai Hen-
grui Pharmaceutical Co., Ltd., China). Manual face mask 
ventilation was continued for at least 3 minutes until the jaw 
was relaxed and the bispectral index was < 50 to allow inser-
tion of an I-gel laryngeal mask airway (LMA) (Intersurgical 
Ltd., Wokingham, Berkshire, UK) (size 3 and 4 were used 
for patients weighing 30–60 and 50–90 kg, respectively). 
Successful LMA insertion was characterized by up-and-
down movement of the thorax on both sides, symmetrical 
respiratory sounds upon auscultation, no respiratory sound 
with an airway pressure of > 20 cmH2O, a normal end-tidal 
carbon dioxide (ETCO2) waveform, and easy insertion of 
the gastric tube. The patients were subsequently connected 
to a Datex-Ohmeda S/5 Avance Anesthesia Machine (Da-
tex-Ohmeda Inc., Madison, WI, USA), followed by mechan-
ical ventilation with a fraction of inspired oxygen of 60%, 
tidal volume of 6 to 8 mL/kg, and respiratory rate of 10 to 
12 breaths/min to maintain the ETCO2 in the normal range. 
Sevoflurane (Maruishi Pharmaceutical Co., Ltd., Osaka, 
Japan) was administered to maintain the bispectral index at 
40 to 60. Variations in blood pressure and heart rate were 
monitored so that they did not exceed 20% of the baseline 
values in both groups. Cisatracurium was used if required. 
Hypotension (a decrease of > 20% of the baseline values) was 
treated with intravenous ephedrine (5 mg) or phenylephrine 
(40 μg), while bradycardia was treated with intravenous atro-
pine (0.5 mg). The same surgical team of three neurosurgeons 
performed all operations. The evaporator was closed and the 
infusion of DEX was stopped approximately 10 minutes before 
the end of surgery, and the flow rate of fresh gas was reduced 
to 0.3 to 0.5 L/min. Tramadol (1.0 mg/kg) and azasetron (10 
mg) were then administered intravenously. The flow rate 
of fresh gas was increased to 4 L/min, and anesthesia was 
terminated when the femoral artery was sutured using a 
vascular closure device (Abbott, Santa Clara, CA, USA). The 
patient’s I-gel LMA was removed in accordance with the 
following standard extubation criteria (Tang et al., 2015a): 
(1) recovery of consciousness, normal muscle tension, and 
strong clenching of fist when instructed; (2) steady sponta-
neous breathing, ETCO2 of < 45 mmHg, and tidal volume of 
> 7 mL/kg; (3) oxygen saturation of > 97% after stopping to 
receive oxygen for 5 minutes; (4) spontaneous breathing rate 
of < 24 breaths/min; and (5) recovery of cough and swallow-
ing reflex. The modified observer’s assessment of alertness/
sedation (MOAA/S) score was 3 when assessed according 
to the following criteria: 0 (asleep) = no response to painful 
trapezius squeeze; 1 = response only after painful trapezius 
squeeze; 2 = response only after mild prodding or shaking; 

3 = response only after name is called loudly, repeatedly, 
or both; 4 = lethargic response to name spoken in a normal 
tone; 5 (alert) = immediate response to name spoken in nor-
mal tone (Tang et al., 2015a).

After I-gel LMA removal, the patients were transferred 
for computed tomography and then to the neurosurgery 
intensive care unit for monitoring and routine treatments, 
including lowering of the intracranial pressure, dehydration, 
and continuous intravenous infusion of 0.15% nimodipine 
(Bayer, Leverkusen, Germany) to prevent postoperative ce-
rebral vasospasm.

Outcome measures
The anesthesiologists recording the details were unaware 
of the type of infusion the patients received. Systolic blood 
pressure, diastolic blood pressure, and heart rate were 
recorded at different time points: before DEX infusion 
(baseline, T0), induction of anesthesia (T1), immediately 
after I-gel LMA placement (T2), immediately after femoral 
artery intubation (T3), end of operation (T4), immediately 
after I-gel LMA removal (T5), 10 minutes after I-gel LMA 
removal (T6), and 1 hour after the operation (T7). The 
end-tidal sevoflurane concentration was recorded at T2, T3, 
and T4, and the total usage of sevoflurane was automati-
cally calculated and displayed in mL by the Datex Ohmeda 
Avance S5 system (S/5; Datex Ohmeda, Helsinki, Finland). 
Recovery from anesthesia was measured from the time point 
at which the femoral artery was sutured. The time required 
for spontaneous breathing recovery, eye opening, and I-gel 
LMA removal, and later, the MOAA/S score after I-gel LMA 
removal, were also observed. Changes in physiological in-
dicators and the incidence of adverse events when inserting 
or removing the LMA (e.g., cough, restlessness, and chills), 
if any, were also recorded. The Modified Confusion Assess-
ment Method-S score was used to diagnose postoperative 
delirium, which was categorized into four types: normal, 
mild, moderate, and severe; this was assessed 24 hours after 
the operation (Inouye et al., 2014b). 

Blood processing and analyses
Two milliliters of venous blood was collected from the cen-
tral venous catheter at T0, T1, and T5 into tubes without an 
anticoagulant and kept perfectly still until the serum sepa-
rated. The serum was centrifuged at 4,000 r/min at 4°C for 
10 minutes. The supernatant was then aspirated and placed 
at –80°C in a cryogenic refrigerator prior to evaluation 
of neuron-specific enolase (NSE) and S100β, which were 
measured using an immulite automated chemiluminome-
ter (Siemens Healthcare Diagnostics, Deerfield, IL, USA). 
Meanwhile, 2 mL of arterial blood was collected for arterial 
blood gas analysis with an automatic blood gas system (cobas 
b 123; Roche, Basel, Switzerland).

Sample size
The primary outcome measures were differences in the 
spontaneous breathing recovery time, eye opening time, 
and I-gel removal time. The power calculation for the study 
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Figure 1 Flow diagram of the study.

was based on the time from anesthesia termination until the 
recovery of spontaneous breathing. As previously report-
ed (Tang et al., 2016), the time to recovery of spontaneous 
breathing from sevoflurane anesthesia alone was approxi-
mately 6.5 minutes, while that from sevoflurane anesthesia 
with DEX infusion was expected to be 5.0 minutes with a 
standard deviation of 2.3 minutes. To compensate for the 
possibility of a dropout rate of 20%, 50 patients per group 
were needed at a power of 90% and two-sided significance 
level of 0.05.

Statistical analysis
All data were statistically analyzed by statisticians using the 
SPSS 22.0 statistical software package (IBM Corp., Armonk, 
NY, USA) in line with the intention-to-treat principle. All 
measurement indexes were expressed as the mean ± stan-
dard deviation/standard error of the mean or count (%), fol-
lowed by a normal distribution analysis. Normally distribut-
ed data were compared using the independent sample t-test, 
and non-normally distributed data were compared using 
the Wilcoxon test. The Mann-Whitney U test was employed 
for intergroup comparison, and the Wilcoxon signed-rank 
test was used for comparison between different time points 
within the same group. The chi-square test was used to ana-

lyze categorical variables between the groups. A P value of < 
0.05 was considered statistically significant.

Results
Quantitative analysis of patients
One hundred twenty patients were recruited from March to 
December 2016. Two patients in the DS group discontinued 
the study protocol: one required conversion from interven-
tional embolization to aneurysm clipping, and the other 
developed postoperative complications. Four patients in the 
NS group discontinued the study protocol: two required 
conversion from interventional embolization to aneurysm 
clipping, and two developed postoperative complications. 
One hundred six patients completed the study: 54 in the DS 
group and 52 in the NS group (Figure 1). There were no 
significant differences in demographic data, surgical charac-
teristics, or intraoperative variables between the two groups 
except urine output (Table 1).

Hemodynamic variables
There were no differences in the systolic blood pressure, di-
astolic blood pressure, or heart rate at baseline between the 
two groups. Patients in the DS group showed a greater de-
crease in the blood pressure and heart rate than those in the 
NS group during the observation period. In the NS group, 
the blood pressure and heart rate were significantly high-
er upon emergence from anesthesia than at baseline (P < 
0.0001). In the intergroup comparison of the blood pressure 
and heart rate at similar time intervals during the intraoper-
ative period, the DS group had a steadier blood pressure and 
heart rate (P < 0.05), although no significant difference was 
present at the time of I-gel LMA placement. Similarly, the 
blood pressure and heart rate upon emergence from anes-
thesia were stable in the DS group, while they were elevated 
in the NS group (P < 0.0001) (Figure 2).

PaO2 and PaCO2

PaO2 and PaCO2 were comparable and within normal limits 

Excluding (n = 8) 
a) Not meeting inclusion 
criteria (n = 6) 
b) Patient withdrawal (n = 2) 
c) Other reasons (n = 0)

Patient assessment for eligibility (n = 120)

Randomization (n = 112)

Administration of 
dexmedetomidine (n = 56) 
a) Received allocated 
intervention (n  = 56) 
b) Did not receive allocated 
intervention (n  = 0)

Administration of saline  
(n = 56) 
a) Received allocated 
intervention (n = 56) 
b) Did not receive allocated 
intervention (n = 0)

Lost to follow-up (n = 0) 
Discontinued intervention 
(One required conversion 
of interventional 
embolization into aneurysm 
clipping and one had 
surgical complications 
postoperatively) (n = 2)

Lost to follow-up (n = 0) 
Discontinued intervention 
(Two required conversion 
of interventional 
embolization into aneurysm 
clipping and two had 
surgical complications 
postoperatively) (n = 4)

Analysis (n = 54) 
Excluding from analysis (n = 0)

Analysis (n = 52)  
Excluding from analysis (n = 0)

Table 1 Patient characteristics and intraoperative data 

Item
NS group 
(n = 52)

DS group 
(n = 54) P-value

Age (years) 61.1±8.5 62.0±7.3 0.686
Male sex 26 (50) 30 (56) 0.685
Weight (kg) 67.2±7.9 65.1±9.9 0.404
Height (cm) 166.5±9.6 168.4±8.9 0.439
ASA class (I/II/III/IV) 18/32/1/1 16/34/2/2 0.848
Duration of surgery (minute) 263.0±46.3 265.4±43.4 0.841
Duration of anesthesia (minute) 298.2±46.8 295.0±41.5 0.798
Fluids (mL) 2,092±459 2,125±559 0.815
Urine output (mL) 577±184 789±246 < 0.001

Data are expressed as mean ± standard deviation, number (percent), 
or number. All data were analyzed by the independent sample t-test. 
NS group: sevoflurane anesthesia with normal saline; DS group: 
sevoflurane anesthesia with dexmedetomidine; ASA: American Society 
of Anesthesiologists. 
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at baseline in both groups. Although they tended to be more 
optimal in the NS group from the time of drug infusion until 
the induction of anesthesia, the differences were not signif-
icant (P > 0.05). Immediately after I-gel LMA removal, the 
PaCO2 was 39.80 ± 0.74 mmHg in the DS group and 41.60 ± 
2.39 mmHg in the NS group, with a significant difference (P 
= 0.003) (Figure 3B).  

Glucose and lactate levels
The glucose level was lower after DEX infusion than at base-

line in the DS group (P < 0.05). The glucose level was lower 
in the DS group than NS group at induction of anesthesia 
and immediately after I-gel LMA removal (P = 0.0046 and 
P = 0.0138, respectively) (Figure 4A). The lactate level was 
lower after DEX infusion than at baseline in the DS group 
(P < 0.05). The lactate level began to slowly increase ap-
proximately at the time of induction of anesthesia and upon 
emergence from anesthesia, but the differences were not 
significant (P > 0.05). However, a significant difference was 
noted in the NS group (P < 0.05). On intergroup compari-

Figure 2 Changes in mean hemodynamic variables in patients receiving sevoflurane anesthesia with saline or sevoflurane anesthesia with 
dexmedetomidine.
(A) Systolic blood pressure, (B) diastolic blood pressure, (C) heart rate. Data are expressed as the mean ± standard deviation and were analyzed by 
two-way analysis of variance. *P < 0.05, **P < 0.0001 vs. DS group. NS group (n = 52): Sevoflurane anesthesia with normal saline; DS group (n = 
54): sevoflurane anesthesia with DEX. T0 (baseline): Before DEX infusion; T1: induction of anesthesia; T2: immediately after I-gel LMA placement; 
T3: immediately after femoral artery intubation; T4: end of operation; T5: immediately after I-gel LMA removal; T6: 10 minutes after I-gel LMA 
removal; T7: 1 hour after the operation. DEX: dexmedetomidine; LMA: laryngeal mask airway. 

Figure 3 Changes in (A) PaO2 and (B) 
PaCO2 in patients receiving 
dexmedetomidine or saline 
intraoperatively. 
Data are expressed as the mean ± stan-
dard error of the mean and were ana-
lyzed by two-way analysis of variance. 
NS group (n = 52): Sevoflurane anes-
thesia with normal saline; DS group (n 
= 54): sevoflurane anesthesia with DEX. 
T0 (baseline): Before DEX infusion; T1: 
induction of anesthesia; T5: immedi-
ately after I-gel laryngeal mask airway 
removal. DEX: Dexmedetomidine. 

Figure 4 Changes in glucose and
 lactate levels in patients receiving 
dexmedetomidine or saline 
intraoperatively. 
NS group (n = 52): Sevoflurane anes-
thesia with normal saline; DS group 
(n = 54): sevoflurane anesthesia with 
DEX. T0 (baseline): Before DEX infu-
sion; T1: induction of anesthesia; T5: 
immediately after I-gel laryngeal mask 
airway removal. Data are expressed as 
the mean ± standard error of the mean 
and were analyzed by two-way analysis 
of variance. DEX: Dexmedetomidine. 
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son, the DS group had lower lactate levels before the induc-
tion of anesthesia and immediately after I-gel LMA removal 
(P = 0.0182 and P = 0.0002, respectively) (Figure 4B). 

S100β and NSE plasma concentrations
The plasma concentration of S100β began to fall from the 
baseline value after DEX infusion in the DS group, and the 
difference was significant before the induction of anesthesia 
(P < 0.05). The S100β concentration was lower before the 
induction of anesthesia and immediately after I-gel LMA 
removal than in the NS group (P = 0.0170 and P = 0.0002, 
respectively) (Figure 5A). The plasma concentration of NSE 

immediately after I-gel LMA removal was higher than that at 
baseline in the NS group (P < 0.0001). The NSE concentration 
was higher in the NS group than in the DS group immediate-
ly after I-gel LMA removal (P = 0.0003) (Figure 5B).

End-tidal sevoflurane concentration and cumulative 
sevoflurane consumption
Patients in the DS group had a significantly lower end-tidal 
sevoflurane concentration than those in the NS group at all 
time points (P < 0.0001, P < 0.0001, and P = 0.0023). This 
indicates a decrease in the end-tidal sevoflurane concentra-
tion of > 40% (Figure 6A). The overall dose of sevoflurane 
consumed in the DS group was less than that in the NS 
group, suggesting a statistically significant reduction in > 
27% (Figure 6B). 

Figure 5 Changes in S100β (A) and 
NSE (B) plasma concentrations in 
patients receiving dexmedetomidine 
or saline intraoperatively (chemilumi-
nescence immunoassay).  
Data are expressed as the mean ± stan-
dard error of the mean and were ana-
lyzed by two-way analysis of variance. 
NS group (n = 52): Sevoflurane anes-
thesia with normal saline; DS group (n 
= 54): sevoflurane anesthesia with DEX. 
T0 (baseline): Before DEX infusion; T1: 
induction of anesthesia; T5: immediate-
ly after I-gel laryngeal mask airway re-
moval. DEX: Dexmedetomidine; NSE: 
neuron-specific enolase. 

Figure 6 End-tidal sevoflurane 
concentration (A) and cumulative 
sevoflurane consumption (B) in 
patients receiving dexmedetomidine 
or saline. 
Data are expressed as the mean ± stan-
dard error of the mean and were ana-
lyzed by two-way analysis of variance 
and the independent-sample t-test. NS 
group (n = 52): Sevoflurane anesthesia 
with normal saline; DS group (n = 54): 
sevoflurane anesthesia with dexmede-
tomidine. T2: Immediately after I-gel 
laryngeal mask airway placement; T3: 
immediately after femoral artery intu-
bation; T4: end of operation. 

Table 2 Spontaneous breathing recovery time, eye opening time, 
I-gel removal time, and MOAA/S score in patients receiving 
dexmedetomidine or saline

NS group
(n = 52)

DS group
(n = 54) P-value

Spontaneous breathing 
recovery time (minute)

7.4±2.4 5.5±2.3 0.003

Eye opening time (minute) 10.4±2.8 7.7±2.5 0.000
I-gel LMA removal time 

(minute)
13.1±3.1 9.2±2.8 0.000

MOAA/S score: 5 
(alert)/4/3/2/1/0 (asleep)(n)

6/17/29/0/0/0 13/23/18/0/0/0 0.049

Data are expressed as the mean ± standard deviation (analyzed by the 
independent sample t-test) or number (analyzed by the chi-square 
test). NS group: Sevoflurane anesthesia with normal saline; DS group: 
sevoflurane anesthesia with dexmedetomidine. MOAA/S: Modified 
observer’s assessment of alertness/sedation; LMA: laryngeal mask 
airway. 

Table 3 Postoperative delirium categories based on the Confusion 
Assessment Method (CAM)-S scores in patients receiving 
dexmedetomidine or saline

CAM-S scores NS group (n = 52) DS group (n = 54)

Normal 40 46
Mild 3 7
Moderate 8 1
Severe 1 0

χ2 8.428
P 0.038

Data are expressed as number of patients. Normal: 0; mild: 1; moderate: 
2; severe: 3–7. NS group: sevoflurane anesthesia with normal saline; DS 
group: sevoflurane anesthesia with dexmedetomidine.
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Anesthesia recovery
As shown in Table 2, the spontaneous breathing recovery 
time, eye opening time, and I-gel removal time were shorter 
in the DS group than NS group (P = 0.003, P = 0.000, and 
P = 0.000, respectively). Moreover, the MOAA/S score was 
significantly higher in the DS group at the time of I-gel re-
moval (P = 0.049).

Postoperative delirium categories
The postoperative delirium categories based on the Con-
fusion Assessment Method-S scores are shown in Table 3. 
More patients from the NS than DS group had serious de-
lirium. Furthermore, postoperative delirium occurred in 12 
(23%) of 52 patients in the NS group and in 8 (15%) of 54 
patients in the DS group (P = 0.038).

Discussion
This randomized, double-blinded, comparative study was 
performed to evaluate the effects of intravenous DEX during 
sevoflurane anesthesia for embolization of intracranial an-
eurysms on anesthetic recovery, the stress response, neuro-
protective effects, postoperative delirium, and sevoflurane 
requirements. Our principal findings suggest that the use 
of intravenous DEX during sevoflurane anesthesia results 
in more stable hemodynamics and rapid recovery during 
emergence from general anesthesia as indicated by lower cu-
mulative sevoflurane consumption, a lower stress response, 
better neuroprotection, a decreased incidence of postopera-
tive delirium, and improved recovery.

Some studies have shown that bispectral index monitoring 
during anesthesia helps to reduce the sevoflurane require-
ments and results in more rapid emergence (Song et al., 
1997; Mudakanagoudar and Santhosh, 2016). Others have 
also observed that DEX infusion during sevoflurane anes-
thesia significantly reduced the end-tidal sevoflurane con-
centration by approximately 33% while maintaining stable 
hemodynamic conditions, although others found a varying 
17% to 58% reduction in the minimum alveolar concen-
tration of sevoflurane (Magalhães et al., 2004). Our study 
revealed a > 27% decrease in sevoflurane consumption. 
Appropriate management of systemic and cerebral hemody-
namic variables is the cornerstone of neuroanesthesia. The 
use of DEX results in hemodynamic stability even during 
peak surgical stress (Dilek et al., 2011). When used as an 
adjuvant to general anesthesia, DEX allows easy extubation 
without affecting the recovery time (Turan et al., 2008; Aksu 
et al., 2009; Chavan et al., 2016). During the observation pe-
riod, hemodynamic parameters were significantly lower in 
patients receiving DEX but remained within hemodynami-
cally stable limits. In the current study, all patients receiving 
DEX exhibited rapid emergence, including a short time to 
spontaneous breathing recovery, eye opening, and I-gel 
LMA removal, while the sedation levels were better; the an-
algesic action rather than the sedative effect was more likely 
responsible for the reduced sevoflurane requirements with 
the use of DEX.

Surgical stress can excite the hypothalamus, resulting in 

the secretion of adrenocorticotrophic hormone, which in 
turn initiates a sudden increase in the cortisol level. Corti-
sol mobilizes amino acids and fat from the body stores and 
makes them available for synthesis of glucose, thus causing 
hyperglycemia. Although the blood glucose level is only 
the tip of the iceberg with respect to showcasing the stress 
response to surgery, the blood glucose level can reflect the 
metabolic stress response to surgery and the effect of DEX 
in blunting this stress response. Lactic acid is an important 
energy material in brain tissue, playing an important role 
in the protection of the brain in certain pathological condi-
tions. Moreover, lactic acid is a marker of ischemic hypoxia 
and central nervous system damage (Smith et al., 2003; 
Dienel, 2014; Bergersen, 2015). Low blood pressure, hypox-
emia, and hypocapnia can lead to increased lactic acid levels. 
Mildly increased lactic acid was generated and analyzed by 
arterial blood gas analysis in neurosurgery patients with hy-
potension and hyperventilation (Karlsson et al., 1995). The 
blood glucose and lactic acid levels can also reflect the met-
abolic stress response to surgery and cerebral oxygen supply 
as well as the effect of DEX in this respect. Our results may 
indicate a significant decrease in the glucose and lactic con-
centrations after DEX infusion, supporting the ability of 
DEX to effectively blunt the stress response to surgery, im-
prove brain tissue perfusion, and reduce the cerebral oxygen 
metabolism rate generated by anaerobic glycolysis and lactic 
acid in brain tissue. PaO2 and PaCO2 were comparable and 
within normal limits in both groups. Immediately after I-gel 
LMA removal, PaCO2 was 39.80 ± 0.74 mmHg in the DS 
group and 41.60 ± 2.39 mmHg in the NS group; although 
this small difference was statistically significant, it may not 
be clinically significant. The cerebral oxygen supply fully ex-
plains why there was no accumulation of lactic acid during 
the study.

A large amount of NSE can rapidly leak from damaged 
neurons and traverse the damaged blood-brain barrier into 
the cerebrospinal fluid. The rise of the NSE level in the blood 
and cerebrospinal fluid is consistent with the extent of neu-
ronal damage. S100β mainly exists in glial cells and Schwann 
cells, playing an important role in glial cell growth, prolif-
eration, and differentiation in the central nervous system 
as well as maintaining calcium homeostasis, learning, and 
memory. S100β may ooze from damaged central nervous 
system cells into the cerebrospinal fluid and subsequently 
traverse the blood-brain barrier into the blood. Therefore, 
the NSE and S100β levels can be used as biochemical and 
diagnostic indicators reflecting the degree of central ner-
vous system damage (Büttner et al., 1997). Our results may 
indicate a slight decrease in the plasma concentrations of 
S100β and NSE after DEX infusion compared with those at 
baseline; these concentrations were also lower immediately 
after I-gel LMA removal in patients receiving DEX than in 
those receiving saline. Some studies have also shown that the 
administration of DEX during the perioperative period in 
patients undergoing brain surgery can significantly reduce 
S100β and NSE generation with certain neuroprotective ef-
fects (Luo et al., 2016; Zhao and Zhou, 2016).
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Postoperative delirium, characterized by dysfunction in 
consciousness, attention, and cognition, is always regarded 
as a reversible cognitive dysfunction syndrome (McCusk-
er et al., 2014; Zaal et al., 2015). Excessive and prolonged 
postoperative delirium may influence the patient’s recovery 
(Cropsey et al., 2015; Whalin et al., 2015). In the present 
study, the Confusion Assessment Method-S scores, a rigor-
ous  assessment system to diagnose postoperative delirium, 
were used. Furthermore, postoperative delirium occurred in 
12 (23%) of 52 patients receiving saline, similar to previous 
studies (Vasilevskis et al., 2012; Inouye et al., 2014a; Su et 
al., 2016), and in 8 (15%) of 54 patients receiving DEX. Al-
though the incidence of postoperative delirium was not sig-
nificantly different, patients receiving DEX had lower mod-
erate and severe categories of postoperative delirium than 
those receiving saline (1 and 0 vs. 8 and 1, respectively). The 
physiopathologic mechanism of the decrease in delirium 
by DEX remains unknown; however, the anesthetic-spar-
ing and anti-inflammatory effects of this drug may play a 
role (Sobbi and van den Boogaard, 2014; Tasker and Me-
non, 2016). Our main results regarding the decreased NSE 
and S100β levels after DEX infusion could suggest another 
mechanism. One possible reason for the decreased delirium 
in our study may be that DEX intervention was initiated 
as soon as patients were transferred to the interventional 
radiotherapy room, preventing a high prevalence of stress 
response in the early hours.

There were several limitations in our study. This was a 
multicenter trial, and two different surgical teams conduct-
ed the surgery; this conferred a margin of procedure vari-
ability. Standard anesthetic management was used, while 
the surgical procedure was discussed and decided based on 
consensus between the two operative teams to minimize the 
inter-institutional gap. Although the study had a sufficient 
sample size to show significant differences in the endpoints 
between the two groups, it was not large enough to detect 
the effects of DEX on postoperative delirium. Furthermore, 
Confusion Assessment Method-S might not be as sensitive 
as other tools for delirium assessment, such as the 3D-Con-
fusion Assessment Method, especially in other ethnic groups 
(van Eijk et al., 2011; Nishimura et al., 2016). Thus, further 
studies with larger sample sizes and more sensitive delirium 
assessment tools are needed to evaluate the effects of DEX 
on postoperative delirium. The NSE and S100β levels were 
only measured intraoperatively. Our study may serve as a 
starting point for future studies in which the postoperative 
NSE and S100β levels are measured for several days to ex-
plore the effect of DEX on regulating the NSE and S100β 
levels and postoperative delirium.

In conclusion, intravenous DEX during sevoflurane an-
esthesia could yield a stable hemodynamic condition, lower 
stress response, and rapid recovery during emergence of gen-
eral anesthesia as indicated by the low cumulative sevoflurane 
consumption, better neuroprotective effect, and decreased 
incidence of delirium after surgery seen in the present study, 
thereby improving patients’ recovery. Fast-track anesthe-
sia using sevoflurane combined with DEX, with measure-

ment-based control of surgical stress, neuroprotection, and 
rapid recovery during emergence, would improve the postop-
erative outcome of embolization of intracranial aneurysms.
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