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Abstract
Background The available data on the effect of dexmedetomidine premedication on anesthesia depth in 
children during general anesthesia are limited. This study was designed to determine the effect of preoperative 
dexmedetomidine administration on the bispectral index (BIS) and sevoflurane requirements in children during 
sevoflurane anesthesia.

Methods 120 children aged 5 to 12 years undergoing concealed penis repair or hypospadias plastic surgery were 
randomized to receive preoperative administration of 0.25 µg kg− 1 dexmedetomidine, 0.5 µg kg− 1 dexmedetomidine, 
0.75 µg kg− 1 dexmedetomidine, or the same volume of placebo. The primary outcome was the change in the BIS 
value from before dexmedetomidine administration to 60 min after surgical incision. The secondary outcomes 
included the end-tidal sevoflurane concentration (ETsevo), hemodynamic data, anesthesia recovery data and 
intraoperative awareness.

Results Compared with those in Group C, the BIS values of children in Group D2 and Group D3 were significantly 
lower during sevoflurane induction and early maintenance (P < 0.017). Moreover, children in Group D2 and Group 
D3 had a lower ETsevo (P < 0.001) during sevoflurane maintenance than did those in Group C (P < 0.017). There were 
statistically significant differences in heart rate(P < 0.0001) and mean arterial pressure(P < 0.001) between the groups, 
but the incidence of bradycardia or hypotension was similar between the groups (p = 0.779 and p = 0.901).

Conclusions Children who received 0.5 µg kg− 1 or 0.75 µg kg− 1 dexmedetomidine preoperatively were more likely 
to achieve the target depth of anesthesia (BIS less than 60) during anesthesia induction and had lower BIS values 
during the early stage of anesthesia maintenance.

Trail registration The trial is registered with the China Clinical Trials Registry Registration Number: 
ChiCTR1900026872. Date of registration: 10/24/2019.
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Introduction
In adult and pediatric anesthesia management, the depth 
of anesthesia monitoring is very important because it can 
not only reduce the occurrence of intraoperative aware-
ness but also reduce the occurrence of delayed emergence 
and postoperative cognitive dysfunction [1, 2, 3]. More-
over, recent guidelines from the European Society of 
Anesthesiology and Intensive Care have similarly empha-
sized the importance of preoperative assessment and 
intraoperative monitoring in ensuring optimal anesthetic 
management [4]. Sevoflurane inhalation combined with 
a supraglottic airway is a safe and effective anesthesia 
technique widely used in pediatric surgery. Moreover, the 
bispectral index (BIS) has been validated in volunteers 
using agents that act predominantly at γ-aminobutyric 
acid–mediated (GABAergic) receptors, such as propo-
fol, sevoflurane, isoflurane and midazolam [5]. The BIS 
is also widely used to monitor the depth of sevoflurane 
inhalation anesthesia in children [6, 7]. However, with 
the development of anesthetics, an increasing number 
of non-GABA receptor narcotic drugs, such as dexme-
detomidine, are being widely used for clinical anesthesia, 
including pediatric anesthesia. This makes it challenging 
to monitor and predict the depth of anesthesia.

Dexmedetomidine is a highly specific α2-adrenergic 
receptor agonist that can produce stable sedative and 
awakening effects [8]. A study demonstrated that the 
combination of dexmedetomidine and sevoflurane may 
produce synergistic or enhancing effects on sedation 
levels and EEG performance in adults [9]. Moreover, in 
an adult study, premedication with dexmedetomidine 
significantly reduced the sevoflurane requirement dur-
ing anesthesia induction and the initial phase of anes-
thesia maintenance [10]. Similarly, dexmedetomidine has 
been widely used in pediatric anesthesia. In our previous 
research, premedication with dexmedetomidine signifi-
cantly reduced perioperative anxiety and postoperative 
inflammatory factor levels in children [11, 12]. Dexme-
detomidine is also one of the few anesthetic aids used 
in children that does not cause cognitive impairment 
but has neuroprotective effects [13]. However, available 
data on the effect of dexmedetomidine premedication on 
anesthesia depth and sevoflurane requirements in chil-
dren are limited. Hence, it is necessary to evaluate the 
effect of dexmedetomidine premedication on the depth 
of anesthesia in children.

To investigate this issue, we conducted a prospective, 
randomized, double-blinded study in which patients 
scheduled for concealed penis or hypospadias surgery 
were randomized to receive normal saline preoperatively 
or different doses of dexmedetomidine during sevoflu-
rane anesthesia. The primary outcome was the change in 
the BIS value from before dexmedetomidine administra-
tion to 60  min after surgical incision. We hypothesized 

that children who received preoperative dexmedetomi-
dine would have lower BIS values during anesthesia.

Methods
This was a prospective, single-center, parallel, random-
ized controlled trial performed between November 2019 
and March 2020 according to the Declaration of Helsinki 
at the Affiliated Children’s Hospital of Xiangya School of 
Medicine, Central South University (Hunan Children’s 
Hospital). Ethical approval for this study (HCHLL-2019-
10) was provided by the Ethics Committee of the Affili-
ated Children’s Hospital of Xiangya School of Medicine, 
Central South University (also known as the Hunan 
Children’s Hospital) (Chairperson Prof Zhenghui Xiao) 
on 28 April 2019. Before recruitment, the trial was reg-
istered at the Chinese Clinical Trial Registry website 
(ChiCTR1900026872). This study followed the Consoli-
dated Standards of Reporting Trials (CONSORT) report-
ing guideline for randomized clinical trials.

Participants
Children aged 5–12 years who were scheduled to undergo 
concealed penis or hypospadias surgery at Hunan Chil-
dren’s Hospital were recruited. Patients were excluded 
if they used drugs that affect the circulatory system or 
block sympathetic response recently or before anesthesia 
induction, had an allergy to halogenated anesthetics, had 
contraindications for caudal block, or had mental retar-
dation or neurological conditions. Potential participants 
were identified from the elective surgery list, and then a 
research team member contacted the parents or guard-
ians of potential patients before surgery with a detailed 
explanation of the study aims and methods. All parents/
guardians gave written informed consent for participa-
tion of their children in this study, and assent from the 
patient was sought when applicable.

Randomization and blinding
The children were randomly divided into a control group 
or different-dose dexmedetomidine groups, namely, 
Group C, Group D1 and Group D2 or Group D3. Ran-
domization was performed by a statistician, and the data 
were concealed in sealed, opaque envelopes. The dex-
medetomidine dose for each subject was prepared by an 
anesthesia nurse who did not participate in this study. 
The children and their family members, anesthesiologists 
and surgeons were blinded to the grouping. The proce-
dures for all the subjects were performed by the same 
group of surgeons.

Anesthesia protocol
On the day of the operation, venous access was estab-
lished under local anesthesia in the ward for all subjects, 
who entered the anesthesia induction room accompanied 
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by their parents. Anesthesia nurses fully communicated 
with the patients to relieve their tension and anxiety and 
then monitored basic indicators such as pulse oximetry, 
noninvasive blood pressure and ECG. At the same time, 
the electrodes of the bispectral index (BIS) monitor were 
accurately placed on the patient’s forehead and con-
nected to the monitor. After the completion of monitor-
ing, drug administration was performed by an anesthesia 
nurse who was not involved in the study. Before inhala-
tion with sevoflurane, the subjects were randomized 
to receive a continuous pump infusion of normal saline 
(Group C), 0.25  µg kg− 1 dexmedetomidine (Group D1), 
0.5  µg kg− 1 dexmedetomidine (Group D2), or 0.75  µg 
kg− 1 dexmedetomidine (Group D3). All drugs were 
diluted to 20 ml, and the continuous pumping time was 
10 min. After the completion of administration with the 
drug, the inhalation of sevoflurane was induced through 
a mask. The sevoflurane vaporizer was opened to 8%, and 
the oxygen flow rate was 6  L min− 1. At the same time, 
the respiratory movement of the subjects was observed, 
and auxiliary respiration was applied if necessary. When 
the subjects lost consciousness (BIS value less than 60) 
and their mandibles relaxed, and the LMA was placed. 
Airway secretions were reduced with 0.1  mg kg− 1 ani-
sodamine hydrobromide during induction. Notably, no 
neuromuscular blocking agents and opioids were used 
during induction. After anesthesia induction, the chil-
dren were turned to the left lateral position with their 
hips and knees flexed, and then a single caudal extradural 
injection of 1 ml kg− 1 of 0.2% ropivacaine was performed 
under ultrasound guidance. During anesthesia mainte-
nance, the anesthesiologist maintained a BIS value of 40 
to 60 by adjusting the sevoflurane inhalation concentra-
tion. Similarly, other sedatives, neuromuscular blockers, 
and opioids were not used during the maintenance of 
anesthesia. During the operation, the end-expiratory car-
bon dioxide partial pressure was maintained between 35 
and 45 mmHg. At the end of the operation, the inhalation 
of sevoflurane was stopped. The LMA was removed after 
the subject achieved better spontaneous respiration, and 
the subject was then transferred to the PACU. When the 
modified Aldrete scale score was ≥ 9, the subject was dis-
charged from the PACU to the ward.

Clinical outcomes and assessments
The primary outcome was the change in the BIS values 
from before dexmedetomidine administration to 60 min 
after surgical incision. The time points at which data were 
recorded were as follows: the beginning of dexmedetomi-
dine pumping (T0), the completion of dexmedetomidine 
pumping (T1), the end-tidal sevoflurane concentra-
tion (ETsevo) reaches 1% (T2), the ETsevo reaches 2% 
(T3), the ETsevo reaches 3% (T4), surgical incision (T5), 
15  min (min) after surgical incision (T6), 30  min after 

surgical incision (T7), 45 min after surgical incision (T8), 
and 60 min after surgical incision (T9).

Secondary outcomes included the ETsevo at surgi-
cal incision (T5), 15  min after surgical incision (T6), 
30  min after surgical incision (T7), 45  min after surgi-
cal incision (T8), and 60 min after surgical incision (T9); 
hemodynamic data included the mean arterial pressure 
(MAP) and heart rate (HR); PACU discharge time; and 
emergence time; and adverse events including brady-
cardia, hypotension, delayed emergence and intraopera-
tive awareness. The outcome measures were as follows: 
PACU discharge time (time from PACU admission until 
a modified Aldrete scale score ≥ 9 was achieved); hypo-
tension (a decrease in the mean arterial pressure from 
baseline of more than 30% for > 5  min); bradycardia (a 
decrease in the baseline heart rate of more than 20% for 
> 30 s); emergence time (time from cessation of anesthe-
sia to discharge from the PACU); and delayed emergence 
(emergence time more than 2 h). The postoperative com-
fort score was measured with a numerical rating scale 
(NRS) ranging from 0 (extremely uncomfortable) to 10 
(very comfortable).

Statistical analysis
In a pilot study of 32 children, the mean difference in 
the BIS value in each group was 54.1 (5.5), 52.1 (7.8), 
49.5 (8.5), and 46.7 (6.3). Using a study power of 0.90 
and an α = 0.05, we calculated that 27 patients per group 
were required by using one-way analysis of variance 
(ANOVA). We planned to enrol 33 subjects per group to 
allow for patient withdrawal or exclusion.

Kolmogorov–Smirnov tests were used to test the nor-
mality of the data distribution. Normally distributed data 
and nonnormally distributed data are reported as the 
mean [standard deviation (SD)] and median (interquar-
tile range [IQR]), respectively. Categorical data are pre-
sented as numbers (percentages). Normally distributed 
data were analyzed using one-way ANOVA with Tukey’s 
post hoc test. Nonnormally distributed data were ana-
lyzed using the nonparametric Kruskal‒Wallis test. When 
significant differences were found, the test was followed 
by three pairwise comparisons using the Mann‒Whitney 
U test, and a p value < 0.017 (0.05/3) (Bonferroni adjust-
ment for the three comparisons: Group D1 vs. Group C, 
Group D2 vs. Group C and Group D3 vs. Group C) was 
considered to indicate significance. Categorical data were 
analyzed using the chi-square test with Bonferroni cor-
rection. P values < 0.05 were considered to indicate sta-
tistical significance. Statistical analyses were performed 
using IBM SPSS Statistics 26.0 (SPSS Inc., Chicago, Illi-
nois, USA).
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Results
A total of 130 patients were screened in this study, and 
120 patients completed the study. The study flowchart is 
shown in Fig.  1. Table  1 summarizes the baseline char-
acteristics of the patients in each group. There were no 
significant differences between groups at baseline.

Figure  2 shows the BIS values for each group during 
the induction and maintenance of anesthesia. Before 
sevoflurane inhalation, intravenous injection of dexme-
detomidine had no significant effect on the BIS value 
(T0, P = 0.543; T1, P = 0.725). During the induction of 
sevoflurane inhalation anesthesia, children pretreated 
with dexmedetomidine had lower BIS values. The median 
BIS values of patients in Group C, Group D1, Group D2 

and Group D3 at T2, T3 and T4 were as follows: 88.0 
(85–89) vs. 86.0 (83.8–88.3) vs. 81.0 (75.8–84.3) vs. 74.5 
(70.3–76.3) (p < 0.0001); 75 (69.0–78.0) vs. 67 (64.0–70.0) 
vs. 60 (55.0–63.0) vs. 53.0 (50.0–56.0) (p < 0.0001); and 
56.0 (55.0-59.3) vs. 56.0 (51.8–58.3) vs. 50.5 (45.0-53.3) 
vs. 45.5 (43.0-50.3) (p < 0.0001), respectively. The pair-
wise comparisons revealed that the BIS values of patients 
in Group D2 and Group D3 were significantly different 
from those of patients in Group C (P < 0.017), while those 
of patients in Group D1 were not significantly different 
from those of patients in Group C (P > 0.017). This find-
ing indicates that 0.5 µg kg− 1 or 0.75 µg kg− 1 dexmedeto-
midine preoperatively can help reach the target depth 
of anesthesia in children more quickly during inhalation 

Fig. 1 Study flow chart
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induction with sevoflurane. During the maintenance of 
anesthesia, children pretreated with dexmedetomidine 
still had lower BIS values during the first 15  min than 
did those in the control group. The median BIS values 
of patients in Group C, Group D1, Group D2 and Group 
D3 at T5 and T6 were as follows: 52.5 (50.8–57.0) vs. 
52.0 (50.0-54.3) vs. 50.0 (46.8–51.3) vs. 46.0 (42.8–47.0) 
(p < 0.0001); and 54.0 (50.0–56.0) vs. 52.0 (49.8–54.0) vs. 
49.0 (44.8–52) vs. 45.0 (43.0-49.3) (p < 0.0001), respec-
tively. Similarly, pairwise comparisons revealed that the 
BIS values of patients in Group D2 and Group D3 were 
significantly different from those of patients in Group C 
(P < 0.017), while those of patients in Group D1 were not 
significantly different from those of patients in Group C 
(P > 0.017).

Table 2 shows the end-tidal sevoflurane (ETsevo) con-
centrations in each group during the maintenance period 
of anesthesia. During anesthesia maintenance, children 
pretreated with dexmedetomidine had lower ETsevo 
concentrations than did those in the control group. The 
median ETsevo concentrations of patients in Group C, 
Group D1, Group D2 and Group D3 at T6, T7 and T8 

were 3.0 (2.8–3.1) vs. 2.8 (2.5-3.0) vs. 2.6 (2.3–2.7) vs. 
2.4 (2.1–2.7), p < 0.0001; 3.0 (2.9–3.2) vs. 2.8 (2.5-3.0) vs. 
2.5 (2.2–2.9) vs. 2.1 (2.0-2.5), p < 0.0001; 3.0 (2.8-3.0) vs. 
2.8 (2.4–3.2) vs. 2.6 (2.4-3.0) vs. 2.5 (2.3–2.8), p = 0.001. 
The pairwise comparisons revealed that the BIS values 
of patients in Group D2 and Group D3 were significantly 
different from those in Group C (P < 0.017), while those 
in Group D1 were not significantly different from those 
in Group C (P > 0.017). This indicates that children pre-
treated with 0.5  µg kg− 1 or 0.75  µg kg− 1 dexmedetomi-
dine required less sevoflurane to maintain the target 
depth of anesthesia.

Table 2 also shows the other perioperative data of the 
patients in each group. Children pretreated with dexme-
detomidine have a lower intraoperative heart rate. The 
mean intraoperative heart rates of Group C, Group D1, 
Group D2 and Group D3 were 92.2 (9.5), 85.9 (8.9), 81.2 
(9.1) and 76.3 (11.0), respectively (p < 0.0001). Similarly, 
children pretreated with dexmedetomidine have a lower 
intraoperative mean arterial pressure. The mean intraop-
erative arterial pressures of Group C, Group D1, Group 
D2 and Group D3 were 61.8 (7.9), 59.2 (6.7), 58.1 (9.5) 

Table 1 Patient characteristic data and surgical characteristics of children. Values are mean (standard deviation) unless otherwise 
stated. Group C, preoperative administration with saline; Group D1, preoperative administration with 0.25ug kg− 1 dexmedetomidine; 
Group D2, preoperative administration with 0.5ug kg− 1 dexmedetomidine; Group D3, preoperative administration with 0.75ug kg− 1 
dexmedetomidine

Group C(n = 30) Group D1(n = 30) Group D2(n = 30) Group D3(n = 30)
Age(yr) 7.4(1.6) 8.3(1.9) 7.6(1.7) 7.8(1.9)
Weight(kg) 25.8(5.7) 30.4(9.0) 27.0(8.2) 27.7(7.7)
Gender(M/F) 11/9 10/10 11/9 13/7
Height (cm) 125.3(14.2) 128.5(15.5) 126.4(11.2) 127.5(13.2)
Operation time(min) 61.0(12.2) 67.0(23.2) 66.7(14.0) 69.7(17.4)

Fig. 2 Box plot of BIS values by study groups across different study times: T0, before dexmedetomidine administration; T1, after dexmedetomidine ad-
ministration; T2, end-tidal sevoflurane concentration (ETsevo) 1%; T3, ETsevo 2%; T4, ETsevo 3%; T5, surgical incision; T6, 15 min(min) after surgical incision; 
T7, 30 min after surgical incision; T8, 45 min after surgical incision; T9, 60 min after surgical incision. * P < 0.017 vs. Group C after Mann-Whitney U-test. 
Group C, preoperative administration with saline; Group D1, preoperative administration with 0.25ug kg− 1 dexmedetomidine; Group D2, preoperative 
administration with 0.5ug kg− 1 dexmedetomidine; Group D3, preoperative administration with 0.75ug kg− 1 dexmedetomidine
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and 53.2 (8.6), respectively (p = 0.001). Remarkably, the 
incidence of intraoperative bradycardia or hypotension 
was similar among the groups. In addition, the PACU 
discharge time and incidence of delayed emergence were 
similar among the groups. No intraoperative awareness 
was found in any of the four groups.

Discussion
This prospective randomized study demonstrated that 
children who received 0.5  µg kg− 1 or 0.75  µg kg− 1 dex-
medetomidine preoperatively were more likely to achieve 
the target depth of anesthesia (BIS less than 60) during 
anesthesia induction and had lower BIS values during 
the early stage of anesthesia maintenance. Furthermore, 
premedication with 0.5  µg kg− 1 or 0.75  µg kg− 1 dexme-
detomidine reduced the requirement for sevoflurane in 
children during general anesthesia.

Dexmedetomidine is widely used for pediatric anesthe-
sia and has many benefits, including relieving periopera-
tive anxiety and reducing postoperative delirium [11, 14]. 
Unlike opioids dexmedetomidine does not impair ven-
tilation and therefore does not slow down inhalational 
induction. Nevertheless, few studies have focused on the 
effect of dexmedetomidine on the depth of anesthesia in 
children. Prospective, randomized, multicenter studies 
suggest that there may be a correlation between the depth 
of anesthesia and long-term postoperative mortality [15]. 
In this study, premedication with dexmedetomidine had 
an obvious synergistic effect on sevoflurane inhalation 

anesthesia in children, as indicated by a dose-dependent 
decrease in the BIS value during anesthesia induction and 
the early stage of anesthesia maintenance. This finding is 
similar to the findings of a previous study in adults [10]. 
It has been suggested that dexmedetomidine augments 
the effect of sevoflurane anesthesia, probably by regulat-
ing thalamo-cortical networks, which enhances sevoflu-
rane anesthesia and may be associated with decreased 
thalamocortical connectivity [16]. Moreover, other stud-
ies have shown that the synergistic anesthetic effect 
of dexmedetomidine may be related to its action on α2 
receptors in the cerebral central nervous system [17, 18]. 
Hemodynamic inhibition by dexmedetomidine can lead 
to decreased cerebral perfusion and cerebral metabolism, 
which may also be one of the reasons why dexmedetomi-
dine reduces the BIS value [19].

Sevoflurane is currently the most widely used inhala-
tion anesthetic for pediatric clinical anesthesia induc-
tion and intraoperative maintenance and has obvious 
advantages. The correlation between the BIS and sevo-
flurane inhalation is good, and the use of the BIS to 
monitor the depth of sevoflurane anesthesia is reliable 
[20]. There was no significant difference between Group 
D1 and Group C, indicating that preoperative infusion 
of a small dose (0.25  µg/kg/h) of dexmedetomidine did 
not reduce the dosage of sevoflurane used during the 
operation. Our results showed that premedication with 
0.5 µg/kg and 0.75 µg/kg dexmedetomidine significantly 
reduced the requirement for sevoflurane during the 

Table 2 Secondary outcome data. Values are median (inter-quartile range) or mean (standard deviation) for continuous variables and 
number of patients (%) for categorical variables

Group C(n = 30) Group D1(n = 30) Group D2(n = 30) Group D3(n = 30) P value
ETsevo
T5 3.0(2.8–3.1) 2.9(2.7–3.1) 2.7(2.6–3.1) 2.9(2.5-3.0) 0.083a

T6 3.0(2.8–3.1) 2.8(2.5-3.0) 2.6(2.3–2.7)* 2.4(2.1–2.7)* < 0.0001 a

T7 3.0(2.9–3.2) 2.9(2.5-3.0) 2.5(2.2–2.9)* 2.1(2.0-2.5)* < 0.0001 a

T8 3.0(2.8-3.0) 2.8(2.4–3.2) 2.6(2.4-3.0)* 2.5(2.3–2.8)* 0.001 a

T9 2.9(2.6–3.1) 2.8(2.5-3.0) 2.7(2.4-3.0) 2.5(2.2-3.0) 0.134 a

Heart rate (min− 1) 92.2(9.5) 85.9(8.9)# 81.2(9.1)# 76.3(11.0)# < 0.0001b

Bradycardia (n, %) 2(6.7) 3(10.0) 4(13.3) 5(16.7) 0.779c

Mean arterial pressure (mm Hg) 61.8(7.9) 59.2(6.7) 58.1(9.5) 53.2(8.6)# 0.001 b

Hypotension (n, %) 0(0) 1(3.3) 1(3.3) 2(6.7) 0.901c

Emergence time (min) 32.1(4.4) 32.9(4.2) 33.4(4.5) 34.9(6.5) 0.175b

Time in PACU (min) 22.8(6.8) 23.5(6.8) 25.3(6.9) 26.1(6.9) 0.207b

Delayed emergence (n, %) 0(0) 0(0) 0(0) 1(3.3) 1.000c

Intraoperative awareness (n, %) 0(0) 0(0) 0(0) 0(0) -
aKruskal-Wallis test
bOne-way ANOVA
cChi-square test

*P < 0.017 vs. Group C after Mann-Whitney U-test
#P < 0.05 vs. Group C after Tukey Post Hoc Test

T5, surgical incision; T6, 15 min(min) after surgical incision; T7, 30 min after surgical incision; T8, 45 min after surgical incision; T9, 60 min after surgical incision. Group 
C, preoperative administration with saline; Group D1, preoperative administration with 0.25ug kg− 1 dexmedetomidine; Group D2, preoperative administration with 
0.5ug kg− 1 dexmedetomidine; Group D3, preoperative administration with 0.75ug kg− 1 dexmedetomidine. ETsevo, end-tidal sevoflurane concentration; PACU, post 
anaesthesia care unit
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anesthesia maintenance phase, which may be related to 
its spinal cord-level analgesia [21]. Hayashi K et al. [22] 
suggested that the use of dexmedetomidine as a sedative 
and anesthetic adjuvant during the perioperative period 
could reduce the dosage of sevoflurane used and the 
incidence of postoperative neurological complications, 
and the combination of dexmedetomidine and sevoflu-
rane had synergistic or enhancing effects on EEG activ-
ity. Numerous studies have shown that dexmedetomidine 
can significantly reduce the amount of sevoflurane used 
during general anesthesia [10, 23, 24]. It is worth noting 
that these studies are limited to adults, and there is a lack 
of data on children. Hence, this study provides data sup-
porting the management of sevoflurane combined with 
dexmedetomidine anesthesia in children.

Hypotension and bradycardia are common adverse 
reactions to dexmedetomidine [25, 26]. Our data showed 
that children treated with different doses of dexmedeto-
midine preoperatively also showed different degrees of 
decreases in heart rate and mean arterial pressure dur-
ing surgery compared with those in the control group. 
Nevertheless, there was no significant difference in the 
incidence of hypotension or bradycardia among the four 
groups. This suggested that the preoperative administra-
tion of 0.75  µg kg− 1 dexmedetomidine is relatively safe 
for perioperative haemodynamics in children. However, 
the sample size of this study was not estimated based 
on bradycardia or hypotension outcomes, so the sample 
size of this study may be insufficient for such outcomes. 
Dexmedetomidine has a half-life of 120 min [27], and a 
retrospective study of pediatric patients found evidence 
for a small association of intraoperative dexmedetomi-
dine with the duration of recovery, with a potential dose 
relationship equivalent to an approximately 15-minute 
delay per µg kg− 1 of dexmedetomidine administered [28]. 
Notably, in this study, there was no significant difference 
in emergence time or PACU discharge time among the 
four groups, and only one case of delayed emergence was 
reported in a child who received 0.75 µg kg− 1 of dexme-
detomidine preoperatively. The reason may be that the 
time point at which dexmedetomidine was administered 
in this study was before the induction of anesthesia, and 
dexmedetomidine was not continuously pumped during 
the operation.

Overall, this study showed that preoperative dexme-
detomidine administration significantly reduced sevo-
flurane use during general anesthesia in children without 
significant hypotension, bradycardia or postoperative 
delayed emergence. Recent studies have shown that mul-
tiple inhalation exposures to sevoflurane may cause neu-
rotoxicity in children [29]. The neuroprotective effects 
of dexmedetomidine and its ability to reduce the dose 
of sevoflurane used during general anesthesia make it 
particularly suitable for children who require repeated 

anesthesia [29]. Moreover, preoperative dexmedetomi-
dine administration was associated with reduced inci-
dence of perioperative respiratory adverse events [30]. 
Hence, preoperative dexmedetomidine administration 
can be widely used in children as an adjunct to general 
anesthesia.

There are a few limitations in this study. First, the study 
was a single-center study, which limits the generalizabil-
ity of the results of this study. Second, the sample size 
of the study was relatively small, which may be under-
powered for data analysis of some secondary outcomes. 
Third, although each subject underwent caudal block, 
we were unable to fully exclude the influence of pain on 
the sevoflurane dose used. Finally, caudal block may have 
influenced the outcome of this study. Caudal block has 
been shown to reduce BIS values in children under sevo-
flurane inhalation anesthesia [31]. In this study, although 
all groups of children underwent caudal block, there was 
no effective way to control or assess its biased effect on 
the outcome of BIS values.

Conclusions
In conclusion, intravenous premedication with 0.5  µg 
kg− 1 or 0.75 µg kg− 1 dexmedetomidine had a significant 
synergistic effect on sevoflurane inhalation anesthesia in 
children, which was reflected in the rapid attainment of 
the target depth of anesthesia in the induction period and 
the lower BIS value during the early stage of anesthesia 
maintenance. Notably, in this study, premedication with 
dexmedetomidine did not increase the incidence of peri-
operative hypotension or bradycardia or prolong the time 
to recovery from anesthesia. This study provides new and 
available data for the use of dexmedetomidine in pediat-
ric anesthesia management.
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