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Objective: The purpose of the study was to investigate the effect of dexmedetomidine hydrochloride
(Dex) on the recovery of cognitive function, hemodynamics, and postoperative analgesia in patients
undergoing intracranial aneurysm craniotomy. Methods: general anesthesia was performed on patients
undergoing intracranial aneurysm craniotomy in neurosurgery. Patients were randomly divided into
three groups: Dex 1 group (Dex dose: 1 lg/kg), Dex 2 group (Dex dose: 0.5 lg/kg), and blank control
group (normal saline). The changes of heart rate, arterial pressure, intraoperative brain function index,
and postoperative pain score were recorded and compared. Results: in Dex 1 group and Dex 2 group,
the heart rate of T1 and T2 phase was significantly lower than that of T3-T7 phases (P < 0.05); compared
with the control group, the heart rate of Dex 1 group and Dex 2 group was significantly lower (P < 0.05).
The average arterial pressure of the control group and Dex groups was significantly different (P < 0.05).
Compared with the control group, there were significant differences between Dex 1 group and Dex 2
group: S100 b protein in T7-T10, NSE (neuron specific enolase) in T9 and T10, pain score in T8, T9 and
T10 after operation. Conclusion: the application of Dex in the resection of intracranial aneurysms can pro-
tect the brain of patients, minimize the influence of operation on hemodynamics, and relieve postoper-
ative pain, which is worthy of clinical application.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Intracranial aneurysm refers to the cystic bulging of the
intracranial arterial vessel wall. If the intracranial aneurysm is
not treated in time, it will result in subarachnoid hemorrhage
(Luo et al., 2016). Once the aneurysm ruptures, the risk of re-
bleeding and vasospasm is extremely high in patients. Therefore,
the treatment of intracranial aneurysm is based on the principle
of preventing aneurysm rupture. If the aneurysm ruptures, the
aneurysm should be removed by craniotomy after the condition
of patient is stable at the early stage (Nonaka et al., 2016). In the
process of surgical removal of an aneurysm, it is first necessary
to clamp or ligature the tumor artery, block the blood supply of
the aneurysm, and avoid the occurrence of re-bleeding. In such a
process, due to the exposure of the surgical field and the pulling
and oppression of the brain tissue during hemostasis, different
degrees of hypoxia and ischemic damages may occur (Seddighi
et al., 2016). If the brain is ischemic and hypoxic, the small mole-
cule S100b protein enters the cerebrospinal fluid from the dam-
aged glial cells and then enters the peripheral blood circulation
through the blood–brain barrier. Once the concentration of S100b
protein is too high, it induces neuronal apoptosis.

Dexmedetomidine hydrochloride (Dex) is a novel and highly
selective a2 adrenergic receptor agonist in recent years. Due to
its characteristics, such as analgesia, sedation, hypnosis, anti-
anxiety, inhibition of sympathetic excitation, and maintenance of
stable hemodynamics, it has been widely used in clinical practices
(Jiang et al., 2017). Compared to metopyrimidine, Dex is more
selective; it has a shorter half-life and can be used clinically for
sedation of patients who start intubation and use a ventilator
during intensive care treatment. Meanwhile, Dex can also reduce
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Fig. 1. Chemical structure of Dex.
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the amount of anesthetic, improve the hemodynamic stability dur-
ing surgery, and decrease the incidence of myocardial ischemia.
Some scholars have studied patients with intracranial aneurysm
undergoing craniotomy. It has been confirmed that Dex can reduce
various external irritations and increase the stability of the hemo-
dynamic system during operations. The auxiliary medication of
Dex for surgical anesthesia helps the patient to smoothly pass
the recovery period of anesthesia after craniotomy. In recent years,
there have been increasingly more studies on brain protection
mechanism of Dex. Clinical studies have shown that Dex can alle-
viate brain damages caused by cerebral ischemia and hypoxia
through anti-oxidative stress and anti-apoptosis and can con-
tribute to the recovery of perioperative brain functions in patients
with intracranial aneurysms (Bilgi et al., 2016).

An important objective of surgical anesthesia for intracranial
aneurysms is to ensure stable hemodynamics during operations.
The intraoperative intracranial hypertension or insufficient perfu-
sion may lead to a series of related complications and even affect
postoperative recovery (Kumar et al., 2017). The application of
Dex in patients during perioperative anesthesia can reduce the
dosage of intraoperative anesthetics. In terms of general anesthe-
sia, it can reduce the dosage of postoperative analgesic drugs and
has a positive effect on the recovery of postoperative cognitive
functions. In this study, the drug constituents and brain protection
mechanism of Dex was analyzed. Then, based on the composition
analysis, the effects of Dex on perioperative hemodynamics, post-
operative analgesia, and cognitive function recovery of patients
with intracranial aneurysm craniotomy were investigated. It was
expected to provide a clinical reference for the application of drugs
to protect the brains and reduce the postoperative pain of patients
during intracranial aneurysm resection.
2. Composition analysis of Dex and its mechanism of cerebral
protection

Dex is a potent a2-adrenoreceptor agonist, which is clinically
used for sedation of patients during intubation or as a ventilator
during intensive care (Hernández et al., 2016). The molecular for-
mula of Dex is C13H16N2-HCl; its molecular weight is 236.76. In
addition, Dex is white crystalline powder and very soluble in
water. Also, it is soluble in methanol, ethanol, and chloroform,
but almost insoluble in ether. Its density is 1.17 g/cm3, its specific
optical rotation is + 52.4�, its optical rotation is + 48� to + 58�, and
its melting point is 153 �C to 158 �C (Pan et al., 2016). 10 mg of Dex
was taken and added with water to formulate 1 mL of Dex solution,
which was clear and colorless. The measured pH value was 3.5–4.5.
The chemical structure of Dex is shown in Fig. 1.

The a2 adrenergic receptor is a G protein-coupled receptor, and
its 3 subtypes are widely distributed in the central, peripheral, and
autonomic nervous system, as well as organs and blood vessels
throughout the body. Dex is a relatively selective a2-
adrenoreceptor agonist with central hypo-tensive, anti-
sympathetic, analgesic, sedative, and anti-anxiety effects (Martin
et al., 2016). In addition, Dex can also reduce the release of cate-
cholamines in the adrenergic nerve endings, or directly functions
in the brain to reduce the release of catecholamines in the brain
tissue, thereby inhibiting the sympathetic nerve activity and
reducing the stimulating reaction of brain tissue. The binding site
of Dex also includes imidazoline 1 and imidazoline 2 receptors.
Among the receptors, the imidazoline 1 receptor is involved in
the regulation of blood pressure, while the imidazoline 2 receptor
is related to the neuroprotection after cerebral ischemic injury
(Willey et al., 2016).

The regulation of the cardiovascular system by Dex is bidirec-
tional. The dosage and rate of administration directly affect the
hemodynamic changes. If the concentration is too high or the rate
of administration is too fast, the sympathetic nervous system will
be activated under stress actions; thus, the blood pressure will
increase transiently and will then drop, while the heart rate will
gradually slow down (Debabrata et al., 2016). A transient increase
in blood pressure in a short period of time is associated with Dex
directly activating a2-adrenergic receptors on vascular smooth
muscle cells leading to vasoconstriction, after which blood pres-
sure drops and drugs act on the cardiovascular regulatory center,
inhibiting the sympathetic nervous system and also increasing
the vagal excitability. After intravenous infusion, the pharmacoki-
netic parameters of Dex are as follows: the distribution half-life
(t1/2) of the rapidly distributed phase is about 6 min; the terminal
elimination half-life (t1/2) is about 2 h; the distribution volume
(Vss) is about 118 L, and the clearance rate is about 39 L/h
(Khafagy et al., 2017).

3. Materials and methods

3.1. Research objects and grouping

A total of 66 patients with intracranial aneurysms admitted to
our hospital from April 2017 to April 2019 were enrolled. All
patients underwent general anesthesia for intracranial aneurysm
craniotomy. The enrolled patients were aged 27–59 years old, with
35 males and 31 females. The experiment had been submitted to
the approval of the ethics committee of the hospital. All the
patients and their families were aware of the experimental con-
tents had signed the informed consent forms of anesthesia and
operations.

Inclusion criteria: (1) patients who were diagnosed as intracra-
nial aneurysms by magnetic resonance imaging (MRI) or digital
subtraction angiography (DSA) and underwent craniotomy; (2)
according to the grading standards of American Society of Anesthe-
siologists (ASA) (Panchgar et al., 2017), all patients should be Grade
I to II; also, patients should have excellent tolerance toward anes-
thesia and operations with stable anesthesia processes; (3)
patients whose Mini Mental State Examination (MMSE) scores
were higher than 24 points; (4) patients who had no history of
anesthesia allergies. Exclusion criteria: (1) patients whose opera-
tion duration was greater than 3 h or accidents occurred during
operation; (2) patients who had history of traumatic brain injuries,
epilepsy, and mental diseases; (3) patients with severe heart, lung,
liver, kidney, or metabolic diseases; (4) patients who had bradycar-
dia or chronic arrhythmia.

All patients were divided into 3 groups according to the random
number table method, i.e., the Dex 1 group (dosage of Dex was
1 lg/kg), the Dex 2 group (dosage of Dex was 0.5 lg/kg), and the
blank control group (saline). Each group consisted of 22 patients.
The comparisons of general references between patients in groups
showed no statistically significant differences (P < 0.05), which
indicated the comparability of patients, as shown in Table 1.
Patients in the Dex 1 group were injected with Dex intravenously
at a dosage of 1 lg/kg, and the injection time was controlled at
10 min. Patients in the Dex 2 group were injected with Dex intra-



Table 1
Comparisons of general references between patients in groups.

Groups Gender ratio (male/female) Age Height (cm) Weight (kg)

Dex 1 12/10 47.3 ± 9.7 169.3 ± 15.9 62.2 ± 6.3
Dex 2 13/9 45.5 ± 11.2 167.4 ± 14.3 60.8 ± 5.9
The control group 11/11 47.9 ± 9.1 166.9 ± 17.1 59.3 ± 7.3
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venously at a dosage of 0.5 lg/kg, and the injection time was con-
trolled at 10 min. Patients in the blank control group were injected
with saline intravenously.
3.2. Research methods

(1) Preparation before anesthesia: after the patients entered
the operating room, the venous accesses were established. The
routine dynamic electrocardiogram (ECG) monitoring (mainly
led by II lead) and blood oxygen saturation monitoring were per-
formed. The unilateral radial artery was taken for a puncture,
and the direct arterial pressure and the dynamic monitoring of
the average arterial pressure were performed once every
3 min. The internal jugular vein puncture was performed, and
the central venous catheter was indwelled to monitor the central
venous pressure.

(2) Anesthesia induction and anesthesia maintenance: anesthe-
sia induction was started after mask oxygen inhalation, Patients
were intravenously injected with 0.05 mg/kg of midazolam, 0.4
ug/kg of sufentanil, 0.2 mg/kg of atracurium cis-sulfonate, and
0.2 mg/kg of etomidate. After induction, the tracheal intubation
was performed. The position of the catheter was confirmed correct,
the anesthesia machine was connected for mechanical ventilation,
the oxygen flow was controlled at 2 L/min, the tidal volume was
controlled at 9 mL/kg, the respiratory rate was controlled at 14
times/min, the ratio of suction to breath was controlled at 1:2,
and the partial pressure of carbon dioxide in the end-of-life was
maintained between 30 and 40 mmHg. Once the anesthesia induc-
tion was finished, patients were grouped for anesthesia mainte-
nance. Patients in the Dex 1 group were injected with Dex
intravenously at a dosage of 1 lg/kg, and the injection time was
controlled at 10 min. Patients in the Dex 2 group were injected
with Dex intravenously at a dosage of 0.5 lg/kg, and the injection
time was controlled at 10 min. Patients in the blank control group
were injected with saline intravenously. Intraoperative mainte-
nance of anesthesia ensured that the bi-spectral index (BIS) was
between 40 and 60. During the intraoperative clamping of the
tumor-bearing artery, drugs could be used for controlled
hypotension.

3.3. Detection indicators and evaluation standards

(1) Comparison of heart rates and average arterial pressure: The
heart rates and average arterial pressure at the following
time nodes were recorded, including entering the operating
room, anesthesia, starting the operation, clamping the
artery, clamping the tumor, restoring the movement, and
ending the operation, respectively. These time nodes were
represented by T1 to T7 successively.

(2) Comparison of S100b protein and NSE levels: The internal
jugular vein blood was taken at the following time points,
including entering the operating room (T1), end of the oper-
ation (T7), postoperative 6 h (T8), postoperative 12 h (T8),
and postoperative 24 h (T10). The serum central nervous-
specific protein (S100b protein) and neuron-specific enolase
(NSE) levels were determined by enzyme-linked
immunosorbent assay (ELISA).
(3) Comparison of postoperative pain scales: The visual analog
scale (VAS) was used to evaluate the pain of patients at pre-
operative (T1), postoperative 6 h (T8), postoperative 12 h
(T9), and postoperative 24 h (T10). The scales at both ends
of the 10-cm-dial were ‘‘00 and ‘‘10”, respectively, indicating
‘‘painless” and ‘‘painfulness”, and patients were indepen-
dently evaluated according to the specific situations
(Sheikh et al., 2018).

3.4. Statistical method

In this study, the SPSS 21.0 statistics software was used for sta-
tistical analysis. The measurement data were expressed as mean
number ± standard deviation. The independent sample t-test was
used to compare the variance analysis of the repeated measure-
ment design. The comparison between groups was performed by
student T-test. P < 0.05 indicated the statistical significance of
the difference.
4. Results

4.1. Comparison of heart rate and average arterial pressure between
patients in groups at different time nodes

The comparison of heart rate between patients in groups at dif-
ferent time nodes was shown in Table 2. The intra-group compar-
isons were carried out within the Dex 1 group and Dex 2 group.
Comparedwith the heart rates at T3 ~ T7 time nodes, the heart rates
at T1 and T2 time nodes decreased significantly, and the differences
were statistically significant (P < 0.05). Compared with the control
group, the heart rates of patients in both Dex groups decreased sig-
nificantly (P < 0.05). The comparison of average arterial pressure
between patients in groups at a different timewas shown in Table 3.
The intra-group comparisons were carried out within the Dex 1
group andDex2 group. Comparedwith the average arterial pressure
at different time nodes, the variations were not apparent, and the
differences were not statistically significant (P > 0.05). Compared
with the average arterial pressure of the control group at preopera-
tive period (T1), intraoperative period (T2 ~ T6), and postoperative
period (T7), the average arterial pressure of patients in both Dex
groupshad statistical significance (P<0.05). Variations inheart rates
of patients in groups at different time nodes were shown in Fig. 2.
Variations in average arterial pressure of patients in groups at differ-
ent timenodeswere shown in Fig. 3. Theheart rate andmeanarterial
pressure of patients in the Dex 1 and Dex 2 groups shared the same
variation tendency. The heart rate of the control group changed less
at each time node, whichwasmore stable than that in the Dex 1 and
Dex2 groups. The variation amplitude of arterial pressurewas large;
especially, the levels of T2-T5 were low, and the mean arterial pres-
sure value rebounded significantly at T6 and T7.

4.2. Comparison of S100b protein and NSE levels between patients in
groups at different time nodes

The S100b protein and NSE levels of patients in groups at differ-
ent time nodes were shown in Table 4. In the Dex 1 group and the
Dex 2 group, the S100b protein at T7 ~ T10 time nodes and the NSE
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Fig. 3. Variations in average arterial pressure of patients in groups at different time
nodes.
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Fig. 2. Variations in heart rates of patients in groups at different time nodes.

Table 3
The average arterial pressure of patients in groups at T1–T7 (mmHg).

Groups T1 T2 T3 T4 T5 T6 T7

Dex 1 89.6 ± 6.4 83.6 ± 6.8*# 84.9 ± 5.3*# 80.5 ± 4.3*# 78.7 ± 5.6*# 77.8 ± 6.6*# 83.7 ± 7.5*#

Dex 2 89.5 ± 6.9 81.4 ± 5.7*# 82.6 ± 5.4*# 78.6 ± 6.7*# 77.5 ± 6.3*# 79.1 ± 5.8*# 86.3 ± 6.7*#

The control group 89.4 ± 5.7 74.8 ± 6.7 71.4 ± 5.6 71.8 ± 7.1 72.3 ± 4.5 80.6 ± 5.5 98.7 ± 4.9

Note: * indicated comparison between the Dex 1 group and Dex 2 group at the same time nodes, P < 0.05; # indicated comparison with the control group at the same time
nodes, P < 0.05.

Table 2
The heart rates of patients in groups at T1–T7 (times/min).

Groups T1 T2 T3 T4 T5 T6 T7

Dex 1 87.4 ± 6.9 86.5 ± 6.0 68.5 ± 7.2*# 66.1 ± 4.7*# 68.6 ± 6.8*# 67.2 ± 6.5*# 70.8 ± 6.3*#

Dex 2 86.2 ± 7.2 84.5 ± 5.5 69.2 ± 6.7*# 65.4 ± 3.8*# 65.4 ± 3.8*# 66.8 ± 5.4*# 71.3 ± 6.7*#

The control group 87.5 ± 6.6 82.2 ± 4.3 79.8 ± 5.4 83.6 ± 5.7 85.5 ± 6.2 82.8 ± 4.7 90.6 ± 5.3

Note: * indicated comparison with the same group at T1 and T2, P < 0.05; # indicated comparison with the control group at the same time nodes, P < 0.05.
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levels at T9 and T10 time nodes of patients were significantly dif-
ferent from those in the control group (P < 0.05). In the Dex 1 group
and the Dex 2 group, the comparisons of S100b protein and NSE
levels had no statistical significances (P > 0.05). Variations in
S100b protein of patients in groups at different time nodes were
shown in Fig. 4. Variations in NSE levels of patients in groups at dif-
ferent time nodes were shown in Fig. 5. The S100b protein contents
and NSE levels of patients in the Dex 1 and Dex 2 groups shared the
same variation tendency at each time node. The S100b protein con-
tents of T7 to T10 in the control group were higher than those in
the Dex 1 and Dex 2 groups. Compared with the other two groups,
the levels of NSE levels in T9-T10 patients of the control group
increased more significantly. Table 5.
Table 4
Comparison of S100b protein and NSE levels between patients in groups at different time

Groups T1 T7

S100b protein (lg /L) Dex 1 0.22 ± 0.10 1.
Dex 2 0.23 ± 0.12 1.
The control group 0.22 ± 0.11 2.

NSE (ng/mL) Dex 1 10.1 ± 1.2 11
Dex 2 9.9 ± 0.8 13
The control group 9.7 ± 0.9 14

Note: # indicated comparison with the control group at the same time nodes, P < 0.05.
4.3. Comparison of postoperative VAS pain scales between patients in
groups

The preoperative pain degrees of patients in groups were
evaluated. Only several patients had the pain of 5–6 points.
The comparisons between all 3 groups had no significant differ-
ences (P > 0.05). After the operations, at T8, T9, and T10 time
nodes, compared with the control group, the pain scales of
patients in both Dex groups were significantly reduced, and
the differences were statistically significant (P < 0.05). The com-
parisons of pain scales between patients in the Dex 1 group and
the Dex 2 group at different time nodes were not statistically
significant (P > 0.05).
nodes.

T8 T9 T10

55 ± 0.68# 1.66 ± 0.75# 1.95 ± 0.65# 2.05 ± 0.34#

69 ± 0.92# 1.69 ± 0.83# 2.21 ± 0.66# 2.26 ± 0.31
70 ± 1.02 2.55 ± 0.98 2.80 ± 0.74 3.24 ± 0.25
.8 ± 1.5 15.2 ± 4.1 15.9 ± 3.5# 21.8 ± 4.9#

.2 ± 0.9 16.4 ± 3.4 16.5 ± 3.7# 23.2 ± 4.6#

.5 ± 0.8 17.3 ± 4.3 20.1 ± 4.2 34.7 ± 4.6



T1 T7 T8 T9 T10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Time

S
1

0
0

B
p

ro
te

in
 (

u
g

 /
L

)

 Dex 1

 Dex 2

 Control group

Fig. 4. Variations in S100b protein of patients in groups at different time nodes.
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Fig. 5. Variations in NSE levels of patients in groups at different time nodes.

Table 5
Comparison of VAS scales between patients in groups at different time nodes.

Groups TI T8 T9 T10

Dex 1 3.57 ± 0.87 0.87 ± 0.67 0.60 ± 0.43 0.57 ± 0.49
Dex 2 3.66 ± 0.76 0.95 ± 0.73 0.74 ± 0.51 0.66 ± 0.48
The control group 3.62 ± 0.80 1.76 ± 0.63 1.72 ± 0.60 1.17 ± 0.61

Note: # indicated comparison with the control group at the same time nodes,
P < 0.05.
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5. Discussion

Intracranial aneurysm is a highly damaging arterial disease
caused by thinning and dilatation of the cerebral vessel wall. The
mortality after aneurysm rupture is extremely high. Therefore,
the timely removal of aneurysm clipping is very important. Before
the aneurysm clipping operation, the blood flow inside the whole
tumor is weak, resulting in excessive expression of secretory nitric
oxide in endothelial cells. Also, the red blood cells, white blood
cells, and platelets tend to adhere to the wall of the aneurysm,
resulting in damages of endothelial cells (Bhattacharjee et al.,
2016). Therefore, the aneurysm clipping process should fully con-
sider the impacts of operations on the hemodynamics of patients
to reduce the impacts of operations on the heart rates and average
arterial pressure of patients as much as possible. In addition, since
the aneurysm removal operation is often craniotomy, it is neces-
sary to expose the brain tissue. When the brain tissue is damaged
by ischemia or hypoxia, the neurons are degenerated and necrotic,
and the glial cells are damaged. The NSE and S100b proteins enter
the cerebrospinal fluid, causing damages to the brain functions of
the patients and affecting the postoperative recovery.

As a new type of highly selective a2-receptor agonist, Dex can
inhibit the up-regulation of pain signals by activating the posterior
horn of the spinal cord and prominating the posterior membrane
a2 of the inter-neurons, which has excellent analgesic and sedative
effect and is used as a central analgesic drug (Abdelhamid et al.,
2016). Studies have shown that Dex and opioids have synergistic
effects, which can reduce the number of opioid analgesics used
in patients during the perioperative period. It has a positive effect
on maintaining hemodynamic stability. In recent years, several
studies have confirmed that Dex also has a certain effect on
improving heart damages and can also reduce the incidence of car-
diac operation complications. Dex, by exciting the vagus nerve, not
only slows heart rate but also effectively suppresses the inflamma-
tory reactions.

Based on the pharmacological action and mechanism of Dex,
in this study, the effects of Dex on hemodynamics and brain
function protection during operations in patients treated with
intracranial aneurysm clipping were further explored. The results
showed that in both Dex groups, compared with the control
group, the heart rates and the average arterial pressure of
patients during the operations were stable; in addition, and
the 1 lg/kg dosage group was better than the 0.5 lg/kg dosage
group (P < 0.05). In both Dex groups, the postoperative S100b
protein and NSE levels of patients were significantly lower than
those in the control group, and the pain scores were also supe-
rior to the control group. The difference was statistically signifi-
cant (P < 0.05). Therefore, the application of Dex in the of
intracranial aneurysms could reduce the impacts of the opera-
tions on hemodynamics, ensure the stability of heart rate and
arterial pressure, and reduce the effects of intraoperative
hypoxia and brain ischemia on postoperative brain functions of
patients, thereby relieving the postoperative pains of patients,
which had significant values in clinical applications. This study
mainly analyzed the effects of different Dex dosages on hemody-
namics but did not compare it with other nerve block analgesics
to confirm the superiority of Dex. In the subsequent study, other
drugs should be introduced into clinical research to comprehen-
sively analyze the pharmacological effects and safety of the
drugs.
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