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Background: Preoperative anxiety often prevails in children at higher levels than
adults, which is a common impediment for surgeons and anesthesiologists.
It is of great necessity to explore an appropriate medication to improve this
situation. Remimazolam, a type of benzodiazepine drug, has been indicated for
the induction and maintenance of procedural sedation in adults since 2020.
To date, rare studies were reported to investigate the effect of remimazolam
on children. In this study, we investigated the safety and efficacy of intranasal
drops of remimazolam and tried to determine the 95% effective dose (EDgsg)
of remimazolam in single intranasal administration in attenuating preoperative
anxiety in children.

Methods: In this study, 114 children were enrolled who underwent laparoscopic
high-levelinguinal hernia ligation between January 2021 and December 2022 and
were divided into an early childhood children group and a pre-school children
group. The biased coin design (BCD) was used to determine the target doses.
A positive response was defined as the effective relief of preoperative anxiety
(modified Yale Preoperative Anxiety Scale, mYPAS < 30). The initial nasal dose of
remimazolam was 0.5 mg-kg_l in the two groups. An increment or decrement of
0.1 mg-kg_1 was applied depending on the sedative responses. Isotonic regression
and bootstrapping methods were used to calculate the EDg5 and 95% confidence
intervals (Cls), respectively.

Results: A total of 80 children completed the study, including 40 in the early
childhood group and 40 in the pre-school children group. As statistical analysis
indicated, the EDg5 of a single intranasal infusion of remimazolam for the relief
of preoperative anxiety is 1.57 mg-kg*1 (95% ClI: 1.45-1.59 mg~kg*1) in early
childhood children and 1.09 mg-kg—?! (95% Cl: 0.99-1.11 mg-kg~1) in pre-school
children, and the Cls did not overlap each other.

Conclusion: Remimazolam is an effective medication to relieve preoperative
anxiety in children. Moreover, the EDgg of single nasal administration of
remimazolam for effective relief of preoperative anxiety was 1.57 and 1.09
mg~kg_1 in early childhood children and pre-school children, respectively.
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Introduction

Preoperative anxiety often occurs in children, with an incidence
of 50-75% (1). It usually occurs within 24h before surgery,
manifesting as agitation, body tension and rigidity, persistent
complaining and crying, and abnormal silence. The currently
accepted pathophysiological model indicates that preoperative
anxiety stress-related pathophysiological changes occur at the
hypothalamic-pituitary-adrenal (HPA) axis (2). Stress response
leads to the release of adrenocorticotropic hormone (ACTH)
and corticoids into the bloodstream as a result of activation of
the HPA axis (3). Excessive preoperative anxiety often induces
rapid heartbeat, hypertension, arrhythmia, and pain oversensitivity,
and these disorders may last until surgeries end. Preoperative
anxiety has great relevance for postoperative disorders, including
unrest, enuresis, anorexia, apathy, solitarity, and insomnia, which
can last as long as 6 months after operations (4-6). Therefore,
anesthesiologists should pay great attention to preoperative anxiety
in children.

The interposition of children’s preoperative anxiety mainly
includes behavior and drug intervention. Behavior interventions
can effectively relieve preoperative anxiety, involving parents’
presence at the induction of anesthesia (PPIA), video distraction,
music therapy, storybook reading, and child preoperative
education (7-10). Midazolam, dexmedetomidine, and melatonin
are universal medications used to prevent preoperative anxiety.
Midazolam belongs to the benzodiazepine drugs, which have
anti-anxiety, sedative, hypnotic, and anterograde amnesia
effects. It can be administered orally, intranasally, intravenously,
and intramuscularly. In 1988, Wilton et al. first administered
midazolam intranasally to attenuate preoperative anxiety in pre-
school children with great success (11). In the following decades,
a crowd of studies were conducted on the nasal administration of
midazolam, mostly to improve preoperative anxiety and epilepsy
in children. Numerous studies have demonstrated that nasal
administration of midazolam is safe and reliable for relieving
preoperative anxiety. A study by Wermeling et al. indicated that
the elimination half-life of intranasal administration of 5mg
midazolam is up to 3.25h (12), which suggests that some children
may have drug residue after surgeries.

The new benzodiazepine remimazolam is an ester-based
drug that is rapidly hydrolyzed in the body by tissue esterases
into inactive metabolites (13). Yang et al. reported that an
intravenous remimazolam injection of 0.2 mg-kg™! at the end of
surgery was effective in relieving postoperative delirium caused
by sevoflurane (14). In the Phase I clinical trial, intravenous
remimazolam exhibited relatively high-level clearance, a small
stable volume of distribution, and short elimination half-
life (15). Accordingly, remimazolam was characterized by a
pharmacokinetic-pharmacodynamic profile with fast onset, fast
recovery, and moderate hemodynamic side effects (16). To date,
remimazolam has been widely used for induction and maintenance
of anesthesia in adult surgeries, while few research studies have
been performed on its application of sedation and anesthesia in

Abbreviations: SEC, sufentanil-induced cough; EIC, extubation-induced

cough; PONV, postoperative nausea and vomiting.
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children. This study aims not only to verify the safety and efficacy
of intranasal drops of remimazolam in attenuating preoperative
anxiety in children but also to determine the EDgs of remimazolam.

Methods

A total of 114 children were enrolled who underwent
laparoscopic high-level inguinal hernia ligation between January
2021 and December 2022 and were divided into the early
childhood children (EC) group and the pre-school children (PC)
group. The inclusion criteria are as follows: 1-6 years old;
laparoscopic high ligation of hernia sac under general anesthesia;
and American Society of Anesthesiologists (ASA) physical status
I~II. The exclusion criteria are as follows: ASA physical status
II or higher; administration of analgesic sedatives, antiemetic, or
antipruritic drugs within 24 h before surgery; having a fever (38°C
or higher) or cold symptoms within 24h before surgery; history
of bronchial asthma, moderate to severe sleep apnea syndrome,
liver or kidney function impairment; history of obstructed airway
or abnormal recovery from anesthesia; history of severe head
trauma or intracranial hypertension within 6 months; history
of mental or neurological diseases, chronic hypertension, and
hypoalbuminemia; and history of allergy to any medication.

The children’s vital indices, including non-invasive blood
pressure (NIBP), HR, and blood oxygen saturation (SPO,), were
continuously monitored at 5-min intervals by General Electric
(GE) monitor. Before administration, 25 mg of remimazolam was
dissolved in 0.9% normal saline (1 ml). Remimazolam was quickly
dripped into the nasal cavity with a 1 ml syringe (removal needle)
at the anesthetic area. The sequential dose was assigned according
to the biased coin design (BCD), with an initial dose of 0.5 mg kg~
for the first patient in both the early childhood children group (1-3
years) and the pre-school children group (3-6 years). In the field of
pediatrics, people usually define early childhood aged 1-3 years and
pre-school children aged 3-6 years.

The modified Yale Preoperative Anxiety Scale (mYPAS) is a
reliable and effective tool to assess preoperative anxiety in children
aged 0-12 years, and a higher value means severe anxiety (17,
18). The mYPAS measurement includes 22 items in five behavior
categories, namely activity, vocalization, emotional expressivity,
state of apparent arousal, and use of parent. The score ranges
from 23.33 to 100, and it is generally administered at four time
points, namely preoperative holding, walking to the operating
room, entrance to the operating room, and introduction to the
anesthesia mask.

Parents stay with the child from the time they enter the
waiting area until the induction of inhalation anesthesia. In the
anesthesia waiting area, children were transferred to the operating
room for induction of inhalation anesthesia after 10min of
intranasal infusion of remimazolam. After anesthesia induction,
the nurse established an intravenous channel. The anesthesiologist
administered sufentanil (0.3 p,g-kg_l), propofol (1.5 mg-kg_1 ), and
rocuronium bromide (0.6 mg-kg™!) intravenously. After 2 min of
the injection, endotracheal intubation was performed. Anesthesia
was maintained by sevoflurane inhalation (minimum alveolar
concentration, MAC range 0.7-1.0). Sevoflurane inhalation was
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Assessed for eligibility (n=114)

Patients included in the

The next patient was randomized, the dose of success
remimazolam was the same 95% of the time, and «———————
it was reduced 0.1mg-kg™ 5% of the time

End of study, statistical analysis

FIGURE 1
Consort flow diagram of the study.
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Group of pre-school age children (n=12)

v

study (n=80)

stopped 5 min before the completion of the procedure, and oxygen
flow was increased to 6 L/min.

Atropine 20 pg-kg™!, ephedrine 5 jLg-kg~!, and epinephrine
10 pgkg™!, as rescue medications, were available anytime for
every patient. When HR was <60 beats-min~!, atropine was given,
and adrenaline was used if necessary. When the MAP was lower
than 30% of the base value for more than 1 min, the inhalation
concentration of sevoflurane was reduced, and ephedrine or
epinephrine was given if necessary. When the MAP was above
30% of the baseline value and lasted for more than 1 min, clinical
interventions were up to the doctor’s clinical experiences.

Biased coin design method

We used the BCD method (19) to determine the interventional
dose level of remimazolam for every child in each group. First, the
children were labeled with sequential numbers in each group. Then,
the successive children were exposed to one of the sequential K dose
levels with an initial dose of 0.5 mg-kg~!, the lowest dose in the
current study, for both groups at the discretion of the investigators.
K-ordered dose levels were chosen with a fixed increment of 0.1
mg-kg~! between two adjacent levels. In the same group, if the
former patient was observed to have a negative response, the latter
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would be treated with a dose of remimazolam increased by 0.1
mg-kg~!. Conversely, if a positive response was observed, the
next patient in the same group received, in a random manner,
either the same dose in P = 0.95 or the lower dose with the 0.1
mg-kg~! decrement in P = 0.05. mYPAS < 30 was regarded as a
positive response during the introduction to the anesthesia mask.
It is generally accepted that the mYPAS score of >30 indicates
significant preoperative anxiety (17).

Statistical analysis

In BCD studies, drug dosage is not an independent variable
and distribution is unknown, so we cannot evaluate sample size.
In evaluating and comparing five target doses using a Monte Carlo
simulation, Stylianou and Flournoy found that all of the estimators
performed similarly in the study, nearby their equilibrium point
when the sample size was 20, and the estimators became stabilized
or close to stabilized when the sample size was 40. Thus, in this
study, we included 40 subjects in each group (20).

The mYPAS was used to determine the remimazolam dose
during mask induction. The EDg5 of remimazolam for the relief
of preoperative anxiety in children was estimated by using the
isotonic regression estimator /i3, a linearly interpolated dose
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TABLE 1 Subject characteristics.

Characteristics

Early childhood

Pre-school age

children

(n = 40) (n = 40)
Sex, male:female 33:7 31:9
Age (months)
Mean [SD] 22.43 [6.17) 51.30 [10.78]
Range (months) 12.00-36.00 37.00-70.00
Weight (kg)
Mean [SD] 12.21 [2.41] 17.05 [2.70]
Range 9.00-18.00 12.50-25.00
Height (cm)
Mean [SD] 86.70 [8.04] 104.66 [6.94]
Range 75.00-108.00 92.00-120.00
BMI (kg m2)
Mean [SD] 16.18 [1.78] 15.50 [1.40]
Range 13.30-20.99 13.45-20.66

between Py and Py, bounding the probability of the effect “T"”

(0.95 in our study) (19). P} and Pz+1 are defined as the adjusted
response probabilities at doses x; and x 1, respectively. They were
obtained by the pool adjacent violators algorithm (PAVA) (19).
The ~95% confidence interval (CI) of EDgs was obtained from a
bias-corrected percentile method derived by bootstrapping, with a
resampling size of 40, a replicate number of 2,000, and a target of I"
= 0.95, as described previously (19, 21). R software (R Foundation
for Statistical Computing, Vienna, Austria; http://www.R-project.
org/) was used to analyze the abovementioned data.

Descriptive statistics were used to summarize the demographic
characteristics and secondary outcomes. BP and HR were
compared in the same group using ANOVA for repeated measures.
Two independent sample ¢-tests were used to compare BP and
HR between different groups. Drug onset time, anesthesia time,
operation time, extubation time, and recovery time were compared
between the two groups using two independent sample ¢-tests. In
all cases, P < 0.05 was considered to be statistically significant.
We used IBM SPSS Statistics for Windows version 22 (IBM Corp.,
Armonk, NY, USA) for statistical analysis.

Results

We enrolled 114 children who underwent laparoscopic high-
level inguinal hernia ligation between January 2021 and December
2022, and 80 children completed the study with ethic-informed
consent, including 40 in the early childhood group and 40 in
the pre-school age children group (Figure 1). The demographic
characteristics of the two groups are presented in Table 1.

The standard chart shows the patients’ effective or ineffective
response at a given dose, with the sequence of children on the X-
axis and the assigned dose of remimazolam on the Y-axis (Figures 2,
3). The observed response rate for each specific remimazolam

Frontiersin Medicine

10.3389/fmed.2023.1253738

dose and the PAVA-adjusted response rates are shown in Table 2.
The observed response rates occasionally decreased as the dose
increased, and the PAVA-adjusted response rates never decreased as
the dose increased. The calculated EDgs is 1.57 mg-kg~! (95% CI:
1.45-1.59 mg-kg!) for early childhood and 1.09 mg-kg~* (95% CI:
0.99-1.11 mg-kg™"!) for pre-school children.

Five clinical manifestations were observed after intranasal
infusion of remimazolam (Figure 4). The results of Fisher’s exact
test showed that there was a statistically significant difference in
clinical manifestations between the two groups (F = 18.916, P =
0.000). The results of time-related indicators in the two groups,
including onset time, anesthesia time, operation time, extubation
time, and recovery time, are shown in Figure 5. The difference
between the two groups was not statistically significant (P > 0.05).

The trends of HR and MAP in the waiting area and during
anesthesia induction in the two groups of children are shown in
Figures 6, 7. In the early childhood group, HR was lower than
the baseline value after 5 and 10 min of intranasal remimazolam
administration (P < 0.05). However, in the pre-school children
group, the differences in HR at each time point were not statistically
significant (P > 0.05). In both groups, MAP after induction
was significantly lower than the baseline value (P<0.05), while
the difference in MAP at other time points was not statistically
significant (P > 0.05). No decrease in MAP was more than 30%
of the baseline value in each group. Comparisons of BP and HR
between children with mYPAS < 30 or mYPAS > 30 in different
age groups are shown in Figures 8, 9. In the same age group, there
was no significant difference in MAP and HR at the same time point
(P > 0.05).

In the anesthesia waiting area, no adverse reactions were
observed, such as respiratory depression, hypoxemia, hypotension,
bradycardia, nausea, vomiting, or allergy to remimazolam.

Discussion

Remimazolam and midazolam, two benzodiazepines, share
similarities in their pharmacological and pharmacokinetic
characteristics, leading to common applications (22). Previous
studies have clearly shown that remimazolam can be safely
and effectively used for general anesthesia, for the prevention of
agitation, and for sedation in pediatric magnetic resonance imaging
(16, 23, 24). However, there are few reports of remimazolam for
alleviating preoperative anxiety in children. Our study found that
children given remimazolam through the nasal cavity did not
experience any drug-related adverse reactions, and as the dosage
increased, the sedative effect became better. The most important
finding of this study is that the EDgs of a single intranasal
infusion of remimazolam for relief of preoperative anxiety is 1.57
mg-kg~! (95% CI: 1.45-1.59 mg-kg™!) in early childhood children
and 1.09 mgkg™! (95% CL 0.99-1.11 mg-kg™!) in pre-school
children. The CIs did not overlap each other, indicating that
EDgs was different in the two groups. Whether the degree of
anxiety and characteristics of drug metabolism in different age
groups contribute to this difference are unknown and need to be
investigated by further research.

The BCD design method is commonly used in anesthesia
studies (25-27). Binary (positive/negative) response data generated

frontiersin.org


https://doi.org/10.3389/fmed.2023.1253738
http://www.R-project.org/
http://www.R-project.org/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

10.3389/fmed.2023.1253738

Long et al.
Patient response outcome
Early childhood
B mYPAS>30
4 mYPAS<30

1.54
b
=
=0
8
]
=
< 1.0
<
£
g
D
[~2

0.54

; ; ; ; ; ; "I ; ; I'O I‘l 1'2 I'3 1'4 1'51'6 1'7 1'8 I'92'02'l 2‘22’32:2‘52‘62‘72‘82’93’03’] 3’23‘33‘43‘53’63’7;83‘94’0
Patient sequence number
FIGURE 2

Determination of EDgs of single intranasal administration of remimazolam for relieving preoperative anxiety in early childhood. The subject sequence
number (x-axis) is the order of subject exposures using the biased coin design. The assigned doses of remimazolam (y-axis) are 0.5, 0.6, 0.7, 0.8, 0.9,
1.0,1.1,1.2,1.3, 1.4, 1.5, and 1.6 mg-kg~'. An effective dose (mYPAS < 30) is denoted by a solid square and an ineffective dose (MYPAS > 30) is
denoted by an open square. mYPAS, modified Yale Preoperative Anxiety Scale.
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Determination of EDgs of single intranasal administration of remimazolam for relieving preoperative anxiety in pre-school age children. The subject
sequence number (x-axis) is the order of subject exposures using the biased coin design. The assigned doses of remimazolam (y-axis) are 0.5, 0.6,
0.7,0.8,0.9, 1.0, and 1.1 mg-kg~1. An effective dose (mYPAS < 30) is denoted by a solid square and an ineffective dose (mYPAS > 30) is denoted by an
open square. mYPAS, modified Yale Preoperative Anxiety Scale.
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TABLE 2 Observed and PAVA-adjusted response rate.

Assigned dose (mg-kg™!) Number of tests Observed PAVA-adjusted

successes response rate response rate

Early childhood children

0.5 0 1 0.000 0.000
0.6 0 1 0.000 0.000
0.7 0 1 0.000 0.000
0.8 0 1 0.000 0.000
0.9 0 1 0.000 0.000
1.0 1 2 0.500 0.500
1.1 2 3 0.667 0.500
12 0 1 0.000 0.500
1.3 4 6 0.667 0.667
1.4 5 6 0.833 0.883
1.5 5 6 0.833 0.883
1.6 11 11 1.000 1.000

Pre-school children

0.5 2 3 0.667 0.500
0.6 1 2 0.500 0.500
0.7 2 3 0.667 0.500
0.8 1 2 0.500 0.500
0.9 0 1 0.000 0.500
1.0 0 1 0.000 0.500
1.1 28 28 1.000 1.000
40+
33

Il Early childhood
I Pre-school children

w
o
1

Number of patients
N
o

Smile Talkative Quiet Drowsiness  Sleep
Patient presentation

FIGURE 4
Clinical findings of patients after intranasal administration of remimazolam.

by the BCD design method are best suited by isotonic regression  anisotonic regression estimator to calculate the EDgs of the loading
(28). This isotonic regression estimator has excellent statistical ~ dose of remimazolam on the dose-response curve.

properties and can measure the response at any point (quantile) on The results of two phase IV clinical trials clearly demonstrated
the dose-response curve with little bias and variance (29). We used  that effective preoperative sedation can be achieved by intranasal
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FIGURE 6
Response of HR and BP to remimazolam intranasal drip. Compared with baseline, HR decreased at 5 and 10 min after intranasal remimazolam
administration (P < 0.05), and MAP decreased significantly after induction (P < 0.05). “Compare with baseline (P < 0.05).

administration of midazolam, the classic benzodiazepine,
for ~10min (12, 30). Currently, few studies reported the
pharmacokinetics of intranasal remimazolam. However, we
found that the average onset time of nasal administration was
5.00 & 1.47min (early childhood group) and 4.68 % 1.33 min
(pre-school children group). Generally, satisfactory therapeutic
effects can be achieved after 10 min of medication. It is worth
mentioning that in our previous exploration, we found that
the effect of remimazolam on relieving preoperative anxiety
began to weaken after 20 min of administration. This finding

is consistent with the pharmacokinetic and pharmacodynamic

Frontiersin Medicine

studies of intravenous remimazolam by Antonik et al. (15).
Schuttle et al. found that the loss of consciousness occurred after
5 + 1min of intravenous remimazolam administration, and full
awakening occurred after 19 4+ 7min of stopping the infusion.
Thus, nasal administration of remimazolam still conforms to the
pharmacodynamic characteristics of rapid onset and short action
time. The extubation time and recovery time were 12.20 £ 5.32
and 23.35 £ 10.03 min in the infant group and 13.00 £ 5.55 and
23.03 £ 9.54 min in the pre-school group, respectively. The results
were nearly identical in the two groups and were acceptable to
anesthesiologists. However, whether preoperative medication can

07 frontiersin.org
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with baseline (P < 0.05).

Response of HR and BP to remimazolam intranasal drip. Compared with baseline, MAP decreased significantly after induction (P < 0.05). “Compare
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In early childhood, HR and MAP were compared between children with mYPAS < 30 and mYPAS > 30
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prolong postoperative extubation time and recovery time needs to
be verified by blank controlled trials.

In the waiting area of anesthesia, the responses of children after
the administration of remimazolam include smile, talkativeness,
quietness, drowsiness, and sleep. In addition, the composition
of children’s responses to remimazolam in the two groups
was different, and the main reactions of young children were
smile (42.50%) and quiet (82.50%), while those of pre-school
children were smile (32.50%), talkativeness (35.00%), quietness
(47.50%), and sleep (35.00%). This difference may be caused by
the different degrees of neurological development in children.
Pre-school children have higher language ability and a higher
desire for expression. The use of remimazolam during procedural
sedation for colonoscopy in adults does not require mechanical
ventilation, suggesting that remimazolam has little influence on
respiratory function (31), which is also observed in children.

Frontiersin Medicine

Among all the children, only one manifested sleep state, and
no child with excessive sedation, respiratory depression, and
hypoxemia was observed. Remimazolam not only has little effect
on respiration but also has a slight effect on hemodynamics
(15). Our study found that the fluctuation of HR and MAP
in the two groups before induction was not large compared
with the baseline. Only the MAP decreased significantly after
induction, but the decrease was not more than 20% of the
baseline value, which was generally acceptable. The decrease in
MAP after induction was mainly caused by induction drugs,
such as sufentanil and propofol. In the same group, although
there were no significant differences in MAP and HR at the
same time points between children successfully sedated or not,
the mean values of MAP and HR in children successfully
sedated were still lower than those failed sedation after 5
or 10min of nasal instillation of remimazolam. This may
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FIGURE 9
In pre-school children, HR and MAP were compared between children with mYPAS < 30 and mYPAS > 30.

be due to the inadequate sample size (sedation failure, 12
in early childhood and 6 in pre-school children). Although
adverse reactions such as respiratory depression, hypoxemia,
hypotension, bradycardia, nausea, vomiting, and allergy were not
observed, the decreased behavior ability of children may lead to
accidental injuries such as tumbles. Therefore, nursing should
be strengthened after nasal administration of remimazolam to
prevent accidents.

Conclusion

The intranasal administration of remimazolam is safe and
effective in relieving preoperative anxiety in children. The EDgs of a
single nasal drip of remimazolam for relieving preoperative anxiety
is 1.57 mg-kg~! in early childhood children and that of pre-school
children is 1.09 mg-kg~!.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board of the First Affiliated Hospital of Three
Gorges University. The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent for participation in this study was provided by
the participants’ legal guardians/next of kin.

Frontiersin Medicine

Author contributions

XL: Investigation, Writing—original draft. L-xW: Writing—
review and editing, Formal analysis. HY: Data curation, Formal
analysis, Writing—original draft. G-hZ: Funding acquisition,
Project administration, Writing—review and editing. Q-yZ:
draft.
Writing—review

Investigation,  Conceptualization, =~ Writing—original

J-j]: Project administration, Investigation,
and editing. YG: Writing—review and editing, Supervision,

Validation, Visualization.

Funding

The support was provided by the Wu Jieping Medical
Foundation and Bethune Charitable Foundation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1253738
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Long et al.

References

1. Kassai B, Rabilloud M, Dantony E, Grousson S, Revol O, Malik S,
et al. Introduction of a paediatric anaesthesia comic information leaflet reduced
preoperative anxiety in children. Br J Anaesth. (2016) 117:95-102. doi: 10.1093/bja/
aewl54

2. Borrow AP, Stranahan AM, Suchecki D, Yunes R. Neuroendocrine

regulation of anxiety: beyond the hypothalamic-pituitary-
adrenal axis. ]  Neuroendocrinol.  (2016)  28:1-19. doi:  10.1111/jne.
12403

3. Graeff FG. Anxiety, panic and the hypothalamic-pituitary-adrenal axis. Braz J
Psychiatry. (2007) 29:53-6. doi: 10.1590/s1516-44462007000500002

4. Kain ZN, Caldwell-Andrews AA, Maranets I, McClain B, Gaal
D, Mayes LC, et al. Preoperative anxiety and emergence delirium and
postoperative  maladaptive  behaviors.  Anesth  Analg. ~ (2004)  99:1648-

54. doi: 10.1213/01.ANE.0000136471.36680.97

5. Kain ZN, Mayes LC, O’Connor TZ, Cicchetti DV. Preoperative anxiety in
children. Predictors and outcomes. Arch Pediatr Adolesc Med. (1996) 150:1238-
45. doi: 10.1001/archpedi.1996.02170370016002

6. Ji W, Sang C, Zhang X, Zhu K, Bo L. Personality, preoperative anxiety, and
postoperative outcomes: a review. Int | Environ Res Public Health. (2022) 19:1-
15. doi: 10.3390/ijerph191912162

7. Kain ZN, Caldwell-Andrews AA, Krivutza DM, Weinberg ME, Gaal D,
Wang SM, et al. Interactive music therapy as a treatment for preoperative
anxiety in children: a randomized controlled trial. Anesth Analg. (2004) 98:1260-
6. doi: 10.1213/01.ANE.0000111205.82346.C1

8. Kim H, Jung SM, Yu H, Park §J. Video distraction and parental presence for
the management of preoperative anxiety and postoperative behavioral disturbance
in children: a randomized controlled trial. Anesth Analg. (2015) 121:778-
84. doi: 10.1213/ANE.0000000000000839

9. Baghele A, Dave N, Dias R, Shah H. Effect of preoperative education on
anxiety in children undergoing day-care surgery. Indian ] Anaesth. (2019) 63:565-
70. doi: 10.4103/ija.IJA_37_19

10. Sarialioglu A, Kurudirek E Oluc T. The effect of storybook reading on children’s
preoperative fear and anxiety levels: a randomized controlled study. Child Care Health
Dev. (2023) 2023:13100. doi: 10.1111/cch.13100

11. Wilton NC, Leigh ], Rosen DR, Pandit UA. Preanesthetic sedation of
preschool children using intranasal midazolam. Anesthesiology. (1988) 69:972-
5. doi: 10.1097/00000542-198812000-00032

12. Wermeling DP, Record KA, Kelly TH, Archer SM, Clinch T,
Rudy AC. Pharmacokinetics and pharmacodynamics of a new intranasal
midazolam  formulation in healthy volunteers. Anesth Analg.  (2006)
103:344-9. doi: 10.1213/01.ane.0000226150.90317.16

13. Kilpatrick GJ, McIntyre MS, Cox RE Stafford JA, Pacofsky GJ, Lovell GG,
et al. CNS 7056: a novel ultra-short-acting Benzodiazepine. Anesthesiology. (2007)
107:60-6. doi: 10.1097/01.anes.0000267503.85085.c0

14. Yang X, Lin C, Chen S, Huang Y, Cheng Q, Yao Y. Remimazolam for
the prevention of emergence delirium in children following tonsillectomy and
adenoidectomy under sevoflurane anesthesia: a randomized controlled study. Drug Des
Devel Ther. (2022) 16:3413-20. doi: 10.2147/DDDT.S381611

15. Antonik L], Goldwater DR, Kilpatrick GJ, Tilbrook GS, Borkett
KM. A placebo- and midazolam-controlled phase I single ascending-dose
study evaluating the safety, pharmacokinetics, and pharmacodynamics
of remimazolam (CNS 7056): Part I  Safety, efficacy, and basic
pharmacokinetics. Anesth Analg. (2012) 115:274-83. doi: 10.1213/ANE.0b013e318
23f0c28

16. Schuttler ], Eisenried A, Lerch M, Fechner J, Jeleazcov C, Thmsen H.
Pharmacokinetics and pharmacodynamics of remimazolam (CNS 7056) after

Frontiersin Medicine

10

10.3389/fmed.2023.1253738

continuous infusion in healthy male volunteers: part I. Pharmacokinetics and clinical
pharmacodynamics. Anesthesiology. (2020) 132:636-51. doi: 10.1097/ALN.0000000000
003103

17. Kain ZN, Mayes LC, Cicchetti DV, Bagnall AL, Finley JD, Hofstadter MB. The
Yale Preoperative Anxiety Scale: how does it compare with a “gold standard”? Anesth
Analg. (1997) 85:783-8. doi: 10.1097/00000539-199710000-00012

18. Kuhlmann AYR, Lahdo N, Staals LM, van Dijk M. What are the validity and
reliability of the modified Yale Preoperative Anxiety Scale-Short Form in children less
than 2 years old? Paediatr Anaesth. (2019) 29:137-43. doi: 10.1111/pan.13536

NL, Stylianou MP. Advances in and
and-down methodology: a precis of clinical use,
dose estimation in anesthesia research. Anesthesiology.
52. doi: 10.1097/01.anes.0000267514.42592.2a

20. Stylianou M, Flournoy N. Dose finding using
up-and-down design and isotonic regression. Biometrics.
7. doi: 10.1111/j.0006-341X.2002.00171.x

19. Pace limitations of up-
study design, and

(2007)  107:144-

the biased coin
(2002) 58:171—

21. Stylianou M, Proschan M, Flournoy N. Estimating the probability of toxicity
at the target dose following an up-and-down design. Stat Med. (2003) 22:535-
43. doi: 10.1002/sim.1351

22. Urits I, Peck J, Giacomazzi S, Patel R, Wolf J, Mathew D, et al. Emergence
delirium in perioperative pediatric care: a review of current evidence and new
directions. Adv Ther. (2020) 37:1897-909. doi: 10.1007/s12325-020-01317-x

23. Fang YB, Wang CY, Gao YQ, Cai YH, Chen J, Zhang XL, et al. The safety and
efficacy of remimazolam tosylate for induction and maintenance of general anesthesia
in pediatric patients undergoing elective surgery: Study protocol for a multicenter,
randomized, single-blind, positive-controlled clinical trial. Front Pharmacol. (2023)
14:1090608. doi: 10.3389/fphar.2023.1090608

24. Shioji N, Everett T, Suzuki Y, Aoyama K. Pediatric sedation using
dexmedetomidine and remimazolam for magnetic resonance imaging. ] Anesth.
(2022) 36:1-4. doi: 10.1007/500540-021-02957-1

25. Song Y, Du W, Tao Y, Li Q, Shen E Xu Z, et al. Optimum programmed
intermittent epidural bolus interval time between 8 mL boluses of Ropivacaine
0.1% with sufentanil 0.3 mug/mL with dural puncture epidural technique for labor
analgesia: a biased-coin up-and-down sequential allocation trial. J Clin Anesth. (2022)
79:110698. doi: 10.1016/j.jclinane.2022.110698

26. Kim J, Lee S, Kim Y, Jeong JS. Remimazolam dose for successful insertion of a
supraglottic airway device with opioids: a dose-determination study using Dixon’s up-
and-down method. Can J Anaesth. (2023) 70:343-50. doi: 10.1007/s12630-022-02379-x

27. Zhang ], Yue Y, Zhao L. Intravenous hydromorphone after
thoracoscopic lobectomy: a double-blind up-and-down sequential allocation
trial of effective doses. Anaesthesia. (2019) 74:820-1. doi: 10.1111/anae.
14686

28. Oron AP, Souter M]J, Flournoy N. Understanding research methods:
up-and-down designs for dose-finding. Anesthesiology. (2022) 137:137-
50. doi: 10.1097/ALN.0000000000004282

29. Wu B, Shan J, Zhou Q, Wang L. Determination of the ED(95) of a single
bolus dose of dexmedetomidine for adequate sedation in obese or nonobese
children and adolescents. Br ] Anaesth. (2021) 126:684-91. doi: 10.1016/j.bja.2020.
11.037

30. Walbergh EJ, Wills RJ, Eckhert J. Plasma concentrations of midazolam
in children following intranasal administration. Anesthesiology. (1991) 74:233-
5. doi: 10.1097/00000542-199102000-00007

31. Pambianco DJ, Borkett KM, Riff DS, Winkle PJ, Schwartz HI, Melson TI,
et al. A phase IIb study comparing the safety and efficacy of remimazolam and
midazolam in patients undergoing colonoscopy. Gastrointest Endosc. (2016) 83:984—-
92. doi: 10.1016/j.gie.2015.08.062

frontiersin.org


https://doi.org/10.3389/fmed.2023.1253738
https://doi.org/10.1093/bja/aew154
https://doi.org/10.1111/jne.12403
https://doi.org/10.1590/s1516-44462007000500002
https://doi.org/10.1213/01.ANE.0000136471.36680.97
https://doi.org/10.1001/archpedi.1996.02170370016002
https://doi.org/10.3390/ijerph191912162
https://doi.org/10.1213/01.ANE.0000111205.82346.C1
https://doi.org/10.1213/ANE.0000000000000839
https://doi.org/10.4103/ija.IJA_37_19
https://doi.org/10.1111/cch.13100
https://doi.org/10.1097/00000542-198812000-00032
https://doi.org/10.1213/01.ane.0000226150.90317.16
https://doi.org/10.1097/01.anes.0000267503.85085.c0
https://doi.org/10.2147/DDDT.S381611
https://doi.org/10.1213/ANE.0b013e31823f0c28
https://doi.org/10.1097/ALN.0000000000003103
https://doi.org/10.1097/00000539-199710000-00012
https://doi.org/10.1111/pan.13536
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1111/j.0006-341X.2002.00171.x
https://doi.org/10.1002/sim.1351
https://doi.org/10.1007/s12325-020-01317-x
https://doi.org/10.3389/fphar.2023.1090608
https://doi.org/10.1007/s00540-021-02957-1
https://doi.org/10.1016/j.jclinane.2022.110698
https://doi.org/10.1007/s12630-022-02379-x
https://doi.org/10.1111/anae.14686
https://doi.org/10.1097/ALN.0000000000004282
https://doi.org/10.1016/j.bja.2020.11.037
https://doi.org/10.1097/00000542-199102000-00007
https://doi.org/10.1016/j.gie.2015.08.062
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	ED95 of remimazolam in nasal administration for attenuating preoperative anxiety in children
	Introduction
	Methods
	Biased coin design method
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


