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Abstract: Introduction: Emergence agitation (EA) occurs shortly after emergence from anesthesia in pediatric patients causing
disorientation, restlessness, and non-purposeful movement. This study aimed to compare intranasal dexmedetomidine
(DEX) and oral midazolam in managing EA in pediatric patients scheduled for neurosurgical procedures. Methods:
This double-blinded randomized clinical trial was conducted on 50 pediatric patients who underwent neurosurgical
procedure in an educational hospital between March and June 2024. One group received intranasal DEX (2 mcg/kg)
and other group received oral midazolam (1 mg/kg of midazolam) before induction of anesthesia. The rate of EA as well
as vital signs changes were compared between the two groups using statistical analysis. Results: 50 participants were
enrolled in the study and randomly divided to DEX and midazolam groups (25 participants in each group). The two
groups were similar regarding age (p = 0.538); sex (p = 0.417); pre-operation heart rate (p = 0.675); systolic (p = 0.226) and
diastolic (p = 0.753) blood pressure; and pre-operative mean arterial blood pressure (p = 0.634). Among all participants,
13 (26.00%) patients showed signs of EA after extubation (2 patients (8.00%) in DEX group and 11 (44.00%) patients in
midazolam group; p = 0.004). Regrading vital signs, only the decrease in heart rate after extubation in the DEX group was
significantly greater than that observed in the midazolam group (-9.28±12.88 vs. -2.48±8.23, respectively; p = 0.0310).
The number needed to treat (NNT), relative risk reduction (RRR), and absolute risk reduction (ARR) of using intranasal
DEX in management of EA were 2.77 (95%confidence interval (CI): 1.72-7.19), 81.8% (95%CI: 26.0%-95.5%), and 36.0%
(95%CI: 13.9%-58.1%) respectively. Conclusion: Intranasal DEX compare to oral midazolam demonstrated superior
efficacy in managing postoperative EA in pediatric patients.
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1. Introduction

Emergence from general anesthesia can be complicated by

alterations in mental status level, causing disruptive behav-

iors particularly in pediatrics (1). First described in 1961,

emergence agitation (EA) is a condition characterized by

behavioral dysregulation following emergence from general

anesthesia (2). EA after pediatric surgery typically occurs

within the first 30 minutes (Mean=14±11 minutes) and is self-

limiting (3). However, in some cases, it may persist for up to

48 hours post-surgery (4). Literature shows a highly variable

incidence of ED, ranging from 10–80% (5, 6).

The exact mechanism of EA remains unclear (7, 8). How-
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ever, several risk factors have been identified, including rapid

awakening in an unfamiliar and noisy environment, pain

(such as wounds, sore throat, and urinary retention) (9), air-

way obstruction (10), anesthesia techniques (more common

with volatile agents (11)), and premedications (12). Also

male sex, preschool age, higher preoperative anxiety level,

and baseline sleep-disordered breathing are more associated

with EA (13, 14). EA can be detrimental and distressing for

pediatric patients, leading to multiple burdens on the health-

care system (15). Therefore, predicting and managing EA is

crucial in pediatric anesthesia.

Premedication agents are among the most common tools for

managing postoperative EA. Midazolam is commonly used

as premedication to alleviate preoperative anxiety and post-

anesthesia EA (16-18). However, various side effects, such

as respiratory depression, postoperative delirium, and para-

doxical reactions, have restricted its use (19). Preoperative

dexmedetomidine (DEX) is another agent with efficacy in the
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prevention of EA (20). Nowadays, DEX is used as premedica-

tion, a sedative agent in intensive care units, an anesthetic for

invasive procedures, and for managing postoperative nau-

sea, vomiting, and EA (21). This drug is an alpha-2 agonist

with sedative and analgesic properties, hemodynamic stabil-

ity and without respiratory depression effects (22, 23). Based

on the above-mentioned points, this clinical trial aimed to

compare the effectiveness of intranasal DEX and oral mida-

zolam in managing EA in pediatric patients scheduled for

neurosurgical procedures.

2. Methods

2.1. Study design and setting

This study was designed as a prospective, randomized con-

trolled trial conducted on patients aged <18 years, who were

scheduled for neurosurgical operations at Mofid Hospital

,Tehran, Iran, between March and June 2024. The efficacy

of nasal DEX and oral midazolam in management of post-

operative EA was studied.

The researchers adhered to the ethical considerations

of Helsinki protocols for clinical studies. Ethical ap-

proval was obtained from the Institutional Review Board

(IRCT20200518047491N2), and written informed consent

was secured from the parents of all participants.

2.2. Participants

Patients aged 2 to 12 years, scheduled for elective neuro-

surgical procedures. who were classified as American Soci-

ety of Anesthesiologists (ASA) physical status I or II, with no

prior history of EA or behavioral disturbances, and with pro-

vided informed consent by guardians, were included in the

study. We excluded patients who had known hypersensitiv-

ity to DEX or midazolam, as well as those with contraindi-

cations to intranasal or oral administration of these medica-

tions. Patients with significant cardiorespiratory, neurologi-

cal, or hepatic impairments were also excluded. Patients with

a history of psychiatric or neurodevelopmental disorders im-

pacting behavior, along with those undergoing emergency

surgeries or procedures requiring urgent intervention, were

also excluded from the study.

2.3. Intervention

Patients were randomly assigned to either the DEX (received

DEX as premedication) group or the midazolam group (re-

ceived midazolam as premedication) using blocks-of-four

randomization and computer-generated allocation, which

were performed by a third party before the study began and

medications were prepared in opaque envelopes (numbered

consecutively). The allocation was a secret to all participants

and healthcare experts.

In the DEX group, patients received 2 mcg/kg of intranasal

DEX diluted with sterile water to a total volume of 2 cc in an

unlabeled syringe, along with 5 cc of oral dextrose 5% 30 min-

utes before induction of anesthesia. In the midazolam group,

patients received 2 cc intranasal sterile water and 1 mg/kg of

midazolam diluted with dextrose 5% to a total volume of 5 cc

at the same time. All medicines were prepared by an anes-

thesiologist and administrated by a blind anesthetic nurse in

similar unlabeled syringes with equal volumes.

2.4. Data gathering

After preoperative routine monitoring, heart rate and blood

pressure were registered by a blind anesthetic nurse. At

the end of the operation and after extubation, heart rate

and blood pressure were registered again. Patient’s EA signs

including disorientation, restlessness, inconsolability, non-

purposeful movement, and thrashing were evaluated by an

anesthetic nurse and presence of EA was registered as a qual-

itative variable. All data were gathered before, during, and

after the surgery by the anesthesiologist in charge of the pa-

tient using a predefined checklist.

EA in this study was defined as any sign of disorientation,

restlessness, inconsolability, non-purposeful movement and

thrashing in the first 30 minutes after extubation.

2.5. Outcome measures

Primary outcome: Incidence of EA after extubation with

identification of the proportion of patients exhibiting signs of

EA (disorientation, restlessness, non-purposeful movement)

within the first 30 minutes of postoperative period.

Secondary Outcomes: Comparison of vital sign changes

(such as heart rate, systolic and diastolic blood pressure,

mean arterial pressure) before and after extubation between

the two groups.

2.6. Statistical analysis

The sample size was calculated via Cochran’s formula

(n=(z2×p(1-q))/d2 ). Where n is required sample size, z is

desired confidence level, p is estimated proportion of the at-

tribute present in the population and d is desired level of pre-

cision (0.05). 25 patients were enrolled in each group using

simple randomization method. Frequency, mean, and stan-

dard deviation (SD) were used to characterize the variables.

In the case of a non-normal distribution, the median and in-

terquartile range (IQR) were utilized. The normality of the

outcome variables was examined with the Shapiro–Wilk test.

Kruskal–Wallis and Spearman’s correlation tests were used

for further nonparametric testing. A P-value of less than 0.05

was considered statistically significant. The SPSS version

24.0 was used for all analyses. The study adhered to intention

to treat analysis. The number needed to treat (NNT), relative

risk reduction (RRR), and absolute risk reduction (ARR) of us-

ing intranasal DEX in management of EA were calculated and

reported with 95% confidence interval (CI).

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



3 Archives of Academic Emergency Medicine. 2025; 13(1): e66

3. Results

3.1. Baseline characteristics of studied cases

50 participants were enrolled in the study and randomly di-

vided into DEX and midazolam groups (25 participants in

each group; figure 1). Table 1 compares the baseline char-

acteristics between DEX and midazolam groups. The two

groups were similar regarding age (p = 0.538); sex (p = 0.417);

pre-operation heart rate (p = 0.675); pre-operation systolic

(p = 0.226) and diastolic (p = 0.753) blood pressure; and pre-

operative mean arterial blood pressure (p = 0.634).

3.2. Outcomes

Table 2 compares the studied outcomes between DEX and

midazolam groups. Among all participants, 13 (26.00%) pa-

tients showed signs of EA after extubation. 2 patients (8.00%)

in DEX group and 11 patients (44.00%) in midazolam group

had agitation after emergence from general anesthesia (p =

0.004).

There was no statistically significant difference between

groups regarding post-operative heart rate (p = 0.889), sys-

tolic blood pressure (p = 0.10), diastolic blood pressure (p =

0.978), mean arterial blood pressure (p = 0.822); and mean

arterial pressure difference (p = 0.534). The decrease in

heart rate (HR) after extubation in the DEX group was signif-

icantly greater than that observed in the midazolam group

(-9.28±12.88 vs. -2.48±8.23, respectively; p = 0.0310). The

NNT, RRR, and ARR of using intranasal DEX in manage-

ment of EA after anesthesia in pediatrics were 2.77 (95%CI:

1.72-7.19), 81.8% (95%CI: 26.0%-95.5%), and 36.0% (95%CI:

13.9%-58.1%), respectively.

4. Discussion

In our study, we found that intranasal DEX was significantly

more effective than oral midazolam in reducing the inci-

dence of EA without any significant change in perioperative

vital signs in neurosurgical patients.

EA occurs shortly after emergence from anesthesia in pe-

diatric patients, causing disorientation, restlessness, incon-

solability, non-purposeful movement and thrashing (15, 24).

One of the pharmacological methods to prevent EA is using

alpha-2 agonists (25). DEX is an alpha-2 agonist that pos-

sesses sedative and analgesic properties, featuring a slower

onset of action and a longer duration of effects compared

to midazolam (26, 27). Intranasal DEX is a colorless and

fragrance-free agent, which is a proper choice for purposes

like managing EA (28, 29).

Recent studies have examined the use of DEX in pediatric

patients (30, 31). A 2018 systematic review concluded that

DEX emerges as an attractive alternative to standard sedative

and analgesic modalities applied in spine surgery, by attain-

ing a notable sedative and opioid-sparing effect (32). In 2021,

Zhang et al. examined different methods of DEX administra-

tion for preventing EA in children and showed the efficacy of

this agent (33). Premedication with DEX showed promising

results. In 2022, Xiong and coworkers showed increased se-

dation and reduced intubation-induced stress in adults using

DEX as premedication (34). A 2023 systematic review showed

the efficacy of intranasal DEX in reduction of the incidence

of EA or emergence delirium in pediatric patients after gen-

eral anesthesia (35). Another 2024 randomized clinical trial

showed greater sedative advantage of intranasal DEX com-

pared to intranasal ketamine with no adverse effects (36).

The effect of preoperative oral DEX on EA was compared with

oral benzodiazepine in 2018 and similar to our study, the re-

sults showed significantly lower EA (37). However, they used

similar routes of administration for DEX and midazolam in

that study. In 2018, in a case control study, Li et al. evalu-

ated the preoperative administration of intranasal DEX (1–2

mcg/kg) 20 minutes prior to the induction of general anes-

thesia. Just like our study, they showed that DEX premedica-

tion was associated with less postoperative agitation. They

also recorded the postoperative recovery time and the results

didn’t show prolonged recovery due to administration of DEX

(20).

Unlike our findings, Cho et al. in 2019 showed similar ef-

ficacy of minimum dosages of DEX and midazolam in pre-

venting EQ. However, in their study, children received agents

at the end of surgery. The other difference was examining

the efficacy of analgesia in both groups, which DEX showed

significantly higher analgesic effect (38). In 2024, a random-

ized double blinded clinical trial showed the superior effi-

cacy of preoperative DEX in management of EA in compar-

ison to propofol (39). Results showed significant reduction of

4.1 times in the risk of EA when DEX was administered. Ad-

ditionally, that trial examined the postoperative pain in both

groups, and DEX group exhibited a lower incidence of post-

operative pain.

5. Limitations

Qualitative assessment of EA: Our study is limited by quali-

tative assessment of EA. Evaluation of a quantitative variable

will be more valuable. Type of surgery: Neurosurgical proce-

dures consist of a wide variety of operations that should be

identified in studies. Evaluating a specific type of procedure

may prove valuable.

Patient satisfaction and postoperative hospital admission

duration were not measured in this study.

Intraoperative drug consumption may be different in groups

and measuring opioid and anesthetic consumption may be

valuable.

Future Directions:

Comparison and evaluation of different drugs as premedica-

tion.

Comparison and evaluation of method’s efficacy in different

types of procedures.

Comparing different routes of administration.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



NS. Mahdavi et al. 4

6. Conclusions

In comparison to oral midazolam, intranasal DEX demon-

strated superior efficacy in managing postoperative EA in pe-

diatric patients. We recommend conducting further studies

to investigate the advantages and disadvantages of DEX and

to compare its efficacy with other sedative agents.
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Table 1: Comparing the baseline characteristics between intranasal dexmedetomidine (DEX) and oral midazolam groups (n = 25 cases in each

group)

Variables DEX Midazolam P-Value
Age (Years)
Mean ± SD 6.74 ± 4.06 7.52 ± 4.78 0.538
Sex
Female 12 (48.0) 14 (56.0)
Male 13 (52.0) 11 (44.0) 0.417
Vital signs
Heart rate (/minute) 104.32±20.172 100.16±18.00 0.675
Systolic BP (mmHg) 96.92±10.303 90.76±11.155 0.226
Diastolic BP (mmHg) 61.96±13.551 58.04±15.205 0.753
Mean arterial pressure (mmHg) 73.61±11.56 68.94±12.63 0.634
Data are presented as mean ± standard deviation (SD) or frequency (%). BP: blood pressure.

Table 2: Comparing the outcomes between intranasal dexmedetomidine (DEX) and oral midazolam groups (n = 25 cases in each group)

Outcomes DEX Midazolam P-Value
Emergence agitation 2 (8.00) 11 (44.0) 0.004
Post-operative vital signs
HR (/minute) 95.04±18.075 97.68±17.820 0.889
SBP (mmHg) 90.40±8.597 88.84±12.324 0.10
DBP (mmHg) 59.92±13.735 56.24±13.992 0.978
MAP (mmHg) 70.08±11.09 67.10±12.53 0.822
Pre/post-operative difference
HR difference (/minute) -9.28±12.88 -2.48±8.23 0.031
MAP difference (mmHg) -3.53±8.70 -1.84±10.34 0.534
Data are presented as mean ± standard deviation or frequency (%). HR: heart rate; SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure.

Figure 1: The flowchart of patient inclusion. DEX: dexmedetomidine.
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