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Abstract

Purpose Patients undergoing extensive cervical spine
surgery (ECSS) occasionally require emergency reintuba-
tion due to postoperative airway complications. To avoid it,
an endotracheal tube is retained in patients maintained under
sedation overnight. This study was conducted to determine
whether dexmedetomidine would be superior in sedative
effects to propofol for postoperative sedation after ECSS.
Methods We studied 32 consecutive patients undergoing
ECSS who required prophylactic intubation postopera-
tively under sedation overnight. The patients were ran-
domly divided into two groups. Group D (n = 16) received
dexmedetomidine 0.1 pg/kg/min for 10 min as a loading
dose, followed by a continuous infusion at 0.4 pg/kg/h. Group
P (n = 16) received propofol 0.1 mg/kg/min for 10 min as a
loading dose, followed by a continuous infusion at 1 mg/kg/h.
All patients received analgesia with buprenorphine. Ramsay
sedation scale, extremity movement, and pain intensity were
recorded every 2 h. Dexmedetomidine and propofol dosages
were adjusted to maintain a desired sedation level. Nursing
staff adjusted dopamine to maintain systolic blood pressure
>100 mmHg and administered atropine when the heart rate
was <50 bpm.
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Results The proportions of adequate sedation level,
movement, and pain status were similar between groups. In
group D, heart rates were lower, frequency of atropine use
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Conclusion Both sedatives are efficacious after ECSS;
however, dexmedetomidine decreased heart rate and
required higher dose of dopamine.

Keywords Cervical spine surgery - Dexmedetomidine -
Propofol - Postoperative sedation - Airway management

Introduction

Patients undergoing extensive cervical spine surgery
(ECSS) occasionally require postoperative emergency re-
intubation or tracheotomy due to postoperative airway
complications [1]. It is difficult to perform reintubation
because of pharyngeal swelling and contraindicated neck
hyperextension [2]. Moreover, emergency reintubation
without muscle relaxant is a risk factor for postintubation
laryngeal injury [3]. To avoid this procedure, an endotra-
cheal tube is retained in patients maintained under sedation
overnight after ECSS, and evaluation of the upper airway
status is performed prior to extubation on the first post-
operative day [1, 4]. However, sedation after ECSS is
required to enable the patient to move his/her extremities in
response to verbal commands to determine nerve paralysis
associated with postoperative hematoma. Sedation with
dexmedetomidine has properties similar to natural sleep,
and patients lightly sedated with dexmedetomidine are
easily aroused and responsive to verbal commands [5, 6].
Thus, dexmedetomidine seems to be an ideal sedative for
postoperative sedation after ECSS. This randomized, open-
label, clinical study was carried out to compare the sedative
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effects of dexmedetomidine and propofol for postoperative
sedation after ECSS.

Materials and methods
Patients

This study was approved by the Institutional Ethics Com-
mittee and conducted in the intensive care unit (ICU) of
Nagasaki Rosai Hospital from September 2005 to August
2009. Written informed consent was obtained from each
patient. We studied 32 consecutive patients undergoing
ECSS who required postoperative endotracheal intubation
and mechanical ventilation under sedation overnight.
Patients with preoperative endotracheal intubation and those
younger than 18 years of age were excluded from the study.
Preoperative neuroradiographic studies included myelogra-
phy, computed axial tomographic myelography, and mag-
netic resonance imaging. These studies revealed the extent of
spinal cord compression and were used to determine the type
and extent of the planned operative procedure.

Operative and anesthetic procedure

In patients with gross instability or in whom hyperexten-
sion was contraindicated, fiberoptic awake intubation was
performed prior to inducing anesthesia. Otherwise, stan-
dard endotracheal intubation was performed via direct
laryngoscopy after the induction of anesthesia. Anesthesia
was induced with thiamylal or propofol and maintained
with sevoflurane. Fentanyl was used as the analgesic agent,
and controlled ventilation was maintained with vecuronium
i.v. during the operation. An extensive anterior, posterior,
or combined anterior—posterior procedure was performed
by three regular orthopedists. The anterior procedure
included more than three levels of cervical discectomy or
corpectomy with bone graft fusion. The posterior proce-
dure included more than three levels of cervical laminec-
tomy and posterior fusion, including, if necessary, the
occipital bone or thoracic spinal bone. The combined
anterior—posterior procedure consisted of a cervical disc-
ectomy or multilevel anterior cervical discectomy or
corpectomy with bone graft fusion and a multilevel cervi-
cal laminoplasty or posterior fusion. The wound was closed
in a standard manner using closed suction.

Sedation
Patients were transported from the operating theater to the
ICU after the operation. Anesthesia was maintained with

sevoflurane until just before transportation, and muscle
relaxant was reversed with neostigmine after the operation.
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The patients’ tracheas were kept intubated. All patients
received analgesia with bolus of buprenorphine 4 ng/kg at
the end of anesthesia, followed by a continuous infusion at
a fixed dose of 0.3 pg/kg/h at admission to ICU. We
maintained continuous infusion of buprenorphine during
study period. Patients were randomly divided by sealed
envelope assignment into two groups (D and P) just prior
to transportation from the operating theater. Patients
received hemodynamic monitoring consisting of continu-
ous recordings of electrocardiogram (ECG), heart rate, and
arterial blood pressure. The ability of patients to move their
extremities in response to verbal commands was confirmed
after arousal from anesthesia in the ICU, and then the study
was started. Group D (n = 16) received dexmedetomidine
at 0.1 pg/kg/min for 10 min as a loading dose, followed by
a continuous infusion at 0.4 pg/kg/h. Group P (n = 16)
received propofol at 0.1 mg/kg/min for 10 min as a loading
dose, followed by a continuous infusion at 1 mg/kg/h. The
Ramsay sedation scale (RSS) was recorded by the nursing
staff every 2 h. Doses were adjusted to maintain the desired
sedation at 2, 3, or 4 on the RSS by a 0.1 pg/kg/h increase
or decrease of dexmedetomidine in group D, and a 0.3 mg/
kg/h increase or decrease of propofol in group P. A bolus of
either 1 mg/kg propofol or 0.1 pg/kg dexmedetomidine
was added according to the clinical indication. If adequate
sedation was not achieved at maximum infusion rate (1 pg/
kg/min in group D and 3 mg/kg/h in group P), another
sedative, as additional use, was administered at initial
continuous infusion rate.

Study procedure

Patients were breathing spontaneously using the pressure
support mode under sedation. The attending physicians
adjusted the ventilator settings to maintain clinically
appropriate gas exchange. In addition to RSS evaluation,
heart rate, blood pressure, movement of extremities, pain
intensity, urine output, and minute ventilation were
simultaneously evaluated by nursing staff every 2 h.
Movement of extremities was classified as follows: 2,
response to verbal commands; 1, response to a light tap;
and 0, no response. Adequate movement was determined
by a classification of 2. Pain intensity was evaluated on a
verbal rating scale of 0 (none) to 2 (severe). Adequate pain
status was defined by a score of 0. Patients’ tracheas were
kept intubated postoperatively under sedation overnight.
Evaluation of the neck and pharynx was performed the
following morning (9-10 a.m.), when the study was dis-
continued. The study period was set from the time of
administering the loading dose of a sedative to the evalu-
ation of the neck and pharynx. When the evaluation ruled
out postoperative reactive swelling of the neck and phar-
ynx, infusion of the study drug was discontinued. Tracheas
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were extubated when the patients recovered a normal level
of consciousness. On the other hand, prophylactic delayed
extubation under sedation was performed if the evaluation
revealed postoperative swelling of the neck and pharynx.
We defined this postoperative swelling of the neck and
pharynx in view of the following findings: (1) pharyngeal
swelling via direct laryngoscopy, (2) neck swelling from
the outside, (3) fiberoptic pharyngoscopy, (4) cuff-leak test
[1, 4].

Therapy

Patients received crystalloid solution at 2 ml/kg/h. When
urine output was <0.5 ml/kg/h, they additionally received
Ringer’s acetate solution at 2 ml/kg/h for 2 h. If this
was not effective, 0.2 mg/kg furosemide was administered
i.v.. When hemoglobin concentration was <8 g/dl, red cell
concentrates were transfused. The nursing staff started
vasoactive agent (dopamine) therapy at 5 pg/kg/h when
systolic blood pressure was <100 mmHg [7] and adjusted
the rate to maintain systolic blood pressure >100 mmHg.
The nursing staff also administered atropine when the heart
rate was <50 bpm. Patients were monitored by nurses
using the Sedation Agitation Scale (SAS) after extubation
and until ICU discharge. A diagnosis of agitation was
determined by the criterion SAS >0.

Statistical analysis

Results are presented as median (interquartile range
[range]) values. Between-group comparisons were made
using the Mann—Whitney U test or Fisher’s exact proba-
bility test. Within-group comparisons were made using the
Wilcoxon test or Friedman test, followed by Wilcoxon test
for repeated measures. Statistical analysis was limited to
14 h for repeated measures because of small number of
patients. A P value <0.05 was considered statistically
significant. For sample size calculation, >5% different
proportion in adequate sedation level between two sedation
agents was clinically important, with a standard deviation
of 5% [8], a power minimum of f 0.80, o 0.05, yielding a
target population of 16.

Results

Pathology and surgical procedures are outlined in Table 1.
There were no significant differences between the groups
in terms of patients’ characteristics, anesthetic and opera-
tive durations, blood loss, or blood transfusion during
surgery (Table 2). The loading doses of both drugs
increased the RSS, and decreased response of movement
and minute ventilation (Table 3). Table 4 shows the

Table 1 Pathology and surgical procedures

Variables Propofol (n)  Dexmedetomidine (r)
Number 16 16
Pathology
Trauma 2 5
Myelopathy 6 3
Atlantoaxial dislocation 6 5
Infection 1 1
Tumor 1 2
Procedure
Anterior plate fusion 5 4
Posterior plate fusion 3 5
Posterior S&R fusion 6 4
Anterior—posterior fusion 2 1
Other 0 2

n number, S&R screw and rod

Table 2 Demographic characteristics and operative variables

Variables Propofol Dexmedetomidine P value

Number 16 16

Age (years) 60 (52, 73 65 (57, 74 0.35
[44, 86]) [34, 79])

Gender (female/ 5/11 7/9 0.72

male)

Height (cm) 158 (152, 167 156 (150, 165 0.42

[148, 172]) [135, 171])
Weight (kg) 59 (49, 70 [43, 56 (50, 66 [40, 0.55
83]) 781)
Body surface area 1.61 (1.44, 1.78 1.52 (1.44, 1.70 0.61
(cm?) [1.36, 1.96]) [1.31, 1.88])
ASA 22,211, 3) 2(2,211,3) 0.19
Anesthetic 352 (295, 408 298 (270, 368 0.19
duration (min) [140, 540]) [165, 445])
Operative duration 245 (200, 295 195 (163, 238 0.15
(min) [140, 385]) [120, 335])
Operative blood 170 (113, 305 155 (90, 290 [60, 0.71
loss (g) [50, 1,310]) 610])
Operative blood 2 1 0.99

transfusion (n)

Values are median (interquartile range [range]) or number
ASA American Society of Anesthesiologists Physical Status

sedative, responsive, analgesic effects of the two sedatives
during the study period, excluding the loading-dose period.
Mean maintenance dose of propofol was 1.1 (1.0, 1.3) mg/
kg/h and that of dexmedetomidine 0.43 (0.40, 0.46) pg/kg/
h. The frequencies of supplementary bolus administration
and adjustment of sedative infusion rates, and the number
of additional uses of two sedatives were similar between
groups. Proportions of adequate sedation, movement of
extremities, and pain status were also similar between
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Table 3 Response to loading

dose of two sedatives Variables Time Propofol Dexmedetomidine P value
Ramsay sedation scale Before 22,211, 3) 22,211, 4) 0.23
After 6 (6, 6 [3, 6])* 6 (5, 6 [2, 6])* 0.21
Movement Before 22,210, 1)) 2(2,21[0,0) 0.32
After 0 (0, 0 [0, 2])* 0 (1, 0 [0, 2])* 0.28
Values are median (interquartile Pain intensity Before 0 (0, 0 [0, 2]) 0 (0, 0 [0, O]) 0.07
range [range]) After 0 (0, 0 [0, 0]) 0 (0, 0 [0, 0]) 0.99
Before before loading dose, Minute ventilation (ml/kg) ~ Before 108 (79, 116 [65, 249]) 96 (76, 121 [56, 164])  0.88
After after loading dose After 66 (59, 97 [38, 127])* 87 (77, 106 [57, 157])*  O.11

% P < 0.05 versus before

Table 4 Sedative and other variables of two sedatives excluding the
loading time

Variables Propofol Dexmedetomidine P value
Mean dose 1.1 (1.0, 1.3 [0.7, 0.43 (0.40, 0.46
1.6]) (mg/kg/h) [0.29, 0.69])
(ng/kg/h)

Bolus of 1 (0, 3 [0, 6]) 1 (0, 3 [0, 8]) 0.80
sedatives (f)

Adjustment (f) 1 (0, 2 [0, 4]) 2 (1,310, 6]) 0.31

Additional use 0 1 0.99
()

Adequate RSS 100 (87, 100 100 (86, 100 0.93
(%) [40, 100]) [57, 100])

Adequate 100 (100, 100 100 (100, 100 0.91
movement [57 100]) [56, 100])
(%)

Adequate pain 100 (80, 100 100 (95, 100 0.17
status (%) [60, 100]) [83, 100])

Mean MV 83 (67, 93 89 (82, 95 0.23
(ml/kg) [44, 102]) [54, 102])

Values are median (interquartile range [range]) or number (1) or
frequency (f)

RSS Ramsay sedation scale, MV minute ventilation

groups. Heart rate was decreased by dexmedetomidine
after loading and up to 14 h (Fig. la). Heart rate was
decreased by propofol at some time points. Heart rate in
group D was less than that in group P after loading and up
to 6 h. Both sedatives decreased systolic blood pressure
after loading (Fig. 1b) and increased dopamine dose at
some time points (Fig. 1c). Although there was no signif-
icant difference in systolic blood pressure between groups,
dopamine dose in group D was greater than that in group P
at 2 h. There were no significant differences between
groups in study duration (Table 5). The frequency of
atropine use in group D was greater than that in group P.
There were no significant differences between groups in
the frequency of atropine administration in the loading time
(1 in group D vs. 0 in group P). Hemodynamically sig-
nificant arrhythmia did not occur in either group. There
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were no significant differences between groups in the fre-
quency of dopamine administration. Although there were
no significant differences in the mean amounts of infusion
fluid and blood loss (Table 5), mean urinary output in
group D was significantly greater than that in group P.
There were no significant differences between groups in
intubation duration and the number of delayed extubations
(Table 6). There were no significant differences in the
durations of ICU and hospital stay between groups.

Discussion

Our results showed that there were no significant differ-
ences in the proportions of adequate sedation level,
movement, and pain status between groups during post-
operative sedation after ECSS. Similarly, the frequency of
bolus infusion and adjustment in infusion rate, and the
frequency of the additional use of the two sedatives, were
not different between groups. Dexmedetomidine decreased
heart rate and required more frequent atropine adminis-
tration and a higher dose of dopamine compared with
propofol. Postoperative urinary output in group D was
greater than that in group P, despite similar amounts of
infusion. These findings confirm that both dexmedetomi-
dine and propofol are effective for postoperative sedation
after ECSS.

Dexmedetomidine-associated hypotension and brady-
cardia occur subsequent to sympatholysis resulting from
the activation of a,-receptors. Because there is an opposing
effect on ay,- and ayy,-receptors, dexmedetomidine causes a
biphasic change in blood pressure. Dexmedetomidine
causes a decrease in mean arterial pressure at a low con-
centration (<1.9 ng/ml) but an increase at a higher con-
centration [9]. It is likely that activation of peripheral
opp-receptors at a higher concentration would cause vaso-
constriction, thereby offsetting the vasodilation from the
activation of oy,-receptors. Critically ill patients receiving
a dosage of 0.7 pug/kg/h have shown a peak serum dex-
medetomidine concentration of 1.2 ng/ml. This is below
the level at which activation of o,y,-receptors starts to
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Fig. 1 Individual heart rate
(bpm) (a), systolic blood
pressure (b), and dopamine dose

A

Heart rate (bpm)

(png/kg/min) (¢) during study 120 -

periods between propofol and :
dexmedetomidine. Values are
expressed as median (line
inside box), with the 25th
and 75th percentiles. The
capped lines indicate the
10th and 90th percentiles.

D dexmedetomidine,

P propofol, before before

100 A

80 A

# #
[ [
60 ﬁ é

i s

loading, after after loading, 40
#P < 0.05 vs propofol group; (Group) D
$p < 0.05 vs before value.

P D P D P

bDPDPD P DPDZPDP DPDUPD P

~ Y ¢ e (Number) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (15:15) (12:13)  (6:6) (3:4)  (0:2)
Statistical analysis was limited )
(Time course) before after  2hr 4hr 6hr 8hr 10hr  12hr  14hr 16hr  18hr 20hr
to 14 h because of the shortage
of numbers
B
Systolic blood pressure (mmHg) $
200 1 T T T
180 1
160 A
140 A H
120 é é él 0 H
100 A ? ﬁ
80 1 1 1 1 1 1 1 J
60 5
(Groupp D P D P D P DP DUPD P DPDZPDP DPDZPDP
(Number) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (15:15) (12:13)  (6:6) (3:4)  (0:2)
(Time course) before after  2hr 4hr 6hr 8hr 10hr  12hr  14hr 16hr  18hr 20hr
Dopamine (ng/kg/min)
- $
14 4 ‘
$
12 T T
#
101 [
8 4
6
4
2
o T =
(Group) D P D P D P DPDPDUP DPDZPD P DPDUPUDP
(Number) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (16:16) (15:15) (12:13)  (6:6)  (3:4) (0:2)
(Time course) before after  2hr 4hr 6hr 8hr 10hr  12hr  14hr 16hr  18hr 20hr

predominate, which could explain why hypotension is the
most common adverse effect [10]. Corbett et al. [11]
reported that dexmedetomidine sedation results in a lower
heart rate but similar blood pressure compared with pro-
pofol sedation after cardiac surgery. Our results show that
dexmedetomidine decreased heart rate and thus requires
more frequent atropine administration and a higher dopa-
mine dose at 2 h compared with propofol. The discrepancy
of the effects on arterial blood pressure might be explained

by differences in dosages of dexmedetomidine (0.31 pg/
kg/h in Maze et al. vs. 0.43 pg/kg/h in our study).
Postoperative urinary output in group D patients was
greater than that in group P patients. The increase in uri-
nary output induced by dexmedetomidine can be attributed
to the renal diuretic effects of both dexmedetomidine [12]
and dopamine. Dexmedetomidine provides an analgesic
effect in a dose-dependent manner [6]. However, in our
study, dexmedetomidine was not superior to propofol as an
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Table 5 Selected variables of two sedatives during study period

Variables Propofol Dexmedetomidine P value

Study duration 820 (775, 990 805 (755, 885 0.55

(min) [670, 1155]) [545, 1200])
Atropine use (1) 0 5 0.04
Dopamine use (n) 8 12 0.27
Mean infusion 24 (1.9, 3.1 24 (2.2,2.6 0.76
volume (ml/kg/h) [1.5, 4.3]) [1.6, 3.2])
Mean urine output 1.3 (1.2, 1.6 1.6 (14,23 0.01
(ml/kg/h) [0.9, 3.1]) [1.3, 4.3])
Blood loss (g) 359 (132, 703 212 (129, 340 0.19
[30, 952]) [52, 498])
Blood transfusion 3 3 0.99

(m

Values are median (interquartile range [range]) or number (1)

Table 6 Selected variables of two sedatives after study period

Variables Propofol Dexmedetomidine P value

Delayed 6 2 0.22
extubation (n)

Intubation 1,003 (845, 2,440 877 (833, 1,060 0.27
duration (min) [770, 7,050]) [565, 13,000])
Agitation (n) 2 2 0.99

Intensive care
unit day (days)

3G, 701,19) 22, 411,14)  0.06

Hospital day
(days)

Values are median (interquartile range [range]) or number (1)

42 (28, 89
[19, 214])

31 (23, 49 0.15
[15, 90])

analgesic; this was because pain was relieved at the same
fixed dose of buprenorphine in both groups. Sedatives are
often used in conjunction with analgesics to provide patient
comfort and safety in ICU, especially in mechanically
ventilated patients [13]. Adequate analgesia is important,
as pain when inappropriately treated can cause tachycardia,
immunosuppression, increased catecholamine production,
and increased oxygen consumption. We set the continuous
buprenorphine infusion at a fixed dosage of 0.3 pg/kg/h,
according to a previous report [14]. The median visual
analogue scale (VAS) scores in patients undergoing lumbar
spinal fusion surgery and receiving continuous buprenor-
phine at almost the same dose were <30, which is com-
monly considered satisfactory pain relief. Although
buprenorphine might have a sedative effect, the previous
report showed that the incidence of sedation by continuous
buprenorphine infusion at this dose was comparable to
placebo.

Although a previous meta-analysis showed that dex-
medetomidine is associated with a significant reduction in
the length of ICU stay [15], there was no significant dif-
ference in our study. This discrepancy could be due to a
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difference in study populations, i.e., postoperative vs crit-
ically ill patients. ICU stay of some patients without
delayed extubation was relatively long. In our previous
report [1], two patients were reintubated at 2 or 3 postop-
erative days due to pharyngeal swelling after ECSS before
the prophylactic delayed extubation protocol. At that time,
we discharged ECSS patients without delayed extubation
from ICU in the 2 POD morning in principle. Moreover,
dopamine weaning was necessary for the patient who was
given a high dose of dopamine.

Awake craniotomy is performed to facilitate intraoper-
ative functional cortical mapping and neurocognitive test-
ing. The optimal dosage of dexmedetomidine for awake
craniotomy is stated to be approximately 0.2 pg/kg/h [16].
It has been reported that sedation with propofol (1.4 £
0.8 mg/kg/h) diminished the score of a cognitive test,
whereas sedation with dexmedetomidine (0.3 £ 0.1 pg/kg/h)
maintained the score [17]. Although the higher dose of
dexmedetomidine in the study presented here would have
caused deeper sedation compared with awake craniotomy,
patients were still able to undergo the test of movement of
the extremities.

Upper airway compromise after ECSS is a potentially
life-threatening condition. Postoperative airway swelling
has been reported after carotid endarterectomy, thyroidec-
tomy, upper oropharyngeal procedure, and extensive cer-
vical surgery, including multilevel anterior cervical spine
surgery [4] and combined anterior—posterior cervical spine
surgery [1]. Some degree of airway obstruction is not
uncommon after anterior cervical spine surgery. The causes
are tissue swelling of the pharynx in most cases and
hematoma in some cases. It usually presents within 6 h, but
it can occur later [18]. Therefore, some institutions indicate
overnight intubation for patients deemed to be high risk
[1, 4, 19, 20]. The main reason for prophylactic intubation
overnight is difficulty of emergency reintubation because
of postoperative reactive swelling in cases of anterior
fusion and anterior—posterior fusion, and postoperative
fixed neck in cases of posterior fusion. Significant risk
factors include exposure of four or more vertebral bodies
that involve C4 or higher and an operative time of >5 h
[19]. Epstein et al. [21] reported that the potential risk
factors associated with postoperative emergency airway
management following cervical spine surgery include the
following: obesity (>220 Ibs), surgery time >10 h, a sec-
ond anterior corpectomy with fusion, anterior corpectomy
with fusion with C2, >4 U of transfused blood, asthma,
advanced age (>65 years), a cerebrospinal fluid fistula,
extensive surgery, and severe preoperative neurologic
deficit. However, there are few reports on the ideal method
of postoperative sedation after ECSS. Although early tra-
cheostomy may not need postoperative sedation, it is nei-
ther practical nor beneficial [22].
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Our study has the limitation of being conducted in a
single center and with a relatively small sample size.
This, to a certain extent, is unavoidable, as ECSS is
performed in only a limited number of institutions and
patients. Admittedly, because the study was not blinded,
a theoretical bias by the nurses might have been present.
However, as there were more than two dozen nurses
blinded to the study purpose and who could be randomly
involved in the care of each patient during ICU stay, the
likelihood of bias was extremely remote [8]. Although
VAS and numeric rating scale are the reliable indicators
of pain intensity, sedated patients are often unable to
communicate their level of pain [13]. No single tool is
universally accepted for use in sedated patients [23].
Therefore, we used more simple scale of pain intensity.
However, there are no data and evidence to support its
efficacy compared with other pain tools used in sedated
patients. The comparatively long hospital stays of some
of our patients were caused by surgical-site infection and
complications, such as severe rheumatoid arthritis,
poliomyelitis, cervical spinal cord injury and tumor, and
postoperative rehabilitation. The directions for dex-
medetomidine in this study deviated from Japanese
pharmaceutical affairs law. If adequate sedation was not
achieved at a continuous dexmedetomidine dose, bolus
injection of either propofol or midazolam was usually
used to provide rescue sedation. Because our intent was
to evaluate the sole sedative effect of dexmedetomidine,
we permitted use of bolus administration of dexmede-
tomidine according to a previous study [15]. In a phase
IV study, dexmedetomidine was safe in dosages up to
1.4 ng/kg/h [24]. We set the maximum infusion rate at
1 pg/kg/h, according to a previous study [25]. Because
conventional sedation scoring systems based on clinical
observation may not work well for dexmedetomidine-
induced sedation, one study recommended using the
combination of bispectral index (BIS) and sedative scale
[6]. However, the recommendations in clinical guide-
lines do not endorse routine use objective measures of
sedation, such as BIS in measuring sedation in the ICU
[22, 23].

Conclusions

Dexmedetomidine and propofol are both efficacious for
sedation after ECSS; however, dexmedetomidine decreased
heart rate and required higher doses of dopamine compared
with propofol.
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