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Abstract

Background Off-label intranasal administration of injectable dexmedetomidine has been widely applied in the pedi-
atric sedation setting. However, the development of an improved drug delivery system that is easy to use is needed.
We developed a novel dexmedetomidine nasal spray that can be administered directly without dilution or configura-
tion for pediatric pre-anesthetic sedation. This nasal spray has a fixed dose and is stable during storage. To the best

of our knowledge, this is the first licensed nasal spray preparation of dexmedetomidine worldwide.

Objective To evaluate the pre-anesthetic sedation efficacy and safety of the novel dexmedetomidine nasal spray
in children.

Methods The study was conducted at 11 sites in China between 24 November 2021 and 20 May 2022 and was regis-
tered in ClinicalTrials.gov (NCT05111431, first registration date: 20/10/2021). Subjects (n=159) between 2 and 6 years
old who were to undergo elective surgery were randomized to the dexmedetomidine group (n=107) or the placebo
group (n=52) in a 2:1 ratio. The dosage was 30 ug or 50 ug based on the stratified body weight. The primary outcome
measure was the proportion of subjects who achieved the desired child-parent separation and Ramsay scale >3
within 45 min of administration. Safety was monitored via the assessments of adverse events, blood pressure, heart
rate, respiratory rate and blood oxygen saturation.

Results The proportion of subjects achieving desired parental separation and Ramsay scale >3 within 45 min

was significantly higher in the dexmedetomidine group (94.4%) vs the placebo group (32.0%) (P <0.0001). As com-
pared with placebo, dexmedetomidine treatment led to more subjects achieving Ramsay scale >3 or UMSS > 2,

and shorter time to reach desired parental separation, Ramsay scale >3 and UMSS > 2 (all P<0.0001). Adverse events
were reported in 90.7% and 84.0% of subjects in the dexmedetomidine and placebo groups, respectively, and all
the events were mild or moderate in severity.
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Conclusions This novel dexmedetomidine nasal spray presented effective pre-anesthetic sedation in children

with a tolerable safety profile.

Keywords Dexmedetomidine, Intranasal, Pediatric, Sedation, Pre-anesthetic

Introduction

To relieve the anxiety, fear, and stress, ease the child-
parent separation and improve the compliance of anaes-
thesia induction, sedatives are frequently administered as
pre-medication in pediatric subjects [1]. Dexmedetomi-
dine, a potent and selective a2-adrenoreceptor agonist,
affords sedative, anxiolytic, and analgesic effects [2]. It
induces sleep-like sedation that is easily rousable, exerts
minimal influence on respiration, and possesses relatively
short elimination half-life [3, 4]. Due to these merits, dex-
medetomidine is extensively applied as a pre-anesthetic
sedative in children in different scenarios, from non-
invasive procedures, such as radiographic imaging and
electroencephalography, to invasive procedures [5-8].

The intranasal route is convenient and relatively less
invasive. It avoids the first-pass hepatic metabolism, and
evokes rapid action at the central nervous system [9].
Off-label intranasal administration of dexmedetomidine
injection solution in children as drops by syringe or as
sprays by mucosal atomization device has been widely
reported, in which the satisfactory sedation with accept-
able safety was observed [10-12]. However, it was found
that when the intravenous preparations were used for
intranasal administration, the inter-subject variation
in the bioavailability was large. Therefore, the develop-
ment of an improved drug delivery system is needed [13].
By producing fine small particles, the spray is expected
to have less drug loss, increased bioavailability, and
improved compatibility as compared with drops [14].
Previous studies demonstrated that the bioavailability
of dexmedetomidine nasal spray was higher than that of
nasal drops [13, 15]. Compared to administration using
a mucosal atomizer, the dexmedetomidine nasal spray is
administered in a simpler manner and appears to be well
accepted by children and their parents. The dexmedeto-
midine nasal spray does not require additional atomizing
equipment and does not need to be formulated for use,
and it can be administered by health care providers or
trained parents.

Based on above-mentioned considerations, Jiangsu
Hengrui Pharmaceuticals Co., Ltd., (Shanghai, China)
developed a novel dexmedetomidine nasal spray. This
nasal spray was administered directly with no need of
dilution or configuration before use and with a fixed
dose and good storage stability. We previously evalu-
ated its safety and tolerability, pharmacokinetics, and
pharmacodynamics in healthy adults [15] and children

undergoing elective surgery under general anaesthe-
sia (NCTO04200235). Its effectiveness and favorable
safety profile have been demonstrated in the adult pre-
anesthetic sedation setting in a pivotal phase 3 study
(NCT04383418). To evaluate its effectiveness and safety
as a pre-medication in children, this randomized, dou-
ble-blinded, and placebo-controlled phase 3 study was
designed and executed.

Methods

Ethics

This study was conducted in accordance with the Dec-
laration of Helsinki and the guidelines for Good Clinical
Practice at 11 sites in China between 24 November 2021
and 20 May 2022 and was registered at ClinicalTrials.
gov (NCT05111431, first registration date: 20/10/2021).
Ethical approval for this study was provided by Medical
Ethics Committee of Beijing Children’s Hospital, Capi-
tal Medical University and 10 other ethics committees
(Supplemental Table 1). Written informed consent was
obtained from each subject’s legal guardian before par-
ticipating in the study.

Study population

Subjects irrespective of gender between 2 and 6 years old,
with body weight of 10.7 to 28.0 kg [16], with Ameri-
can Society of Anesthesiologists classification I, and
who were scheduled to undergo elective surgery under
general anaesthesia, were included. Subjects with car-
diovascular disease, with abnormal liver function and/
or abnormal kidney function, who were deemed as not
suitable for intranasal administration (such as with severe
rhinitis, having nasal cavity deformity) by the investiga-
tor, who have been administered selective a2 adrenergic
receptor agonists or antagonists, analgesics, sedatives or
hypnotics within 7 days before randomization, and who
were known to be allergic to any ingredient in the formu-
lation, were excluded.

Randomization

Subjects were randomly assigned to receive dexme-
detomidine nasal spray or the placebo nasal spray in a
2:1 ratio stratified by body weight. Blocked randomiza-
tion was completed electronically using an interactive
web response system. A randomization number was
assigned to each subject by a specialist using SAS version
9.4 (SAS Institute, Inc, Cary, North Carolina). Subjects,
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investigators, site personnel, and sponsor were all blinded
to treatments until database lock.

Study drug administration and dose selection

Subjects were administered dexmedetomidine or placebo
(0.9% NacCl) nasal spray in the sitting position. The dex-
medetomidine nasal spray comes with two separate com-
partments, one bottle containing the dexmedetomidine
solution and one nasal spray pump that delivers fixed
dose each spray. The pump needs to be screwed onto the
bottle when the product is to be used. After assembling
the device, the pump should be pressed several times
(away from the person) until one complete spray is vis-
ible from the bottle. Then the product can be applied
directly to the nasal cavity of the patient, without the
need for dilution or configuration. In this study, the spray
was applied by the medical staff. To ensure appropriate
dosing and simplify administration, two specifications of
the product with different concentrations of dexmedeto-
midine were used. One contained 300 pg of dexmedeto-
midine per gram with 15 pg of dexmedetomidine in each
spray, and the other contained 500 pg of dexmedetomi-
dine per gram with 25 pg in each spray. Dosage was strat-
ified by the subject’s body weight. For subjects with body
weight of>10.7 kg and<19.4 kg, the dexmedetomidine
dosage was 30 pg; while for subjects with body weight
of >19.4 kg and <28.0 kg, the dexmedetomidine dosage
was 50 pg. This approach was chosen to accommodate
the limited volume that can be administered into the
nostril and the one-time nature of the nasal spray admin-
istration. Each child received one spray in each nostril,
with each spray containing a volume of 50 pL and deliv-
ering either 15 pg or 25 pg of dexmedetomidine, depend-
ing on the predetermined weight-based dosage.

In a meta-analysis including 14 randomized controlled
trials and 1809 pediatric subjects with age from 1 month
to 14 years to compare intranasal dexmedetomidine with
other sedatives, it was found that at the dose of 1 to 4 pg/
kg, intranasal dexmedetomidine showed efficacy superi-
ority to other sedatives, and the dose of 2 ug/kg seemed
to be the optimal choice in light of the benefit-risk assess-
ment [17]. This was in accordance with the drug expo-
sure—response relationship findings revealed in our
previous phase 1 study, in which 2 pg/kg was determined
as the recommended dose for dexmedetomidine nasal
spray in pediatric subjects (NCT04200235).

Assessments

Child-parent separation was assessed via FUNK scor-
ing system. It consists of 3 components, i.e., sedation,
emotion and separation, and each of the component is
assessed by a 4-point scale [18]. In this study, the desired
child-parent separation was defined as score>3 for each
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component and the successful disengagement of physical
and eye contact from guardian. Sedation level was pri-
marily assessed using the Ramsay sedation scale (1 =anx-
ious and agitated or restless; 2=cooperative, oriented
and tranquil; 3 =responsive to commands only; 4 =exhib-
iting a brisk response to painful stimulus; 5=exhibiting
a sluggish response to painful stimulus; and 6=exhibit-
ing no response) [19] (Supplemental Table 2). University
of Michigan Sedation Scale (UMSS) was also utilized to
evaluate sedation level (0 =awake and alert; 1 =minimally
sedated: tired/sleepy, appropriate response to verbal con-
versation, and/or sound; 2=moderately sedated: somno-
lent/sleeping, easily aroused with light tactile stimulation
or a simple verbal command; 3=deeply sedated: deep
sleep, aroused only with significant physical stimulation;
4=unarousable) [20] (Supplemental Table 3). Baseline
Ramsay scale, UMSS, and child-parent separation were
assessed 30 min before treatment administration. Ramsay
scale and UMSS were evaluated at 5, 10, 15, 20, 25, 30, 35,
40, and 45 min post administration. FUNK was evaluated
at 15, 30, and 45 min post administration, or at the time
when Ramsay scale was>3 for the first time. If desired
child-parent separation was achieved within 45 min
post administration, subjects would undergo anaesthe-
sia induction without further Ramsay scale or UMSS
assessments. If child-parent separation was not achieved
until 45 min post administration, rescue medication of
propofol (1-2 mg/kg) was intravenously injected. Vital
signs (blood pressure, respiratory rate and heart rate) and
blood oxygen saturation (SpO,) were assessed at 10, 15,
30, and 45 min post administration. At a given time point
when multiple assessments were required, it was sug-
gested to perform in the order of Ramsay scale, UMSS,
child-parent separation, vital signs, and SpO,,.

Outcome measures

The primary outcome measure of this study was the
proportion of subjects achieving the desired child-par-
ent separation and Ramsay scale >3 within 45 min. The
secondary efficacy outcome measures were: (1) the pro-
portion of subjects achieving desired child-parent sepa-
ration within 45 min and the time to achieve the desired
child-parent separation; (2) the proportion of subjects
achieving Ramsay scale>3 within 45 min and the time
to achieve Ramsay scale>3; (3) the proportion of sub-
jects achieving UMSS >2 within 45 min and the time to
achieve UMSS > 2. The time frame measured in all effi-
cacy outcomes is calculated from the start time of admin-
istration. In previous clinical trials of dexmedetomidine,
it was demonstrated that the median time to reach maxi-
mum serum concentration ranged 0.75 to 1.00 h; there-
fore, the efficacy endpoints were set at 45 min to allow
the drug to maximally exert its effect.
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Safety was evaluated by continuous adverse event (AE)
monitoring, assessments of laboratory parameters, vital
signs, SpO,, and electrocardiogram. AE was defined as
any untoward medical occurrence that occurs after the
subjects receive the investigational drug, which does not
necessarily have a causal relationship with study treat-
ment, and can be manifested as symptoms, signs, dis-
eases, or laboratory abnormalities.

Statistical analysis

Based on our previous phase 1 study results
(NCT04200235), for the primary outcome measure, the
proportion of subjects achieving desired child-parent
separation and with Ramsay scale >3 within 45 min were
conservatively estimated to be 70% and 40% for the dex-
medetomidine group and placebo group, respectively.
In light of that, a sample size of 159 subjects (106 in the
dexmedetomidine group and 53 in the placebo group)
was calculated to provide 90% power to detect a superior
difference between dexmedetomidine and placebo based
on Mantel-Haenszel test with a Type I error of 5% and
dropout rate of 20%.

Treated subjects were included for the efficacy and
safety analyses. For categorical data, difference between
the 2 groups was detected by Cochran-Mantel-Haen-
szel x* test stratified by body weight (10.7 kg <body
weight<19.4 kg and 19.4 kg <body weight <28.0 kg).
For the time from administration to desired
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child-parent separation, first time achieving Ramsay
scale > 3 and achieving UMSS > 2, log-rank test was uti-
lized to detect difference between the 2 groups. Analy-
sis of variation was adopted to make comparison for the
time to recovery between the 2 groups. If FUNK score
was missing at a timepoint, it was imputed as undesired
parental separation. As for Ramsay scale, missing value
was imputed by baseline value. For the other efficacy
endpoints, no imputation on missing value was made.
AEs were coded using Medical Dictionary for Regula-
tory Activities version 25.0 and summarized by pre-
ferred term (PT) with breakdown of treatment groups.
All analyses were conducted using SAS version 9.4
(SAS Institute, Inc, Cary, North Carolina).

Results

Subject disposition and characteristics

One hundred and sixty-nine subjects were screened,
among whom 159 subjects were randomly assigned to
the dexmedetomidine group (n=107) or the placebo
group (n=52). Except for 2 subjects in the placebo
group, all subjects received the treatments and were
included in the efficacy and safety analyses. A total of
156 subjects completed the study (Fig. 1). Demograph-
ics and baseline characteristics were generally balanced
between the 2 groups (Table 1).

Enroliment

—

Assessed for eligibility (n=169)

Excluded (n=10)

Y

Not meeting eligibility criteria (n=5)
Subjects withdrawal (n=5)

| Randomized (n=159) |

. Allocation v

Allocated to the dexmedetomidine group
(n=107)

Treated (n=107)

Not treated (n=0)

Follow-Up v

Allocated to the placebo group (n=52)
Treated (n=50)
Not treated (n=2)

Completed study (n=106)
Discontinued (n=1)
Subjects withdrawal (n=1)

v Analysis

Completed study (n=50)
Discontinued (n=2)
Not treated (n=2)

AN
Included in the safety and efficacy analyses
(n=107)

Fig. 1 CONSORT flow diagram

Included in the safety and efficacy analyses
(n=50)
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Table 1 Demographics and baseline characteristics

Dexmedetomidine Placebo (n=50)

(n=107)

Age, mean=SD (year) 40+13 37x14
Height, mean£SD (cm) 106.8£10.5 1044118
Weight, mean +SD (kg) 18.1+36 176+39

10.7 kg < weight< 194 kg, 63 (58.9) 28(56.0)
n (%)

194 kg<weight<280kg, 44 (41.1) 22 (44.0)
n (%)
Sex, n (%)

Female 18 (16.8) 5(10.0)

Male 89 (83.2) 45 (90.0)

Abbreviations: SD standard deviation

Efficacy

The proportion of subjects who achieved the desired
child-parent separation and Ramsay scale>3 within
45 min was higher in the dexmedetomidine group than
that in the placebo group (94.4% vs 32.0%), and the differ-
ence was statistically significant (rate difference [95% CI]:
62.4% [48.7 to 76.1]; P<0.0001) (Table 2).

Results of the secondary efficacy outcomes are dis-
played in Table 2. In the dexmedetomidine group, 94.4%
of subjects achieved desired child-parent separation
vs 32.0% in the placebo group, and the difference was
statistically significant (P<0.0001). The proportion of
subjects achieving Ramsay scale>3 within 45 min was
significantly higher in the dexmedetomidine group than
that in the placebo group (96.3% vs 34.0%) (P<0.0001).
Same trend was observed for the proportion of subjects
with UMSS > 2 within 45 min (92% vs 16%) (P<0.0001).
Median (IQR) time to desired child-parent separation

Table 2 The efficacy outcome measures
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was 21.0 (16.0 to 30.0) min in the dexmedetomidine
group, and was not reached (NR) (38.0 to NR) in the pla-
cebo group (P<0.0001). Median (IQR) time to achieve
Ramsay scale>3 was 20.0 (15.0 to 24.0) min in the dex-
medetomidine group, and NR (30.0 to NR) in the pla-
cebo group (P<0.0001). Median (IQR) time to achieve
UMSS >2 was 20.0 (18.0 to 30.0) min in the dexmedeto-
midine group, and NR (35.0 to NR) in the placebo group
(P<0.0001). The recovery time was longer in the dexme-
detomidine group as compared with the placebo group
(median [IQR]: 52.0 [39.0 to 69.0] min vs 38.0 [29.0 to
52.0] min; P<0.0001).

Safety

All the subjects received 2 sprays (1 spray with a volume
of 50 pL) of treatments as required by the protocol. Drug
outflow occurred in 4 (3.7%) and 4 (8.0%) subjects in the
dexmedetomidine and placebo groups, respectively.

AEs occurred in 97 (90.7%) subjects in the dexme-
detomidine group and 42 (84.0%) subjects in the placebo
group (Table 3). Fifty (50) (46.7%) subjects in the dexme-
detomidine group and 21 (42.0%) subjects in the placebo
group experienced AEs before anesthesia induction, and
94 (87.9%) subjects in the dexmedetomidine group and
40 (80.0%) subjects in the placebo group experienced AEs
after anesthesia induction. All the events were mild or
moderate in severity. No subjects discontinued from the
study due to AEs, and no serious AEs or deaths occurred.
The most frequently reported AEs by PT in both the
dexmedetomidine and placebo groups were heart rate
decreased (42.1% vs 30.0%), bradycardia (38.3% vs 26.0%)
and diastolic blood pressure decreased (19.6% vs 20.0%).

The mean heart rate was lower in the dexmedetomi-
dine group than that in the placebo group within 45 min

Dexmedetomidine (n=107) Placebo (n=50) P value
The primary outcome
Proportion of subjects achieving desired child-parent separation and Ramsay scale>3  94.4 (88.2 t0 97.9) 320(19.5t046.7) <0.0001
within 45 min (95% Cl), %
Rate difference of dexmedetomidine vs placebo (95% Cl), % 624 (48.7t0 76.1)
Secondary outcomes
Proportion of subjects achieving desired child-parent separation within 45 min (95%  94.4 (88.2 t0 97.9) 320(19.5t046.7) <0.0001
Cl), %
Proportion of subjects achieving Ramsay score >3 within 45 min (95% Cl), % 96.3(90.7 t0 99.0) 34.0(90.7t099.0) <0.0001
Proportion of subjects achieving UMSS score > 2 within 45 min (95% Cl), % 86.0(779t091.9) 320(19.5t046.7) <0.0001
Time to achieve the desired child-parent separation, median (Q1-Q3), min 21.0(16.0 to 30.0) NR (38.0 to NR) <0.0001
Time to achieve Ramsay score >3, median (Q1-Q3), min 20.0 (15.0to 24.0) NR (30.0 to NR) <0.0001
Time to achieve UMSS score > 2, median (Q1-Q3), min 20.0 (18.0 to 30.0) NR (35.0 to NR) <0.0001
Recovery time, median (Q1-Q3), min 52.0(39.0to0 69.0) 38.0(29.0to0 52.0) <0.0001

Abbreviations: Cl confidence interval, NR not reached, UMSS University of Michigan Sedation Scale
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Table 3 Adverse events summary
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Dexmedetomidine (n=107) Placebo (n=50)

Subjects with at least one AE, n (%)
Subjects with AE by severity, n (%)
Mild
Moderate
Severe

AE occurring in > 10% of subjects in either group by preferred term, n (%)

Heart rate decreased

Bradycardia

Blood pressure diastolic decreased
Urine ketone body present

Blood pressure decreased
Hypotension

Blood pressure increased
Agitation postoperative

Blood pressure diastolic increased
Tachycardia

Haematuria

97 (90.7) 42 (84.0)
55 (51.4) 25 (50.0)
42 (39.3) 17 (34.0)
0 0

45 (42.1) 15 (30.0)
41(383) 13 (26.0)
21(19.6) 10 (20.0)
16 (15.0) 4(80)
14 (13.1) 8(16.0)
14(13.1) 2(4.0)
11(10.3) 7 (14.0)
10(9.3) 5(10.0)
8(7.5) 7(140)
6(5.6) 9(18.0)
2(1.9) 5(10.0)

Abbreviation: AE adverse event

post treatment, and was similar at the follow-up visit per-
formed on Day 2 or Day 3. The blood pressure, respira-
tory rate and SpO, were similar between the 2 groups at
all pre-determined time points (Fig. 2). No abnormali-
ties of clinical importance, or differences between the 2
groups of clinical importance in the laboratory tests and
electrocardiograms were observed.

Discussion

Based on a pivotal phase 3 study (NCT04383418) where
statistically significant and clinically meaningful improve-
ment over placebo in pre-anesthetic sedation efficacy in
adults was demonstrated, dexmedetomidine nasal spray
obtained marketing authorization from the Chinese
health authority in March 2023. To the best of our knowl-
edge, this is the first licensed nasal spray preparation of
dexmedetomidine worldwide. The current phase 3 study
evaluated the pre-anesthetic sedation efficacy in children,
with the purpose of seeking approval in China. Consid-
ering the scarcity of pediatric drugs, the application has
approved by the Chinese health authority via the fast
track in August 2023.

Due to restrictions in drug specifications, we selected
two fixed doses (15 pg/spray or 25 pg/spray, 2 sprays) in
this study. The dexmedetomidine dosage was calculated
to be 1.5 to 2.8 pg/kg based on the fixed dose and the
body weight. Within this range, dexmedetomidine nasal
spray elicited efficacious sedation with acceptable safety
in children. Such results were consistent those that were
reported in a previous meta-analysis [17]. Based on the

pharmacokinetic results in our previous phase 1 study
in children (NCT04200235), the median time to reach
maximum concentration of the nasal spray was approxi-
mately 45 to 60 min. Taken into the consideration of clin-
ical feasibility, the parental separation and sedation level
of dexmedetomidine nasal spray was assessed for up to
45 min post administration. If parental separation was
not achieved by that time, rescue medication would be
applied to ensure the anaesthesia and the following sur-
gery process.

In this study, we used the placebo as control because at
the time of the study design, there is a scarcity of regula-
tory approved pediatric drugs. Dexmedetomidine injec-
tion (PRECEDEX®, Hospira Inc, Lake Forest, Illinois)
was approved as sedative of non-intubated children prior
to and during non-invasive procedures by the US FDA
in December 2022. Other drugs used for pre-operative
sedation, such as midazolam, are not currently available
as regulatory-approved nasal sprays, which cannot meet
the double-blind setting and are set up as active controls.
The choice of control has been adequately discussed with
and agreed upon by the health authority in the protocol
development.

In this study, more children in the dexmedetomi-
dine group vs the placebo group achieved the desired
child-parent separation and Ramsay sedation scale >3
within 45 min, and the difference was statistically sig-
nificant (P<0.0001) and clinically meaningful. The
results of the secondary outcomes were supportive
of the primary outcome. As compared with placebo,
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Fig. 2 Heart rate (A), respiratory rate (B), systolic blood pressure (C), diastolic blood pressure (D), and SpO, (E) at baseline and at each
pre-determined time point post treatment. Values are mean + standard deviation. Abbreviation: SpO,, blood oxygen saturation

dexmedetomidine treatment elicited more effective
child-parent separation and more potent pre-anes-
thetic sedation as assessed by Ramsay scale and UMSS.
The recovery time in the dexmedetomidine group was
longer than that in the placebo. Following sedation with
dexmedetomidine or placebo, general anaesthesia was
used during the scheduled elective surgery. Specifi-
cally, propofol, fentanyl, and rocuronium bromide were

used for the induction of anaesthesia, and remifentanil,
propofol, fentanyl or sufentanil (as needed), and rocu-
ronium bromide and cisatracurium (as needed) were
used for the maintenance of anaesthesia. The dose of
general anaesthesia was not adjusted based on sedation
depth. Therefore, the use of dexmedetomidine on top
of other anaesthesia might lead to the longer recovery
time compared to placebo. Previous studies have also
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reported the prolonged recovery time with the use of
dexmedetomidine as sedative [21, 22]. In this study,
the median time to the onset of sedation as evaluated
by the Ramsay sedation scale and UMSS was approxi-
mately 20 min. This was in accordance with a previous
meta-analysis in which median time to the onset of
action after intranasal administration of dexmedetomi-
dine 1 to 4 pug/kg was 15-30 min [17].

Bradycardia was the most common adverse reac-
tion accompanying with the use of dexmedetomidine
[23, 24]. In this study, 42.1% and 38.3% of subjects in
the dexmedetomidine group experienced AE of brady-
cardia and heart rate decreased, respectively, both of
which were higher than those in the placebo group
(30.0% and 26.0%, respectively). This phenomenon was
expected considering the dexmedetomidine’s impact on
the sympathetic outflow and circulating catecholamine
levels [25]. In addition to the pharmacological impact
of dexmedetomidine, the concurrent administration of
anesthetics, hypnotics, and opioids [23] alongside strin-
gent AE criteria used by investigators, may account for
the relatively high incidences of heart rate decreased
(30.0%) and bradycardia (26.0%) in the placebo group.
None of the bradycardia/heart rate decreased were con-
sidered as severe in severity or serious AEs, or resulted
in study discontinuation, and the majority of the events
did not require concomitant treatments.

There were several limitations to this study. Firstly, we
did not perform pharmacokinetic analysis in this study.
However, as mentioned earlier, the pharmacokinetic
profile of dexmedetomidine nasal spray in children was
assessed in a previous a phase 1 study (NCT04200235).
Secondly, the sample size of this study was relatively
small. It was because of the ethical concerns and diffi-
culties in recruitment. Further validation of the safety
and efficacy of dexmedetomidine nasal spray in a larger
population in the post-marketing setting could be
warranted. Lastly, all subjects in this study were from
China. The efficacy and safety of dexmedetomidine
nasal spray in subjects of other ethnicities were to be
explored.

In conclusion, dexmedetomidine nasal spray pre-
sented effective pre-anesthetic sedation in children who
were to undergo surgery under general anaesthesia. It
had tolerable safety profile with no new safety concerns
observed as compared with the approved dexmedeto-
midine injection.

Abbreviations

AE Adverse event

NR Not reached

PT Preferred term

SpO,  Blood oxygen saturation

TEAEs  Treatment emergent adverse events
UMSS  University of Michigan Sedation Scale

Page 8 of 9

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512871-024-02708-1.

[ Supplementary Material 1. }

Acknowledgements

We thank all the subjects and their families, and all the investigators and site
personnel for participating in this trial. We appreciate the assistance from the
following employees of Jiangsu Hengrui Pharmaceuticals Co,, Ltd: Qin Liu and
Yan Ding for study design, study execution and management; Lingling Xu for
statistical analysis; Jingting Wang for medical writing.

Authors’ contributions

JG and FW were involved in the study execution, data analysis and interpreta-
tion, and manuscript writing. JMZ and XLW were the co-principal investigators
of this trial and were involved in the study conception, protocol development
and review, data analysis, and manuscript review. QRW and NZ were involved
in the study design, study oversight, data analysis and interpretation, and
manuscript writing and review. JLB was involved in the statistical analyses plan
development, outputs programming, data analysis, and manuscript review. All
the other authors were the investigators, and they were involved in protocol
review, study execution, data analysis and manuscript review. All authors con-
tributed substantially to the work. All authors had full access to the data and
were responsible for the integrity and accuracy of data. All authors approved
the final version of manuscript to be published.

Funding
This study was supported by Jiangsu Hengrui Pharmaceuticals Co,, Ltd.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author, Jianmin Zhang, upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was provided by Medical Ethics Committee

of Beijing Children’s Hospital, Capital Medical University and 10 other ethics
committees (Supplemental Table 1). Written informed consent was obtained
from all subjects’parents or legal guardians before initiating any study-related
activities.

Consent for publication

Patients and/or the public were not involved in the design, or conduct, or
reporting, or dissemination plans of this research. Therefore, consent for
publication is not applicable.

Competing interests

This study was sponsored by Jiangsu Hengrui Pharmaceuticals Co,, Ltd. Quan-
ren Wang and Na Zhou are employees of Jiangsu Hengrui Pharmaceuticals
Co,, Ltd. No other authors declared potential competing interests.

Author details

'Department of Anesthesiology, Beijing Children’s Hospital, Capital Medical
University, National Center for Children’s Health, No. 56 South Lishi Road,
Xicheng District, Beijing 100045, China. “Department of Pharmacy, Beijing
Children’s Hospital, Capital Medical University, National Center for Children’s
Health, Beijing, China. *Department of Anesthesiology, the Affiliated Hospital
of Guizhou Medical University, Guiyang, China. 4Departmem of Anesthesiol-
ogy and Perioperative Medicine, The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University; Key Laboratory of Anes-
thesiology of Zhejiang Province, Wenzhou Medical University, Wenzhou,
China. *Department of Anesthesiology, Guangzhou Women and Children's
Medical Center, Guangzhou Medical University, Guangzhou, China. °Depart-
ment of Anesthesiology, Anhui Provincial Hospital, Hefei, China. ’Depart-
ment of Anesthesiology, Sichuan Provincial People’s Hospital, Chengdu,
China. ®Department of Anesthesiology, Shengjing Hospital of China Medical


https://doi.org/10.1186/s12871-024-02708-1
https://doi.org/10.1186/s12871-024-02708-1

Gao et al. BMC Anesthesiology (2024) 24:315

University, Shenyang, China. °Department of Anesthesiology and Periop-
erative Medicine, Henan Provincial People’s Hospital, Zhengzhou, China.
1%Department of Anesthesiology, The Third Xiangya Hospital of Central South
University, Changsha, China. ''Department of Anesthesiology, The First Hospi-
tal of Jilin University, Changchun, China. '?Department of Anesthesiology, The
First People’s Hospital of Lianyungang, Lianyungang, China. "Jiangsu Hengrui
Pharmaceuticals Co, Ltd, Shanghai, China. "*Department of Biostatistics,
School of Public Heath, Nanjing Medical University, Nanjing, Jiangsu, China.

Received: 25 June 2023 Accepted: 29 August 2024
Published online: 06 September 2024

References

1. Kain ZN. Perioperative psychological trauma in children. 1st ed. W.B.
Saunders: Philadelphia; 1990.

2. Phan H, Nahata MC. Clinical uses of dexmedetomidine in pediatric
patients. Paediatr Drugs. 2008;10(1):49-69. https://doi.org/10.2165/00148
581-200810010-00006.

3. Nelson LE, Lu J, GuoT, Saper CB, Franks NP, Maze M. The alpha2-
adrenoceptor agonist dexmedetomidine converges on an endogenous
sleep-promoting pathway to exert its sedative effects. Anesthesiology.
2003;98(2):428-36. https://doi.org/10.1097/00000542-200302000-00024.

4. Weerink MAS, Struys M, Hannivoort LN, Barends CRM, Absalom AR, Colin
P. Clinical pharmacokinetics and pharmacodynamics of dexmedetomi-
dine. Clin Pharmacokinet. 2017;56(8):893-913. https://doi.org/10.1007/
540262-017-0507-7.

5. Mekitarian Filho E, Robinson F, de Carvalho WB, Gilio AE, Mason KP. Intra-
nasal dexmedetomidine for sedation for pediatric computed tomogra-
phy imaging. J Pediatr. 2015;166(5):1313-5.e1. https://doi.org/10.1016/j.
jpeds.2015.01.036.

6. ChenH,YangF Ye M, LiuH, Zhang J, Tian Q, et al. Intranasal dexme-
detomidine is an effective sedative agent for electroencephalography
in children. BMC Anesthesiol. 2020;20(1):61. https://doi.org/10.1186/
512871-020-00978-z.

7. Adams R, Brown GT, Davidson M, Fisher E, Mathisen J, Thomson G, et al.
Efficacy of dexmedetomidine compared with midazolam for seda-
tion in adult intensive care patients: a systematic review. Br J Anaesth.
2013;111(5):703-10. https://doi.org/10.1093/bja/aet194.

8. Saad BB, Tharwat Al, Ghobrial HN, Elfawal SM. Intranasal dexmedetomi-
dine versus intranasal midazolam as pre-anesthetic medication in pediat-
ric age group undergoing adenotonsillectomy. Ain Shams J Anesthesiol.
2020;12(1):40. https://doi.org/10.1186/542077-020-00090-x.

9. Wang J, Bu G. Influence of intranasal medication on the structure of the
nasal mucosa. Chin Med J (Engl). 2002;115(4):617-9.

10. Xie Z, Shen W, Lin J, Xiao L, Liao M, Gan X. Sedation effects of intranasal

dexmedetomidine delivered as sprays versus drops on pediatric response

to venous cannulation. Am J Emerg Med. 2017;35(8):1126-30. https://doi.
0rg/10.1016/j.ajem.2017.03.021.

11. Yuen VM, Hui TW, Irwin MG, Yuen MK. A comparison of intranasal
dexmedetomidine and oral midazolam for premedication in pediatric
anesthesia: a double-blinded randomized controlled trial. Anesth Analg.
2008;106(6):1715-21. https://doi.org/10.1213/ane.0b013e31816c8929.

12. Patel DD, Lisha M, Upadhyay M. Pre anesthetic medication in children: a
comparison of intranasal dexmedetomidine versus intranasal midazolam.
J Med Res. 2015;1(2):59-63. https://doi.org/10.31254/jmr.2015.1207.

13. lirolaT,Vilo S, Manner T, Aantaa R, Lahtinen M, Scheinin M, et al. Bioavaila-
bility of dexmedetomidine after intranasal administration. Eur J Clin Phar-
macol. 2011,67(8):825-31. https://doi.org/10.1007/500228-011-1002-y.

14. Wolfe TR, Braude DA. Intranasal medication delivery for children: a brief
review and update. Pediatrics. 2010;126(3):532-7. https://doi.org/10.
1542/peds.2010-0616.

15. Kuang Y, Wang SY, Wang MN, Yang GP, Guo C, Yang S, et al. Safety, phar-
macokinetics/pharmacodynamics, and absolute bioavailability of dexme-
detomidine hydrochloride nasal spray in healthy subjects: a randomized,
parallel escalating dose study. Front Pharmacol. 2022;13:871492. https://
doi.org/10.3389/fphar.2022.871492.

16. Capital Institute of Pediatrics. Growth standardized values and curves
based on weight, length/height and head circumference for Chinese
children under 7 years of age. Chin J Pediatr. 2009;47(3):173-8.

Page 9 of 9

17. Lewis J, Bailey CR. Intranasal dexmedetomidine for sedation in children; a
review. J Perioper Pract. 2020;30(6):170-5. https://doi.org/10.1177/17504
58919854885.

18. Funk W, Jakob W, Ried| T, Taeger K. Oral preanesthetic medication for
children: double-blind randomized study of a combination of mida-
zolam and ketamine vs midazolam or ketamine alone. Br J Anaesth.
2000;84(3):335-40. https://doi.org/10.1093/oxfordjournals.bja.a013435.

19. Dawson R, von Fintel N, Nairn S. Sedation assessment using the Ramsay
scale. Emerg Nurse. 2010;18(3):18-20. https://doi.org/10.7748/en2010.06.
18.3.18.c7825.

20. Malviya S, Voepel-Lewis T, Tait AR, Merkel S, Tremper K, Naughton N.
Depth of sedation in children undergoing computed tomography: valid-
ity and reliability of the University of Michigan Sedation Scale (UMSS). Br J
Anaesth. 2002;88(2):241-5. https://doi.org/10.1093/bja/88.2.241.

21. Ma H, Wachtendorf LJ, Santer P, Schaefer MS, Friedrich S, Nabel S, et al.
The effect of intraoperative dexmedetomidine administration on length
of stay in the post-anesthesia care unit in ambulatory surgery: a hospital
registry study. J Clin Anesth. 2021;72:110284. https://doi.org/10.1016/j.
jclinane.2021.110284.

22. Adler AC, Daszkowski A, Tan JC, Poliner AD, Wei EZ, Nathanson BH, et al.
The association of dexmedetomidine on perioperative opioid consump-
tion in children undergoing adenotonsillectomy with and without
obstructive sleep apnea. Anesth Analg. 2021;133(5):1260-8. https://doi.
org/10.1213/ANE.0000000000005410.

23. Keating GM. Dexmedetomidine: a review of its use for sedation in the
intensive care setting. Drugs. 2015;75(10):1119-30. https://doi.org/10.
1007/540265-015-0419-5.

24. ShehabiY, Howe BD, Bellomo R, Arabi YM, Bailey M, Bass FE, et al. Early
sedation with dexmedetomidine in critically ill patients. N Engl J Med.
2019;380(26):2506-17. https://doi.org/10.1056/NEJM0a1904710.

25. Bahetwar SK, Pandey RK, Saksena AK, Chandra G. A comparative evalu-
ation of intranasal midazolam, ketamine and their combination for
sedation of young uncooperative pediatric dental patients: a triple blind
randomized crossover trial. J Clin Pediatr Dent. 2011;35(4):415-20. https://
doi.org/10.17796/jcpd.35.4.143h3354705u2574.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.2165/00148581-200810010-00006
https://doi.org/10.2165/00148581-200810010-00006
https://doi.org/10.1097/00000542-200302000-00024
https://doi.org/10.1007/s40262-017-0507-7
https://doi.org/10.1007/s40262-017-0507-7
https://doi.org/10.1016/j.jpeds.2015.01.036
https://doi.org/10.1016/j.jpeds.2015.01.036
https://doi.org/10.1186/s12871-020-00978-z
https://doi.org/10.1186/s12871-020-00978-z
https://doi.org/10.1093/bja/aet194
https://doi.org/10.1186/s42077-020-00090-x
https://doi.org/10.1016/j.ajem.2017.03.021
https://doi.org/10.1016/j.ajem.2017.03.021
https://doi.org/10.1213/ane.0b013e31816c8929
https://doi.org/10.31254/jmr.2015.1207
https://doi.org/10.1007/s00228-011-1002-y
https://doi.org/10.1542/peds.2010-0616
https://doi.org/10.1542/peds.2010-0616
https://doi.org/10.3389/fphar.2022.871492
https://doi.org/10.3389/fphar.2022.871492
https://doi.org/10.1177/1750458919854885
https://doi.org/10.1177/1750458919854885
https://doi.org/10.1093/oxfordjournals.bja.a013435
https://doi.org/10.7748/en2010.06.18.3.18.c7825
https://doi.org/10.7748/en2010.06.18.3.18.c7825
https://doi.org/10.1093/bja/88.2.241
https://doi.org/10.1016/j.jclinane.2021.110284
https://doi.org/10.1016/j.jclinane.2021.110284
https://doi.org/10.1213/ANE.0000000000005410
https://doi.org/10.1213/ANE.0000000000005410
https://doi.org/10.1007/s40265-015-0419-5
https://doi.org/10.1007/s40265-015-0419-5
https://doi.org/10.1056/NEJMoa1904710
https://doi.org/10.17796/jcpd.35.4.l43h3354705u2574
https://doi.org/10.17796/jcpd.35.4.l43h3354705u2574

	Safety and efficacy of a novel dexmedetomidine nasal spray for pre-anesthetic sedation in children: a randomized, double-blind, placebo-controlled trial
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Ethics
	Study population
	Randomization
	Study drug administration and dose selection
	Assessments
	Outcome measures
	Statistical analysis

	Results
	Subject disposition and characteristics
	Efficacy
	Safety

	Discussion
	Acknowledgements
	References


