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Abstract

Background Clinical applications of dexmedetomidine

(DEX) for neurosurgical procedures have not been ade-

quately investigated. This study aimed to test the use of

DEX infusion, alone or as an adjunct to propofol infusion,

as compared to propofol infusion in patients with an un-

ruptured cerebral aneurysm after uneventful intracranial

procedures.

Methods In this retrospective observational study from a

single institute, of 184 patients who underwent uneventful

intracranial procedures for an unruptured cerebral aneu-

rysm between January 2003 and March 2007, we reviewed

50 managed with DEX-based sedation (DEX alone or as an

adjunct to propofol infusion) between April 2005 and

March 2007, and 50 managed with propofol-based sedation

(propofol alone) between January 2003 and April 2005.

With DEX-based sedation, both intubated and extubated

patients received DEX infusion at an initial dose of 0.4 lg/

kg/h, followed by a maintenance dose of 0.2–0.7 lg/kg/h.

Propofol was used in both groups at a dose range of

0.5–5.0 mg/kg/h. Hemodynamic variables, including heart

rate (HR) and blood pressure (BP), and adverse events

were recorded and compared between the groups.

Results HR during sedation and systolic BP at 2 h after

beginning sedation were significantly lower in the DEX

group. No serious adverse events were observed. In the

DEX group, 66% were sedated in combination with pro-

pofol, of whom 94% were intubated.

Conclusions DEX could be used safely for both intubated

and extubated patients following uneventful intracranial

procedures for an unruptured cerebral aneurysm, though it

significantly reduced HR. Our findings also indicate that it

is preferable to add low-dose propofol to DEX for man-

agement of intubated patients.
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Introduction

Dexmedetomidine (DEX) is a highly selective a2-adren-

ergic agonist that displays sedative, analgesic, anxiolytic,

and sympatholytic effects without significant respiratory

depression [1–5]. Reductions in levels of post-operative

stress response and pain have also been reported to be

clinical benefits of a2-adrenergic agonists [1, 6, 7]. In

2004, DEX was approved in Japan for use as a sedative

agent in the intensive care unit (ICU) for short-term

sedation (<24 h). However, clinical applications of DEX

for intracranial procedures have not been adequately

reported, though several studies have described its useful-

ness for awake intraoperative cortical mapping following
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craniotomy and awake carotid endarterectomy procedures

[2, 8–11]. We introduced DEX-based sedation (DEX infu-

sion alone or as an adjunct to propofol infusion) for post-

operative management following uneventful intracranial

surgery in patients treated for an unruptured cerebral aneu-

rysm. This retrospective review of results from a single

institute was performed to investigate the hemodynamic

effects and safety of DEX-based sedation as compared to

propofol-based sedation (propofol alone infusion). Hemo-

dynamic variables, including heart rate (HR) and blood

pressure (BP), were recorded and compared between both

groups. The primary outcome measurement was bradycardia

during sedation, while the secondary outcome measurements

were hypotension and hypertension events. Respiratory

adverse events, delayed awakening, and early extubation

were also included as other outcomes.

Methods

From January 2003 to March 2007, 184 patients with an

unruptured cerebral aneurysm were surgically treated in the

Department of Neurosurgery of Higashiosaka City General

Hospital. Of those, patients who met the following inclu-

sion criteria were investigated: (1) unruptured cerebral

aneurysm located in anterior circulation; (2) uneventful

intracranial surgery performed via a pterional approach;

(3) total intravenous anesthesia with propofol during the

operation; and (4) sedation started in the ICU and contin-

ued to the next morning with a minimum duration of 12 h.

Patients undergoing a second surgery such as for a bilateral

middle cerebral artery aneurysm were excluded, as were

patients with a body weight greater than 100 kg, and those

with chronic renal failure requiring hemodialysis, with

psychiatric disorders, or receiving a psychotropic agent as

medication.

Using a mixture of air, oxygen, and 1% propofol

(Diprivan�, AstraZeneka, Osaka, Japan), individual anes-

thesiologists induced general anesthesia, which was

maintained with total intravenous anesthesia with propofol.

Fentanyl was used as the analgesic agent and controlled

ventilation was maintained with intravenous vecuronium

during the operation. One surgeon performed neck clipping

and/or wrapping with a pterional approach via a fronto-

temporal craniotomy. After the operation, each patient

was transferred to the ICU under intubation and managed

with an artificial ventilator in continuous positive airway

pressure mode or synchronized intermittent mandatory

ventilation in pressure support mode. Muscle relaxants

were not given after the operation. Once propofol infu-

sion was discontinued, neurological assessment of each

patient was performed, after which they were sedated with

propofol or DEX-based sedation again until the next

morning, with a minimum duration of 12 h.

From January 2003 to April 2005, propofol was used as

the primary sedative agent (propofol-based sedation).

Individual anesthesiologists determined the initial infusion

rate after considering intraoperative hemodynamics. Dos-

ages ranged from 0.5 to 5.0 mg/kg/h, then were controlled

according to the efficiency of sedation and hemodynamic

state. From April 2005 to March 2007, DEX was intro-

duced as a sedative agent and used for DEX-based

sedation. DEX (Precedex�, Maruishi Pharmaceutical,

Osaka, Japan) was infused at an initial dose of 0.4 lg/kg/h

without a loading infusion and then adjusted to 0.2–0.7 lg/

kg/h. Bolus infusions of DEX were not allowed. If ade-

quate sedation was not obtained with DEX alone,

additional propofol was given at an initial dose of 0.5 mg/

kg/h and then adjusted up to a maximum of 5.0 mg/kg/h.

Patients in the DEX group were allowed to be extubated

when clinically indicated, such as with the appearance of

agitation, after which DEX administration was continued.

All patients had continuous arterial BP monitoring via

a radial artery. Treatments for hemodynamic effects during

sedation were conducted according to the following clini-

cally relevant criteria: tachycardia (HR > 100 bpm),

bradycardia (HR < 50 bpm), hypertension (systolic BP >

160 mmHg), and hypotension (systolic BP < 90 mmHg).

Systolic BP was controlled within 100–160 mmHg. Hyper-

tension was treated with intravenous nicardipine, hypo-

tension with adequate volume loading and/or dopamine

administration, tachycardia with control of sedation and an

analgesic agent with a diclofenac sodium suppository, and

bradycardia with control of DEX, which was discontinued if

needed, and atropine administration. A bolus infusion of

propofol was allowed for emergency agitation, bucking, and

bronchial suctioning in both groups.

We reviewed the patient demographics including age,

sex, body weight, and height from the medical records. Pre-

operative medical problems including hypertension, car-

diovascular problems, and cerebrovascular disease, which

may influence hemodynamic variables and neurological

states, were also assessed. Data for anesthesia and opera-

tion times, and total dosages of propofol and fentanyl were

obtained from the anesthesia charts. We reviewed clini-

cally relevant adverse events and the temporal profiles of

hemodynamic variables including HR and BP using the

ICU charts. Baseline values for HR, and systolic and dia-

stolic BP were set at the beginning of sedation with stable

vital signs. These hemodynamic variables were recorded at

2-h intervals from the beginning of sedation to 12 h after

beginning sedation and were compared between the

groups. Data for total dosages of propofol and DEX, and

sedation time were also obtained from the ICU charts.

Fluid balance was calculated from infusion and urine

Neurocrit Care (2011) 14:182–187 183

123



volume data obtained from both the anesthesia and ICU

charts. The primary outcome of this study was bradycardia

during sedation, which was assessed by clinically relevant

events and a defined value (HR < 50 bpm and/or atropine

required). The secondary outcomes were hypotension

(systolic BP < 90 mmHg and dopamine infusion required)

and hypertension (systolic BP > 160 mmHg and nicardi-

pine infusion required) events. Respiratory adverse events,

delayed awakening, and early extubation were also inclu-

ded as other outcomes. HR and BP values are shown as the

mean ± standard deviation (SD). Other data are also pre-

sented as the mean ± SD, with the mean values of

normally distributed data compared with t-tests. A Mann–

Whitney test was applied for nonparametric data, and

presented as the median and interquartile ranges. Nominal

data were compared using chi-squared analysis. P values

less than 0.05 were considered to be statistically signifi-

cant. All analyses were conducted using SPSS version 18

for Macintosh (SPSS, Inc., Chicago, IL).

Results

One hundred patients who met the inclusion criteria were

studied, with 50 in each group. Demographic data and

baseline characteristics were comparable between the

groups (Table 1). Hypertension was commonly seen in 30

(59%) in the DEX group and in 28 (53%) in the propofol

group, while cardiovascular problems, including history of

myocardial infarction, angina pectoris, atrial fibrillation,

and supraventricular arrhythmia, were found in 5 (10%) in

the DEX group and in 10 (20%) in the propofol group.

Electrocardiogram abnormalities such as sinus bradycardia

and complete or incomplete right bundle branch blocks

were also noted, whereas second- or third-degree heart

block was not identified in either group. Four (8%) in the

DEX group and 7 (13%) in the propofol group had a his-

tory of cerebrovascular disease, including cerebral

infarction and intracerebral hemorrhage. There were no

statistically significant differences in regard to operation

time, anesthesia time, total dosage of propofol and fentanyl

during anesthesia, and total fluid balance (total infusion

volume minus total urine volume from beginning of

anesthesia to end of sedation) between the groups. The

median (interquartile range) duration of DEX infusion was

17.0 h (range, 16.0–18.2 h), which was significantly longer

as compared to propofol infusion in the propofol group

(15.5 h; range, 14.4–16.6 h) (P < 0.01).

Clinically relevant adverse events associated with the

sedation protocol are shown in Table 2. There were 10

(20%) patients with bradycardia in the DEX group,

including 4 treated by atropine and 1 who required dis-

continuation of DEX infusion, whereas none were detected

in the propofol group. There was no evidence of fatal

arrhythmia detected in either group. The frequency of

hypotension requiring dopamine infusion did not differ

significantly, as there were 3 (6%) such patients in the DEX

group and 1 (2%) in the propofol group. The number of

patients with hypertension requiring nicardipine infusion

was also comparable, with 28 (56%) in the DEX group and

26 (52%) in the propofol group. The main reason for the

high number of patients requiring nicardipine infusion in

both groups was emergent hypertension during neurologi-

cal assessment after discontinuation of propofol. One

patient in the DEX group developed atelectasis, which

completely resolved later. Awakening delay was seen in 1

patient in each group, both of whom completely awoke

later.

The temporal profiles of HR and systolic and diastolic

BP are shown in Figs. 1 and 2. Baseline HR was not sig-

nificantly different between the groups. However, after

beginning sedation, the HR values differed significantly

Table 1 Demographics and

baseline characteristics

Data are shown as the

mean ± SD, number (%), or

median (interquartile range)

DEX (n = 50) Propofol (n = 50) P value

Age (years) 65 (59–68) 62 (55–71) 0.617

Sex ratio (female/male) 32/18 33/17 0.834

Body weight (kg) 56.3 ± 9.6 56.1 ± 10.1 0.937

Height (cm) 155.5 ± 8.4 157.1 ± 8.1 0.327

Hypertension 30 (59%) 28 (53%) 0.545

Cardiovascular problems 5 (10%) 10 (20%) 0.161

Cerebrovascular disease 4 (8%) 7 (13%) 0.062

Operation time (min) 257.4 ± 42.2 279.5 ± 67.8 0.051

Anesthesia time (min) 330.1 ± 44.6 339.9 ± 78.4 0.444

Intraoperative propofol (mg) 1985.0 (1632.0-2182.5) 2100.0 (1700.0-2695.0) 0.079

Intraoperative fentanyl (lg) 1263.9 ± 295.6 1269.6 ± 361.0 0.939

Total fluid balance (ml) 2032.0 ± 898.8 1931.8 ± 881.1 0.573

Sedation time (h) 17.0 (16.0–18.2) 15.5 (14.4–16.6) <0.001
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and were slower in the DEX group at all time points (2, 8,

10 h, P < 0.05; 4, 6, 12 h, P < 0.01) (Fig. 1). BP values

were comparable between the groups, except for systolic

BP at 2 h after sedation, which was significantly lower in

the DEX group (P = 0.012) (Fig. 2).

In the DEX group, 33 (66%) required additional propofol

(DEX with added propofol subgroup) at a median dosage of

1110.0 mg (interquartile range, 536.0–2365.0 mg), which

was more than 50% less as compared to the propofol group,

who received a median dosage of 2782.5 mg (interquartile

range, 2137.5–3335.0 mg) (P < 0.01) (Fig. 3a). The total

dosage of DEX in the DEX with added propofol subgroup

(median dosage 432.0 lg, interquartile range 343.0–564.5 lg)

was not significantly different from the remaining 17 (34%)

patients who were sedated with DEX alone (DEX alone

subgroup; median dosage 391.0 lg, interquartile range

306.5–503.5 lg) (P = 0.282) (Fig. 3b). Thirteen (26%)

were extubated patients, of whom 11 were sedated with DEX

alone and 2 with DEX with added propofol (Fig. 3b, open

circles). Consequently, 65% (11 of 17) in the DEX alone

subgroup were managed after early extubation, whereas 94%

(31 of 33) in the DEX with added propofol subgroup were

managed while intubated. None in the propofol group were

extubated.

Discussion

The present DEX-based sedation was significantly related

to reduced HR as compared to propofol-based sedation,

while fatal arrhythmia did not occur in any of our patients.

Bradycardia is the most typical hemodynamic effect

Table 2 Adverse events associated with sedation methods

DEX (n = 50) Propofol (n = 50)

Bradycardia 10 (20%) 0

Hypotension (required

dopamine infusion)

3 (6%) 1 (2%)

Hypertension (required

nicardipine infusion)

28 (56%) 26 (52%)

Atelectasis 1 (2%) 0

Delayed awakening 1 (2%) 1 (2%)

Data are shown as numbers (%)

Fig. 1 Temporal profile of HR values during sedation. Significantly

reduced HR was observed in the DEX group as compared with the

propofol group at all time points, except for the baseline value

(*P < 0.05, **P < 0.01)

Fig. 2 Temporal profile of systolic and diastolic BP values during

sedation. The values for BP were comparable between the groups,

except for systolic BP at 2 h, which was significantly lower in the

DEX group (*P < 0.05)

Fig. 3 Box and whisker plots of propofol and DEX dosages in the

ICU. a The dose of propofol in the DEX with added propofol

subgroup was less than 50% as compared to the propofol group

(**P < 0.01). b The dose of DEX was not significantly different

between the DEX with added propofol and DEX alone subgroups.

Closed circle indicates an outlier. Open circles indicate patients with

early extubation
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associated with DEX [2, 5–7, 12–16]. In addition to bra-

dycardia, hypertension and hypotension have been reported

as adverse events in clinical applications of DEX, espe-

cially during loading infusion [1, 6, 7, 13–15, 17]. Various

loading infusion rates, such as 1 lg/kg over 10 min [6, 7]

and 20 min [17], and 2.5 lg/kg over 10 min [15] have been

reported, though 6 lg/kg over 10 min is recommended as

the standard loading infusion rate in Japan. After consid-

eration of the potential adverse effects, we did not perform

loading infusion of DEX. Aryan [18] et al. also recommend

avoiding loading infusion of DEX to manage neurosurgical

patients and reported that 3 of 5 patients who received

loading infusion experienced hypotension. Although sig-

nificant hypotension was not commonly observed, systolic

BP at 2 h after sedation was significantly lower in the DEX

group as compared to the propofol group. In the present

study, all patients were awakened once under intubation for

neurological assessment, which may have subjected them

to stress equivalent to extubation. Therefore, it is possible

that in addition to its analgesic sparing effect, DEX shows

a hemodynamic stabilizing effect toward stress during the

neurological evaluation and up to 2 h later [16].

It remains to be seen whether DEX has effects on the

development of vasospasms after cerebral aneurysm clip-

ping. Unlike a ruptured cerebral aneurysm, patients with

unruptured cerebral aneurysms after uneventful surgery are

less likely to develop vasospasms under the range of

hemodynamic changes observed in this study. However,

considering the effects of DEX to decrease regional and

global cerebral blood flow in human subjects [12, 19], and

to reduce cerebral pial vessel diameter in animal studies

[20, 21], the drug might cause a conflict to prevent cerebral

vasospasms, especially in patients with a subarachnoid

hemorrhage.

During management of intubated patients, bronchial

suctioning is necessary to prevent pneumonia and atelec-

tasis, which often induce discomfort, agitation, bucking,

and emergent hypertension. No serious pulmonary com-

plications were observed in the present DEX group, with

only 1 patient reported to have atelectasis. Since a bolus

infusion of DEX was not allowed, additional propofol was

helpful to solve such problems for intubated patients in the

present study. DEX has a sedative effect without significant

respiratory depression, thus it can be used for sedation and

into the extubation period [22], which explains the signif-

icantly longer sedation time in the present DEX group that

included both intubated and extubated patients. Agitation,

one of the major problems associated with DEX, was

observed in 10 of 39 neurosurgical patients in a recent

study [18]. In the present study, 65% in the DEX alone

subgroup were managed after early extubation, while 94%

in the DEX with added propofol subgroup were managed

while intubated. These results may reflect a tendency of the

attending clinicians to avoid intubated patients becoming

agitated in order to obtain easier management.

Results of a recent pilot study suggested that DEX was

comparable to propofol or midazolam as a target sedative

when used for more than 24 h during mechanical ventila-

tion, though it was not considered suitable for sole deep

sedation [23]. We cannot conclude regarding the sedative

effect of DEX, as our protocol regarding the introduction of

additional propofol was not strict. Even in cases when DEX

did not reach the maximum dose, additional propofol was

introduced based on the judgment of individual clinicians.

Paradoxically, the present results suggest that DEX-based

sedation could reduce the dose of propofol by more than

50% as compared to propofol-based sedation. Therefore,

DEX may be an optional sedative agent for reducing the

dosage of propofol, as high-dose propofol infusion can

cause serious adverse events, which have been reported to

be components of propofol infusion syndrome [24].

This study has limitations that should be considered.

First, the investigated patients were selected from different

periods, and studied using both retrospective and obser-

vational methods. Second, the sample size was small.

Third, strict criteria were not set regarding the introduction

of additional propofol or early extubation in the DEX

group. In a previous study that employed stricter criteria,

including giving propofol after reaching the maximum

dose of DEX (0.7 lg/kg/h), only 11% of the patients who

underwent DEX-based sedation received additional pro-

pofol [17], whereas 66% of the DEX-based sedation

patients received additional propofol in the present study.

A prospective, randomized, double-blind study is war-

ranted to elucidate the effects of DEX in patients who

require neurosurgical management.

In conclusion, DEX-based sedation (DEX alone or as an

adjunct to propofol infusion) was safely used for both

intubated and extubated patients undergoing uneventful

intracranial surgery for an unruptured cerebral aneurysm,

and was significantly related to reduced HR during seda-

tion as compared to propofol-based sedation. We consider

it preferable to add low-dose propofol to DEX for man-

agement of intubated patients. Additional investigation is

warranted to elucidate the effectiveness and adverse effects

of clinical application of DEX for neurosurgical patients.
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