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Inhalational dexmedetomidine compared with oral midazolam in pediatric
premedication: impact on postoperative recovery
and emergence delirium — pilot study

MHxananuroHu JeKCMEIETOMUANH Yy opehemy ca opalHUM MH1a30J1aMOM Yy

NeINjaTPHjCKOj MpEeMEeIUKAII]U:

YTHUIIa] HA TIOCTONIEPATHBHU OIOPaBaK M JIETUPUjYM — TUJIOT CTYIH]a

SUMMARY

Introduction/Objective Preoperative fear and anxiety in
children are associated with unfavorable postoperative
outcomes. Oral midazolam is commonly used for pediat-
ric premedication, but may not always effectively pre-
vent postoperative agitation and delirium. Inhaled dex-
medetomidine, due to its sedative and anxiolytic proper-
ties, represents a promising alternative.

The aim of this study was to compare inhaled dexme-
detomidine and oral midazolam regarding emergence
time from anesthesia, postoperative recovery, and the in-
cidence of postoperative delirium in children.

Methods This prospective randomized study included 60
children aged 2—12 years, ASA physical status I-II, un-
dergoing surgical procedures. Participants were/divided
into two groups: the dexmedetomidine group (group D)
received inhaled dexmedetomidine 2 pg/kg, while the
midazolam group (group M) received oral midazolam 0.3
mg/kg. We assessed emergence time, recovery, and the
incidence of postanesthetic delirium.

Results Emergence time did net differ significantly be-
tween the groups (Group. D: median 8 min, IQR 7-10;
Group M: median. 7 min, IQR 5=10; Mann—Whitney U
test, p=0.121). Aldrete score improved similarly in both
groups during the first 20 minutes, with no significant
differences between the-groups at the observed time
points (p > 0.05). Delirium occurred in 3.3% of patients
in-Group D and 6.7% in Group M, without a statistically
significant difference (Fisher’s exact test, p = 1).
Conclusion Inhaled dexmedetomidine used as a premed-
ication in children was associated with slower emer-
gence, faster recovery, and a lower incidence of delirium
compared with oral midazolam, although differences
were not statistically significant.

Keywords: premedication; dexmedetomidine; midazo-
lam; children; delirium

DOT: https://doi.org/10.2298 /SARH260619087M

CAKETAK

VYBoa/Ilum [IpeonepatuBHU cTpax M aHKCHO3HOCT KOJ
Jielie MOBE3aHHU Cy ca HEHMOBOJHHHM. OCTOHEPATHBHAM
ncxoauma. IIpeMenukanyja nMa KIby4HY yJIOTy y CMa-
Belby HeraTUBHUX edekaTa. OpaiHO NpUMEHECH MUAa-
30J1aM c€ TPaaWIMOHAIHO KOPHUCTH Y. NEAHjaTPHjCKOj
MpeMeIMKaI|j |, aJld He MOKa3yje YBeK 3a70B0JbaBajyhy
edukacHOCT y NPEBEHIIj! IIOCTOIIEPATHBHE aruTalHje 1
nenuprjyma. MHXananuoHd JeKCMEIeTOMHUINH, 3aXBa-
Jbyjyhiu ~CeAaTHBHUM W AHKCHOJUTHYKHM CBOjCTBUMA
npeacrasiba oochaBajyhy anrtepHaTuBy.

b cTtynuje 6uo je mopelheme HHXaNalMOHOT AEKCMe-
JETOMHUIMHA ¥ OPAJTHOT MHAa30JlaMa, lbUXOBOT yTHUIIaja
Ha BpeMe Oyhema U3 aHecresuje, IOCTONEPaTUBHU OIIO-
PaBak 1 yIeCTaIOCTH IIOCTONEPATUBHOT ICIUPHjyMa KOJT
Jene.

Metome Y NpPOCIEKTUBHY PaHIOMH30BaHY CTYIH]y V-
KJbyudeHo je 60 nmene yspacra 2—12 roguna, ASA 111,
MOJBPTHYTHX MambHM XHPYpPLIKHM 3axBaTuMa. Vcrmra-
HULIY CYy NOJEJbEHU Y NIBE IPYIIE: rpyna JeKCMEIETOMMU-
ovH (rpyna D) je mpuMuiia HHXAJIAIUOHU IeKCMEIeTo-
MUIUH Yy A034 on 2 pug/kg, oK je rpymna mMua3oiam
(rpyna M) nmpummna opanHua Muaazoiam y gosu ox 0,3
mg/kg. HakoH omepauyje mpolewuBaHu cy Bpeme Oy-
hema, ToCTONEpaTHBHH OIOPABAK M MOCTAHECTETUYKH
JETUPUjyM.

Pesyaratn Bpeme Oyhemwa u3 aHecte3uje HHUje ce 3HA-
YajHO pa3NMKoBajio u3Mehy rpyna (rpyna D: menujana 8
muH, IQR 7-10; rpyna M: menujana 7 mun, IQR 5-10;
Mann—Whitney U Tecrt, p =0,121). Angpere ckop noka-
320 je MPOTpecHBHO MOOOJbIIAkE y 00€ TPyHe TOKOM
npBux 20 MuHyTa, 6€3 CTATUCTUYKYU 3HAYajHUX pa3iiKa
n3Mmel)y Tpyna y mocMaTpaHHM BPEMEHCKHM Tadkama (p
> 0,05). ITocTonepaTuBHU NETUPHjyM PETHCTPOBAH je
xox 3,3% nauujenara y rpynu D u 6,7% y rpynu M, 6e3
CTaTHCTHYKH 3Ha4ajHe pasnuke (DUIepoB er3akTHH
TecT, p = 1).

3ak/byuyak HHXaNalMOHO TPUMEHEH JEKCMEIeTOMH-
IUH Kao TpeMeuKalyja KoJ Aele MoKa3ao je CropHje
Oyheme, OpXu MOCTONEpaTUBHH ONIOPABAK U HIKY yde-
CTaJIOCT MOCTONEPATUBHOT AeIHpHjyMa y nopehemy ca
OpaJIHUM MUJIA30JI1aMOM, au 0e3 CTAaTUCTUYKU 3HAYajHe
pasnuke usmely rpyna.

Kbyune peun: npeMenukanyja; 1eKCMEACTOMUIHH;
MUIa30J1aM; JIela; ACTUPHjyM

© Serbian Medical Society
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INTRODUCTION

Preoperative fear in children is associated with unfavorable postoperative outcomes, including difficult
induction of anesthesia, increased intraoperative analgesic requirements, postoperative delirium,
behavioral changes, and symptoms of post-traumatic stress disorder [1]. This highlights the importance

of adequate premedication before induction of anesthesia [2, 3, 4].

Various medications are used to reduce anxiety and fear in children before surgery. One of the most
commonly used is midazolam [5]. It belongs to the benzodiazepine group, and when administered orally
its advantages include a rapid and reliable onset of action and reduction of preoperative anxiety related
to needle procedures and parental separation, furthermore the production of anterograde-amnesia with
minimal respiratory depression. As a premedication modality in children, it is most commonly
administered orally. It can also be given intravenously, by intramuscular route, intranasally, rectally, or
sublingually, but these routes are less preferred by pediatric patients [6]. Although widely used and

considered safe, it has not led to a reduction in emergence agitation and delirium in children [7].

Dexmedetomidine is a potent, highly selective alpha-2 receptor agonist and has emerged as a promising
alternative to midazolam in pediatric premedication [8]. The literature includes studies comparing
different routes of dexmedetomidine administration as premedication. When administered orally, it has
limited bioavailability due to a pronounced first-pass effect. Although randomized controlled trials have
shown that its sedative efficacy is/not inferior to that of oral midazolam, these studies have generally
been limited by small sample sizes [9].

The results of studies comparing intranasal dexmedetomidine with oral midazolam are not entirely
consistent. In some outcomes, intranasal administration demonstrated advantages [10], while in others
no statistically significant difference was observed [11]. These differing results reflect variations in the
doses administered. Intranasal administration can be performed using a mucosal atomization device
(nebulizer) or by drops. Compared with drops, atomized administration offers advantages such as
reduced drug loss in the oropharynx, higher cerebrospinal fluid concentrations, better patient acceptance,
and improved sedative effects [12]. This non-invasive premedication route in children, proved to be
efficient in reducing preoperative anxiety, facilitating parental separation, and improving the acceptance
of the anesthesia mask.

Assuming children more readily accept inhalational than intranasal administration, this study compared
the effects of inhaled dexmedetomidine with oral midazolam on emergence from anesthesia,

postoperative recovery, and the incidence of delirium.

METHODS
This prospective, single-center, randomized clinical study was conducted at the Clinic for Pediatric

Surgery of the Institute for Health Care of Children and Youth of Vojvodina from December 1, 2024,
to February 15, 2025.
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The study protocol complies with the Declaration of Helsinki, and the study was initiated after obtaining
approval from the Ethics Committee of the Institute for Child and Youth Health Care of Vojvodina.
Parents of the children included in the study signed an informed consent after being properly informed
about the planned procedure. No personally identifiable information was collected or included in the
study database, and individual patients could not be identified from the analyzed data.

This study included 60 children aged 2—12 years, ASA physical status I-II, scheduled for elective
abdominal or urological surgery. Children younger than 2 years and older than 12 years, those

undergoing other surgical procedures, and ASA III and IV patients, were excluded.

Participants were randomly assigned, using the sealed-envelope method, into two groups based on the
drug administered for premedication: the dexmedetomidine group (group D), which received inhaled
(nebulized) dexmedetomidine at a dose of 2 pg/kg, and the midazolam group(group M), which received
oral midazolam at a dose of 0.3 mg/kg.

All children underwent standard preoperative preparation and receivedpremedication 30 minutes before
the scheduled surgery. Surgery was performed under balanced general anesthesia. Both groups received
propofol as an induction agent (2—3 mg/kg intravenously), fentanyl for intraoperative pain management,
and rocuronium bromide as a muscle-relaxing-agent at 0.6 mg/kg before laryngeal mask insertion.

At the end of surgery, the time from discontinuation of anesthesia to emergence (return of spontaneous
breathing and eye opening) was recorded.

Emergence from general anaesthesia is a critical transition phase in the perioperative period caused by
the decrease of anaesthetic concentrations, and the return of normal activity of the central arousal
networks [13]./After awakening and recovery of protective reflexes, the laryngeal mask airway was
removed, and the children were transferred to the post-anesthesia care unit (PACU), where monitoring
was continued.

In the PACU, postoperative recovery and postanesthetic delirium were assessed.

Postoperative recovery was evaluated using the Aldrete score at 5, 10, and 20 minutes after emergence
[14]. The maximum score is 10 points. Discharge from the PACU is generally considered when the child
achieves a score of > 9 points.

Emergence agitation (EA) involves restlessness, disorientation, excitation, non-purposeful movement,
and inconsolability during early recovery from general anesthesia. It is often referred to as emergence
delirium [15]. It was assessed using the PAED (Pediatric Anesthesia Emergence Delirium) scale [16].
The maximum score is 20 points. A score of > 10 points generally indicates clinically significant
postanesthetic delirium.

In Table 1 Aldrete score and PAED scale are presented.

DOI: https://doi.org/10.2298 /SARH260619087M © Serbian Medical Society
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Statistical analysis

Continuous data were presented as median and interquartile range (IQR) or as mean and standard
deviation, depending on data distribution. Categorical variables were expressed as frequencies and
percentages.

Normality of distribution was tested using the Shapiro—Wilk test. The Mann—Whitney U test was used
to compare continuous variables between two independent groups. Categorical variables were analyzed
using the chi-square test, and in cases where expected values were < 5, Fisher’s exact test was applied.
The level of statistical significance was set at p < 0.05. Statistical analysis was performed using IBM

SPSS Statistics software, version 23.

RESULTS
The study included 60 children divided into two groups of 30 participants each.

Table 2 summarizes the participants’ demographic characteristics, body weight, and compares the study
groups.

Group D had a lower mean age than Group M. The median age in'‘Group D was four years (IQR 3-8).
Children in Group D were statistically significantly younger compared to Group M (Z = -0.980; p =
0.048).

Age was further categorized into three groups: under 6 years, 69 years, and over 9 years.

In the distribution by groups, the largest number of children belonged to the youngest category. Notably,
group D had no patients older than 9 years (Figure 1).

Emergence from anesthesia

The median emergence time in Group D was 8 minutes (IQR 7-10), and in Group M it was 7 minutes
(IQR 5-10). Mann—Whitney U test results showed that the difference was not statistically significant (Z
=-1.549; p=0.121) (Table 3).

Postoperative recovery

Table 4 presents the median Aldrete scores at 10, 20, and 30 minutes in the observed groups.
Distribution of Aldrete scores at observed time points in groups D and M

After 5 minutes, satisfactory recovery (Aldrete score of 9 or 10) was achieved in 3.3% of children in
Group D and 13.3% of children in Group M. After 10 minutes, this percentage increased to 36.7% in
Group D and 20% in Group M. After 20 minutes, there was significant progress overall, 61.7% of
children had satisfactory scores (70% in Group D and 53.3% in Group M). The difference between the

groups was not statistically significant (p > 0.05).

DOI: https://doi.org/10.2298 /SARH260619087M © Serbian Medical Society
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Emergence delirium
Based on the results, in Group D, a PAED score > 10 was recorded in 1 child (3.3%), while 29 children

(96.7%) did not exhibit delirium. In Group M, delirium was recorded in 2 patients (6.7%), and 28
children (93.3%) showed no signs of delirium (Figure 2).

Due to the small number of patients with delirium in each group, Fisher’s exact test was used instead of
the y? test, as it is more reliable for analyzing statistical significance in situations with a small sample
size and rare events. The test results showed that the difference between the groups was not statistically

significant (p = 1).

DISCUSSION

Preschool and school-aged children tolerate oral or intranasal premedication better when compared to
intravenously or intramuscularly applied premedication medications [6]. Premedication should not
prolong the duration of anesthesia; therefore short acting premedication agents are preferred among
pediatric patients. In our study, time to emergence from anesthesia did not differ significantly between
the observed groups. Similar results, without statistically significant differences, have been reported in
previous studies [17, 18].

In our study, postoperative recovery assessed using the Aldrete scale was faster in the dexmedetomidine
group compared with the midazelam group; however, the difference between the groups did not reach
statistical significance. Although early recovery parameters were more favorable in Group D, a
satisfactory level of recovery in both groups was most often achieved after 10 and even, more at 30

minutes, which/s consistent with data from the literature [18].

Previously published studies show contradictory results. In some studies, dexmedetomidine has been
associated with slightly earlier recovery [19, 20], in others, no difference was observed [20]. Some
studies report the opposite, showing that dexmedetomidine prolongs recovery compared with
midazolam [21-23]. This prolonged recovery could also be related to the route of administration, as
intravenous dexmedetomidine has been associated with longer recovery times [21].

Premedication plays an important role in reducing anxiety before induction of anesthesia, which can
directly influence the incidence and severity of emergence delirium [24, 25]. Emergence delirium in
children is a common, especially in the age group of children in our research, and is a clinically
significant complication following general anesthesia, particularly in the early post-anesthesia period
[10]. As in the studies of other authors, sex of children did not have a serious impact on the occurrence
of emergence delirium. This was probably due to the age of patients (mean age in years 4.8 vs. 6.5).

In our study, the incidence of emergence delirium assessed using the PAED scale was lower in the
dexmedetomidine group than in the midazolam group (3.3% vs. 6.7%); however, this difference did not
reach statistical significance. Recent systematic reviews and meta-analyses have demonstrated a

significantly lower incidence of emergence delirium with dexmedetomidine compared with midazolam,

DOI: https://doi.org/10.2298 /SARH260619087M © Serbian Medical Society
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which is similar to our results. Dexmedetomidine proves to be an efficient medication in preventing this
complication [6].

In contrast to our findings, several previous studies have demonstrated a significantly lower incidence
of emergence delirium in patients receiving dexmedetomidine compared with those receiving
midazolam [26-28].

In this context, a large meta-analysis by Zhang highlighted that the route of dexmedetomidine
administration is also important: intravenous, perineural, and intranasal administration reduces
emergence agitation, whereas orally administered dexmedetomidine did not show differences compared

to orally administered midazolam [29, 30].

The small size of the studied sample of children is a limitation of the study. To gain better results, it is

necessary to better select the patients to reduce even this slight difference in'the age of the patients.

CONCLUSION

Inhaled dexmedetomidine showed a trend toward faster postoperative recovery and-a lower incidence
of postoperative delirium compared to oral midazolam, which is considered the gold standard for
premedication in pediatric anesthesia, although the differences between the groups were not statistically
significant. Nevertheless, further research is needed to more precisely define the optimal doses and long-

term outcomes of dexmedetomidine use in pediatric anesthesia.

Ethics: The study protocol.received approval from the Ethics Committee of the Institute for Child and
Youth Health Care of Vojvodina (November 29, 2024; No. 17-44).

Conflict of interest: None declared.
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Table 1. Aldrete score and PAED scale

Parameter 0 1 2
Able to move
Activity Unable tO. move Moves 2 extremities all
extremities ..
extremities
Dyspneic, shallow or Breathes
Breathing Apneic yspneic, . deeply and
limited breathing
coughs freely
0
Circulation/blood > 50% from 20-50% from +20% frorp
. . preanesthetic
pressure preanesthetic level preanesthetic level level
Consciousness Not responding Arousable on calling Fully awake,
oriented
Skin Slgnlﬁcoant cyanosis /< Pale, cyanotic /> 90% Normal sk1(1)1
colour/oxygen 92% with O2 . . color /> 92%
. . with Oz supplementation .
saturation supplementation on room air
PAED scale
Just a . . Very
Parameter Not at all little Quite a bit much Extreme
The child makes
eye contact with 4 3 2 1 0
the caregiver
The child’s
actions are 4 3 2 1 0
purposeful
The child is
aware of his or 4 3 2 1 0
her surroundings
The child is 0 1 > 3 4
restless
'The child is 0 1 > 3 4
inconsolable
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Table 2. Demographic characteristics and body weight of the study population

Characteristic Group D (n =30) | Group M (n =30) | p-value
Age (years) — Mean £ SD 4.80+1.96 6.50+3.13
Median (P25-P75) 4 (3-6) 6 (3-8)
Min—max 2-9 3-12
Male 21 (70) 20 (66.7)
Sex, n (%) Female 9 (30) 10 (33.3)
Body weight (kg) — mean £ SD 18.5+6.3 245+7.5 0.033*
Median (P25-P75) 18 (16-23.75) 24.5(17.5-41)
Min—max 12-35 12-50

*Mann—Whitney U test;

SD — standard deviation; P25/P75 — 25th/75th percentile

DOI: https://doi.org/10.2298 /SARH260619087M

© Serbian Medical Society


https://doi.org/10.2298/SARH260619087M
https://doi.org/10.2298/SARH260619087M

Srp Arh Celok Lek 2026 | Online First: October 14, 2026 | DOI: https://doi.org/10.2298/SARH260619087M 12

Group D Group M

Age Category
| <6years
. 6-9years
B > 9years
>

Figure 1. Age categories by groups.
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Table 3. Wake-up time (minutes) from anesthesia by groups

Group D | Group M | Significance”
Average 8.5 7.87
SD 3.64 3
Minimum 5 4
Maximum 13 15
Median 8 7 0.121
(P25-P75) | (7-10) (5-10)

SD — standard deviation; P25 — 25th percentile; P75 — 75th percentile;
“Mann-Whitney U test;
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Table 4. Median values of the Aldrete scale after 10, 20, and 30 minutes in the observed groups

Group D | Group M | Significance”
5 minutes Median 7 6 0.378
(P25-P75) | (6-7.25) (6-7)
10 minutes (I}\gsef;a;ls) (7§9) (7§8) 0.132
20 minutes (;\é[;:il;a;l 5) (8?9) (939) 0.175

# Mann—Whitney U test; P25: 25th percentile; P75: 75th percentile.
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Figure 2. Postoperative delirium in groups.
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