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Abstract

Background: Interaction with medical providers is a stressful experience for a child. The current study aimed to
assess the efficacy and safety of intranasal midazolam alone versus midazolam/ketamine combination for
preoperative sedation prior to ophthalmic procedures in preschool children. This randomized, controlled trial
included male and female children (3 to 7 years old) who were American Society of Anesthesiologists (ASA)
physical status | or Il, with either disability or special needs (such as autism or Down syndrome) or were undergoing
multiple operative procedures. Participants were given either intranasal midazolam (0.5 mg/kg) or a combination of
intranasal midazolam (0.25 mg/kg) and ketamine (1 mg/kg). Primary outcome measures were the preoperative level
of sedation, agitation, and easiness of separation. Secondary outcomes included oxygen saturation and pulse rate.

after induction of anesthesia.

Any adverse effects, such as nausea and vomiting were reported.

Results: The mean rank of the Six-point Pediatric Sedation Scale was significantly (p = 0.001) higher in the
midazolam/ketamine group compared to the midazolam group (28.15 vs 18.85, respectively). The median pulse rate
was significantly (p < 0.001) lower in the midazolam group than the combination group at 5, 10, 15, and 20 min

Conclusions: These findings indicate that intranasal ketamine and midazolam combination produced better
sedation than intranasal midazolam alone in preschool children prior to ophthalmic procedures. Moreover,
ketamine and midazolam combination was safer with less incidence of bradycardia.
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Background

Interactions with medical providers are a stressful experi-
ence for children (Lerwick, 2013). Preoperative anxiety
and uncooperativeness experienced by pediatric patients
are commonly associated with postoperative behavioral
problems (Chokshi et al., 2013). Because of this stress and
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anxiety, even the minor procedures require preoperative
sedation, especially when non-pharmacological behavioral
guidance is unsuccessful (Gomes et al., 2017).

The appropriate method and medication chosen for
sedation depends on the clinical situation. Oral or rectal
medications may be adequate for sedation; however,
these delivery routes require a considerable amount of
time to produce effect, leading to delays in care and
interrupted patient flow. Intramuscular injections have
similar problems in terms of delay in effect besides the
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major problem being painful and frightening to the
patient. Intravenous therapy is the gold standard for
sedation allowing rapid onset and titrable effect, but
establishing an intravenous line is painful and fright-
ening for many patients, time-consuming, and might
increase the risk of respiratory depression (Pansini
et al, 2021).

Intranasal and oral transmucosal routes offer an alter-
native. There are several benefits to using the intranasal
route including high vascularization of the nasal mucosa,
wide absorption area, avoidance of first pass metabolism,
avoidance of intravenous placement, high patient toler-
ance of drug administration, and quick onset of action
(Fantacci et al., 2018).

Ketamine and midazolam are two of the most com-
monly used medications for intranasal sedation. Midazo-
lam is a useful drug in pediatrics for situations where
anxiolysis and amnesia are needed. It is used intranasally
in doses ranging from 0.2 mg/kg to 0.5 mg/kg. It has
been shown to have rapid onset of action and adequate
sedation. One drawback is that it is irritating by the in-
tranasal route more than the other routes. It is a great
choice when anxiolysis is needed but analgesia is not the
main focus (Feng et al., 2017; Lane & Schunk, 2008).

Intranasal ketamine is used as a sedative analgesic and
a premedication agent. It can achieve an adequate level
of sedation when administered intranasally in doses ran-
ging from 0.5mg/kg to 5mg/kg for anesthetic pre-
induction. Its most common side effect is vomiting with
no serious adverse events (Peltoniemi et al., 2016).

The combination of both drugs may add more benefits
and counteract some side effects. It is supposed to po-
tentiate the sedative effects of both drugs and add more
synergetic value with less side effects (Sado-Filho et al,
2019). For example, while midazolam alone can cause
some respiratory depression, ketamine is capable of
maintaining the child’s airway. Midazolam can cause
some bradycardia, which can be overcome by the tachy-
cardia that ketamine causes (Liu et al., 2019). Ketamine
can cause some agitation or hallucinations postopera-
tively while midazolam causes more sedation. In
addition, ketamine has an analgesic effect while midazo-
lam can cause amnesia (Peltoniemi et al., 2016).

The current study aimed to assess the efficacy and
safety of intranasal midazolam alone versus midazolam/
ketamine combination for preoperative sedation prior to
ophthalmic procedures in preschool children.

Methods

Ethical considerations

This study was approved by our Institutional Review
Board and was conducted in accordance with the princi-
ples of the Declaration of Helsinki. We obtained in-
formed written consents from the parents or guardians
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of the patients, and we were responsible for maintaining
the confidentiality of the data.

We intend to share the individual de-identified
participants’ data. Data will be accessible through direct
contact with the corresponding author, beginning 12
months and ending 24 months following article
publication.

Study design, settings, and date

This parallel-group (1:1 allocation ratio), randomized,
controlled clinical trial was conducted at the Research
Institute of Ophthalmology, Egypt between January 15,
2021 and February 8, 2021.

Sample size calculation

Sample size was calculated using G*power 3.1.9.2 soft-
ware. The alpha error level was set at 0.05, the power at
0.80, and the allocation ratio at 1:1. The effect size was
calculated based on the difference of the means of sed-
ation and separation scores between the two study groups.
Intranasal midazolam was reported by Chokshi et al.
(2013) to produce a mean (standard deviation) separation
score of 1.8 (0.5) at 10 min after sedation. As for the sed-
ation score at 10 min, Wasfy et al. (2020) reported a me-
dian score of 3 (interquartile range 3-4) in 20 patients.
We postulated that combined midazolam and ketamine
may result in lowering sedation and separation scores by
25% than those reported by midazolam alone. This hypoth-
esis resulted in effect sizes of 1.038 and 0.90 for the sed-
ation and separation scores, respectively. The sample size
based on the sedation score is 16 subjects per group, while
based on the separation score, it is 21 subjects per group.
As both scores are primary outcomes for the present study,
we adopted the higher sample size. We then added 10% to
account for loss to follow-up, thus the final sample size is
23 subjects per group (a total of 46 subjects).

Eligibility criteria
We recruited male and female preschool children, aged
from 3 to 7 years, who were American Society of Anesthe-
siologists (ASA) physical status I or II, with either disabil-
ity or special needs (such as autism or Down syndrome)
or were undergoing multiple operative procedures.
Exclusion criteria included anticipation of difficult
airways (e.g., facial deformity or cervical spine injury),
increased risk of aspiration due to anatomical abnormal-
ities (e.g., cleft palate), neuromuscular diseases, or
cerebral palsy, central or obstructive sleep apnea, and
previous allergy to one or more of the used drugs.

Interventions

Patients were randomized wusing the sequentially
numbered envelope method to either midazolam or
midazolam/ketamine combination in a ratio of 1:1.
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The first group was given midazolam intranasally in a
dose of 0.5mg/kg, and the second group was given a
combination of intranasal midazolam (0.25 mg/kg) and
ketamine (1 mg/kg). The drugs were administered 15
min prior to the induction of anesthesia.

All patients were subjected to history taking including
sociodemographics, medical illnesses, and prior surgery
or anesthetic experiences; physical examination includ-
ing assessment of vital date (heart rate, blood pressure,
respiratory rate, temperature, and oxygen saturation),
level of consciousness, and respiratory examination; and
routine laboratory investigations.

Outcome measures

The primary outcomes were the preoperative level of
sedation (using the 6-point Pediatric Sedation State Scale
10 min after sedation was given), postoperative agitation
(using the Emergence Agitation Scale at the time of pa-
tient recovery), and easiness of separation (using the
Separation and Induction Score at the time of separ-
ation). The secondary outcomes included intraoperative
oxygen saturation and pulse rate (assessed every 5min
intraoperatively) as well as postoperative nausea and
vomiting (assessed 30 min after recovery).

Statistical analysis

Data analysis was carried out using the SPSS version 22.
All numerical variables were checked for normality by
Shapiro-Wilk test. Numerical variables were not nor-
mally distributed and were presented as the median and
interquartile range (25th—75th percentile), and differ-
ences between the two groups were tested using the
Mann-Whitney U test. Paired data of oxygen saturation
and the pulse rate were compared in each group by
Freidman test, followed by pairwise comparison using
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Wilcoxon-signed rank test. Categorical variables were
summarized as frequencies and percentages, and associ-
ation between variables was tested using X> tests (Pear-
son’s chi-square for independence or Fisher’s exact tests
as appropriate). A p value of <0.05 was considered sta-
tistically significant.

Results

Fifty-six children undergoing multiple operative proce-
dures were assessed and 46 met eligibility criteria and
were randomly allocated to receive either midazolam (N
= 23) or midazolam/ketamine combination (N = 23) be-
tween January and February 2021 (Fig. 1).

The two groups were comparable regarding their age,
gender, and ASA with no significant (p >0.05) differ-
ences (Table 1).

We found a significant (p = 0.001) difference between
both groups regarding the six-point Pediatric Sedation
Scale. The mean rank of the sedation scale was higher in
the midazolam/ketamine group than the midazolam
group (28.15 vs. 18.85, respectively). The Emergence
Agitation Scale and the Separation and Induction Score
showed no significant (p > 0.05) differences between the
two groups as shown in Table 2.

The median pulse rate was significantly lower in the mid-
azolam group than the midazolam/ketamine group at 5, 10,
15, and 20 min after induction of anesthesia (p <0.001).
Pairwise comparison with each group revealed a significant
time-dependent decrease in the pulse rate in comparison
with the baseline pulse rate (indicated by ®) in the midazo-
lam group. The midazolam/ketamine group showed a
significant decrease in the median pulse rate at 20 min only
(98.0) compared to the baseline reading (100.0).

We found no significant differences between the stud-
ied groups regarding oxygen saturation at all the studied

Enrollment

Assessed for eligibility (n = 56) ‘

Excluded (n = 10)

Allocation

Randomized (n = 46)

e patient refusal (n = 10)

Group I: Allocated to intranasal midazolam
e Received allocated intervention (n = 23)
e Did not receive allocated intervention (n = 0)

Follow-up l

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n =23)
Excluded from analysis (n = 0)

Fig. 1 The trial flow diagram

Group |I: Allocated to intranasal midazolam/ketamine
® Received allocated intervention (n = 23)
® Did not receive allocated intervention (n = 0)

!

Lost to follow-up (n = 0)
Discontinued intervention (n =0)

l

Analysed (n =23)
Excluded from analysis (n = 0)
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Table 1 Baseline characteristics of the studied groups
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Groups P value
Midazolam N = 23 Midazolam/ketamine N = 23
Age (years) Median 40 30 0318
IQR 3.0-4.0 3.0-40
Gender Female N 12 14 0.552
% 52.2% 60.9%
Male N 11 9
% 47.8% 39.1%
ASA N 20 18 0.699
% 87.0% 78.3%
I N 3 5
% 13.0% 21.7%

IQR interquartile range, ASA American Society of Anesthesiologists

time points (p >0.05). The median oxygen saturation
showed a significant decrease at 15 min after induction
of anesthesia compare to the baseline reading in the
midazolam group (indicated by ?) (Table 3). Further-
more, we recorded no postoperative nausea and vomit-
ing 30 min after recovery in both groups.

Discussion
Children who fail to cooperate before induction of gen-
eral anesthesia are vulnerable to develop postoperative
psychological trauma. Behavioral and medications inter-
ventions are commonly used before induction of
anesthesia to decrease preoperative nervousness and
anxiety in children (Fronk & Billick, 2020).

The ideal premedication should have a rapid onset of
action, short duration, readily accepted route of
administration by children, minimal side effects, besides

analgesic properties, and regulation of autonomic
responses. To date, there remains no widely-accepted
premedication drug (Mohite et al., 2019).

The present study aimed to assess the efficacy and safety
of intranasal midazolam alone versus midazolam/ketamine
combination for preoperative sedation prior to ophthalmic
procedures in preschool children. Participants received
either intranasal midazolam alone or intranasal midazolam/
ketamine combination. Both groups were comparable re-
garding their demographic data as well as the ASA status.

Midazolam and ketamine possess good criteria for
premedication such as rapid onset, good anxiolysis, sed-
ation, and rapid recovery (Garcia-Velasco et al., 1998).
Theoretically, a combination of midazolam and ketamine
have complementary pharmacological characteristics
and can produce acceptable sedative and analgesic ef-
fects, and less adverse effects (Chudnofsky et al., 2000).

Table 2 Comparison of the primary outcomes between the studied groups

Groups P value
Midazolam N = 23 Midazolam/ketamine N = 23
Six-point Pediatric Sedation Scale Median (IQR) 2.0 (1.0-2.0) 2.0 (2.0-2.0) 0.001*
Mean rank 18.85 28.15
Emergence Agitation Scale Median (IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.555
Mean rank 240 230
Separation and Induction Score Excellent N 20 21 0.233
% 87.0% 91.3%
Fair N 0 1
% 0.0% 4.3%
Good N 3 0
% 13.0% 0.0%
Poor N 0 1
% 0.0% 4.3%

IQR interquartile range
*Significant at p < 0.05
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Table 3 Comparison of the secondary outcomes between the studied groups
Groups P value
Midazolam N = 23 Midazolam/ketamine N = 23

Oxygen saturation 1 (%) Median (IQR) 100.0 100.0 0.276
(99.0-100.0) (100.0-100.0)

Oxygen saturation 2 (%) Median (IQR) 100.0 100.0 0.695
(99.0-100.0) (99.0-100.0)

Oxygen saturation 3 (%) Median (IQR) 100.0 100.0 0.712
(99.0-100.0) (99.0-100.0)

Oxygen saturation 4 (%) Median (IQR) 100.0 ° 100.0 0.647
(100.0-100.0) (100.0-100.0)

Oxygen saturation 5 (%) Median (IQR) 100.0 100.0 0.223
(100.0-100.0) (100.0-100.0)

Pulse rate 1 (beat/min) Median (IQR) 100.0 100.0 0.947
(95.0-103.0) (95.0-102.0)

Pulse rate 2 (beat/min) Median (IQR) 950° 100.0 0.020*
(90.0-100.0) (95.0-105.0)

Pulse rate 3 (beat/min) Median (IQR) 920° 100.0 0.013*
(88.0-98.0) (90.0-105.0)

Pulse rate 4 (beat/min) Median (IQR) 900 P 99.0 0.002*
(85.0-98.0) (92.0-103.0)

Pulse rate 5 (beat/min) Median (IQR) 880 P 980 ° 0.001*
(82.0-95.0) (90.0-100.0)

IQR interquartile range

*Significant at p < 0.05

“Indicates significant difference from the baseline reading of oxygen saturation
PIndicates significant difference from the baseline reading of the pulse rate

The current study revealed that intranasal midazolam/
ketamine combination produced better preoperative sed-
ation than intranasal midazolam alone in preschool chil-
dren who underwent ophthalmic procedures. Moreover,
midazolam/ketamine combination was safe with less in-
cidence of bradycardia compared to midazolam. These
findings coincide with Khatavkar & Bakhshi (2014) who
compared the effects of intranasal midazolam (0.2 mg/
kg) versus intranasal midazolam with ketamine (0.15
mg/kg and 1 mg/kg, respectively) for premedication of
children aged 1-12years who underwent intermediate
and major surgeries. They reported significantly better
sedation score, anxiolysis, attitude, reaction to intraven-
ous cannulation, and face mask acceptance in the mid-
azolam/ketamine group. However, they did not report
on postoperative agitation, which is an important
adverse effect arising from the use of inhalational
anesthesia such as sevoflurane. The current study found
lower postoperative agitation in the midazolam/ketamine
group compared to the midazolam group, but the
difference between the two groups was nonsignificant.
Another study investigated a combination of intranasally
administered racemic ketamine (5mg/kg) and midazo-
lam (0.2 mg/kg) and did not report significant cardiovas-
cular or respiratory side effects (Audenaert et al., 1995).

Furthermore, Weber et al. (2003)) randomly allocated
90 children to receive intranasally administered s-

ketamine (1 mg/kg) and midazolam (0.2 mg/kg), s-
ketamine (2 mg/kg) and midazolam (0.2 mg/kg), or mid-
azolam (0.2 mg/kg) as premedications. They reported
that sedation and anxiolysis occurred from 2.5 min after
premedication until induction of anesthesia in intranasal
s-ketamine and midazolam combination groups
compared to 5min in the midazolam group. Also, they
reported a similar acceptable range of adverse effects for
the three groups.

An earlier study reported a significantly higher success
rate for intranasal ketamine than intranasal midazolam
to produce moderate sedation for pediatric dental care
(Bahetwar et al., 2011). However, other studies distin-
guished comparable levels of sedation in both intranasal
midazolam and ketamine groups after premedication in
children scheduled for elective surgery (Garcia-Velasco
et al,, 1998; Narendra et al., 2015).

The findings of the present study are also in line with
Aly (2020) who concluded that a combination of intrana-
sal ketamine, in a dose of 5 mg/kg, added to dexmedeto-
midine was associated with significantly more satisfactory
venous cannulation conditions and faster onset of sed-
ation than using intranasal dexmedetomidine alone in
pediatric patients undergoing cardiac catheterization. As
well, intranasal premedication with a combination of dex-
medetomidine and 2 mg/kg dose of ketamine produced
better sedation than dexmedetomidine alone for children
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3 to 7years who underwent tonsillectomy (Qian et al,
2020).

A systematic review of intranasal ketamine for proced-
ural sedation and analgesia in children aged up to 14
years reported that intranasal ketamine administration is
well tolerated and without serious adverse effects.
Additionally, intranasal ketamine produced superior
sedation to different comparators in four of the seven
studies reporting its use (Poonai et al., 2017).

A similar effectiveness/safety profile of intranasal in
comparison with the intramuscular midazolam/ketamine
combination has been elucidated in children aged 4 to 12
years and having mental disability (Wasfy et al., 2020).

Conclusions

These findings indicate that intranasal ketamine and
midazolam combination produced better sedation than
intranasal midazolam alone in preschool children prior
to ophthalmic procedures. Moreover, ketamine and
midazolam combination were associated with lower inci-
dence of bradycardia.
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