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spine movement, spinal cord compression, and 
different degrees of mouth opening limitation1. 
Tracheal intubation under general anesthesia is 
more likely to aggravate the injury of the cervi-
cal spine and spinal cord2. For patients difficult 
to intubate, the clinicians often keep the patients 
in breathing and awaken for ventilation. Intubat-
ing laryngeal mask airway (ILMA) is a modified 
laryngeal mask airway designed for tracheal intu-
bation3. ILMA can be performed under the con-
dition of shallow anesthesia. The patient does not 
need to tilt the back head and neck, which has a 
certain protective effect on patients with cervical 
injury2. Dexmedetomidine is an α2 receptor ago-
nist with good sedative and anti-anxiety effects, it 
has no evident inhibitory effect on patients’ spon-
taneous breathing and could be used in patients 
with shallow anesthesia4,5. More importantly, 
moderate sedative and analgesic effects could re-
duce the body’s stress response of patients. In this 
study, dexmedetomidine or midazolam combined 
with ILMA were compared in patients with a cer-
vical spine injury, to analyze the anesthetic effect 
and impact on stress response in patients with a 
cervical spine injury.

Patients and Methods

Patients
Clinical data of patients with cervical spine in-

jury were retrospectively screened. All patients 
received surgical treatment for spine cord injury 
in our hospital from December 2014 to December 
2017. All protocols followed the Chinese anes-
thesiology guidelines and expert consensus. The 
included criteria were: 1) patients with traumatic 
and mechanical cervical spine injury and was di-
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Introduction

Intubation in patients with cervical spine inju-
ry is hard to perform because of limited cervical 
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agnosed by CT or MRI imaging; 2) patients with 
American Society of Anesthesiologists (ASA) 
grade I or II; 3) patients with intubation difficul-
ty and had Cormack-Lehane grade III or IV; 4) 
patients or family members signed informed con-
sent for data collection and data using. The case 
was excluded if: 1) patients with severe heart, 
liver, and kidney dysfunction; 2) patients with 
coagulation dysfunction or circulatory system 
diseases; 3) spinal cord injury caused by the ma-
lignant tumor or other diseases; 4) patients with 
unconsciousness; 5) pregnant or lactating women. 
The study was approved by the Ethics Committee 
of Chengde Central Hospital (approve number: 
cdzz20200428) and informed consent was ob-
tained from each patient for data use.

Anesthesia Methods
Pharyngeal and laryngeal surface anesthesia 

were performed with tetracaine. Three milliliters 
of 2% lidocaine were injected through a cricothy-
roid membrane puncture. Patients inhaled pure 
oxygen with a mask for 3 min.  Dexmedetomi-
dine (Jiangsu Hengrui Pharmaceutical Co., Ltd.) 
was infused by an intravenous micropump in 
patients of the observation group, with a dose of 
1 μg/kg and completed within 10 minutes. After 
infusion of dexmedetomidine, fentanyl (Yichang 
Renfu Pharmaceutical Co., Ltd.) was slowly in-
jected with the dose of 2 μg/kg. Midazolam with a 
dose of 0.03 mg/kg was pumped in the same way 
within 10 minutes to patients of the control group. 
Fentanyl was slowly injected with a dose of 2 μg/
kg after the pump injection. 

All patients were intubated with ILMA. No.7 
or no.7.5 tracheal tube was selected for ILMA. 
The patient was asked to keep their head in the 
middle position. A senior anesthesiologist insert-
ed the ILMA from the oral cavity. The anesthesia 
machine was supplied, and patients’ breathing 
was manually adjusted, the airway resistance and 
PetCO2 waveform were observed to judge wheth-
er the position of ILMA was ideal. The tracheal 
tube was inserted after confirming that the po-
sition was satisfactory. According to the actual 
resistance, the intubation was adjusted or re-in-
serted. Atropine was used in case of bradycardia 
before intubation, and esmolol was used in case 
of tachycardia after intubation. After successful 
intubation, 1.5 mg/kg of propofol, 2 μg/kg of fen-
tanyl, and 0.6 mg/kg of rocuronium were infused 
intravenously, and mechanical ventilation was 
started. More than 3 times of intubation is consid-
ered as fail in intubation, and endotracheal intu-

bation is performed. Anesthesia was maintained 
by intermittent injection of fentanyl (0.1-0.3 μg/
kg), propofol (4-5 mg/kg/h), sevoflurane (1%), and 
rocuronium.

Measured Parameters
Clinical parameters including catheter keeping 

time, the intubation success rates at first-attempt, 
second attempt, and the third-attempt intuba-
tion were compared in two groups. Compared 
hemodynamics including changes in mean arte-
rial pressure (MAP), heart rate (HR), and stroke 
volume variation (SVV) at T1 (before anesthesia 
induction), T2 (1 minute after anesthesia induc-
tion), T3 (immediately after intubation), and T4 
(1 min after successful intubation). The changes 
of PaO2, PaCO2, PH, and Ramsay sedation score6 
were also compared in the two groups. 

The levels of serum cortisol (COR), plasma 
epinephrine (E), and norepinephrine (NE) were 
also detected at T1, T2, T3, and T4 after 2 ml of 
elbow venous blood was drawn from patients. Re-
corded complications during intubation were also 
compared between the 2 groups.

Statistical Analysis
All data were analyzed by SPSS 20.0 statisti-

cal software (Armonk, NY, USA). The counting 
data were expressed by n (%), and the differenc-
es between groups were compared with the chi-
square(x2) test. The measurement data met the 
homogeneity of variance and distributed normal-
ly were expressed as mean ± standard deviation 
(mean ± SD), and the differences between groups 
were compared with the t-test. Repeated measure-
ment analysis of variance was used to analyze 
the changes of hemodynamic indexes and stress 
hormones at different time points, and LSD-t-
test was used for pairwise comparison between 
groups. p<0.05 was considered as statistically sig-
nificant.

Results

A total of 120 patients were screened finally 
with 60 patients in each group. The distributions 
of gender, injured position, and ASIA (American 
Spinal Injury Association) classification were bal-
anced between the 2 groups and have no signifi-
cant difference (Table I). All patients completed 
the operation successfully. There were 2 cases of 
intubation failure in the observation group and 
5 cases in the control group. At the time of in-
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tubation, the total success rate of intubation has 
no significant differences between the 2 groups. 
However, the first-time intubation success rate 
was high in the observation group (81.7% vs. 
65%, p=0.039). Furthermore, the atropine use 
was higher in the observation group. The rate of 
esmolol use and the incidence of agitation in the 
observation group were significantly lower than 
those in the control group (p=0.000 and p=0.049, 
respectively, Table II), and the rate of tolerance to 
intubation was significantly higher in the obser-
vation group (p=0.008, Table II).

Hemodynamics and Blood Gas
The HR, MAP, SpO2, and SVV of patients 

tended to be stable in both groups with the ex-
tension of the operation time and were within the 
normal range during the operation. There was no 
significant difference between the 2 groups at T1. 
The HR and MAP of patients in the observation 
group were lower than those in the control group 
at T3, T4 (both p=0.000, Figure 1A and B). The 
SpO2 and the Ramsay scores in the observation 
group were higher than those in the control group 
at T3, T4 (both p=0.000, Figure 1C and E). While 

Table I. The demographic data of included patients (n=60).

Index Control group Intervention group p

Age (year) 52.31±6.67 50.25±6.27 0.52
Gender (M/F)  35/25 32/28 0.58
Weight (kg) 62.87±6.72 65.12±7.33 0.57
Height(cm) 170.21±18.93 171.13±20.26 0.45
BMI (kg/cm2) 23.59±3.52 22.87±3.37 0.63
Injury Type   
Cervical spondylopathy  31 33 0.855
Spine injury 29 27 
ASIA classification   
A 7 5 0.854
B 12 15 
C 25 23 
D 16 17 

Figure 1. The hemodynamics and blood gas parameters in patients who received dexmedetomidine and midazolam. A: HR; 
B: MAP; C: SpO2; D: SVV; E: Ramsay scores. T1: before anesthesia induction, T2:1 minute after anesthesia induction, T3: 
immediately after intubation, T4:1 min after successful intubation. **, p=0.000 compared with the control group (midazolam) 
at the same time point.
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the SVV has no difference in the 2 groups (Figure 
1D). Blood gas comparisons showed there were 
no significant differences in PaO2, PaCO2, and pH 
value between two groups at T1 and T2, T3, T4 
(Figure 2A-C).

Postoperative Stress Hormone Levels and 
Complications 

The serum stress substances (COR, E, and NE) 
in 2 groups have no difference at T0, while the 
level of COR, E, and NE in the observation group 
was lower than that in the control group at T3 
and T4 with statistical significance (Figure 3A-C, 
p<0.01). The incidence of choking, airway spasm, 
and sore throat were low in both groups has no 
difference between the two groups.

Discussions

Cervical spondylotic myelopathy (CSM) is one 
of the diseases that arise from spinal cord com-
pression. CSM accounts for 10%-15% of all cer-
vical spondylotic diseases7,8. The degeneration 
of the intervertebral connected structure in the 

cervical vertebra, such as disc herniation, bone 
spurs at the posterior edge of the vertebral body, 
and hyperplasia of the unchained vertebra, could 
cause CSM, which further leads to spinal cord 
compression or spinal cord ischemia9-11. Injury 
of the cervical vertebra could cause spinal cord 
damage. For severe cervical spinal cord injury, 
the operation is an important clinical treatment 
to restore the function of the spinal cord12. An-
esthetic intubation should be considered to stabi-
lize the patient’s cervical spine sequence without 
causing secondary injury in these patients13. In 
patients with general anesthesia, the intubation 
is performed under laryngoscope guidance and 
requires the lower jaw to be lifted. In order to re-
duce the secondary injury to the cervical spine 
and spinal cord in patients with spine cord injury, 
endotracheal intubation is often performed in the 
awake state of the patients in order to protect the 
spinal cord it is especially important to choose a 
quick and safe method for intubation.

Dexmedetomidine and midazolam are two 
kinds commonly used during sedative drugs. 
Dexmedetomidine is a highly selective alpha2 
adrenergic receptor agonist soluble in water14. 

Table II. The demographic data of included patients (n=60).

Index Control group Intervention group p

Catheters keeping time (s) 61.31 ± 13.87 56.94 ± 11.35 0.061
Total success rate (%) 91.67 96.67 0.243
The success rate of intubation (%)   
The 1st  39 (65%) 47 (81.7%) 0.039
The 2nd 12 (20%) 8 (13.3%) 0.327
The 3rd 4 (6.7%) 1 (1.7%) 0.171
Atropine use (n, %) 5 (8.33%) 11 (18.33%) 0.0107
Esmolol use (n, %) 28 (46.67%) 8 (13.33%) 0.000
Restlessness (n, %) 18 (30.00%) 9 (15.00%) 0.049
Tolerance to intubation (n, %) 44 (73.33) 55 (91.67%) 0.008 

Figure 2. blood gas change in patients who received midazolam (control group) and dexmedetomidine (observation group). 
A: PaO2; B: PaCO2; C: PH. T1: before anesthesia induction, T2:1 minute after anesthesia induction, T3: immediately after 
intubation, T4:1 min after successful intubation.
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Dexmedetomidine stimulates the α2 receptor of 
the locus ceruleus nucleus to produce sedative 
and hypnotic effects, which makes patients in a 
natural sleep state and has a neuroprotective ef-
fect that does not produce evident respiratory de-
pression15,16. Thus, made it an ideal sedative for 
patients with dyspnea and intubation in an awake 
state. Midazolam has typical benzodiazepine 
pharmacological activity, but it may lead to hy-
poxemia17. In this study, the two sedatives were 
compared as a laryngeal mask before intubation 
anesthesia induction drug. There was no differ-
ence between the time and total success rate of 
intubation. Therefore, overall, the efficacy of the 
two drugs for anesthesia induction is similar. This 
is consistent with previous reports18,19. On the oth-
er hand, our study showed the first intubation 
success rate is higher in patients who received 
dexmedetomidine, as a result, the incidence of 
agitation was significantly lower. 

Most used intravenous anesthetics slow down 
the heart rate by inhibiting the sympathetic nerve 
during anesthesia. Our research also demonstrat-
ed that HR, MAP, SVV were relatively lower in 
patients who received dexmedetomidine, this re-
sult is consistent with the study of Riker et al18, 
compared with midazolam, dexmedetomidine 
treated patients were more likely to develop brady-
cardia. Dexmedetomidine can inhibit the function 
of the cardiac sinoatrial node and atrioventricular 
node20,21, which might be one of the causes of bra-
dycardia. In our study, the loading doses of dex-
medetomidine were relatively low (1 μg/kg), and 
the MAP is acceptable in patients who received 
dexmedetomidine, therefore, no bradycardia was 
reported in the study. While in clinical applica-
tion, it is still necessary to take comprehensive 
medication based on the patient’s previous his-

tory of bradycardia, dexmedetomidine loading 
dose, patient’s MAP, and other factors22 and make 
a disposal plan for possible bradycardia events.

The Ramsay scores in the observation group 
were higher than those who received midazolam, 
which indicated a better sedative effect of dexme-
detomidine. During intubation, patients should be 
paid close attention to SpO2 and given oxygen in 
time. When SpO2 decreased significantly to en-
sure anesthesia safety. There was no difference in 
PaO2, PaCO2, and pH between the two groups, and 
they were maintained within the normal range, 
which indicated that there was no difference in 
the effects of dexmedetomidine and midazolam 
on the respiration of anesthesia patients. 

Surgical anesthesia affects the stress response in 
patients, which is a nonspecific defense response 
characterized by sympathetic nerve excitation and 
hypothalamic-anterior pituitary-adrenal cortex 
function enhancement when the body is strongly 
stimulated23,24. Spinal surgery is a strong stressor, 
and the degree of response is positively correla-
ted with the stimulus intensity of the stressor, the 
stronger the stimulus, the stronger the response25. 
The adrenal gland is the main organ of stress re-
action, E and NE levels can directly reflect the 
important index of the body’s stress response, and 
Cor is also involved in the body’s stress respon-
se26,27. When the body was stimulated, E, NE, and 
COR are released, which increases blood pressu-
re, HR28,29. Consistent with previous report30, our 
study showed that the serum levels of Cor, E, and 
NE in the dexmedetomidine-treated patients were 
lower than those who received midazolam. With 
the extension of the operation time, dexmede-
tomidine could reduce the stress response of the 
body to surgery, and the effect was better than that 
of midazolam, which may be related to the better 

Figure 3. stress hormone levels change in patients who received midazolam (control group) and dexmedetomidine (obser-
vation group). A: serum cortisol (COR); B: plasma epinephrine (E); C: norepinephrine (NE). T1: before anesthesia induction, 
T2:1 minute after anesthesia induction, T3: immediately after intubation, T4:1 min after successful intubation. *, p<0.05; **, 
p<0.01 compared with the control group at the same time point.
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sedative effect and stable hemodynamic factors of 
dexmedetomidine. Related studies31-33 have shown 
that after intravenous administration of dexmede-
tomidine, all components of heart rate variability 
are reduced, especially low-frequency componen-
ts, and plasma NE level is significantly reduced. 
Although ILMA can reduce the difficulty of intu-
bation and the stimulation to the throat of patients 
to a certain extent, the patient will inevitably be 
anxious and nervous when intubation is perfor-
med in the awake state. At the same time, the ine-
vitable stimulation will lead to the increase of the 
patient’s blood pressure and heart rate, resulting in 
stress response. Therefore, it is necessary to main-
tain the patient’s blood pressure with the help of 
sedatives and reduce their stress response, finally 
improving the success rate of intubation.

Conclusions

In conclusion, compared with midazolam, dex-
medetomidine has a better sedative effect during 
intubation and could improve the first intubation 
success rate and tolerance in patients undergo-
ing spinal surgery. It is helpful to maintain sta-
ble hemodynamics without causing severe stress 
response and can achieve rapid intubation at the 
same time, which is worthy of clinical promo-
tion. However, close attention should be paid in 
response to possible adverse reactions.
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