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Received 22 January 2025 complications such as post-anesthetic delirium, with an incidence rate
Received in revised form 1 of up to 80%, especially in preschool-aged children when sevoflurane is
March 2025 the primary agent. Nebulized dexmedetomidine has been shown to
Accepted 12 March 2025 reduce the incidence of post-anesthetic delirium with minimal risk of
side effects. This study aims to evaluate the effectiveness of nebulized
Keywords: dexmedetomidine in reducing the incidence of post-anesthetic delirium
Nebulization in preschool-aged children undergoing elective surgery, as part of
Dexmedetomidine enhancing recovery after pediatric surgery (ERAPS). This research was
Delirium a double-blind, randomized controlled trial, involving 72 pediatric
Post-Anesthesia patients aged 2—6 years undergoing elective surgery under general
Sevoflurane anesthesia with sevoflurane. Subjects were randomly divided into two
Preschool groups; Treatment group receiving nebulized dexmedetomidine 2

mcg/kg (n=36) and Control group receiving nebulized normal saline
(n=36). The primary outcome was the incidence of delirium during
recovery at 15, 30, 60, and 120 minutes, assessed using the Pediatric
Anesthesia Emergence Delirium (PAED) Scale. Statistical analysis
revealed a significantly lower incidence of post-anesthetic delirium in
the nebulized dexmedetomidine group (19.4%) compared to the control
group (52.8%) at 15, 30, and 60 minutes (p<0.05), with a reduction in
proportion by 33.4% (p=0.003). Relative risk analysis (RR = 0.427,
95% CI: 0.218—0.835; PF = 0.631) demonstrated that dexmedetomidine
provides protective effects and significantly reduces the incidence of
post-anesthetic delirium in preschool-aged children undergoing elective
surgery with sevoflurane inhalational anesthesia. No side effects
requiring intervention were observed during this study.

Introduction

Along with the development of medical science and technology, currently surgery on children
is still a major challenge in the world of medicine, both in terms of surgical techniques,
anesthesia and post-operative care aspects. Surgery on children not only requires high medical
skills, but also involves special care to address physical and emotional needs that are clearly
different from adult patients. The uniqueness of pediatric surgery and anesthesia lies in the
anatomical and physiological conditions of children which are different from adults. The
impact of surgery on children is quite significant, both for children, families, and the health
system (Ulfah, 2021; Tumaji et al., 2020). Clinically, children have a higher risk of anesthetic
and post-operative complications such as post-anesthetic delirium. In addition, from a
psychological perspective, children tend to be more susceptible to emotional trauma due to
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surgery, from an economic perspective that burdens families and the health system, including
the cost of surgery, post-operative care, and the potential for longer hospitalization.

Data from Prof. Dr. IGNG Ngoerah General Hospital in 2022-2024 there were more than 500
pediatric patients undergoing surgery with the largest age in the preschool group aged 2-7 years
(Giovanni et al., 2024). Most of the surgeries performed were gastrointestinal operations with
95% facilitated by inhalation general anesthesia. Until now, inhalation anesthetic gas is still
the means for induction and maintenance of anesthesia in children, especially sevoflurane. This
is because sevoflurane has several advantages that make it the main choice in clinical practice,
namely fast, easy and comfortable for induction, especially for patient populations who have
difficulty cooperating such as children due to the low blood-gas partition coefficient (0.69), a
non-irritating aroma that makes children more comfortable when inhaling it during the
induction process and reduces the risk of coughing or laryngospasm compared to other agents
such as desflurane or isoflurane. In addition, sevoflurane is also very good as an agent for
maintaining anesthesia, by allowing easy adjustment of the depth of anesthesia during surgical
procedures. This ensures better hemodynamic stability compared to other anesthesia agent
techniques (Mohkamkar et al., 2014; Morris et al., 2009).

Despite having many advantages, there are some major weaknesses and shortcomings or
impacts of the use of sevoflurane inhalation gas, namely the occurrence of post-anesthetic
delirium. Several studies have reported that the incidence of post-anesthetic delirium is quite
large, reaching 80% of the number of anesthesia in children with the highest incidence in
younger children (preschoolers) and those undergoing invasive procedures (Andriyanto et al.,
2019). Children who experience post-anesthesia delirium show clinical signs of restlessness,
confusion, and aggressive behavior that can increase the risk of self-harm or injury during the
post-operative period, which can affect delays in recovery and increase the length of
hospitalization, so this is not in line with the development of enhanced recovery after pediatric
surgery (ERAPS) (Klabusayova et al., 2022; Mahlangu, 2017).

In addition to inhalation anesthetic agents, important factors that correlate with the incidence
of post-anesthetic delirium are preoperative pain and anxiety. Studies have shown that children
who experience high anxiety before surgery have a greater risk of developing post-anesthetic
delirtum (Huan et al., 2023; Shi et al., 2019). This is due to an increased stress response that
ultimately affects the child's neurological recovery when awakening from anesthesia.
Postoperative pain also plays a major role in the occurrence of post-anesthetic delirium.
Children who experience uncontrolled pain tend to show symptoms of delirium and confusion.
Pain experienced by children after surgery causes increased activation of the sympathetic
nervous system, which can trigger hyperactive behavior and confusion during the recovery
phase and often requires rescue analgesia therapy in the form of opioids which have many side
effects, especially causing nausea and vomiting (Shi et al., 2019).

Non-pharmacological therapy often does not provide the desired results because it cannot
overcome triggers such as pain or anxiety, so one pharmacological effort that can be made to
reduce the incidence of post-general anesthesia delirium is by administering Dexmedetomidine
(Kanaya et al., 2014). Dexmedetomidine is a selective a2 adrenergic receptor agonist that can
provide sedation, anxiolytic and analgesic effects by working on the locus coeruleus receptors
in the pons (Tobias et al., 2007).

A more non-invasive, safe and comfortable route via intranasal or nebulizer jet
dexmedetomidine 2 mcg/kgbb has been reported to reduce the incidence of post-anesthetic
delirium in pediatric patients after general anesthesia (Yuen et al., 2008; Lin et al., 2022). This
occurs because Dexmedetomidine via nebulization or intranasal causes slower absorption with
good bioavailability reaching 65-83%, so the risk of hemodynamic instability is lower, and
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sedation is lighter compared to intravenous administration (Anupriya et al., 2020; Ghai et al.,
2018).

The use of Dexmedetomidine is now increasing, but research that focuses specifically on the
effectiveness of nebulization in reducing delirium in preschool children undergoing elective
surgery is still limited (Liu et al., 2021; Kocz et al., 2020). For this reason, researchers tried to
provide nebulized Dexmedetomidine to reduce the incidence of delirium after inhalation
general anesthesia in preschool children undergoing elective surgery. The aim of this study was
to analyze the effectiveness of administering nebulized dexmedetomidine 2 mcg/kgbb in
reducing the incidence of post-anesthesia delirium in preschool children undergoing elective
surgery with sevoflurane inhalation general anesthesia.

Methods

This is a double-blind, randomized controlled trial. Participants are preschool pediatric patients
aged 2—6 years undergoing elective surgery requiring general anesthesia. Participants will be
randomly assigned to receive either nebulized dexmedetomidine 2 mcg/kg or 0.9% NaCl. The
investigator, the healthcare providers (anesthesia team and operating room nurses)
administering the medication, and the patients (and their guardians) will be blinded to the group
assignment. The primary outcome measure is the incidence of delirium at recovery, assessed
using a standardized pediatric delirium scale (PAED Score).

Subjects will be divided based on random allocation using computer-generated software,
Allocation allocation is stored in a code number/Confidential envelope by an independent third
party (pharmacist or reception room nurse) not directly involved in the study. The envelope
will be opened when the subject is in the reception room by a third party assistant, while
preparing a nebulizer containing dexmedetomidine or normal saline according to the group
division by paying attention to the use of the same packaging, identical appearance (solution
color), the same amount of solution dosage and the method of administration using the same
tool for treatment and control subjects.

LT Assessed for eligibility (n=72)

Excluded (n=0)

« Not meeting inclusion criteria
«+ Declined to participate

« Other reasons

Randomized (n=12)

Allocation J,I Y

{

Allocated to intervention (n= 36) Allocated to intervention (n= 36
+ Nebulized dgxmedemetpmiding group (n= + Control group (n= 36 )

36 )

v Follow-Up v

Discontinued intervention (n=0) Discontinued intervention (n= ()

v Analysis v

Analysed (n=36 ) Analysed (1= 36 )
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. Consort Flow Chart
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The study was conducted at the Central Surgical Installation (IBS), and Wing Amerta, Prof.
Dr. IGNG Ngoerah General Hospital, Denpasar from December 2024 to January 2025. The
target population was all pre-school pediatric patients (2-6 years old) who would undergo
scheduled surgery with general anesthesia. The accessible population was all hospitalized
pediatric patients aged 2-6 years who would undergo surgery at Prof. Dr. IGNG Ngoerah
General Hospital with general anesthesia techniques during October to November 2024.

Samples were drawn from a prospectively accessible population.using consecutive sampling,
namely the population of hospitalized pediatric patients aged 2-6 years who will undergo
surgery at Prof. Dr. IGNG Ngoerah General Hospital with general anesthesia techniques during
November 2024 - January 2025 or until the number of samples is met. The subjects who are
actually studied (actual study subjects) are samples who are truly willing to participate in the
study by filling out the research informed consent form.

The study eligibility criteria included inclusion, exclusion, and dropout criteria. The inclusion
criteria included pediatric patients aged 2—6 years who used sevoflurane general anesthesia
with orotracheal tube technique at IBS Wing Amerta RSUP Prof. Dr. IGNG Ngoerah in the
period November 2024 to January 2025. The exclusion criteria included patients with status
>ASA 11, difficult airway management, emergency surgery, congenital abnormalities of vital
organs, malnutrition (BMI >95 or <5th percentile WHO), mental/cognitive disorders, upper
respiratory tract infections in the last 2 weeks, allergy to dexmedetomidine, or surgery lasting
>180 minutes. The dropout criteria included patients who experienced laryngospasm, were not
extubated, or required reintubation so that the post-anesthesia delirium score could not be
assessed.

Division of treatment and control subjects using the techniquepermuted random samplingusing
a computer-generated randomization sequence. Participants will be selected from the
population that meets the inclusion criteria and thenrandomly assigned to either the
intervention (dexmedetomidine) or control group. This randomization ensures that each group
is similar in terms of baseline characteristics, so that any differences in outcomes can be more
strongly attributed to the intervention.

Data analysis techniques used descriptive analysis to describe the characteristics of the subjects
and research variables. Normally distributed numerical data were analyzed using the
Independent t-test, while non-normal data used the Mann-Whitney U Test. Categorical data
were presented as relative frequencies. Hypothesis analysis used a one-way test with a
comparison of proportions through the chi-square test or Fisher's exact test, with conclusions
based on the 95% Confidence Interval (CI) and P value <0.05. The relationship between
dexmedetomidine administration and the incidence of postoperative delirium was analyzed
using Relative Risk (RR) and Preventive Fraction (PF). All analyses were performed with the
help of SPSS version 30 software.

Result and Discussion

In this study, there were 72 subjects divided into two groups, namely the Dexmedetomidine
Nebulization group (n = 36) and the Control group (n = 36) which were randomly allocated.
Demographic data showed no difference between the two groups in terms of age, weight,
height, ASA physical status, duration of surgery, and duration of anesthesia. The normality of
categorical variables was analyzed using cross tabulation with the Chi-Square test (because the
requirements for the chi-square test were met expected value > 5), and the results were
normally distributed (p> 0.05). Normality in numeric variables was analyzed using the Shapiro-
Wilk test, and the results were normally distributed (p> 0.05) so that it was continued with the
independent t-test, while those that were not normally distributed were continued with the
Mann-Whitney U test to determine whether there was a significant difference in the variables
between the two intervention groups.
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Table 1. Hemodynamics before and after dexmedetomidine nebulization

Dexmedetomidine Control

Nebulization (n = 36) (n = 36) p value
HR pre-nebulization 114.0 (18.75) 104.5 (21.0) | 0.426*
Post-nebulization HR 102.5 (24.5) 106.5 (20.0) | 0.093*
RR pre-nebulization 22.0 (3.0) 22.0 (4.0) 0.685*
RR post-nebulization 22.0 (3.0) 22.0 (4.0) 0.781%*
Pre-nebulization SpO2 99.0 (0.75) 98.5 (1.0) 0.105*
SpO2 post-nebulization 99.0 (1.0) 98.5 (1.0) 0.065*
Pre-nebulization systolic 94.5 (8.0) 92.5(10.0) | 0.320*
Post-nebulization systolic 89.0 (2.75) 93.0 (12.0) 0.036
Pre-nebulization diastolic 58.0 (8.25) 58.0 (9.0) 0.991%*
Post-nebulization diastolic 56.0 (8.75) 57.0 (10.0) | 0.704*

Data were not normally distributed and are presented in median (interquartile range). Normality
test was performed using Shapiro-Wilk test (n < 50). *Mann-WhitneyU test, if P > 0.05 there
is no significant difference between groups.

Datahemodynamics in 72 subjects showed that overall there was no significant difference
between the hemodynamics of the dexmedetomidine nebulization group and the control group
(p>0.05). There was a significant difference where the post-nebulization systolic was seen to
be lower, but this decrease in systolic was not clinically significant (<20%) and did not require
further intervention. There were no side effects of bradycardia, desaturation or severe
hypotension in all subjects in this study.

Table 2. Comparison of post-anesthesia pain assessment between groups (FLACC Score)

Dexmedetomidine Nebulization | Control
(n = 36) (n=36) | PValue
FLACC 15th Minute 4(2) 303 0.121
FLACC 30th Minute 2(2) 2(1) 0.211
FLACC 60th Minute 2(1) 2 (1.75) 0.954
FLACC 120th Minute 1(2) 1 (1.75) 0.528

There was no significant difference in FLACC scores between the dexmedetomidine
nebulization and control groups. Data were not normally distributed and are presented in
median (interquartile range). Normality test was performed using the Shapiro-Wilk test.

Incidence of Delirium after Sevoflurane Inhalation Anesthesia

Table 3. Comparison of PAED Scores, Wake Time, and Extubation Time between
Dexmedetomidine Nebulization and Control Groups

Dexmedetomidine Nebulization | Control
(n =36) (m=36) | PValue
PAED Minute 15 8(4) 12 (2.5) | <0.001*
PAED Minute 30 703) 10 (3) <0.001*
PAED 60th Minute 5.5(5.75) 8(2) <0.013*
PAED 120th Minute 4(7.5) 5(9) 0.175
Wake Up Time (minutes) 10 (9) 10 (5) 0.05
Extubation Time (minutes) 10 (4.75) 6 (5) 0.05
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The table data above is not normally distributed and is displayed in median (interquartile
range). Normality test was performed using Shapiro-Wilk test (n < 50). *Mann Whitney test,
if p < 0.05, there is a significant difference between the two groups.

Group

Dexmedetonidine Nebulized

12.00
= Kontrol

10.00

8.00

Median

0.00
PAED15 PAED30 PAEDE0O PAED120

Figure 2. Median comparison graph of PAED scores

Figure 2. Median graph of comparison of PAED Score, between Dexmedetomidine
Nebulization Group and Control. PAED score data and emergence time in 72 subjects showed
a significant difference between PAED values at 15, 30, and 60 minutes of dexmedetomidine
nebulization group and control (p <0.05) while at 120 minutes PAED there was no difference
(p>0.05). There was no significant difference in the awakening time in this study. Extubation
time was also not statistically significant, but quantitatively there was a difference in extubation
time between the dexmedetomidine nebul group (10) and control (6).

Table 4. Comparison of Delirium Incidence Rates between Dexmedetomidine and Control

Groups
Group value
Dexmedetomidine | Control p
Delirium 7 (19.4%) 19 (52.8%) 0.003
No delirium 29 (80.6%) 17 (47.2%) )

In this study, the incidence of delirium after inhalation general anesthesia was measured using
the PAED scale (value >10) in the PAED minute group which showed a significant difference
(p <0.05). The proportion of delirium incidence in the dexmedetomidine group (19.4%) was
lower than the control group (52.8%) absolute risk reduction was (33.4%).

Table 5. Multivariable analysis of PAED values

B SE (Standard Wald | df Sig (P- | Odds

Variables (Coefficient) Error) Value) | Ratio
Intervention Group -1.315 0.576 5209 | 1 | 0.022 0.268
Gender 1.189 0.667 3.173 | 1 | 0.075 3.284
Type of Operation -0.201 0.182 1.226 | 1 | 0.268 0.818
FLACC >=4 (pain) 0.569 0.628 0.821 | 1 | 0.365 1,766
Constant 0.733 1,931 0.144 | 1 | 0.704 | 2,082

Comparison Test of Dexmedetomidine and Control Proportions

To measure the strength of the association between dexmedetomidine administration and the
incidence of postoperative delirium (table 5.5) using Relative Risk, RR = (Incidence of
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dexmedetomidine group) / (Incidence of control group).Measurement of the proportion of risk
prevented by treatment compared to control. Using Preventive Fraction.PF = 1 — RR

Relative Risk (RR) Formula;

RR-° /(a+Db)

¢/(c+d)

Where :
a : delirium with dexmedetomidine
b : no delirium with dexmedetomidine
¢ : delirium in the control group
d: no delirium in the control group
Relative Risk = 0.367 (95% CI: 0.218-0.835; p = 0.003)
Preventive Factor (PF) Formula

c+d))—(a/(a+Db))

_ (e/(
PE = c/(c+d)

% 100%

Preventive Factor = 0.631 or 63.1% (protection factor against delirium events).

From the data obtained a comparison of the frequency and percentage of delirium and non-
delirium cases between the two groups, a statistically significant difference was obtained in the
incidence of delirium between the two groups (p value <0.05). Participants in the
dexmedetomidine group had a 0.367 or 36.7% risk of experiencing delirium compared to the
Control group. Because the RR is less than 1, this indicates that the dexmedetomidine group
has a protective effect against delirium. Preventive Factor = 0.633 which means that
intervention with dexmedetomidine nebulization prevents the potential for delirium compared
to the control group by 63.1%. The p-value of 0.003 indicates that this difference is very
unlikely to occur by chance, so this relationship is statistically strong.

The results showed that in demographic data, there were no significant differences in age
characteristics (p = 0.081), body weight (BW) (p = 0.980), height (TB) (p = 0.078), gender (p
= 0.448), type of surgery (p = 0.588), and ASA classification (p = 0.237) between the
dexmedetomidine nebulization group and the Control group. These results indicate that both
groups in this study have the same demographic characteristics, the absence of significant
differences in demographic characteristics between these groups indicates that the treatment
and control groups can be compared validly.

The results showed a significant difference in the use of additional sedation (p = 0.014) in the
control group, which had a higher proportion (77.8%) compared to the Dexmedetomidine
group (50%). These results indicate that Dexmedetomidine, which is known to have a sedative
effect through activation of alpha-2 adrenergic receptors, can reduce the need for additional
sedation drugs during the procedure, as reported by Mason et al. (2021).Previous research
by(Bonagua et al, 2020)showed that the use of nebulized dexmedetomidine in pediatric patients
successfully reduced the need for other anesthetic drugs in preschool patients who required
intravenous access procedures, thus supporting the findings in this study that nebulized
dexmedetomidine can be used as a primary or additional agent in anesthetic procedures,
especially in patients with minimal sedation requirements.

From the results of the hemodynamic profile, the results of the study showed that physiological
parameters such as heart rate (HR), respiratory rate (RR), oxygen saturation (SpO2), and
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diastolic blood pressure did not show significant differences between the dexmedetomidine
nebulization group and the control, both before and after nebulization. However, there was a
significant difference in systolic blood pressure after nebulization (p = 0.036), with the
dexmedetomidine group having a lower value (median 89.0 mmHg) than the control group
(median 93.0 mmHg). This effect is in accordance with the mechanism of action of
dexmedetomidine which is known to lower blood pressure through activation of central alpha-
2 adrenergic receptors, which reduces the release of norepinephrine and decreases peripheral
vascular resistance (Castillo et al., 2020; Seyrek et al., 2011; Giovannitti et al., 2015). However,
the effects of Dexmedetomidine on respiration, and SpO2 were not statistically significant,
consistent with previous reports that Dexmedetomidine affects cardiovascular regulation more
than respiratory function (Bonagua et al., 2020; Mason, 2021).The pharmacokinetic and
dynamic effects of dexmedetomidine using the nebulization route provide the effect of reaching
peak plasma levels more slowly compared to the intravenous route so that the effects of
hypotension and bradycardia can be avoided (Wang et al., 2019; Castillo et al., 2020).
However, the absence of significant differences in the duration of surgery and duration of
anesthesia suggests that the effects of dexmedetomidine are more focused on hemodynamic
stabilization and reducing the need for additional sedation, rather than affecting the overall
duration of the procedure (Lin et al., 2020; Thamrin, 2011).

The results of the study further showed a comparison of PAED scores, wake-up time, and
extubation time between the groups given dexmedetomidine nebulization and the control, that
the administration of dexmedetomidine nebulization had a significant impact on the Pediatric
Anesthesia Emergency Delirium (PAED) score at the 15th minute (p < 0.001), 30th minute (p
<0.001), and 60th minute (p = 0.013) compared to the control group.

The dexmedetomidine nebulization group showed lower PAED scores compared to the non-
dexmedetomidine group consistently at all measurement times except for the 120th minute
PAED (p=0.175). This is in line with the study of post-anesthesia delirium incidence by Eva et
al. (2022) that the duration of post-anesthetic delirium generally varies depending on the patient
population, type of anesthesia, and measurement method. However, in general, post-anesthetic
delirtum in preschool pediatric patients often occurs within 15 to 30 minutes after extubation,
especially in the early phase of post-anesthetic recovery. This condition is usually transient and
resolves within > 45 minutes, but in some cases, it can last longer depending on individual
factors. Although the pathophysiological basis of post-anesthetic delirium is not fully
understood, disturbances in the homeostatic process in the brain are considered an important
factor. There are many risk factors that can trigger it but some of the most frequently described
include younger age, male gender, use of benzodiazepines, or rapid recovery of consciousness
after general anesthesia, for example the use of sevoflurane inhalation, and environmental
factors such as waking up in an unfamiliar environment. Dexmedetomidine here can reduce
the PAED score above because the dexmedetomidine profile can directly overcome several
factors that cause post-anesthetic delirium, such as lack of cognitive development and fear of
the environment, which are overcome by the sedation effect, while sensitivity to pain and
discomfort are overcome by the analgesic effect (Huang et al., 2024).

The results of this study also showed that the use of dexmedetomidine can shorten the duration
and reduce the severity (Figure 2) of delirium after sevoflurane inhalation anesthesia with a
stable sedative effect without significantly prolonging the recovery time, namely the time to
wake up (p = 0.05) and the time to extubation (p = 0.05) although the difference did not reach
statistical significance. This finding is also in line with research (Lin et al., 2020),which showed
that nebulized dexmedetomidine was effective in reducing the incidence of post-anesthetic
delirium in pediatric patients without prolonging recovery time.

The relationship between multivariables with the results of increasing PAED values was also
analyzed using the Logistic Regression test analysis (table 5) to find out the correlation between

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA 4.0 416



the variables that most influenced the results of PAED values. At the beginning of the
assessment, it was found that the variable of dexmedetomidine administration was the most
significant factor influencing the results (minus) B value indicating that there was a negative
effect of dexmedetomidine administration on the incidence of delirtum. While the relationship
between FLACC and the incidence of delirium had a positive correlation but did not reach a
significant value in influencing PAED, this was because in this research protocol, pain control
was carried out using standard post-op analgesics.

Analysis Results In (table 4), namely the comparison of the incidence of delirium between the
dexmedetomidine and control groups, showed that the proportion of incidents in the
dexmedetomidine group was 7 cases (19.4%), lower than in the control group, namely 19 cases
(52.8%). This difference was statistically significant with a p value = 0.003, indicating that
absolute dexmedetomidine nebulization in reducing the proportion of delirium incidence after
sevoflurane inhalation general anesthesia, namely in this study (33.4%). This is in line with
previous research and literature that the administration of dexmedetomidine can reduce the
incidence of delirium after anesthesia. Dexmedemetomidine research (Shi et al., 2019)
intravenously, a dose of 0.5 mcg/kgbb before the end of surgery reduced the incidence of
delirium after general anesthesia with sevoflurane by 53.3% to 24.4%, the proportion reduced
was 28.9%. Research by (Shen et al., 2022) using intranasal dexmedetomidine 2 mcg/kgbb
showed a decrease in the proportion of post-general anesthesia delirium incidence by 11.9%
compared to the control group. Although the proportion decreased was smaller in the study
(Shen et al., 2022). This may be due to the fact that the main general anesthesia procedures still
use total intravenous administration and not entirely use inhalation agents as in this study.

In this study, the relative risk analysis (RR) data, the RR value was 0.367 (95% CI: 0.218—
0.835; p value 0.003). This means that patients receiving nebulized dexmedetomidine have a
63.1% lower risk of experiencing delirium compared to the control group (protection factor
[PF] = 0.631). This is in line with the systematic review and meta-analysis by Huang et al.
(2024) showing three studies involving 240 subjects with nebulized dexmedetomidine and
controls, reporting a significantly lower incidence of delirium in the nebulized
dexmedetomidine group than the control group (RR: 0.30; 95% CI: 0.18-0.49; P <0.01), with
no heterogeneity (I* = 0%). So the results of this research analysis connect the efficacy of
previous studies on the administration of dexmedetomidine for post-anesthesia delirium that:
1) Effectiveness of Dexmedetomidine: Nebulization of dexmedetomidine has been shown to
provide a reduction and protection effect against the incidence of delirium in preschool children
after general anesthesia with sevoflurane inhalation. In this study, an absolute risk
reduction/decrease in the proportion of delirium incidence was obtained by 33.4%; 2)
Statistical Value (p-value): With a p-value < 0.05 (p = 0.003), these results strengthen the
evidence that the difference in delirium incidence between the two groups did not occur by
chance, but was a real effect of the dexmedetomidine intervention; 3) Confidence Interval (CI):
The CI range (0.218-0.835) does not include or is less than 1, indicating that these results are
valid and statistically significant in providing a preventive and protective effect against the
occurrence of delirium after sevoflurane inhalation anesthesia in preschool children; 4) Clinical
Practicality: With Preventive Factor (PF) = 0.631 or 63.1% as a protective value against
delirium events, the use of dexmedetomidine can be considered as part of the anesthesia
protocol, especially to prevent delirium after sevoflurane inhalation general anesthesia in
vulnerable populations such as preschool children undergoing elective surgery.

Conclusion

Administration of dexmedetomidine nebulization 2 mcg/kgbb was proven to significantly
reduce the incidence of delirium after general anesthesia sevoflurane inhalation by 33.4% and
provide a protective effect of 63.1% in preschool pediatric patients undergoing elective
surgery. These findings indicate the potential use of dexmedetomidine as an effective

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA 4.0 417



preventive intervention in reducing the risk of post-anesthesia delirium in this population.
Further studies with multicenter designs are recommended to strengthen the validity of the
results and ensure generalization to a wider population. In addition, holistic measurements need
to be carried out involving evaluation of parental comfort and perception of the anesthesia
procedure to understand the clinical benefits more thoroughly. Multivariate analysis is also
recommended to control for confounding variables, thus providing a more comprehensive
picture of the effectiveness of dexmedetomidine. The results of this study can be the basis for
the preparation of clinical guidelines for the use of dexmedetomidine nebulization in
preventing post-anesthesia delirium in pediatric patients.

Acknowledgement

We would like to thank all parties who have contributed to this study, especially the medical
team and staff at the IBS Wing Amerta RSUP Prof. Dr. IGNG Ngoerah who supported the
implementation of the study. Appreciation is also expressed to the parents and preschool
patients who were willing to participate in this study, as well as the entire research team for
their dedication in evaluating the effectiveness of dexmedetomidine nebulization as an
intervention to reduce the incidence of delirium after sevoflurane inhalation general anesthesia
in preschool children undergoing elective surgery. The support and cooperation provided have
been important factors in the success of this study.

References

Andriyanto, L., Utariani, A., & Hanindito, E. (2019). Incidence of emerging agitation in
pediatric patients after general anesthesia. Folia Medica Indonesiana, 55(1), 25-29.

Anupriya, J., & Kurhekar, P. (2020). Randomized comparison between the efficacy of two
doses of nebulised dexmedetomidine for premedication in pediatric patients. Turkish
Journal  of  Anaesthesiology  and  Reanimation, 48(4), 314-320.
https://doi.org/10.5152/TJAR.2019.78889

Bonagua, J. C., Mendoza, R. U., & Villanueva, A. M. (2020). The effect of dexmedetomidine
nebulization as a premedication prior to peripheral intravenous access in pediatric
patients and its effect on separation anxiety score and acceptance of intravenous
cannulation score. Philippine Journal of Anesthesiology, 32(1), 35-42.

Castillo, J., Ibacache, M., Cortinez, L., Carrasco-Pozo, C., Farias, J., Carrasco, M., Vargas-
Errazuriz, 1., Ramos, C., Benavente, F., Torres, M., & Méndez, M. (2020).
Dexmedetomidine improves cardiovascular and ventilatory outcomes in critically ill
patients: Basic and clinical approaches. Frontiers in Pharmacology, 10, 1641.

Ghai, B., Jain, K., Saxena, A. K., & Saini, S. (2018). Intranasal dexmedetomidine in prevention
of emergent delirium in pediatric patients undergoing day care procedures: A
randomized, double-blind, placebo-controlled study. Pediatric Anaesthesia, 28(7),
666—672.

Giovanni, M., Suarjaya, I. P. P., Kurniyanta, I. P., Wiryana, M., Senapathi, T. G. A., Suranadi,
I. W., ... & Putra, K. A. H. (2024). Comparison Of Sevoflurane With Propofol On The
Incidence Of Emergence Agitation After General Anaesthesia In Paediatric Patients
Undergoing Laparatomy Surgery At Rsup Prof. Dr. Igng Ngoerah. Prepotif: Jurnal
Kesehatan Masyarakat, 8(1), 2570-2578.
https://doi.org/10.31004/prepotif.v8il.27269

Giovannitti Jr, J. A., Thoms, S. M., & Crawford, J. J. (2015). Alpha-2 adrenergic receptor
agonists: a review of current clinical applications. Anesthesia progress, 62(1), 31.
https://doi.org/10.2344/0003-3006-62.1.31

Huang, C., Yang, R., Xie, X., Dai, H., & Pan, L. (2024). Effects of dexmedetomidine on early

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA 4.0 418


https://doi.org/10.5152/TJAR.2019.78889
https://doi.org/10.31004/prepotif.v8i1.27269
https://doi.org/10.2344/0003-3006-62.1.31

postoperative cognitive function and postoperative inflammatory response: a
systematic review and network meta-analysis. Frontiers in Neurology, 15, 1422049.

Kanaya, A., Kuratani, N., Satoh, D., & Kurosawa, S. (2014). Lower incidence of emergence
agitation in children after propofol anesthesia compared with sevoflurane: A meta-
analysis of randomized controlled trials. Journal of Anesthesia, 28, 4—11.

Klabusayova, E., Musilova, T., Fabian, D., SkiiSovska, T., Vafek, V., Kosinova, M., ... &
Stourag, P. (2022). Incidence of emergence delirium in the pediatric PACU:
prospective observational trial. Children, 9(10), 1591.
https://doi.org/10.3390/children9101591

Kocz, R., Armstrong, J., & Lerman, J. (2020). Induction of, Maintenance of, and Emergence
from Anesthesia. Gregory's Pediatric Anesthesia, 356-385.
https://doi.org/10.1002/9781119371533.ch17

Lin, J., Wu, C., Zhao, D., Du, X., Zhang, W., & Fang, J. (2022). The sedative effects of inhaled
nebulized dexmedetomidine on children: A systematic review and meta-
analysis. Frontiers in pediatrics, 10, 865107.

L, X., Li, Y., Kang, L., & Wang, Q. (2021). Recent advances in the clinical value and
potential of dexmedetomidine. Journal of Inflammation Research, 7507-7527.
https://doi.org/10.2147/JIR.S346089

Mahlangu, S. P. (2017). An Audit of Dental Procedures in Patients with Inherited Bleeding
Disorders at the Charlotte Maxeke Johannesburg Academic Hospital Haematology
Unit (Master's thesis, University of the Witwatersrand, Johannesburg (South Africa)).

Mason, K. P. (2017). Pediatric emergence delirium: A comprehensive review and interpretation
of the |literature. British Journal of Anaesthesia, 118(3), 335-343.
https://doi.org/10.1093/bja/acw477

Moh Mohkamkar, M., Farhoudi, F., Alam-Sahebpour, A., Mousavi, S. A., Khani, S., &
Shahmohammadi, S. (2014). Postanesthetic emergence agitation in pediatric patients
under general anesthesia. [ranian journal of pediatrics, 24(2), 184.

Morris, C., Perris, A., Klein, J., & Mahoney, P. (2009). Anaesthesia in haemodynamically
compromised emergency patients: does ketamine represent the best choice of
induction  agent?. Anaesthesia, 64(5), 532-539. https://doi.org/10.1111/1.1365-
2044.2008.05835.x

Seyrek, M., Halici, Z., Yildiz, O., & Ulusoy, H. B. (2011). Interaction between
dexmedetomidine and a-adrenergic receptors: emphasis on vascular actions. Journal
of cardiothoracic and vascular anesthesia, 25(5), 856-862.
http://dx.doi.org/10.1053/j.jvca.2011.06.006

Shen, F., Zhang, Q., Xu, Y., Wang, X., Xia, J., Chen, C., ... & Zhang, Y. (2022). Effect of
intranasal dexmedetomidine or midazolam for premedication on the occurrence of
respiratory adverse events in children undergoing tonsillectomy and adenoidectomy:
a randomized clinical trial. JAMA network open, 5(8), €2225473-e2225473.
https://doi.org/10.1001/jamanetworkopen.2022.25473

Shi, M., Miao, S., Gu, T., Wang, D., Zhang, H., & Liu, J. (2019). Dexmedetomidine for the
prevention of emerging delirium and postoperative behavioral changes in pediatric
patients with sevoflurane anesthesia: A double-blind, randomized trial. Drug Design,
Development and Therapy, 13, 897-905. https://doi.org/10.2147/DDDT.S196075

Thamrin, M. H. (2011). Pengaruh pemberian dexmedetomidine intravena terhadap kebutuhan
obat untuk pemeliharaan anestesi dan kondisi klinis pada pasien

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA 4.0 419


https://doi.org/10.3390/children9101591
https://doi.org/10.1002/9781119371533.ch17
https://doi.org/10.2147/JIR.S346089
https://doi.org/10.1093/bja/aew477
https://doi.org/10.1111/j.1365-2044.2008.05835.x
https://doi.org/10.1111/j.1365-2044.2008.05835.x
http://dx.doi.org/10.1053/j.jvca.2011.06.006
https://doi.org/10.1001/jamanetworkopen.2022.25473
https://doi.org/10.2147/DDDT.S196075

kraniotomi (Doctoral dissertation, UNS (Sebelas Maret University)).

Tobias, J. D. (2007). Dexmedetomidine: Applications in pediatric critical care and pediatric
anesthesiology.  Pediatric ~ Critical  Care  Medicine,  8(2), 115-131.
https://doi.org/10.1097/01.pcc.0000257100.31779.41

Tumaji, T., Rukmini, R., Oktarina, O., & Izza, N. (2020). Pengaruh Riwayat Kesehatan
Reproduksi terhadap Kejadian Mioma Uteri pada Perempuan di Perkotaan
Indonesia. Buletin Penelitian Sistem Kesehatan, 23(2), 89-98.
https://doi.org/10.22435/hsr.v23i2.3238

Ulfah, S. (2021). Pengaruh pendidikan kesehatan dengan media video terhadap penurunan
kecemasan pasien pre operasi bedah di rsud muntilan kabupaten magelang (Doctoral
dissertation, Skripsi, Universitas Muhammadiyah Magelang).

Wang, C. Y., Ihmsen, H., Hu, Z. Y., Chen, J., Ye, X. F., Chen, F., ... & Liu, H. C. (2019).
Pharmacokinetics of intranasally administered dexmedetomidine in Chinese

children. Frontiers in Pharmacology, 10, 756.
https://doi.org/10.3389/fphar.2019.00756

Yuen, V. M., Hui, T. W., Irwin, M. G., & Yuen, M. K. (2008). A comparison of intranasal
dexmedetomidine and oral midazolam for premedication in pediatric anesthesia: a
double-blinded randomized controlled trial. Anesthesia & analgesia, 106(6), 1715-
1721. https://doi.org/10.1213/ane.0b013e31816¢c8929

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA 4.0 420


https://doi.org/10.1097/01.pcc.0000257100.31779.41
https://doi.org/10.22435/hsr.v23i2.3238
https://doi.org/10.3389/fphar.2019.00756
https://doi.org/10.1213/ane.0b013e31816c8929

