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Abstract

Background: Maintaining hemodynamic stability during intracranial surgery is one of the most important tasks. There is no gen-
eral agreement regarding which anesthetics are optimal for craniotomy. Propofol and short-acting opioids are usually used, but
their use is not without side effects. Recently, dexmedetomidine has been considered a safe alternative in different surgeries.
Objectives: We aimed to assess the efficacy of 0.5µg/kg/h dexmedetomidine infusion without loading dose as an adjunct to general
anesthesia for craniotomy.
Methods: A prospective, randomized, double-blinded, parallel-group, placebo-controlled trial was conducted. Setting: Single uni-
versity teaching hospital’s operating rooms and postoperative intensive care unit. Patients: A total of 50 patients scheduled for
elective supratentorial craniotomy participated in this study. Interventions: Patients were randomly divided into either control
group (group C) and Dexmedetomidine group (group D). Main outcome measure: Intraoperative hemodynamics measurements at
specific timings.
Results: We found that dexmedetomidine had significantly maintained mean arterial blood pressure and heart rate (P-value <
0.001); with lower intraoperative fentanyl and propofol consumption in group D (132 ± 35 µg and 14 ± 30 mg, respectively) when
compared to group C (260 ± 38 µg and 534 ± 66 mg, respectively). Finally, a lesser sedation level was noticed in the dexmedetomi-
dine group, together with a significantly lesser recovery time of 10.3 ± 4 min.
Conclusions: Dexmedetomidine infusion without loading dose could be an efficacious and safe agent in achieving hemodynamic
stability with intraoperative opioid-sparing effect and lesser recovery time.
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1. Background

Maintaining hemodynamic stability during intracra-
nial surgery is one of the most important tasks because
good anesthesia increases the success rate of surgery to-
gether with improving postoperative prognosis. As known
to all, intraoperative hypertension may lead to hemor-
rhage, and vasogenic edema and low blood pressure may
result in cerebral ischemia in areas of impaired autoregu-
lation (1). Dexmedetomidine, a potent α2-adrenoreceptor
agonist, has been observed to be able to provide good pe-
rioperative hemodynamic stability when given as adjunct
general anesthesia (GA) (2). Its usual loading dose is 1
µg/kg, while its maintenance infusion has the range of
0.2 to 0.7 µg/kg/hour until 20 - 30 minutes till the end
of surgery. The activation of different subtypes of α2-

adrenergic receptors will determine its various effects ob-
served during infusion (3).

Opioids provide effective analgesia and prevent hemo-
dynamic responses to surgical stimulation. But higher
doses may be associated with delayed recovery, respiratory
depression, increased intracranial tension, and postopera-
tive nausea and vomiting (PONV). Dexmedetomidine, as a
promising alternative, effectively reduces opioid require-
ments and potentiate analgesia. Also, its sympatholytic
and antinociceptive properties are advantageous for neu-
rosurgical patients, especially at critical moments. The
commonest adverse event associated with Dexmedetomi-
dine infusion is bradycardia, especially if patients receive
its loading dose rapidly or given in high maintenance dose
(4).
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2. Objectives

We designed this randomized, double-blinded study
to evaluate the effectiveness of Dexmedetomidine infu-
sion at a dose of 0.5 µg/kg/h without loading dose during
supratentorial craniotomies under GA. We compared in-
traoperative hemodynamics, perioperative analgesic con-
sumption, intraoperative propofol consumption, postop-
erative sedation scores in both groups. We hypothesize
that dexmedetomidine would have a favorable effect on
hemodynamic with negligible side effects.

3. Methods

3.1. Ethics

This was a prospective, randomized, parallel-group,
placebo-controlled, single-center trial. The work was ap-
proved by the Ethics committee of University hospital
(FMASU R 115/ 2020) on 18/11/2020 (Ain Shams University
Hospital). It was also registered at Clinical Trial Registry
ClinicalTrials.gov Identifier: NCT04607525. Written in-
formed consent was obtained from all patients before the
study. This trial followed the CONSORT statement.

3.2. Study Population

Fifty American Society of Anesthesiologists-Physical
Status (ASA-PS) I and II patients, aged 18 to 65 years, 70 -
80 kg, both sexes, undergoing elective supratentorial cran-
iotomy for tumor resection were included in the study. The
study exclusion criteria were emergency surgery, patients
with a Glasgow Coma Score (GCS) < 15. Patients on an-
tihypertensive medication (α-methyldopa, clonidine, or
other α2-adrenergic agonists) and patients with preoper-
ative heart rate (HR) less than 45 beats per minute or any
degree of heart block were also excluded from the study.

3.3. Study Groups

The patients were randomized into two groups:
Dexmedetomidine group (group D): Patients received 0.5
µg/kg/h of dexmedetomidine and control group (group
C): Patients received equal volume and rate of normal
saline 0.9%. Infusion of blinded solutions was started after
intubation. Dexmedetomidine dosing regimen was in
accordance with existing guidelines (1, 5-7).

3.4. Patients’ Recruitment and Randomization

Randomization was performed using a computer-
generated random number table in opaque sealed en-
velopes with 1:1 allocation ratio by an anesthesiologist not
directly involved in the trial. An anesthesia technician pre-
pared the study drug syringes according to the sequence
number and assigned patients to the trial groups.

3.5. Anesthesia

Patients received midazolam as a preanesthetic medi-
cation, and 1 mg granisetron together with 8 mg dexam-
ethasone as PONV prophylaxis after application of routine
standard monitoring. A standard anesthetic technique
was followed after adequate preoxygenation with: propo-
fol 2-3 mg/kg and fentanyl 1 µg/kg. Atracurium besylate
0.5 mg/kg was used to provide muscle relaxation. After in-
tubation and securing the endotracheal tube, we started
the blinded study solution. We also started a variable-
rate propofol infusion up to a maximum limit of 0.15
mg/kg/min. Propofol infusion dosage was in accordance
with previous existing guidelines (8). We then placed other
invasive monitoring for rigorous patient follow-up. A max-
imum of 1.2% (vaporizer setting) of isoflurane mixed with
oxygen (50%) and air (50%) was used for the maintenance
of anesthesia. Notably, low-dose isoflurane may negatively
affect the diseased cortical tissue (9). Additionally, pro-
longed high-dose of most volatile anesthetic agents may
lead to delayed recovery. Accordingly, an anesthetic regi-
men with a 1.2% (vaporizer setting) of isoflurane was our
maximum limit. Following both of skull pinning and skin
incision, a bolus of 50µg fentanyl was given intravenously
to attenuate the expected hemodynamic response. Addi-
tionally, 0.5µg/kg intravenous (IV) fentanyl was titrated in-
traoperatively at the discretion of the attending anesthe-
siologists till the start of the closure of dura. No other in-
traoperative adjunct analgesics were given. In the present
study, we used fentanyl because it has little effect on cere-
bral blood flow (CBF) regulation (10).

Mean arterial blood pressure (MAP) and heart rate (HR)
were measured at specific time points. Any increase or de-
crease in HR or blood pressure was managed as required
after exclusion of a surgical cause. For example, MAP or
HR rise of > 20% above baseline was treated by administer-
ing a 0.5 µg/kg intravenous bolus of fentanyl and increas-
ing propofol infusion rate. At the end of the procedure,
the neuromuscular blockade was reversed. Patients were
extubated and then transferred to the intensive care unit
(ICU). Postoperatively, 5 mg intravenous Nalbuphine was
prescribed for all patients of both groups when a patient’s
pain visual analogue scale score was > 4. Also, a fixed dose
of 1 g intravenous acetaminophen was given /8h IV.

3.6. OutcomeMeasurements

The primary outcome was intraoperative hemody-
namic changes in response to dexmedetomidine infusion,
and the secondary outcomes included the total need for
rescue agents (fentanyl and propofol).

Summary of outcome measurements:
1) Demographic data and patients’ characteristics.
2) The duration of the surgery.
3) Recovery time in minutes (Time interval between

stopping of isoflurane and extubation).
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4) Intraoperative hemodynamics were recorded at the
following timings:

T0: Preoperatively as baseline
T1: After intubation
T2: During pinning
T3: At skin incision
H1: After 1 hour from surgical incision
H2: After 2 hours
H3: After 3 hours
H4: After 4 hours
T-end: At skin closure
ICU H1: after 1 hour from ICU admission
ICU H2: after 2 hours from ICU admission
5) Total intraoperative fentanyl consumption in micro-

gram. (Induction dose and predetermined bolus doses
given at skin incision and pinning were not included).

6) Total intraoperative propofol consumption in mg.
7) Total postoperative Nalbuphine consumption in mg

during 1st postoperative day.
8) Assessment of postoperative sedation level using

University of Michigan Sedation Scale (UMSS) (11) (Table 1).

Table 1. University of Michigan Sedation Scale (UMSS) (11)

Score Patient’s State

0 Awake and alert

1 Minimally sedated

2 Moderately sedated

3 Deeply sedated

4 Unarousable

It was assessed every hour for 2 hours, starting from ex-
tubation.

3.7. Sample Size Calculation

The sample size was calculated using STATA program,
setting the type-1 error (α) at 0.05 and the power (1- β) at
0.8. The results of the previous study (12) showed that the
mean MAP in the Dexmedetomidine group (60 minutes af-
ter pinning) was 99.3± 6.2 compared to the control group
that was 107.2± 2.46. Accordingly, a sample size of 25 cases
in the Dexmedetomidine group and 25 cases in the control
group would achieve 100% power to detect the observed
difference.

3.8. Data Management and Analysis

The collected data were revised, coded, tabulated, and
introduced to a PC using Statistical package for social sci-
ence (SPSS 20). Data were presented, and suitable analysis
was done according to the type of data obtained for each
parameter. Descriptive statistics: mean, standard devia-
tion (± SD) for numerical data, frequency, and percentage
of non-numerical data. Analytical statistics: Student t-test

was used to assess the statistical significance of the differ-
ence between two study group means and, chi-square test
was used to examine the relationship between two qualita-
tive variables.

4. Results

All of the 50 patients successfully completed the study
(Figure 1). Demographic data and duration of surgery were
statistically comparable in both groups (Tables 2 and 3).

No significant differences were observed in terms of
hemodynamic parameters at the following timings: base-
line readings, after intubation, and during pinning. Al-
though patients in the dexmedetomidine group did not
have a significant rise in MAP together with lower HR dur-
ing surgery (at H1, H2, H3, H4), the patients of the control
group had a significant rise in MAP and HR (Figures 2 and
3).

Table 3 also shows higher mean intraoperative ad-
ditional fentanyl requirements and mean intraoperative
propofol doses in the control group. Additionally, re-
covery time was found to be significantly shorter in the
dexmedetomidine group (10.3 ± 4 min) when compared
to the control group (31.4 ± 5 min) (P < 0.001). Finally, a
higher sedation level was observed in the control group
rather than the dexmedetomidine group at the time of ex-
tubation and at 60 min after extubation, and this differ-
ence was statistically significant (Table 4).

5. Discussion

Craniotomy surgeries are usually characterized by
brief periods of intense stimulation that are interposed
with long periods of little stimulation, which makes them
a challenging type of surgery for anesthesiologists. In-
traoperative hypertensive episodes consequent to noxious
stimuli may be complicated postoperatively by intracra-
nial hemorrhage and cerebral edema. It is known that a
change of more than 20 - 25% in MAP may have deleterious
effects (13).

The current study demonstrated that perioperative use
of dexmedetomidine without a loading dose for supra-
tentorial craniotomy operations provided stable intraop-
erative hemodynamics at various time intervals. An in-
travenous bolus of dexmedetomidine leads to a biphasic
blood pressure response (3). Dexmedetomidine infusion
induces an initial transient increase in MAP (due to activa-
tion of postsynapticα2B receptors), followed by a decrease
in MAP and HR (by the activation of α2A receptors in the
central nervous system). The omission of the dexmedeto-
midine loading bolus can prevent initial hypertension (3)

Regarding dexmedetomidine intraoperative hemody-
namic stability, our results are supported by the findings of
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50 patients were
enrolled

Dexmedetomidine
group

(n = 25)

Control group
(n = 25)

Analyzed (n = 25)Analyzed (n = 25)

Figure 1. Flow diagram of the patients

Table 2. Demographic Data

Control, No. (%) Dexmedetomidine, No. (%)
Chi-Square Test

χ2 P-Value Sig.

Gender 0.085 0.771 NS

Male 16 (64.0) 15 (60.0)

Female 9 (36.0) 10 (40.0)

ASA-PS 0 1 NS

I 13 (52.0) 13 (52.0)

II 12 (48.0) 12 (48.0)

Abbreviation: ASA-PS, ASA-PS American Society of Anesthesiologists-Physical Status.

many studies (1, 2, 10, 14-20) that established dexmedetomi-
dine, given by infusion, attenuated intraoperative hemo-
dynamic stress response whether given as 0.4 µg/kg/h
without loading dose (1) or in a ranging dose of 0.4 to
0.6 µg/kg/h after loading dose of 1 µg/kg/h (2, 12, 14-18).
The same conclusion was made even when it was given
in a target-controlled infusion manner (10) or in a high
maintenance dose (19). Additionally, previous studies (15-
17) suggested that the use of dexmedetomidine improved
the hemodynamic stability in patients with bispectral in-
dex (BIS)-guided anesthesia.

Dexmedetomidine side effects are usually in the form
of hemodynamic alterations. In our study, we did not ob-
serve significant bradycardia requiring intervention, nor
hypotension due to the low dose of dexmedetomidine in-
fusion used.

Dexmedetomidine is known to have analgesic poten-
tial (21). Consistent with this study, we observed signif-
icantly lower intraoperative requirements of analgesics.
Our study also confirmed the findings of previous studies
(2, 5, 10, 14-16, 18, 19, 22)regarding anesthetic and analgesic
sparing effects of dexmedetomidine during surgeries. For
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Table 3. Patients’ Characteristics and Perioperative Data

Control, Mean (SD) Dexmedetomidine, Mean (SD)
t-Test

T P-Value Sig.

Age (y) 49.9 (13.9) 49.8 (13.0) 0.021 0.983 NS

Body mass index (kg/m2) 26.8 (2.2) 26.6 (2.4) 0.245 0.808 NS

Surgery duration (min) 393.20 (54.37) 365.60 (57.01) 1.752 0.086 NS

Recovery time (min) 31.4 (5.1) 10.3 (4.1) 16.140 < 0.001 S

Total intraoperative fentanyl (µg) 260.0 (38.2) 132.0 (35.0) 12.355 < 0.001 S

Total intraoperative propofol (mg) 534.4 (66.3) 14.0 (30.7) 35.599 < 0.001 S

Postoperative nalbuphine (mg) 7.4 (2.9) 7.4 (2.9) 0 1 NS

Group

Control
Dexmedetomidine

120.0

100.0

80.0

60.0

40.0

20.0

0

T0 T1 T2 T3 H1 H2 H3 H4 T end ICU_H1 ICU_H2

Figure 2. Mean arterial blood pressure follow-up in both groups.

example, Chakrabati et al. (5) noticed a significant reduc-
tion of intraoperative -BIS guided- fentanyl and propofol
utilization in patients undergoing cerebellopontine angle
surgeries. Also, the same finding is consistent with studies
done on other types of surgeries (23, 24).

In dis-concordance to our results, Sriganesh and their
colleagues (6, 7) demonstrated that a dexmedetomidine
infusion of 0.5 µg/kg/h without loading dose was not su-
perior to fentanyl. This could be attributed to the bilat-
eral scalp block group that was given in their patients,
which may have influenced intraoperative surgical stress
response independent of study drugs given, and so abol-
ishing hemodynamic differences between both groups.
Also, Rajan et al. (13) observed the same findings that
dexmedetomidine infusion of 0.5 - 1 µg/kg/h after a load-

ing dose was not superior to remifentanil infusion during
brain tumor surgery. Their results could be attributed to
the high potency of remifentanil’s analgesic properties.

One of the main anesthesia goals after craniotomy is
rapid awakening from anesthesia to allow early neurosur-
gical assessment and subsequent early detection of cere-
bral complications. We reported that the mean time to ex-
tubation was less in group D compared to group C. The
low requirement of intraoperative narcotics and propo-
fol due to dexmedetomidine usage may have fastened re-
covery from anesthesia as observed in previous studies (1,
6). Additionally, many studies (10, 14, 18, 19) also observed
that the dexmedetomidine infusion resulted in faster re-
covery after general anesthesia without causing any respi-
ratory depression. On the contrary to our findings, Chakra-
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Group

Control
Dexmedetomidine

120.0

100.0

80.0

60.0

40.0

20.0

0
T0 T1 T2 T3 H1 H2 H3 H4 T end ICU_H1 ICU_H2

Figure 3. Heart rates follow-up in both groups

Table 4. University of Michigan Sedation Scale

Control, No. (%) Dexmedetomidine, No. (%)
Chi-Square Test

χ2 P-Value Sig.

H0a 15.88 < 0.001 S

1 6 (24.0) 20 (80.0)

2 18 (72.0) 5 (20.0)

3 1 (4.0) 0 (0.0)

H1b 22.47 < 0.001 S

0 0 (0.0) 13 (52.0)

1 13 (52.0) 11 (44.0)

2 12 (48.0) 1 (4.0)

H2c 2.92 0.087 NS

0 11 (44.0) 17 (68.0)

1 14 (56.0) 8 (32.0)

aH0: On admission to ICU
bH1: after 1 hour
cH2: after 2 hours

bati et al. (5) and Mathew et l. (17) noticed prolonged
recovery in the dexmedetomidine group; however, it was
statistically insignificant when compared to the control
group. One could attribute these findings to a global de-
crease in inhalational and narcotic consumption due to
their strict titration, guided by BIS monitor. It is known

that hemodynamic variability, when used as an anesthetic
titration guide, usually leads to overdosing of used anes-
thetics (5). Also, Rajan et al. (13), Turgut et al. (25), and
Javaherforooshzadeh et al. (26) observed longer extuba-
tion time in the dexmedetomidine group when compared
to the remifentanil group. This could be attributed to
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remifentanil’s rapid onset of action and ultra-short dura-
tion. Finally, we observed a lesser sedation score, adding
to more benefits of dexmedetomidine usage in supraten-
torial craniotomies, which is supported by previous results
(1, 15, 18).

5.1. Limitations

There were some limitations in the present study. First,
we could use devices for monitoring the depth of anes-
thesia, but there was a lack of reports regarding its ef-
fectiveness in neurosurgical patients; as the intracranial
air may interfere with BIS monitor and result in poor sig-
nal transfer (27). Additionally, bispectral index monitor-
ing was not available in our hospital. Second, the effect
of dexmedetomidine on cerebral perfusion and intracra-
nial pressure was not studied. Neuroprotective effect of
dexmedetomidine is controversial (28, 29). So further stud-
ies need to be done to observe if any neuroprotection is
provided by dexmedetomidine. Finally, it is plausible to
use targeted plasma concentrations. This will permit at-
tending anesthesiologist to titrate the dexmedetomidine
dose leading to improvement in hemodynamic stability
and even shorter awakening times.

5.2. Conclusions

Dexmedetomidine at a dose of 0.5 µg/kg/h infu-
sion without loading dose provided stable intraopera-
tive hemodynamics in patients undergoing supratentorial
craniotomy. Furthermore, it was accompanied by its re-
duced intraoperative requirement and rapid recovery.
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