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Background: We conducted a randomized trial to evaluate the

efficacy and safety of dexmedetomidine for prophylactic analgesia

and sedation in patients with delayed extubation after craniotomy.

Methods: From June 2012 to July 2014, 150 patients with de-

layed extubation after craniotomy were randomized 1:1 and

were assigned to the dexmedetomidine group that received a

continuous infusion of 0.6 mg/kg/h (10 mg/mL) or the control

group that received a maintenance infusion of 0.9% sodium

chloride for injection. The mean percentage of time under op-

timal sedation (SAS3-4), the percentage of patients who required

rescue with propofol/fentanyl, and the total dose of propofol/

fentanyl required throughout the course of drug infusion, as well

as VAS, HR, MAP, and SpO2 were recorded.

Results: The percentage of time under optimal sedation was sig-

nificantly higher in the dexmedetomidine group than in the control

group (98.4%±6.7% vs. 93.0%±16.2%, P=0.008). The VAS

was significantly lower in the dexmedetomidine group than in the

control group (1.0 vs. 4.0, P=0.000). The HR and mean BP were

significantly lower in the dexmedetomidine group than in the control

group at all 3 time points (before endotracheal suctioning, immedi-

ately after extubation, and 30min after extubation). No significant

difference in SpO2 was observed between the 2 groups. For hemo-

dynamic adverse events, patients in the dexmedetomidine group were

more likely to develop bradycardia (5.3% vs. 0%, P=0.043) but

had a lower likelihood of tachycardia (2.7% vs. 18.7%, P=0.002).

Conclusions: Dexmedetomidine may be an effective prophylactic

agent to induce sedation and analgesia in patients with delayed

extubation after craniotomy. The use of dexmedetomidine

(0.6 mg/kg/h) infusion does not produce respiratory depression,

but may increase the incidence of bradycardia.
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Acute pain and emergence agitation are common in
patients after craniotomy during the early post-

operative period, particularly in those patients with de-
layed extubation.1–5 Undertreated pain and agitation in
patients can result in serious consequences after intra-
cranial operations.6 Physiological changes during pain
and agitation may cause intracranial hemorrhage and
brain edema. Elevated oxygen consumption may disturb
the balance of the supply and demand of brain oxygen,
ultimately resulting in ischemia.7,8 However, several sur-
veys revealed that physicians were reluctant to use opioids
and sedatives in the early postoperative period after cra-
niotomy.9–12 The major concern was the side effects of
these drugs, which primarily included the influence of
consciousness and respiratory depression.1,2

Dexmedetomidine, a potent and highly selective a-2-
adrenoceptor agonist, provides dose-dependent sedation,
anxiolysis, and analgesia without respiratory depression.13 In
addition to its sedative effects, dexmedetomidine has sig-
nificant analgesic qualities and may significantly reduce
concomitant opioid use.14 Because of its centrally mediated
sympatholytic effect, it confers good hemodynamic control
after intracranial operations.15,16 Recently, a large body of
research in experimental models and clinical settings has
demonstrated the neuroprotective properties of dexmedeto-
midine.17 These characteristics make dexmedetomidine a
potential agent for the management of pain and agitation in
neurosurgical patients.18,19

We performed this trial to investigate the efficacy
and safety of dexmedetomidine for prophylactic analgesia
and sedation in patients with delayed extubation after
craniotomy.

MATERIALS AND METHODS

Study Design and Ethical Consideration
The study was a single-center, randomized, double-

blind, placebo-controlled trial. The study protocol was
approved by the Institutional Review Board of Beijing
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Tiantan Hospital, Capital Medical University (KY2012-
006-02). Written informed consent was obtained from
patients’ relatives upon admission to the intensive care
unit (ICU). This study was registered with the Chinese
Clinical Trial Registry (ChiCTR-PRC-12002903). The
study protocol was published in 2013.20

Setting and Participants
This study was performed in a 20-bed neurosurgical

ICU at Beijing Tiantan Hospital (1000 beds), Capital
Medical University, Beijing, China, between June 2012
and July 2014. All adult patients admitted to the neuro-
surgical ICU after intracranial surgery with delayed ex-
tubation were screened for study eligibility. Delayed
extubation was defined as the patient not extubated in the
operating room at completion of the surgery The ex-
clusion criteria included: age under 18 years; pregnancy or
lactation; emergency operation; reoperation within 72
hours; operations related to the medulla oblongata; pre-
operative consciousness disorders (GCSr14), epilepsy,
dysphagia, or cough reflex impairment; unrecovered
consciousness or spontaneous breathing within 2 hours
after end of surgery; concomitant cardiovascular prob-
lems, including second-degree or third-degree atrioven-
tricular block; heart rate (HR) <50 beats per minute;
systolic blood pressure (BP) <90mm Hg or the need for
continuous infusions of a vasopressor; refusal to partic-
ipate; and enrollment in other trials. Patients were en-
rolled only once unless they were discharged from the
hospital and were readmitted at least 180 days after the
first enrollment.

Randomization and Masking
Enrolled patients were randomly assigned at a 1:1

ratio to receive intravenous infusion of dexmedetomidine
(the intervention group) or normal saline (the control
group). The study secretary (M.X.) generated random-
ization with a computerized random digits table, placed
the treatment assignments into numbered opaque enve-
lopes, and sealed them.

Dexmedetomidine (10 mg/mL) or normal saline with
the same characteristics was prepared by the clinical
pharmacist (J.-J.H.). Patients and all study personnel
except for the investigative pharmacist were blind to the
treatment assignments.

Intervention
Two hours after end of surgery, the intervention

group received a continuous intravenous infusion of
dexmedetomidine (Ai Bei Ning; Jiang Su Heng Rui
Medicine Co. Ltd, Jiangsu Province, China) at a dose of
0.6 mg/kg/h. The control group received a maintenance
infusion of normal saline at a volume and rate equal to
that of the intervention group. The allocated intervention
was terminated at 30 minutes after extubation or a
maximum of 24 hours on the study infusion protocol.

The level of sedation was assessed by bedside nurses
using the Sedation Agitation Scale (SAS),21 which ranged
from 1 (unarousable) to 7 (dangerous agitation) (Table 1).

Routine SAS evaluation was incorporated into clinical
practice in our ICU for >1 year before the start of this
study.5 The assessment of SAS was performed every hour
or as needed after the infusion of experimental agents.
The target level of sedation was set at a SAS score of 3 to
4. If the patient exhibited agitation (SAS score of 5 to 7),
an ICU physician was consulted, and the causes of agi-
tation were investigated (eg, pain, hypoxia, hypotension,
or endotracheal tube obstruction). A rescue bolus of
propofol (0.5mg/kg) was given as needed. If agitation was
not eliminated, then a continuous infusion of propofol
(20mg/mL) was started and titrated to reach an SAS of 3
to 4. Pain was treated using bolus of fentanyl in 0.05mg
increments on an as-needed basis. For cases in which the
SAS score was r2 (arouses to physical stimuli but does
not communicate or follow commands), the trial inter-
vention was stopped urgently. Other criteria for urgent
stop included bradycardia (HR<50 beats/min after a
0.25mg bolus of atropine), hypotension (systolic BP<
90mm Hg after infusion of 250mL hydroxyethyl starch
for 30min), hypoxemia (pulse oxygen saturation
[SpO2]<90%), or neurological complications (cerebral
hemorrhage, infarction or brain edema diagnosed by
computed tomography).

Weaning from mechanical ventilation and endo-
tracheal extubation was performed according to our local
extubation protocol.22 An ICU physician evaluated the
patient using an extubation screening checklist, which
included assessments of consciousness, respiration, and
circulation status, muscle strength recovery, gag reflex,
and swallowing function. If the patient passed the eval-
uation, then the endotracheal tube was extubated by a
registered ICU nurse. Patients were discharged from the
ICU the morning after their physiological status had been

TABLE 1. Sedation Agitation Scale

Score Characteristics Examples of Patients’ Behavior

NA Not applicable Patient is chemically paralyzed; level of
sedation should be assessed during paralytic
holiday

1 Unarousable Minimal or no response to noxious stimuli,
does not communicate or follow commands

2 Very sedated Arouses to physical stimuli but does not
communicate or follow commands, may
move spontaneously

3 Sedated Difficult to arouse, awakens to verbal stimuli or
gentle shaking but drifts off again, follows
simple commands

4 Calm and
cooperative

Calm, awakens easily; follows commands

5 Agitated Anxious or mildly agitated, attempting to sit
up, calms down to verbal instructions

6 Very agitated Does not calm, despite frequent verbal
reminding of limits; requires physical
restraints, biting endotracheal tube

7 Dangerously
agitated

Pulling at endotracheal tube, trying to remove
catheters, climbing over bed rail, striking at
staff, thrashing side to side

NA indicates not available.
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stabilized, usually with normal neurological, respiratory,
and hemodynamic status. Patients with endotracheal in-
tubation were not discharged.22 Patients with a trache-
otomy were discharged after successful weaning from
mechanical ventilation.

Study Endpoints
The primary endpoint was the percentage of time

within the target sedation range (SAS of 3 to 4) during the
infusion of experimental agents. Other efficacy endpoints
included the following: (1) the percentage of patients ex-
hibiting agitation (SASZ5); (2) the percentage of patients
requiring rescue propofol to achieve/maintain the tar-
geted sedation range and the total dose of propofol re-
quired per patient throughout the infusion of the study
drug; and (3) the percentage of patients requiring fentanyl
for additional rescue of analgesia.

The safety endpoints included the following: (1) the
incidence of an urgent stop of the study intervention; (2)
the percentage of patients who remained intubated be-
yond 24 hours after operation; and (3) hemodynamic
adverse events during the drug infusion, which included
hypotension (systolic BP<90mm Hg), hypertension
(systolic BP>180mm Hg), bradycardia (HR<50/min),
and tachycardia (HR>120/min).

For patients who were extubated within 24 hours
after operation, HR, mean BP, and SpO2 were recorded
before endotracheal suctioning, immediately after ex-
tubation, and at 30 minutes after extubation. The visual
analog scale (VAS) (VAS=0, not bad at all and well
tolerable;VAS=10, very painful and beyond endurance)
was evaluated immediately before extubation and 30 mi-
nutes after extubation.2,23 These parameters were meas-
ured and documented by the chief nurses (Y.Y. and
W.C.).

Patients were followed up until hospital discharge,
death, or 60 days after the trial intervention on a first-
come, first-serve basis. Data regarding clinical outcomes
were collected: reintubation and reoperation within 72
hours after the trial intervention, the 5-category Glasgow
Outcome Scale, and ICU stay and overall hospital length
of stay (LOS).

Statistical Analysis
All analyses were conducted according to the in-

tention-to-treat principle, that is, all randomized patients
were analyzed in the groups to which they were originally
allocated and were blinded to the treatment assignments.
Baseline characteristics were summarized by performing
univariate analyses. Categorical variables were presented
as numbers and percentages and analyzed by the w2 test.
Continuous variables were checked for normal dis-
tribution and presented as the mean and SD or median
and interquartile range as appropriate. Comparisons of
continuous variables were performed using the Student t
test for normally distributed variables and the Mann-
Whitney U test for non-normally distributed variables.
HR, mean BP, and SpO2 during extubation were
analyzed by repeated measures analysis of variance

(ANOVA). All tests of significance were 2-sided and were
considered significant at the 5% level. Analyses were
conducted using SPSS 17.0.

Sample Size
In our previous study, we found that the frequency

of agitation in delayed extubation patients after craniot-
omy was 30%5 and that the mean percentage of time in
optimal sedation was 88% (unpublished data). We hy-
pothesized that the mean percentage of time in optimal
sedation would increase to 95% after the use of dexme-
detomidine. Using the Power and Sample Size Calcu-
lation program, we determined that we needed to enroll
72 patients in each arm to be able to reject the null hy-
pothesis that the population means of the experimental
and control groups were equal with a probability (power)
of 0.8. The type I error probability of testing this null
hypothesis was 0.05.

RESULTS
From June 2012 to July 2014, 328 patients with

delayed extubation after craniotomy were assessed for
eligibility, and 150 of them were enrolled in the study (75
patients in each arm). The reasons for exclusion are
shown in the study flow chart (Fig. 1).

Demographic and clinical characteristics at baseline
were comparable between the 2 arms (Table 2). There
were 11 hypertensive patients per group included in the
study. There was no difference between the 2 groups. The
durations of the infusion of the study agent were
12.7±4.4 and 13.4±3.1 hours in the dexmedetomidine
group and the control group, respectively (P=0.258).

Efficacy
The results of efficacy endpoints are shown

in Table 3. The percentage of time within the target se-
dation range was significantly higher in the dexmedeto-
midine group than in the control group. The incidence of
agitation was significantly lower in the dexmedetomidine
group (8.0%) than in the control group (29.3%). Three
(4.0%) and 10 (13.3%) patients required rescue propofol
in the dexmedetomidine group and the control group,
respectively. No patient required continuous infusion of
propofol in the dexmedetomidine group, whereas 5 pa-
tients in the control group received continuous infusion of
propofol during the experimental period. No significant
difference in the dose of rescue propofol per patient was
observed between the 2 groups (P=0.173). A sig-
nificantly lower percentage of patients was found to have
self-reported pain in the dexmedetomidine group (17.3%)
relative to the control group (40.0%). Patients in the
dexmedetomidine group received less rescue fentanyl than
in the control group (P=0.029).

Safety
The results of the safety endpoints are shown

in Table 4.
Urgent discontinuation of the study intervention was

required in 9 (12.0%) patients in the dexmedetomidine
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TABLE 2. Baseline Characteristics of the Participants

Dexmedetomidine (n=75) Normal Saline (n=75) P

Age (y) 44±14 42±13 0.443
Male sex 36 (48) 32 (43) 0.623
Weight (kg) 68±14 67±13 0.750
Height (cm) 166±8 166±7 0.886
ASA classification (I/II/III) 3 (4)/72 (96)/0 (0) 5 (7)/69 (92)/1 (1) 0.376
Site of operation 1.000
Supratentorial 10 (13.3) 10 (13.3)

Hypophysoma 3 (4.0) 4 (5.3)
Sphenoid ridge meningioma 1 (1.3) 2 (2.7)
Craniopharyngioma 4 (5.3) 3 (4.0)
Aneurysm 2 (2.7) 1 (1.3)

Infratentorial 65 (86.7) 65 (86.7)
Petroclival meningioma 18 (24.0) 13 (17.3)
Cerebellopontine angle meningioma 12 (16.0) 14 (18.7)
Cerebellopontine angle glioma 3 (4.0) 5 (6.7)
Acoustic neuroma 8 (10.7) 6 (8.0)
Angioreticuloma of cerebellum 5 (6.7) 4 (5.3)
Cvernous hemangioma located in pons 3 (4.0) 4 (5.3)
Ependymoma in the fourth ventricular 5 (6.7) 5 (6.7)
Foramen magnum meningiomas 5 (6.7) 6 (8.0)
Jugular foramen meningiomas 6 (8.0) 8 (10.7)

Length of operation (min) 365±116 375±122 0.626

The data are expressed as the mean±SD or as n (%).
ASA indicates American Society of Anesthesiologists.

328 Patients with delayed extubation after craniotomy

178 Excluded 

45 age under 18 years 

53 operations related to the medulla oblongata      

23 not recovered of consciousness  

14 not recovered of spontaneous breathing  

8 BP less than 90 mmHg 

5 HR less than 50 beat per minute 

2 re-operation within 72 hours 

2 pregnancy 

26 enrolled in other trials

150 Randomized

75 Randomized to receive dexmedetomidine 

66 Completed treatment 

9 Treatment withdrawn 

4 Bradycardia 

3 Hypotension 

1 Cerebral infarction 

1 Cerebral hemorrhage 

75 Randomized to receive saline 

74 Completed treatment 

1 Treatment withdrawn for hypoxemia 
immediately after extubation 

FIGURE 1. Flow diagrams for the dexmedetomidine versus saline trial.
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group and in 1 (1.3%) patient in the control group
(P=0.023, Table 4, and Fig. 1). The reasons for urgent
discontinuation in the dexmedetomidine group were as
follows: bradycardia in 4 patients (at 2 to 10h after the start
of agent infusion), hypotension in 3 patients (at 2 to 10h
after the start of agent infusion), cerebral infarction in 1
patient (unilateral dilation of the pupil and lack of response
to stimulation were found at 3 h after agent infusion, and
cerebral infarction was diagnosed by computed tomog-
raphy; decompressive craniectomy was performed at 64h
after the operation); and cerebral hemorrhage in 1 patient
(diagnosed by routine postoperative computed tomography
at 4 h after agent infusion). In the control group, the study
intervention was stopped in 1 patient due to hypoxemia
immediately after extubation, and the patient was re-
intubated.

No significant difference in the percentage of patients
who remained intubated beyond 24 hours after operation
was observed between the 2 groups (Table 4). In the dex-
medetomidine group, 5 patients remained intubated for 43
to 132 hours, and 1 patient received tracheostomy at 131
hours after the operation. In the control group, 3 patients
remained intubated for 25 to 84 hours, and 1 patient re-
ceived tracheostomy at 38 hours after operation. For he-
modynamic adverse events, patients in the dexmedetomidine
group were more likely to develop bradycardia (5.3% vs.
0%, P=0.043) but had a lower likelihood of tachycardia
(2.7% vs. 18.7%, P=0.002) (Table 4).

Clinical Outcomes and Costs
The clinical outcomes and costs are shown

in Table 5. No significant differences in the percentages of

reintubation, reoperation, Glasgow Outcome Scale, ICU
LOS, hospital LOS, and cost were observed between the 2
groups.

Parameters During Extubation
Of the 150 enrolled patients, 130 patients were ex-

tubated within 24 hours after operation and received
dexmedetomidine until 30 minutes after extubation. HR,
mean BP, SpO2, and VAS parameters were documented
in 103 patients (48 in the dexmedetomidine group and 55
in the control group). No relative data for the remaining
27 patients were obtained due to protocol violation.

Significant differences in the HR and mean BP
during extubation were observed between the 2 groups
(Table 6). The HR and mean BP were significantly lower
in the dexmedetomidine group than in the control group
at all 3 time points (before endotracheal suctioning, im-
mediately after extubation, and 30min after extubation).
The within-group comparison showed that the HR and
mean BP increased significantly during extubation and
then resumed to preextubation levels at 30 minutes after
extubation. No significant difference in SpO2 during ex-
tubation was observed between the 2 groups. The VAS
was significantly lower in the dexmedetomidine group
than in the control group (1.0 vs. 4.0, P=0.000), and
severe pain (VASZ5) was less likely to occur in the
dexmedetomidine group (12.5% vs. 34.5%, P=0.009).

DISCUSSION
Emergence agitation is a significant clinical issue

during recovery from general anesthesia.24 Observational
and controlled studies demonstrated that the incidence of

TABLE 3. Efficacy of Sedation and Analgesia

Dexmedetomidine (n=75) Normal Saline (n=75) P

Percentage of time under target level of sedation (%) 98.4±6.7 93.0±16.2 0.008
Agitation (SASZ5) 6 (8.0) 22 (29.3) 0.002
Patients requiring rescue propofol 3 (4.0) 10 (13.3) 0.042
Dose of rescue propofol (mg/patient) 40 (30, 78) 176 (45, 450) 0.173
Patients requiring rescue fentanyl 13 (17.3) 30 (40.0) 0.002
Dose of rescue fentanyl (mg/patient) 0.06±0.02 0.08±0.03 0.029

The data are expressed as the mean±SD, median (interquartile range), or n (%).
SAS indicates Sedation Agitation Scale.

TABLE 4. Safety Endpoints

Dexmedetomidine (n=75) Normal Saline (n=75) P

Urgent discontinuation of study intervention 9 (12.0) 1 (1.3) 0.023
Remained intubated beyond 24 h after operation 6 (8.0) 4 (5.3) 0.743
Hemodynamic adverse events
Bradycardia 4 (5.3) 0 0.043
Tachycardia 2 (2.7) 14 (18.7) 0.002
Hypotension 6 (8.0) 1 (1.3) 0.053
Hypertension 0 2 (2.7) 0.155

The data are expressed as n (%).
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emergence agitation in patients after craniotomy was
higher than that after other types of operations, such as
ear, nose, and throat surgeries or ophthalmologic, ab-
dominal, urologic, or vascular surgeries.5,25–27 In our pilot
study,5 we observed that emergence agitation was com-
mon in patients after elective craniotomy for brain tu-
mors performed under general anesthesia. Of the total
included patients, 29% suffered at least 1 episode of agi-
tation during the first 12 hours after surgery. After in-
tracranial operations, patients are more vulnerable to the
stress that results from emergence agitation during the
recovery from general anesthesia.6,28 Agitation can cause
tachycardia, hypertension, increased catecholamine
production, increased oxygen consumption, and im-
munosuppression.29,30 Increased catecholamine levels
have been shown to contribute to myocardial ischemia,
disturbed sleep, and catabolism.31 Hypertension can
cause an increase in brain edema or hemorrhage, which
may cause brain herniation.32

Acute pain is common after craniotomy.33 Pro-
spective observational studies showed that a substantial
number of patients (approximately 50%) suffered from
moderate to severe pain during the first postoperative day
after craniotomy.34–36 In a recent study by Mordhorst

et al,34 55% of patients had moderate or severe post-
operative pain in the first 24 hours following craniotomy.
This study had a result similar to the pilot study by De
Benedittis et al,37 in which 60% of patients experienced
postoperative pain. In our previous study,5 51% of pa-
tients complained of pain after elective craniotomy for
brain tumors.

However, despite a greater awareness of pain and
agitation after craniotomy, clinicians remain reluctant to
administer analgesics and sedatives in patients following
craniotomy due to the drugs’ side effects, primarily re-
ducing the clinician’s ability to monitor the level of con-
sciousness and that inducing respiratory depression in
patients.38

Dexmedetomidine, a potent and highly selective a-
2-adrenoceptor agonist, provides dose-dependent seda-
tion, anxiolysis, and analgesia (involving spinal and su-
praspinal sites) without respiratory depression39 by acting
on a-2 receptors in the LC.40–42 Dexmedetomidine may
induce a sedative state similar to physiological sleep, and
patients may be aroused easily with stimulation and are
cooperative once aroused. In addition to its sedative ef-
fects, dexmedetomidine has significant analgesic qualities
and may significantly reduce concomitant opioid use.

TABLE 5. Clinical Outcomes and Cost

Dexmedetomidine (n=75) Normal Saline (n=75) P

Reintubation (n/N [%]) 0/60 (0) 0/70 (0) 1.000
Reoperation (n/N [%]) 1/75 (1.3) 0/75 (0) 1.000
GOS (1/2-3/4-5) 2 (2.7)/2 (2.7)/71 (94.7) 0 (0)/4 (5.3)/71 (94.7) 0.444
ICU LOS (d) 1.2±0.9 1.3±1.2 0.437
Hospital LOS (d) 19.2±6.2 20.7±10.3 0.287
Cost (thousand Yuan) 53.9±21.9 53.2±27.9 0.860

The data are expressed as the mean±SD or n (%).
GOS indicates Glasgow Outcome Scale; ICU, intensive care unit; LOS, length of stay.

TABLE 6. Parameters During Extubation

Dexmedetomidine (n=48) Normal Saline (n=55) P

HR 0.000
Before endotracheal suctioning 83.5±15.9 104.5±17.1 0.000
Immediately after extubation 94.9±18.4 116.7±18.5 0.000
30min after extubation 80.3±15.4 98.9±14.0 0.000

Mean BP 0.005
Before endotracheal suctioning 85.0±12.0 88.7±13.5 0.070
Immediately after extubation 90.7±12.7 97.5±12.8 0.008
30min after extubation 82.2±11.8 90.1±9.1 0.000

SpO2 0.348
Before endotracheal suctioning 99.6±0.9 99.4±1.2 0.340
Immediately after extubation 99.3±1.3 99.0±1.7 0.328
30min after extubation 99.4±1.3 99.3±1.4 0.859

VAS mean
Immediately before extubation 1.0 (0.0, 3.0) 4.0 (2.0, 5.0) 0.000
30min after extubation 1.0 (0.0, 3.0) 3.0 (2.0, 4.0) 0.000

VASZ5
Immediately before extubation 6/48 (12.5) 19/55 (34.5) 0.009
30min after extubation 3/48 (6.25) 13/55 (23.6) 0.015

The data are expressed as the mean±SD, median (interquartile range), or n/N (%).
BP indicates blood pressure; HR, heart rate; SpO2, pulse oxygen saturation; VAS, visual analog scale.
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Analgesia with dexmedetomidine is mediated primarily
through an interaction at a-2a within the spinal cord,
where drug activity attenuates nociceptive signal trans-
duction. The actual mechanism of action appears to in-
volve an interaction with opioid receptors, and although
dexmedetomidine alone has been documented to reduce
pain, the effect when given jointly with opioids may be
additive or synergistic.43 All these advantages allow dex-
medetomidine to be used after craniotomy.

Data reflecting the present study at our institution
revealed that emergence agitation is common for the first
day after major elective intracranial surgery, with approx-
imately 29.3% of patients in the control group exhibiting
agitation at some point during their hospitalization. Ap-
proximately 40.0% of patients exhibited self-reported pain
in the control group. In the dexmedetomidine group, the
incidences of agitation and pain decreased to 8.0% and
17.3%, respectively. The VAS was significantly lower in the
dexmedetomidine group than in the control group. Patients
in the dexmedetomidine group received less rescue fentanyl
than in the control group.

All sedatives have cardiovascular adverse effects.
Bradycardia and hypotension were most common with
dexmedetomidine, found in up to 10% of cases.44,45 The
hemodynamic effects of dexmedetomidine may result
from both peripheral and central mechanisms. Dexme-
detomidine is the pharmacologically active dextroisomer
of medetomidine.46 The stimulation of a-2 adrenoceptors
by dexmedetomidine in the pontine LC results in de-
creased firing of LC neurons secondary to their hyper-
polarization. This drug also has a sympatholytic effect by
decreasing the concentration of norepinephrine, which
subsequently decreases the BP and the HR.47–50 Brady-
cardia and hypotension were shown to be dose depen-
dent, with no remarkable detrimental effect on cardiac
function.51 However, the risk of bradycardia was sig-
nificantly higher in studies that used both a loading dose
and high maintenance doses (>0.7 mg/kg/h) than in
studies that did not use both.52 To avoid cardiovascular
adverse effects, we performed continuous infusion (0.6 mg/
kg/h) without the use of a loading dose. In the present
study, bradycardia was reported in 4 of 75 dexmedeto-
midine patients (5.3%) versus 0 control patients (0%);
hypotension was observed in 6 dexmedetomidine patients
(8%) and in 1 control patient (1.3%).

Dexmedetomidine also can prevent hyperdynamic
responses during extubation without causing significant
respiratory depression, allowing comfortable and high-
quality recovery after intracranial neurosurgery.48,53

Dexmedetomidine attenuated the increases in HR and BP
after extubation and improved extubation conditions but
did not prolong recovery in patients presenting for cra-
niotomy. In the present study, the hemodynamic param-
eters in the dexmedetomidine group were significantly
stable during extubation compared with the control
group. No significant difference in SpO2 during ex-
tubation was observed between the 2 groups.

The present study has some limitations that should
be considered when interpreting these results. First, we

selected a constant dexmedetomidine infusion rate of
0.6 mg/kg/h, without adjusting the dose according to the
individual’s ability to metabolize this drug. Therefore, the
incidence of side effects increased. With a study design in
which the caregiver was permitted to titrate the dexme-
detomidine dose, further improvements in hemodynamic
stability might be observed. Second, another possible
limitation of the present study was the relatively small
number of patients analyzed. Regarding sample size, this
study was powered to detect differences in sedation and,
thus, could not definitively detect differences in safety.
Third, we assessed sedation from a caregiver’s per-
spective. Future studies should also include the patient’s
perspective concerning the quality of sedation. Fourth,
the study’s findings cannot account for lesion location.

In summary, as a new sedative and analgesic drug,
dexmedetomidine may be an effective agent for prophy-
lactic sedation and analgesia in patients with delayed
extubation after craniotomy. Dexmedetomidine can in-
crease the mean percentage of time under optimal seda-
tion and reduce the frequency of agitation and the degree
of pain in patients with delayed extubation after cra-
niotomy surgery. The infusion of dexmedetomidine
(0.6 mg/kg/h) does not produce respiratory depression,
but may increase the incidence of bradycardia.
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