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of Anesthesiology and Critical Care Medicine, Zhongnan Hospital of Wuhan University, Wuhan, Hubei,
China

Background and Purpose: Data and high-quality studies of anesthetic methods
for children with obstructive sleep apnea hypopnea syndrome (OSAHS) who
undergo drug-induced sleep endoscopy (DISE) are limited. Research on
pediatric DISE using esketamine has never been reported before. To test the
safety and efficacy of esketamine during DISE in children with OSAHS, we
compare esketamine (Group K) with dexmedetomidine (Group D) in this study.

Methods: 100 children with ASA I~ll grade, prepared for an elective
adenotonsillectomy under general anesthesia, were enrolled in this study
and randomized into two groups. Midazolam 0.1 mg/kg was administered
intravenously for both groups. In Group D a 1pg/kg bolus of
dexmedetomidine was given over 10 min followed by the infusion rate
1ug/kg/hr to the end of DISE. Group K received a 1.0 mg/kg IV bolus of
esketamine over 10s followed by the infusion rate 1 mg/kg/hr to the end
of DISE.

Abbreviations: OSAHS, obstructive sleep apnea hypopnea syndrome; PSG, polysomnography; BMI,
Body Mass Index; RDI, respiratory disturbance index; AHI, Apnea-hypopnea Index; ASA, American
Society of Anesthesiologists; DISE, drug-induced sleep endoscopy; UMSS, University of Michigan
Sedation Scale; ABJ score, Awakening and behavior judgment score for newborns and children;
PONYV, postoperative nausea and vomiting; BIS, bispectral index; ECG, electrocardiogram; HR, heart
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate; SpO2, pulse
oxygen saturation; AEs, adverse effects; SD, standard deviation; ANOVA, one-way analysis of variance.
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Results: Group K had a higher percentage of success than Group D (p = 0.008).
The onset time of Group K was shorter than that of Group D (p = 0.000). The
University of Michigan Sedation Scale (UMSS) score of Group K was higher than
that of Group D (p = 0.005). The risk of adverse effects (AEs) was lower in Group
K (p = 0.000). In Group D, systolic and diastolic blood pressure (SBP and DBP)
and heart rate (HR) all decreased, while in Group K, SBP, DBP, and HR hardly
changed.

Conclusion: Esketamine in comparison to dexmedetomidine provides more
effective and safer depth of anesthesia for OSAHS pediatric DISE by ensuring

short onset time, deep sedation, and few AEs.

Clinical Trial Registration: ClincalTrials.gov, identifier NCT04877639

KEYWORDS

dexmedetomidine, esketamine, drug-induced sleep endoscopy (DISE), obstructive
sleep apnea hypoapnea syndrome, pediatrics

Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) is
generally believed to be a common health problem (Li et al,
2010). 2%-4% of children with OSAHS are associated with a
substantial morbidity (Park et al,, 2011), including failure of
growth,
abnormalities (Miano et al, 2011), systemic hypertension,
(Goldbart et al, 2010), cor
pulmonale, etc (Kelly et al., 2010). A great number of children

impaired neurocognitive and neurobehavioral

pulmonary hypertension
with OSAHS are cured after adenotonsillectomy. However, 10%-
20% of children have continuing symptoms after surgery
(Bhattacharjee et al., 2010). One of the reasons for uncured
OSAHS is failure to identify all sites of the upper airway
obstruction (Marcus et al., 2012).

There has been increased interest in using drug-induced
sleep endoscopy (DISE), an emerging endoscopic technology,
to assess upper airway obstruction in patients with OSAHS in a
sleep-like state induced and maintained by anesthetic drugs.
Using a flexible nasal endoscope, DISE locates the sites and
patterns of airway collapse accurately, predicts the benefit of
surgery, and customizes a targeted surgical approach for each
patient (Capasso et al.,, 2016).

To mimic physiological sleep with decreased oxygen
saturation levels, the ideal anesthetic administration during
DISE should involve the use of titrable pharmacological
agents with short biological half-life and minor influence on
muscle tone and respiratory drive (Liu et al., 2020). Dynamic
evaluation of DISE in children with OSAHS is often achieved by
using sedatives and anesthetics including benzodiazepines,
pentobarbital, remifentanil, propofol, ketamine,
dexmedetomidine, and their combination (Cho et al., 2015;
Liu et al, 2020). Propofol acts through the inhibitory
neurotransmitter GABA to diminish behavioral responsiveness
as if in a state of non-rapid eye movement (NREM) sleep
(Murphy et al, 2011). It may compromise the airway due to
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muscular flaccidity and respiratory drive suppression. As a
selective alpha-2 adrenergic agonist, dexmedetomidine is a
highly recommended agent for DISE owing to its analgesic,
amnesic and anxiolytic characteristics. Ehsan reviewed and
concluded that drugs such as dexmedetomidine have the least
impact on respiratory control and may be most effective in DISE
(Ehsan et al, 2016). Though dexmedetomidine successfully
induces sedation for non-invasive procedures, it does not
provide sufficient depth of anesthesia when used as a sedative/
anesthetic alone for invasive procedures (Mahmoud and Mason,
2015). Based on his review, Liu thought that the optimal scheme
might be made by combining ketamine with dexmedetomidine
(Liu et al., 2020). As a non-competitive n-methyl-d- aspartic acid
(NMDA) receptor antagonist, ketamine offers good analgesia
and amnesia with natural respiratory pattern, however, its role as
a sedative has been restricted by the occurrence of vomiting and
psychomimetic side effects (Sruthi et al., 2018; Wang et al., 2019).
The substance ketamine is a racemate comprising two
enantiomers—mirror-like configurated molecules S (+)- and R
(-)- ketamine. Compared to both the racemic and R
(—)-ketamine, S (+)-enantiomer demonstrated the greater
efficacy with lower dosage in experimental studies on animals
(Schmidt et al., 2005).

Children with OSAHS are vulnerable to upper airway
obstruction during sedation and anesthesia because they are
more sensitive to the respiratory inhibitive effects of hypnotics
and sedatives. We need to avoid using airway intervention to
improve airway patency for them. Thus, it poses a challenge to
obtain perfect dynamic airway assessment during DISE for these
patients. It is urgent and critical to find good anesthetic drugs for
their DISE. Data and high-quality studies of anesthetic methods
for OSAHS pediatric DISE are limited (Liu et al., 2020). Research
on pediatric DISE using esketamine has never been reported
before. To test the safety and efficacy of esketamine during DISE
in children with OSAHS, we compare esketamine (Group K)
with dexmedetomidine (Group D) in this study.
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Materials and methods
Ethics approval

This study, approved by the Ethical Board for Clinical/
Scientific Research Project of Zhongnan Hospital of Wuhan
University (Approval Number: 2021071), was conducted in
with  the
Harmonization Guidelines for Good Clinical Practice and the

accordance International ~ Conference  on
Declaration of Helsinki. Trial Registration: ClincalTrials.gov.
Identifier: NCT04877639. Chinese Clinical Trial Registry:

http://www.chictr.org. Number: ChiCTR2100045914.

Study design, setting and population

100 children with ASA I~Il grade who are prepared for an
elective adenotonsillectomy under general anesthesia were
enrolled between 17 May 2021 and 22 November 2021 at
Department of Otorhinolaryngology-Head and Neck Surgery
of Zhongnan Hospital of Wuhan University in the study.
Inclusion criteria included 1) 3-12 years old, and 2) informed
consent from subjects’ legal guardian. Exclusion criteria were 1)
ASA physical status>1ll, 2)a baseline oxygen saturation<95%, 3)
Body Mass index (BMI) > 30 kg/m’® 4)Mallampati score iv, 5)
chronic heart/lung/liver/kidney diseases, iind-iiird degree a-v
block, psychiatric illness, (6 drug abuse or history of chronic
analgesic use, and 7) allergy against the study medications
The
numbered according to their treatment order and randomized

(dexmedetomidine or esketamine). subjects  were
into two groups (Group D and Group K). Randomization was
achieved by computer generated random numbers hidden in a
sealed opaque bag. A nurse, who was not involved in the study,
read the numbers and assigned two groups.

In the inpatient ward, an intravenous (IV) catheter was
inserted for all children in the two groups. Midazolam
0.1 mg/kg was administered intravenously for both groups. In
Group D a 1 ug/kg bolus of dexmedetomidine (U2102003, Hu
Nan Ke Lun Pharmaceutical Co. Ltd., China) was given over
10 min followed by the infusion rate 1 pg/kg/hr to the end of
DISE. Group K received a 1.0 mg/kg IV bolus of esketamine
(210126BL, Jiang Su Heng Rui Pharmaceuticals, China) over 10 s
followed by the infusion rate 1 mg/kg/hr to the end of DISE. The
dexmedetomidine and esketamine were each diluted in a 50 ml
syringe separately and labeled as infusion A and B respectively,
and administered using syringe pumps (WZS-50F6 Double
channel micro-infusion pump, Smiths medical, China) by an
anesthesiologist, who covered all syringes and infusion sets as
well as the screen of the syringe pumps by aluminum foil paper to
assure blindness of the study.

With their heads remaining neutral, the patients in both
and could breathe

Throughout the procedure the patients received continuous

groups were supine spontaneously.
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oxygen, and their pulse oximetry, electrocardiogram and
blood pressure were monitored. The level of sedation was
monitored with an A-2000 BIS monitor (BIS LoC 2 channel,
BIS Complete Monitoring System, 2011 Covidien 11c,
Singapore). After UMSS>3 and BIS 65-75, the nostrils, the
nasopharynx, the oral cavity and the hypopharynx were
checked by a flexible fibrous laryngoscope to ascertain airway
obstructions. The base of tongue and supraglottic structures were
also checked. The patients in both groups were given propofol
0.5 mg/kg when they moved during DISE. After DISE, intubation
was employed and then mechanical ventilation was achieved by
IPPV. An elective adenotonsillectomy under general anesthesia
was performed at last.

Observational index

PSG  data:
polysomnography (PSG) data, including age, gender, height,
weight, American Society of Anesthesiologists (ASA) physical
status, Body Mass Index (BMI), respiratory disturbance index
(RDI), apnea hypopnea index (AHI), severity of OSAHS and
Mallampati Score (Smith et al., 2020), were gathered.

Vital signs: Heart rate (HR), systolic blood pressure (SBP),

Demographic  and Demographic  and

diastolic blood pressure (DBP), electrocardiogram (ECG),
respiratory rate (RR) and pulse oxygen saturation (%,
SpO,) were collected before medication and DISE (T0),
5 min after medication and before DISE (T1), 1 min after
start of DISE (T2), 1 min after completion of DISE (T3), 1 min
after tracheal intubation (T4), 1 min after extubation (T5) and
30 min after extubation (T6).

Time for each procedure: Onset time, DISE time, operation
duration, recovery time and residence time were recorded.

Percentage of success: The ratio of completed DISE cases and
total cases was calculated.

UMSS score, BIS and ABJ score: Depth of sedation was
evaluated by the University of Michigan Sedation Scale
(UMSS) (Malviya et al, 2002; Haberland et al, 2011) at
T1 and the bispectral index (BIS) (Ibrahim et al., 2001) at TO,
T1, T2, T3, T4, T5, and T6. Awakening and behavior judgment
score for newborns and children (ABJ score) (Pees et al., 2003)
was recorded at T6.

Adverse effects (AEs) and corresponding treatments: AEs such
as hypoxemia (Sp0O,<90%, Apnea>20s), laryngospasm, patient
PONV, delirium and
DISE.
Hypoxemia was relieved by oxygen therapy. Laryngospasm was

movement, abortion of examination,

propofol rescue were observed during and after
treated by the positive pressure ventilation and/or administration of
propofol. Propofol 1.0 mg/kg was used for delirium or uncontrolled
movements. 0.15mg/kg of Ondansetron and/or 0.25 mg/kg of
dexamethasone (below 10mg) were given for postoperative
nausea and vomiting (PONV) (Martin et al, 2019). Other AEs

were minor and transient, which needed no special treatment.
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[ 100 Volunteers ]

A 4

8 Excluded
1 Declined to participate
2 Did not meet inclusion criteria
5 No PSG

[ 92 Randomized }

/\

49 Allocated to
group D

7 Failed
2 Changed scheme

A 4

40 Included in
analysis

FIGURE 1
Flow diagram illustrating patients’ enrollment throughout the study.

Statistical analysis

Power analysis performed by using the nQuery Advisor with
an inter-group difference of 20.4 and a standard deviation of 23,
a=0.05, § = 0.2 (power = 80%), assuming a dropout rate of 10%,
indicated that at least 22 subjects would be needed for each
group. The sample size of each treatment group was estimated
based on the differences and variations observed in a previous
study by Evans et al. (2003).

Continuous variables with normal distribution (Height,
Recovery time, HR, SBP, DBP, BIS) were presented as mean *
standard deviation, and continuous variables with non-normal
distribution (Age, Weight, BMI, RDI, AHI, Onset time, DISE
time, Operation duration, Residence time, RR and SpO,) were
represented by median (interquartile range). Frequency (%) was
used for categorical variables (Gender, UMSS score, ABJ score,
severity of OSAHS, ASA physical status, Mallampati score,
Percentage of success and AEs).

Continuous variables with normal distribution were compared
between the two groups by independent sample ¢ test, and these
variables at different time points within each group were compared
by repeated measure ANOVA. Continuous variables with non-
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43 Allocated to
group K

43 Included in
analysis

normal distribution were compared between the two groups by
Wilcoxon rank sum test. Non-rank categorical variables (Percentage
of success, AEs) were tested by Chi-square test, and rank categorical
variables (UMSS score, ABJ score, severity of OSAHS, ASA physical
status, Mallampati score) were tested by Wilcoxon rank sum test. All
statistical analysis was conducted with SPSS26 software. P < 0.05 was
considered statistically significant.

Results
Demographic and polysomnography data

100 children were enrolled in the study. Of them, 2 did not meet
the inclusion criteria, 1 declined to participate, 5 had no PSG,
2 changed scheme, and 7 failed to undergo the complete DISE, and
thus we dropped these 17 children from the study. Their data were
not used in analysis, but the 7 children who had early termination of
DISE were included in the calculation of percentage of success
(Figure 1).

Demographic and PSG data had no difference between the two
groups (p > 0.05). PSG monitoring demonstrated some degree of
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TABLE 1 Demographic and PSG data.

Characteristic Total (n = 83) Group D (n = 40) Group K (n = 43) p-value
Gender (n%) 0.600
Male 42 (50.6%) 19 (47.5%) 23 (53.5%)

Female 41 (49.4%) 21 (52.5%) 20 (46.5%)

Age(m) 79 (60.50-99) 70.50 (56.25-99) 83.50 (69.75-100.25) 0.433
Height (cm) 122,90 + 15.37 119.94 + 16.39 125.71 + 13.94 0.100
Weight (kg) 24 (18-30) 21.00 (17.13-26.38) 25.50 (18.00-32.63) 0.050
BMI (kg.m-2) 15.53 (14.50-18.01) 15.38 (14.44-16.89) 16.08 (14.67-18.68) 0.183
RDI 1.4 (1.00-3.45) 1.25 (1.00-3.03) 1.65 (0.95-3.65) 0.600
AHI 1.4 (0.98-3.38) 1.25 (1.00-3.03) 1.65 (0.95-3.65) 0.498
Severity of OSAHS 0.426
No 15 (18.1%) 9 (22.5%) 6 (14.0%)

1 57 (68.7%) 24 (60.0%) 33 (76.7%)

11 6 (7.2%) 4 (10.0%) 2 (4.7%)

111 5 (6.0%) 3 (7.5%) 2 (4.7%)

ASA physical status 0.916
I 17 (20.5%) 8 (20.0%) 9 (20.9%)

I 66 (79.52%) 32 (80.0%) 34 (79.1%)

Mallampati Score 0.905
I 64 (77.11%) 30 (75.0%) 34 (79.1%)

il 17 (20.48%) 9 (22.5%) 8 (18.6%)

III 2 (2.41%) 1 (2.5%) 1 (2.33%)

PSG, polysomnography; BMI, body mass index; RDI, respiratory disturbance index; AHI, Apnea-hypopnea Index. OSA, obstructive sleep apnea; ASA, American Society of
Anesthesiologist. Data presented as mean + SD, median (interquartile range) or frequency (%). p presented the comparison between the two groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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TABLE 2 Time for each procedure.

Time (min) Total

Onset (min) 3 (2-12)
DISE(min) 12 (12-12)
Operation (min) 50 (35-60)
Recovery (min) 47.55 + 16.639
Residence (min) 30 (30-37)

10.3389/fphar.2022.1036509

Group D Group K p-value
12 (10.25-14) 2 (2-3) 0.000*
12 (12-12) 12 (12-12) 0.851
50 (40-60) 45 (35-60) 0.204
54.18 + 18.812 50.40 + 17.389 0344
30 (30-35) 30 (30-40) 0.649

DISE, drug-induced sleep endoscopy. Data presented as mean + SD, or median (interquartile range). Compare between two groups *p < 0.05, **p < 0.01, ***p < 0.001.

Total=40 UMSS Total=43 umss B 35 P=0.000
k%
2 1
* £ 30 1
4 o
- 3 I
0
2
= 25
2.0 ; T
Group D Group K GroupD Group K
= D
Total=40 Score Total=43 Score 5 32 P=0514
2 fo |
3 S S 30
- (7]
5% I
.ga g’, 2.8
[=
2.6
Z . |
GroupD Group K

Group D

FIGURE 3

Group K

Different effects of two groups during drug-induced sleep endoscopy in children with obstructive sleep apnea hypopnea syndrome. (A)The
number of subjects with each UMSS score in two groups. (B) UMSS score. (C)The number of subjects with each ABJ score in two groups. (D)ABJ
score. Data are expressed as median (interquartile range) or frequency (%), Compare between two groups *p < 0.05, **p < 0.01, ***p < 0.001

OSAHS on 68 subjects, of whom 57 had mild OSAHS, 6 had
moderate OSAHS, and 5 had severe OSAHS (Table 1).

Vital signs

Baseline HR, SBP and DBP did not differ between the two groups.
Compared with TO, SBP and DBP at T1 T2 T3 T4 T5 T6, and HR at
T1 T3 T5 in Group K were not significantly different. Compared with
T0, HR, SBP and DBP all decreased at T1 in Group D. Compared
with Group D, children receiving esketamine had higher HR, SBP and
DBP at T1,T2,T3,T4, T5, and T6 (Figures 2A,B,C)).
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The SpO, values recorded were 100% (95% CI, 99%-100%)
for the esketamine group and 100% (95% CI, 98%-100%) for the
dexmedetomidine group respectively. SpO, values did not differ
between the two groups (p = 0.135).

No abnormal ECG and RR were observed in both groups.

Time for each procedure
Onset time, from starting of dexmedetomidine or esketamine

infusion to DISE beginning, was 12 (95% CI, 10.25-14) min in
Group D, and onset time of Group K was 2 (95% CI, 2-3) min.
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TABLE 3 UMSS score and Awakening and behavior judgment (ABJ) score.

Score Total (83)
Awakening and behavior judgment

2 3 (3.61%)

3 80 (96.39%)
UMSS

2 12 (14.46)

3 70 (84.34)

4 1 (1.20%)

10.3389/fphar.2022.1036509

Group D (40) Group K (43) p-value
0.514

2 (5.00%) 1(2.33%)

38 (95.00%) 42 (97.6%)
0.005**

11 (27.50%) 1 (2.33%)

28 (70.00%) 42 (97.67%)

1 (2.50%) 0 (0.00%)

UMSS: University of Michigan Sedation Scale. Data presented as frequency (%). Group D vs. Group K *p < 0.05, **p < 0.01, ***p < 0.001.

A P=0.008 B P=0.000
*% * kK
& 1007 £ —
[ z
g 904 =
3 £ 10-
= [
]
5 807 £
[ -
o 9 5
£ 701 S
8 T
[
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Group D Group K Group D Group K
C D -
P=0.000 P*g;fioo
601 * k% 20+ —
| —— |

50- &)
9 s 1°
& 40 2
< 2 10
T 30 o
° ]
- 2 5]

20 3

o
10- 0-
GroupD  Group K GroupD  Group K

FIGURE 4

Different effects of two groups during drug-induced sleep
endoscopy in children with obstructive sleep apnea hypopnea
syndrome. (A)Percentage of success. (B)Onset time. (C)Total AEs.
(D)Propofol rescue. Data are expressed as median

(interquartile range) or frequency (%), Compare between two
groups *p < 0.05, **p < 0.01, ***p < 0.001.

The onset time of Group K was shorter than that of Group D (p =
0.000) (Table 2) (Figure 4B).

DISE time, from the beginning to the end of endoscopy, was
12.0 (95% CI, 12.0-12.0) min in both groups. DISE time had no
significant difference between the two groups (Table 2) (p = 0.851).

The mean operation duration of the two groups, from the
beginning to the end of the operation, was 50 (95% CI, 35-60)
min. The operation duration had no significant difference
between the two groups (Table 2) (p = 0.204).
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Recovery time, from discontinuing of dexmedetomidine or
esketamine infusion to eye opening on verbal contact, was
54.18 + 18.81 min in Group D, and recovery time of Group K
was 50.40 + 17.39 min. The recovery time had no significant
difference between the two groups (Table 2) (p = 0.344).

The mean residence time at PACU, from entering PACU to
leaving PACU, was 30 (95%CI, 30-37) min. The residence-time at
PACU had no significant difference between the two groups (Table 2)
(p = 0.649).

University of michigan sedation scale
score, bispectral index and awakening and
behavior judgment score

UMSS score: Depth of sedation was evaluated by UMSS after
completion of bolus dose administration. Most subjects had a
UMSS score of 2 or 3 at the time of evaluation. The number of
subjects with each score varied between the two groups. For the
subjects receiving dexmedetomidine, 11 had a score of 2 and
28 had a score of 3. For the subjects receiving esketamine, 1 had a
score of 2, and 42 had a score of 3. Group K had a higher UMSS
score than Group D (p = 0.005) (Table 3) (Figures 3A,B).

BIS: BIS at TO, T1, T2, T3 and T4 had no significant
difference between the two groups. Group K had higher BIS
at T5 and T6 than Group D (Figure 2D).

AB]J score: All subjects had an ABJ score of 2 or 3. The number
of subjects with each score varied between the two groups. Of the
subjects receiving dexmedetomidine, 2 had a score of 2 and 38 had a
score of 3. And of the subjects receiving esketamine, 1 had a score of
2 and 42 had a score of 3. The AB]J scores didn’t vary between the
two groups (p = 0.514) (Table 3) (Figures 3C,D).

Adverse effects, propofol rescue and
percentage of success

AEs: In Group D, 26 of 47 patients experienced AEs, and
8 of 43 patients experienced AEs in Group K. The number of

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1036509

Yongping et al.

TABLE 4 Adverse effects, Propofol rescue and Percentage of success.

Symptoms D group (n = 47)

Patient movement 14 (29.8%)

Cry 2 (4.3%)
Sleepy 3 (6.4%)
Laryngospasm 1 (2.1%)
Hypoxemia 4 (8.5%)
Allergy 1(2.1%)
PONV 0 (0.0%)
Sore throat 0 (0.0%)
Nystagmus 0 (0.0%)
Hypertension 0 (0.0%)
Delirium 0 (0.0%)
Coughing 1(2.1%)
Salivation 0 (0.0%)
Overnight respiratory events 0 (0.0%)

Related to drugs

Certainly 23 (48.9%)
Probably 3 (6.4%)

Total 26 (55.3%)
propofol rescue 9 (19.1%)

Percentage of success 40 (85.11%)

10.3389/fphar.2022.1036509

K group (n = 43) p-value

0 (0.0%)
1(2.3%)
0 (0.0%)
0 (0.0%)
6 (14.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
1 (2.3%)
0 (0.0%)

6 (14.0%)
2 (4.7%)
8 (18.6%)
1(2.3%)
43 (100%)

0.000***
0.000***
0.008**

PONV, postoperative nausea and vomiting. Data presented as frequency (%). Group D vs. Group K *p < 0.05, **p < 0.01, ***p < 0.001.

AEs varied greatly between the two groups (p = 0.000). The
risk of AEs and propofol rescue was higher in Group D than in
Group K (p = 0.000) (Table 4) (Figures 4C,D).

Percentage of success: The ratios of completed DISE cases
and total cases, were 85.11% (40/47) in Group D and 100% (43/
43) in Group K respectively. Overall, DISE was successfully
completed in 92.22% (83/90) of cases. In Group D, DISE was
not completed in 7 patients. Group K had a higher percentage of
success than Group D (p = 0.008) (Table 4) (Figure 4A).

Discussion

In this prospective, randomized and blinded clinical trial,
esketamine iv can provide higher percentage of success, shorter
onset time, deeper sedation and fewer AEs, therefore it is superior
to dexmedetomidine iv.

It can be seen from this study that the respective percentage
of success was 85.11% (40/47) in Group D and 100% (43/43) in
Group K. Since 7 patients failed to undergo the complete DISE in
Group D, Group K had a higher percentage of success than
Group D (p = 0.008). The reasons for increased risk of DISE
failure of Group D were probably delayed onset and slighter
sedation.

Our findings revealed that esketamine had quicker onset than
dexmedetomidine. The respective onset time was 12 (95% CI,
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10.25-14) min in Group D and 2 (95% CI, 2-3) min in Group K,
which was consistent with Pees’ (Pees et al., 2003) and Tekeli’s
research (Tekeli et al., 2020). Our difference from Pee’s research
(Pees et al., 2003) was the subjects were adults in Pee’s but children
in ours. Our study showed no significant difference in recovery
time between the two groups (p = 0.344). It was probably because
drugs including dexmedetomidine and esketamine had been
eliminated during the whole period of DISE followed by
adenotonsillectomy.

The UMSS score of Group K was higher than that of Group
D, which proved that esketamine had preferred sedation. This
result was similar to Pees’ (Pees et al., 2003). Contrary to the
previous studies made by Lo YL and Haberland CM (Haberland
et al.,, 2011; Lo et al.,, 2015), difference in BIS between the two
groups at T0, T1, T2, T3, and T4 were not significant. The BIS
was one of the most accurate and sensitive indicators of accessing
conscious state by a single numeric value, scaled from 0 to 100
(Loetal., 2015; Jones et al., 2021). However, according to Ibrahim
AE (Ibrahim et al., 2001), BIS scores associated with depth of
anesthesia were dependent upon the anesthetic agent being used.
They were relatively ineffective during sedation with ketamine,
nitrous oxide, or dexmedetomidine, and could be unpredictable
in the presence of opioids. Further research was needed.

AEs occurred in 8 of 43 patients in Group K and 26 of
47 patients in Group D. The risk of AEs was proved to be lower in
Group K (p = 0.000).
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No abnormal ECG and RR were observed in both groups. SpO,
between the two groups had no significant difference (p = 0.135). It
was shown that neither dexmedetomidine nor esketamine had airway
intervention or significant oxygen desaturation. This gave further
support to earlier experimental results (Mahmoud et al., 2009; Ehsan
et al,, 2016). Compared with TO0, HR, SBP and DBP all decreased at
T1 in Group D. In accordance with Nelson’s research (Nelson et al,,
2003), dexmedetomidine might cause marked hemodynamic
instability, especially bradycardia and hypotension.

Compared with TO, SBP and DBP at T1 T2 T3 T4 T5 Té,
and HR at T1 T3 T5 in Group K were not significantly
first time that
esketamine, administered along with midazolam, had little

different. Our research revealed for the

influence on the circulatory and respiratory system during
OSAHS pediatric DISE.

The pharmacokinetic parameters of esketamine and
S-norketamine are both similar in the pure isomer and the
Also, there in the

pharmacokinetics of esketamine and S-norketamine in the pure

racemate. were no sex differences
isomer. However, compared with racemate ketamine, esketamine
had a shorter recovery time and orientation recovery time, which
present potential clinical advantages (Wang et al., 2019). Esketamine
possesses a higher efficiency and mainly acts on N-methyl-D-
aspartate (NMDA) receptor and integrates sedation, analgesia, and
the anesthesia effect (Smits et al, 2017; Van de Bunt et al,, 2017;
Kalmoe et al., 2020; Harder et al., 2022; Li et al., 2022). Its analgesic
effect is twice that of ketamine; therefore, lower clinical doses of
esketamine are demanded, and side effects (such as nightmare,
delirium, and agitation) are decreased (Zhang et al, 2022). It has
been adopted in some European countries for decades and has been
used in Chinese hospitals in recent years. Besides treating depression,
esketamine is applied for clinical sedation and analgesia associated
with same-day bidirectional endoscopy (Long et al., 2022), pediatric
dental surgery (Xin et al,, 2021) and mechanical ventilation in ICU
patients (Song et al, 2022) When it is used for bronchoscopy,
esketamine relaxes bronchiolar muscles and inhibits bronchial
constriction (Huang et al., 2022).

The following are several limitations of our research:

First, the DISE technique doesn'’t reliably induce REM sleep, which
is closely connected with upper airway obstruction (Capasso et al,
2016);

Second, the depth of sleep and wakefulness cannot be assessed
effectively in an accurate and consistent way. Based on previous
research, adequate depth of sedation and anesthesia for DISE in
OSAHS children was UMSS score of 3 or BIS 65-75 in this study
(Stierer and Ishman, 2015; Lo et al., 2015; Shields et al., 2005; Malviya
et al., 2002). The scores for pediatric awakening depth were very few.
A reliable and valid one was ABJ score for newborns and children
(Pees et al., 2003). So UMSS score, BIS and ABJ score were adopted in
our study.

Third, this study, carried out at a clinical DISE center
specializing in the care of OSAHS children, is only a
reflection of the experience of a single center.

Frontiers in Pharmacology

09

10.3389/fphar.2022.1036509

Fourth, in the absence of dose-response studies, we cannot
determine the effect of using larger or smaller doses in our study.

Fifth, in our study DISE was not done alone but performed
before adenotonsillectomy.

Last but not least, the majority of pediatric patients in our
study have mild OSAHS or even suspected ones.

Further research on dosage related effects of esketamine for
pediatric DISE needs to be done at multiple centers. The
relationship between BIS scores and depth of anesthesia under
esketamine for OSAHS pediatric DISE should be explored.

Conclusion

Esketamine in comparison to dexmedetomidine provides more
effective and safer depth of anesthesia for OSAHS pediatric DISE by
ensuring short onset time, deep sedation, and few AEs.
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