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Abstract
Trauma to the brain not only directly injures cerebral tissues, but also results in secondary damage.
Neuroanesthesia should not only provide optimal conditions during surgery and ensure stable cerebral
hemodynamics, but also attenuate proin ammatory reactions. Dexmedetomidine is a powerful α2agonist that has been shown to be neuroprotective in animal models of stroke. In this work 70 patients
with craniocerebral trauma were randomized into 2 groups with each 35 cases. We tested the effect of
dexmedetomidine on hemodynamic response and serum in ammatory markers when administered
perioperatively. Our results show that dexmedetomidine attenuated the hemodynamic responses to
tracheal intubation and surgical stimulation, the MAP in patients with dexmedetomidine was maintained
between 90 mmHg to 100 mmHg, and the HR was kept at lower than 80 bpm during the operation.
However, in the control group, both the BP and HR showed a signi cant increase at the time of intubation
and skin scission. Dexmedetomidine attenuate immune reaction during operation. The plasma
concentrations of TNFα, IL6 and neuron speci c enolase (NSE) was signi cantly lower than control group
(P < 0.001). In conclusion, dexmedetomidine in craniotomy not only attenuated hemodynamic responses
in the surgical operation, but also depressed neuroin ammation in patients with TBI without serious
adverse effects.
Trial registration: Chinese Clinical Trial Registry (ChiCTR), ChiCTR2000029501,28 Jan
2020 Retrospectively registered http://www.chictr.org.cn

Introduction
Trauma to the brain not only directly injures cerebral tissues but also results in secondary damage due to
conditions such as ischemia, cerebral hypoxia, cerebral edema (swelling of the brain), and an imbalance
of neurotransmitters that lead to excitotoxicity and in ammatory reactions in the brain [1]. Therefore,
neuroanesthesia should not only provide optimal conditions during surgery and ensure stable cerebral
hemodynamics without sudden increases in intracranial pressure, but also attenuate or inhibit
in ammatory reactions [2]. In ammatory responses after acute traumatic brain injury (TBI) involve the
activation of astrocytes and microglia, production of local cytokines, and recruitment and in ltration of
in ammatory cells. These responses may contribute to neuronal injury and cell death. In particular,
interleukin (IL)1β and IL6, and tumor necrosis factor (TNF)α are involved in acute in ammatory
responses and may signi cantly contribute to secondary damage. In both patient and animal models of
TBI, various pharmacological agents that are capable of attenuating proin ammatoy cytokine responses
have been shown to improve histological and functional outcomes [3, 4].
Clonidine is an antihypertensive agent that reduces sympathetic out ow by stimulating α2-adrenergic
receptors. These receptors are distributed widely within and outside the central nervous system, mostly in
the pons and medulla, and regulate the transmission of the impulses from the sympathetic nervous
system from the higher centers to the periphery. Activation of the presynaptic α2-receptors inhibits the
release of norepinephrine. In contrast, stimulation of the postsynaptic α2-adrenoceptors situated in the
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dorsal horn and the vascular smooth muscle prevents nociceptive signal transmission and causes
vasoconstriction, respectively [5]. Stimulation of α2-receptors by clonidine in the central nervous system
results in sedation; thus, clonidine is widely used as an adjunct to anesthesia and analgesia [6]. Clonidine
reduces sympathetic tone and the release of norepinephrine from nerve terminals [7]. During general
anesthesia, clonidine enhances intraoperative circulatory stability by reducing catecholamine levels [8].
Therefore, the use of clonidine during surgery has been proposed to improve hemodynamics, to decrease
both the intracranial pressure as well as anesthetic requirements.
Dexmedetomidine is a newer, centrally acting α2 agonist with a more selective action on the α2adrenoceptors and a shorter half-life than that of clonidine. It exerts neuroprotective effects in animal
models of stroke. In addition to its sedative effects, dexmedetomidine has been shown to exert analgesic
effects, demonstrating its e cacy as an adjunct to anesthesia [9]. It is well known that dexmedetomidine
provides hemodynamic stability by suppressing sympathetic nervous system activity. In a retrospective
clinical study, Aryan et al. [10] described an increase in the mean cerebral perfusion pressure and a
decrease in intracranial pressure. Based on an in vivo study, Paris [11] indicated that dexmedetomidine
could exert long-term effects on the brain, including neuroprotection against excitotoxic damage through
α2 adrenergic receptors. In an in vitro study, Degos [12] showed that dexmedetomidine increased the
astrocyte expression of brain-derived neurotrophic factor through an extracellular signal-regulated kinasedependent pathway, subsequently inducing neuroprotective effects. Additionally, dexmedetomidine has
been reported to reduce endotoxin induced systemic in ammatory responses and acute organ injuries in
septic rats and critically ill patients with sepsis.
To test the effect of dexmedetomidine on hemodynamic changes and in ammatory responses in
patients with TBI undergoing craniotomy, we monitored the hemodynamic parameter during surgery,
measured the serum concentrations of pro-in ammatory cytokines and serum neuron-speci c enolase
(NSE), and statistically analyzed the prognosis of patients after surgery.

Materials And Methods
The study was approved by the Handan Center Hospital Research Ethics Committee (Ref. No. 2010-01-1502). Written informed consent was obtained from patients and/or their immediate family members who
had the required authorization letter. Eighty-six ASA status I-IV adult patients (18–70 years old), between
Feb 2010 and Nov 2012, with craniocerebral trauma who required craniotomy within the next 24 h in
Handan Center Hospital were enrolled in the study. Patients with multiple organ injury, spinal cord injury,
heart disease, hepatic disease, kidney disease, dysrhythmia, mean arterial blood pressure (MAP) lower
than 60 mm Hg, and those allergic to the study drugs were excluded from the study. No pregnant or
lactating women were included in the study.
Sixteen patients were excluded from the study (Fig. 1). Using a random number table, 70 patients were
randomized into two groups, with 35 patients per group. Patients were premedicated with 0.5 mg
intramuscular injection of atropine and 15 mg dexamethasone, infused intravenously 30 min prior to
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surgery. Upon arrival at the operating room, the heart rate (HR), invasive radial artery blood pressure (BP),
and peripheral oxygen saturation (SpO2) were continuously monitored. Lactated Ringer’s solution (10
mL/kg) was infused intravenously over 10 min before the initiation of anesthesia. Ten minutes before the
induction of anesthesia, the patients in the study group (Group D) received 1 µg/kg of dexmedetomidine
intravenously as a bolus, which was delivered over 10 min, followed by a maintenance dose of 0.4
µg/kg/h until the end of the surgery. Group C served as a control and the patients received a volume of
saline that was similar to that of the drugs injected in the study group.
After 3 min of pre-oxygenation with 100% oxygen, anesthesia was induced using 2 µg/kg fentanyl and
1.5 mg/kg propofol. Cisatracurium at a dose of 0.15 mg/kg was used as a muscle relaxant to facilitate
tracheal intubation. Patients were mechanically ventilated until tracheal extubation. Anesthesia was
maintained with continuous infusion of propofol (5–10 mg/kg) and remifentanil (1–2 µg/kg).
Bradycardia was de ned as a HR lower than 60 bpm; if the heart rate was lower than 45 bpm, atropine
(0.3–0.5 mg) was intravenously administered. If the systolic BP was 90 mmHg or when the decrease
from baseline MAP was more than 30%, dopamine was administered. Relaxation was maintained with
continuous infusion of cisatracurium at a rate of 0.25–0.5 mg/kg/h.
Venous blood samples were drawn before the induction of anesthesia (baseline, T1), 2 h after the
beginning of the surgery (T2), after skin closure (T3), and at 24 h after surgery (T4). Blood samples were
centrifuged at 350 × g for 15 min after 30 min at room temperature, and the serum was stored in 2-mL
aliquots at − 80 ◦C until used to measure the concentrations of NSE, IL6, and TNFα using ELISA kits. NSE
ELISA kits were purchased from Tianjin Haoyang Biological Products Technology Co., Ltd (Tianjin,
China); IL6 and TNFα ELISA Kits were purchased from Wuhan BOSTER Biological Technology Co. Ltd.
(Wuhan, Hubei, China).

Outcomes
Primary outcome
The primary outcome measure was in ammatory reaction and cerebral injury. In ammatory responses in
acute TBI involve the activation of astrocytes and microglia, local cytokine production, and recruitment
and in ltration of in ammatory cells. IL6 and TNFα are involved in acute in ammatory responses and
may signi cantly contribute to secondary damage. In this study, the in ammatory responses in acute TBI
were assessed by measuring serum IL6 and TNFα levels. Cerebral injury was assessed by measuring the
elevation in blood-NSE concentration. NSE is the only biomarker that can be directly used to assess
functional damage to neurons.

Secondary outcomes
1. Circulatory stability. Neuroanesthesia should ensure stable cerebral hemodynamics without sudden
increases in intracranial pressure or causing acute in ammation in the brain during surgery. MAP
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and HR were monitored, and the hemodynamic responses to tracheal intubation and skin incision
were recorded to determine whether dexmedetomidine could stabilize circulatory function.
2. Adverse effect. The main adverse effect of dexmedetomidine is a reduction of the HR. The safety of
dexmedetomidine was assessed based on the incidence of bradycardia and hypotension during
surgery; speci cally, if there was the occurrence of atropine-resistant bradycardia.
3. Anesthesia control. In this study, dexmedetomidine was used as an adjuvant to general anesthesia.
As the patients underwent cranial surgery, the depth of anesthesia could only be assessed based on
the BP and HR, but not by using the bispectral index. The dosages of propofol and remifentanil were
adjusted based on the MAP and HR during surgery. And intraoperative awareness was observed.

Statistical analysis
SPSS 21.0 was used for statistical analyses. Two-way repeated measures ANOVA was used to evaluate
the interaction effects (time*group). The effect of groups was tested using one-way repeated measures
ANOVA. The effect of time was analyzed using single factor repeated measurement variance analysis
(MANOVA); normally distributed measurement data are presented as mean ± SD. The
enumerationcounting data were analyzed using the χ2 (chi-square) test. A p value less than 0.05 was
considered to represent a statistically signi cant difference. Please see supplementary material (Table 3
supp.docx and Table 4 supp.docx) for detail information about statistical analysis.

Results
As shown in Fig. 1, 16 patients were excluded and 70 were included in the study. As shown in Table 1, no
signi cant differences in the clinical and demographic characteristics were found between the groups.
Low SpO2 was not observed in either group and no intraoperative awareness occurred. The incidence of
bradycardia and hypotension were not signi cantly different between the two groups (Table 2) and no
atropine-resistant bradycardia occurred. During surgery, transient low BP was observed in both groups,
but no dopamine-resistant hypotension developed. The doses of dopamine and atropine showed no
signi cant difference between the two groups (Table 2).
Dexmedetomidine attenuated hemodynamic responses to tracheal intubation and surgical stimulation.
As shown in Table 3, the MAP in Group D was maintained between 90 and 100 mmHg, and the HR was
maintained at < 80 bpm during surgery. However, in the control group, both BP and HR showed a
signi cant increase at the time of intubation and skin incision.
As shown in Table 4, craniotomy resulted in high serum levels of NSE, TNFα, and IL6 in both groups, and
the concentrations of the cytokines after tracheal intubation were signi cantly higher than those at
baseline. The addition of dexmedetomidine effectively inhibited the secretion of pro-in ammatory
cytokines. The serum concentrations of TNFα, IL6, and NSE in Group D were signi cantly lower than
those in the control group.

Discussion
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It is well known that dexmedetomidine provides hemodynamic stability by suppressing sympathetic
nervous system activity. We aimed to evaluate the e cacy of dexmedetomidine as an adjuvant to general
anesthesia during decompressive craniectomies in patients with TBI. Our results showed that this α2adrenoreceptor agonist could not only bene t patients by maintaining hemodynamic stability, but also by
reducing NSE, IL6, and TNFα levels during surgery.
The gold standard of neuroanesthesia includes the maintenance of anesthesia using iso urane or
propofol with fentanyl [13]. However, a combination of these drugs was not su cient to inhibit stress
responses to surgical stimulation, as shown in Table 3. intubation and skin incision elicited signi cant
increases in arterial pressure and HR. It is known that an increase in BP may increase intracranial
pressure and cause secondary damage in patients who have undergone craniocerebral trauma. To
improve hemodynamic control, clonidine and dexmedetomidine have been used as anesthetic adjuvants
in neurosurgery [14, 15]. Jan [16] and Wu [17] have reported that the addition of dexmedetomidine
improved hemodynamic control in patients undergoing surgeries for the removal of intracranial tumors.
Tang et al. [18] have reported that dexmedetomidine protects patients from secondary brain injury by
preventing paroxysmal sympathetic hyperactivity. Our previous study and a few other studies have
shown that premedication with dexmedetomidine can signi cantly reduce the levels of endogenous
epinephrine and norepinephrine [19–21]. We found that dexmedetomidine signi cantly improved
hemodynamic control in patients with craniocerebral trauma undergoing intubation and decompressive
craniectomy.
Trauma to the brain not only directly injures cerebral tissues but also results in the rupture of the blood–
brain barrier (BBB). This leads to the accumulation of leukocytes from the systemic circulation, which can
release pro-in ammatory cytokines, cytotoxic proteases, and reactive oxygen species and, in turn, initiate
the immune functions of the native glia. This phase of nonmechanical injury is progressive and can last
from hours to days [3], signi cantly contributing to neurological disabilities. Dexmedetomidine is able to
inhibit immune reaction in TBI and has shown promising results in animal experiments. In 2017, Shen
[22] reported that dexmedetomidine inhibited TNFα, IFNγ, IL1β, and IL6 secretion by activating the
PI3K/Akt/mTOR signaling pathway in rats suffering from TBI. In 2018, Wang [23] reported that
dexmedetomidine attenuated early neurological dysfunction, reduced neutrophil in ltration, decreased
microglial activation, decreased pro-in ammatory mediator secretion, and attenuated TBI-induced BBB
damage and cellular apoptosis.
Consistent with the ndings in previous studies, our results indicated that patients who underwent TBI in
this study exhibited high serum levels of IL6, TNFα, and NSE. The surgery resulted in a further increase in
the levels of these markers, even in patients receiving the “gold standard” of neuroanesthesia with
propofol and remifentanil. However, the use of dexmedetomidine attenuated this enhancement. The end
result indicated that the addition of dexmedetomidine improved the GCS score after surgery.
Dexmedetomidine has been reported to increase the risk of hypotension and bradycardia. These effects
are often observed in healthy, young volunteers or after the rapid administration of a bolus dose [24–26].
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In this work, there were no differences between the groups in the occurrence of bradycardia or
hypotension. In these two groups, some patients received dopamine or atropine to prevent hypotension
and bradycardia; however, the incidence of bradycardia or hypotension and the dose of the dopamine or
atropine showed no signi cant difference between the two groups. No incidents of refractory hypotension
or bradycardia were observed during surgery. Moreover, as dexmedetomidine does not cause respiratory
depression, it did not prolong the tracheal extubation time in this study.
Limitation: This work was done 8 years ago, we did not published it promptly, this is one of limitation of
our work, but our result is supported by recent animal experimental work reported by others. As the
patients underwent cranial surgery, the depth of anesthesia was assessed based on the BP and HR, but
not by using the bispectral index, this is another limitation of this work. Nevertheless the blood pressure
and heart rate were controlled at a receivable level during operation and no intraoperative awareness was
observed in either group, and our data demonstrated that addition of dexmedetomidine attenuated
hemodynamic response to surgical stimulation.
In conclusion, dexmedetomidine, as an anesthetic adjuvant in decompressive craniectomies, not only
attenuated the hemodynamic responses during surgery, but also alleviated neuroin ammation in patients
with severe TBI, improving their conscious state after surgery without resulting in serious adverse effects.
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Table 1
Clinical characteristics of patients (n = 35 for each group)
Age

Weight

Sex

(years)

(kg)

(M/F,
%/%)

GCS

Type of craniocerebral trauma

Extradural
hematoma

Subdural
hematoma

Ventricular
hemmorhage

Group
C

41.0 ±
6.8

66.0 ±
6.8

24/11,
68/32

5.7 ±
1.1

14 (40%)

15 (43%)

6 (17%)

Group
D

43.4 ±
6.2

66.7 ±
5.7

27/8,
77/23

5.8 ±
1.3

16 (46%)

12 (34%)

7 (20%)

Body weight is expressed as mean ± SD, and sex is shown as the ratio of the absolute number and the
ratio of percentage. The type of craniocerebral trauma is presented as the absolute number and the
percentage. Quantitative data were analyzed using the independent samples t-test, and enumeration
data were analyzed using the chi-square test.
Table 2
The incidence of hypotension and bradycardia (n = 35 for each group)
Hypotension

Bradycardia

Dopamine

Atropine

Group C

6 (17%)

7 (20%)

6 (17%)

3 (10%)

Group D

7 (20%)

5 (14%)

6 (17%)

1 (3%)

The incidence of hypotension and bradycardia and patients who received dopamine or atropine in the
two groups were compared using the chi-square test. Data are presented as absolute values and
percentages (in brackets). There was no signi cant difference between the two groups.
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Table 3
MAP (mmHg) and HR (bpm) of patients (n = 35 for each group)
Baseline

After induction

intubation

incision

104.2 ± 4.6

96.6 ± 4.3#

104.7 ± 4.0†

103.4 ± 4.2†

Group D

102.8 ± 3.5

93.1 ± 3.6*#

96.8 ± 3.2*#

93.3 ± 3.3*#

HR

86.7 ± 6.3

84.2 ± 4.1

90.4 ± 5.8#†

91.3 ± 5.3#†

88.1 ± 5.0

79.6 ± 2.8*#

77.1 ± 3.6*#†

65.1 ± 3.8*#†

MAP
Group C

Group C
Group D
group

P < 0.001

time

P < 0.001

time*group

P < 0.001

The heart rate (HR) and invasive radial artery blood pressure (BP) before and during operation. Intragroup as well as inter-group comparison were done and data are expressed as mean ± SD. *p < 0.05
vs. Group C; #p < 0.05 vs. baseline, †p < 0.05 vs. at induction. Please see supplemental material for
absolute p value.
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Table 4
Serum concentration of IL6, TNFα, and NSE (n = 35 for each group)
Time
T1

T2

T3

T4

Group C

57.4 ± 5.7

72.8 ± 4.9#

82.4 ± 3.8#

60.2 ± 4.2#

Group D

58.8 ± 2.6

62.0 ± 5.7*

65.3 ± 4.4*#

52.9 ± 4.4*#

Time

F = 75.16

p < 0.001

Group

F = 166.51

p < 0.001

Time*group

F = 223.68

p < 0.001

IL6 (ng/L)

TNFα (ng/L)
Group C

140.4 ± 7.1

153.8 ± 6.6#

169.1 ± 8.1#

120.3 ± 7.0#

Group D

141.1 ± 4.5

140.2 ± 4.2*

148.1 ± 4.6*#

112.8 ± 6.2*#

Time

F = 1721.4

p < 0.001

Group

F = 81.82

p < 0.001

Time*group

F = 110.68

p < 0.001

NSE (µg/L)
Group C

26.9 ± 2.5

39.1 ± 5.7#

40.7 ± 4.7#

29.8 ± 2.8

Group D

27.2 ± 2.5

30.6 ± 2.7*#

31.0 ± 2.6*#

21.5 ± 2.4*#

Time

F = 459.62

p < 0.001

Group

F = 117.83

p < 0.001

Time*group

F = 66.22

p < 0.001

Serum concentration of IL6, NSE and TNF at different time intervals. Intra-group as well as intergroup comparison was done and data are expressed as mean ± SD.
*

p < 0.05 vs. Group C; # p < 0.05 vs. baseline. Please see supplementary material for absolute p value.
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