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Background: Effective and safe sedation with rapid recovery remains a critical unmet need for pediatric patients undergoing contrast-
enhanced computed tomography (contrast-enhanced CT). We compared the efficacy of intranasal dexmedetomidine (DEX) combined
with intravenous propofol (D-P) versus DEX with buccal midazolam (D-M) for sedation during pediatric contrast-enhanced CT.
Methods: In this single-center, prospective, randomized controlled trial, 110 children (6 months—6 years, ASA I/II) were allocated to
D-M (2 pg/kg intranasal DEX + 0.2 mg/kg buccal midazolam) or D-P (2 pg/kg intranasal DEX + 1 mg/kg intravenous propofol).
Primary outcome was one-time success rate (completed contrast-enhanced CT without additional sedation). Secondary outcomes
included onset time, recovery metrics (Ramsay Sedation Scale [RSS] at 30 minutes, time to oral intake), and adverse events. Analyses
followed full-analysis-set (FAS) and per-protocol-set (PPS) principles (ChiCTR2300067469).

Results: The D-P group demonstrated superior one-time success rates in both FAS (96.4% vs 74.5%; OR 9.05, 95% CI 1.95-42.05,
P =0.001) and PPS analyses (96.4% vs 77.1%; OR 7.88, 95% CI 1.65-37.6, P =0.003). Sedation onset was faster with D-P (median 17
vs 20 minutes, P < 0.001), with 98.2% achieving sleep within 20 minutes versus 54.5% for D-M. Recovery was accelerated in D-P:
61.8% attained RSS <3 by 30 minutes (vs 30.9%, P < 0.001), and 77.3% resumed oral intake within 1 hour (vs 25.4%, P < 0.001).
Bradycardia occurred more frequently with D-P (29.1% vs 5.4%, P =0.001), but no interventions were required.

Conclusion: Intranasal dexmedetomidine combined with propofol significantly improves sedation success, accelerates recovery, and
reduces procedural delays in pediatric contrast-enhanced CT compared to midazolam, offering a clinically advantageous regimen for
short-duration imaging.
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Introduction

Contrast-enhanced computed tomography (contrast-enhanced CT) stands as an indispensable imaging modality in the
diagnostic arsenal for a wide spectrum of diseases, offering enhanced visualization and improved diagnostic accuracy.’
While the duration of a contrast-enhanced CT examination is brief, pediatric patients may experience injection-associated
pain when the contrast medium is administered intravenously via an automated power injector.” Deep sedation is
frequently essential for children to remain still in a contrast-enhanced CT examination, ensuring the acquisition of high-

quality diagnostic images. Despite the availability of multiple sedative drug regimens capable of achieving deep sedation
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in pediatric patients, both onset and recovery times remain prolonged. A fundamental problem is the lack of an optimal
sedation technique for children undergoing contrast-enhanced CT, characterized by rapid onset and swift recovery times.

Dexmedetomidine is extensively used for sedation across various medical procedures due to its minimal impact on
respiratory function and its relatively short elimination half-life.> Dexmedetomidine is well tolerated by children and easy
to administer. However, even at high doses, patients receiving dexmedetomidine as a single agent often require an
additional bolus or supplementary medications to achieve the desired level of sedation.” Increased or repeated doses of
dexmedetomidine can induce deep sedation, but they are also associated with a higher incidence of bradycardia and
hypotension. While the duration of a contrast-enhanced CT examination is brief (typically 1-5 minutes of actual scanning
time), pediatric patients may experience injection-associated pain when the contrast medium is administered intrave-
nously via an automated power injector. Previous studies have demonstrated that the combination of intranasal
dexmedetomidine and midazolam (administered buccally or orally) is both effective and safe for sedation in pediatric
patients.”® The success rate is notably higher than when sedation is administered with intranasal dexmedetomidine alone’
or buccal midazolam alone.® However, it exhibits certain drawbacks, including a delayed onset of action (up to
55 minutes) and unpredictable efficacy, accompanied by an extended recovery period’ and the potential for buccal
midazolam to induce a paradoxical reaction.'® Hence, it is imperative to investigate an efficacious and safe regimen
combining intranasal dexmedetomidine for pediatric sedation during contrast-enhanced CT examinations.

Propofol is widely used for sedation in various procedures resulting from its rapid induction of deep sedation, high
efficacy rate, and quick post-sedation recovery.'" The biggest problem of intravenous propofol is the potential to induce
hypotension and dose-dependent respiratory inhibition.'' Dexmedetomidine has an effect on preserving the upper
respiratory tract protective reflexes.'> Combination with intranasal dexmedetomidine decreases the risk of adverse
airway events compared to intravenous propofol alone for pediatric sedation. The combination of intranasal dexmede-
tomidine and intravenous propofol exhibited a synergistic effect, enhancing safety and efficacy for sedation.''*
A loading dose of intranasal dexmedetomidine incorporated into the intravenous propofol sedation for magnetic
resonance imaging (MRI) significantly reduced the required propofol dosage, the incidence of adverse airway events,
and necessary interventions.'> Little is known about a better choice of intranasal dexmedetomidine combined with
propofol or midazolam for pediatric sedation in contrast-enhanced CT. In this study, we aimed to investigate the efficacy
and safety of dexmedetomidine in combination with a single low dose of intravenous propofol, compared to the
combination of intranasal dexmedetomidine and midazolam, for sedation in pediatric patients undergoing contrast-
enhanced CT examinations. We hypothesized that the combination of intranasal dexmedetomidine and a single low-
dose infusion of propofol is associated with higher one-time success rate than the combination of intranasal dexmede-
tomidine and buccal midazolam in children undergoing contrast-enhanced CT examinations.

Methods

Ethics and Registration

This study was approved by the Institutional Review Board of Fujian Children’s Hospital (IRB 2022ETKLR10055), and
written informed consent was obtained from the legal guardians of all the subjects participating in the trial. The clinical
trial reported in the manuscript was registered with the Chinese Clinical Trial Registry (ChiCTR), a WHO-approved
public registry, prior to the enrollment of participants. The trial registration number is ChiCTR2300067469, and the full
registration details can be accessed at https://www.chictr.org.cn/showproj.html?proj=184391. The trial was registered on

January 9, 2023, in compliance with the guidelines set by the ICTRP. All legal guardians have the right to decline
participation or request withdrawal from the study at any time, without the need to provide specific reasons.

Study Design

This researcher-initiated, single-center, prospective, randomized, controlled trial was carried out at Fujian Children’s
Hospital from February 1, 2023, to August 26, 2023. The randomization sequence was generated by statistical software
SPSS to allocate children to either the D-M group or the D-P group. The allocation ratio between two groups was 1:1.
The nurse responsible for preparing and administering study drugs, as well as the legal guardians, were not blinded to

9524 https: Drug Design, Development and Therapy 2025:19


https://www.chictr.org.cn/showproj.html?proj=184391

Zhang et al

treatment group allocation owing to the distinct characteristics and administration protocols of the study drugs. However,
an independent research nurse involved in observation and data collection remained blinded to group allocation.

Participants

Children with ASA physical status I or II, aged between 6 months and 6 years, who were scheduled for a contrast-
enhanced CT examination under sedation at our sedative center, were invited to participate in this study. Contrast-
enhanced CT was performed for routine clinical indications such as evaluation of congenital anomalies, neoplastic
conditions, trauma, and vascular abnormalities requiring high-resolution imaging under sedation. The exclusion criteria
included multiple examinations under sedation, patients with upper respiratory tract infections (URTI), history of
diagnosed obstructive sleep apnea, history of allergy or sensitivity to study drugs, history of propofol general anesthesia,
history of propofol sedation in the ICU, and history of significant active cardiac, pulmonary, hepatic, or renal disease.

Sedation for Contrast-Enhanced CT Procedures

Fasting instructions were provided to parents prior to scheduled study, and a pre-sedation evaluation was conducted on
the day of the study. All children arrived at the induction room with intravenous catheters inserted for the administration
of contrast medium in the radiology department. Dexmedetomidine (Sichuan Meidakang Huakang Pharmaceutical Co.
LTD, China) stock solution (concentration of 100 pg/mL) was drawn into a 1 mL tuberculin syringe and administered
into both nostrils while the child assumed a recumbent position. Oral midazolam solution (Xiao Er’jing®™; Yichang Renfu
Pharmaceutical Co. LTD, Hubei, China) was dripped in both sides of the buccal mucosa using a tuberculin syringe
without dilution (concentration at 20 mg/mL). Propofol (Beijing Fresenius Kabi Pharmaceutical Co., Ltd, China) was
intravenously administered over 30 seconds at a concentration of 5 mg/mL diluted with 0.9% saline. In the D-M group,
intranasal dexmedetomidine (2 pg/kg) was administered into both nostrils using a tuberculin syringe, while buccal
midazolam (0.2 mg/kg) was dripped onto both sides of the buccal mucosa.” Repeat intranasal dexmedetomidine boluses
of 1ug/kg were administered when children did not achieve the target level of sedation 25 minutes later. If sedation failed
again, the children were advised to receive 1 mg/kg of propofol. The D-P sedation protocol consisted of intranasal
dexmedetomidine at 2 pg/kg followed by intravenous propofol at 1 mg/kg 15 minutes later. Repeat intravenous propofol
boluses of 0.5 mg/kg were administered when children did not achieve the target level of sedation 3 minutes after the last
dose of propofol.

The baseline heart rate (HR) and peripheral oxygen saturation (SpO2) were recorded before sedation in a waiting
area. After induction, HR and SpO2 were continuously monitored using a pulse oximeter until discharge. Hypoxemia
(defined as SpO2 < 90% for more than 10 seconds) was treated with supplemental oxygen at a flow rate of 2 L/min
through a nasal cannula or face mask. Airway maneuvers, such as jaw thrust or chin lift, were performed if needed.
Bradycardia was defined as a decrease of HR > 20% from baseline. Severe bradycardia (defined as a decrease of HR >
30% from baseline) was treated with atropine 0.1 mg/kg. Non-invasive blood pressure (NIBP) was not routinely recorded

16,17

in this study, which will be included in future studies. We used Ramsay sedation scale (RSS) (Supplemental Table 1)

to assess the depth of sedation. The optimal depth of sedation is unresponsive to verbal stimuli but responds purposefully
to tactile or painful stimulation (ie, a Ramsay Sedation Scale score of 4-5). Failed sedation was defined as the inability to
complete contrast-enhanced CT procedures due to body movement during the injection of the contrast agent. Upon the
completion of contrast-enhanced CT, all participants were transferred to the sedation room for recovery for at least
30 minutes, in accordance with hospital regulations to facilitate early identification of contrast agent allergies. Children
were assessed before discharge using the Aldrete score, which is a standardized tool used to assess recovery from
anesthesia, based on five criteria: activity, respiration, circulation, consciousness, and oxygen saturation, each scored
from 0 to 2; a total score of >9 indicates readiness for discharge from the post-anesthesia care unit."®

Primary and Secondary Outcomes

The primary outcome was defined as the one-time success rate, specifically the percentage of children who successfully
completed the examination in a single session of sedation, without the need for additional sedative administration. The
secondary outcomes included the onset time, examination time, RSS at 30 minutes after the completion of the
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examination, and the incidence of side effects (oxygen desaturation, bradycardia, and severe bradycardia). Post-discharge
side effects in the following 24 hours include the timing to resume intake, the presence of vomiting, agitation, and altered
bowel habits.

The onset time was defined as the period between administering premedication and reaching the target level of
sedation. Examination time was defined as the period between entering and exiting the CT room. Agitation was defined
as follows: (1) crying and not easily calmed, (2) agitated, (3) restless, and (4) excited, combative, or disoriented, or
thrashing around.'’

Sample Size Calculation

In our pilot study, we observed a one-time success rate of 70.0% in the D-M group and 96.7% in the D-P group
(unpublished data). Based on these preliminary findings, we hypothesized that the one-time success rate would be 70% in
the D-M group and 95% in the D-P group. Specifically, based on a two-sided alpha of 0.05, power of 90%, and an
expected effect size of 92, the required sample size was calculated to be 46 patients per group. To account for an
anticipated dropout rate of 20%, we planned to enroll 46x1.2 = 55 patients per group.

Statistical Analysis

Statistical analysis was performed using SPSS version 26.0 (IBM Corp., Armonk, NY). Continuous variables with
normal distribution were expressed as mean + standard deviation, while those with skewed distribution were summarized
as median (interquartile range [IQR]). Categorical variables were described as frequencies and percentages. Between-
group comparisons were conducted using the independent samples #-test for normally distributed continuous variables,
the Mann—Whitney U-test for non-normally distributed continuous variables, and the chi-square test (or Fisher’s exact
test, as appropriate) for categorical variables. A two-sided p-value <0.05 was considered statistically significant.

We adhered to the CONSORT guidelines for the reporting of randomized trials and pre-specified three analysis sets:

The intention-to-treat (ITT) population comprised all 110 randomly assigned participants, analyzed according to their
originally assigned treatment group, irrespective of protocol deviations or subsequent treatment changes.

The full analysis set (FAS) included all participants who received at least one dose of the study medication and had at
least one post-baseline assessment (n=110).

The per-protocol set (PPS) consisted of participants who completed the study without major protocol violations
(n=107), excluding three children from the D-M group: two due to regurgitation of midazolam and one due to body
movement during contrast injection requiring additional sedation.

For the primary outcome (one-time success rate), both FAS and PPS analyses were performed. Sensitivity analyses
were conducted to assess the robustness of the results. Missing data (lost to follow-up, n=1; surgical intervention, n=1)
were handled using multiple imputation by chained equations, with 10 imputed datasets created based on relevant
baseline and outcome variables. Results from imputed datasets were pooled using Rubin’s rules. Bonferroni correction
was applied to control the family-wise error rate. The corrected significance threshold for the four pre-specified
secondary outcomes (onset time, examination time, RSS at 30 mins, time to resume intake) was set at a = 0.0125
(0.05/4). All significant secondary outcomes reported in the results remained statistically significant after this adjustment.
All analyses were conducted using SPSS, and multiple imputation was performed with the R mice package (version
4.3.1) interfaced via SPSS.

Results

In total, 148 patients aged 6 months to 6 years were recruited between March 2023 and August 2023. Among them, 31
patients did not meet the inclusion criteria and were excluded, while 8 patients refused to participate. Accordingly, 110
patients were randomly divided into two groups. All children completed the examination except for one in the
D-M group, who was excluded due to body movement during the injection of the contrast agent (Figure 1). In the
D-M group, three children refused a second dose of dexmedetomidine after 25 minutes. Two children in this group did
not reach the target sedation level after the second dose and required supplemental propofol at 1 mg/kg to complete the
examination. Additionally, two children regurgitated some midazolam, and one of them needed extra sedatives to finish
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the examination. In the D-P group, one child was lost to follow-up, and another underwent surgical treatment on the

same day. Demographic information of patients is presented in Table 1. There were no significant differences in gender,

age, and weight between two groups.

Table | Demographic Characteristics of Participants

Characteristic | FAS (n=55) PPS (n=55)

D-M (n=55) D-P (n=55) P value | D-M (n=48) D-P (n=55) P value
Sex, male 32 (58.2%) 34 (61.8%) 0.697 29 (60.4%) 34 (61.8%) 0.899
Age (month) 22 (15-29) 22 (13-32) 0910 22 (16-28) 22 (13-32) 0.982
Body weight (kg) | 1.3 (9.5-13.2) | 11.8 (9.2-13.3) | 0.971 11.3(9.5-13.2) | 11.8(9.2-13.3) | 0.903
ASA status
| 22 (40%) 27 (49.1%) 0.337 18 (37.5%) 27 (49.1%) 0.237
I 26 (47.3%) 23 (41.8%) 0.565 24 (43.6%) 23 (41.8%) 0.406
n 7 (12.7%) 5 (9.1%) 0.541 6 (12.5%) 5 (9.1%) 0.576
IV=VI 0 0 0 0

Note: full-analysis-set (FAS) and per-protocol-set (PPS) principles.

https:
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Table 2 The Difference of One-Time Success Rate and Examination Time Between D-M and
D-P Groups

Variable FAS (n=55) PPS (n=55)

D-M (n=55) | D-P (n=55) | P value | D-M (n=48) | D-P (n=55) | P value

One-time success rate | 41 (74.5%) 53 (96.4) 0.001** | 37 (77.1%) 53 (96.4) 0.013*
Examination time (min) | 12 (11-13) 13 (12-13) 0.151 12 (11-13) 13 (12-13) 0.151

Notes: full-analysis-set (FAS) and per-protocol-set (PPS) principles. *P<0.05, **P<0.01.

The one-time success rate in the D-P group is significantly higher than in the D-M group in both the FAS [96.4%
vs 74.5%, OR (95% CI): 9.05 (1.95-42.05), P = 0.001] and PPS populations [96.4% vs 77.1%, OR (95% CI): 7.88
(1.65-37.6), P = 0.003] (Table 2). The median (IQR) onset time of sedation was 17 (17-18) minutes in the D-P group
and 20 (16-28) minutes in the D-M group. In the D-P group, 98.2% of children, compared to 54.5% in the
D-M group, achieved sleep within 20 minutes (Figure 2). The OR (95% CI) for achieving sleep within 20 minutes
was 45.0 (5.80-348.86), P < 0.001. Regarding sedation effectiveness, 61.8% of children in the D-P group attained an
RSS score < 3 within 30 minutes post-examination, compared to 30.9% in the D-M group. The OR (95% CI) for RSS
< 3 was 5.27 (2.46-11.29), P < 0.0001 (Table 3).

The examination duration was consistent between the two groups. In the D-M group, 3 out of 55 children (5.4%)
experienced bradycardia, compared to 16 out of 55 children (29.1%) in the D-P group. The OR was 7.11 (95% CI: 1.94-
26.12), P =s0.001. No children required medical intervention for severe bradycardia, and none experienced respiratory
depression or required oxygen therapy. Post-sedation surveys were completed by all patients in the D-M group and 53 out
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Figure 2 Onset time of sedation in D-P group and D-M group.
Symbols and Abbreviations: D-P, dexmedetomidine—propofol group; D-M, dexmedetomidine—midazolam group.
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Table 3 Ramsay Sedation Score at 30min After the Completion of Examination

Grou Ramsay Scale Score (RSS RSS<3 (n, % P value
P y

]2 3 4 5 6

D-Pgroup (N=55) | 0 | 14 |20 | 12 |9 |0 | 34 (61.8%) P < 0.0001
D-Mgroup (N=55) | 0 | 4 | 13 |26 | 12 |0 | 17 (30.9%)

Note: full-analysis-set (FAS) and per-protocol-set (PPS) principles.

of 55 children in the D-P group. The IQR for time to resume intake was 48 minutes (37-61) in the D-P group and
85 minutes (65-116) in the D-M group. In the D-P group, 41 out of 53 children (77.3%) resumed intake within 1 hour,
compared to only 14 out of 55 children (25.4%) in the D-M group. The OR was 10.06 (95% CI: 4.13-24.22), P < 0.001
(Figure 3). We performed a post hoc analysis to evaluate the correlation between total procedural time and the need for
rescue medication. Using Spearman’s rank correlation test, we found no significant correlation in either group (P>0.05).
After discharge, 8 out of 55 children (14.5%) in the D-M group showed signs of agitation, whereas no children in the
D-P group exhibited agitation. Additionally, 2 children in the D-M group experienced gastrointestinal upset with loose
stools, which resolved without medical intervention.

Discussion

In this study, the combination of intranasal dexmedetomidine and a single low dose of propofol significantly increased
the one-time success rate compared to the combination of intranasal dexmedetomidine and buccal midazolam. Moreover,
the D-P regimen shortened both the onset time and the time to resume oral intake. It also resulted in lower RSS scores at
30 minutes post-examination, indicating more effective sedation. Adverse events were minimal, with eight patients
experiencing agitation and two reporting gastrointestinal upset with loose stools. Although 16 children in the D-P group
experienced bradycardia, none required pharmacological intervention, and no instances of respiratory depression were
observed. These findings suggested that the D-P combination is a more efficient and safer sedative option for pediatric
patients undergoing procedures.

100.0%

===D-P group
=== D-M group
80.0%

60.0%

40.0%

20.0%

Proportion of children who had
resumed intake

0%

o N oo N X222 Dhd DM DM
o (3] o (3] o N a ~ o N a a
o [3,} o (3, o (3, o o

Time after complecation of examination

Figure 3 Time resumes to intake in D-P group and D-M group.
Symbols and Abbreviations: D-P, dexmedetomidine—propofol group; D-M, dexmedetomidine-midazolam group.
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The one-time successful sedation rate is 96.4% in the D-P group, which is significantly greater than that in the D-M group
in both the FAS (74.5%) and PSS (77.1%). The rate in the D-M group is consistent with the 79.8% reported by our colleagues.’
Dexmedetomidine is absorbed mainly through the rich vascular plexus in the nasal cavity.'” It has a bioavailability of up to
93% with similar pharmacological effects to intravenous administration. The onset time of intranasal dexmedetomidine is
15-30 minutes. Propofol was administered 15 minutes after the dexmedetomidine administration, and the onset time less than
20 minutes is in 98.2% of children. However, the onset time in the D-M group is quite delayed and poorly predictable, with the
longest onset time being up to 57 minutes in this study, which is consistent with the study reported by Cossvel et al.’ Previous

studies have reported that midazolam can induce a paradoxical reaction in some instances'®*

and its taste is unpleasant,
leading to children often being noncompliant with oral intake. Propofol exhibits to be an ideal sedation agent due to its rapid
induction of deep sedation, high efficacy rate, and rapid post-sedation recovery.'®?' This study demonstrated that D-P has
a rapid onset time and a shortened recovery period. No significant correlation was found between the duration of the CT
procedure and the need for additional sedative doses in either the D-P or D-M group. Thus, D-P is superior to D-M for sedation
during contrast-enhanced CT.

There is a suitable pharmacological rationale in our research. Dexmedetomidine has a longer half-life compared to
propofol. However, its use in combination with a single low-dose propofol bolus was specifically chosen to leverage the
synergistic sedative effect while minimizing propofol-related respiratory depression and injection pain. This combination
has been shown in previous studies to provide rapid onset and predictable sedation with faster recovery than dexmede-
tomidine alone or with midazolam. Although CT is a short procedure, the need for contrast injection requires brief but
deep sedation, which our regimen effectively provided without prolonged recovery (median recovery time <1 hour).

Propofol has a narrow therapeutic window in pediatric patients.* Although increased or repeated doses of propofol may lead
to deep sedation, they also increase the adverse effects of upper airway obstruction, oxygen desaturation, and hypotension. In our
study, we did not find respiratory depression, which can be explained to be the low dose of propofol. The dose of propofol used in
this study is lower than that of propofol sedation alone (2mg/kg or more),'" resulting from the concurrent use of dexmedeto-
midine. It was reported that adding dexmedetomidine to propofol can result in decreased propofol requirements and significantly
fewer adverse airway events and interventions.'""'* Previous studies have shown that the combination of dexmedetomidine and
propofol provided sufficient sedation for children undergoing MRI. In those studies, propofol was continuously infused
following the loading dose during the procedural period.'>'® In this study, we found that a single dose of propofol combined
with dexmedetomidine can provide an adequate level of sedation for contrast-enhanced CT examination, and also can avoid
a prolonged time to recovery. D-P might reduce the workload of medical staff and enhance patient satisfaction.

While this study demonstrates the efficacy of the D-P regimen, several methodological limitations must be acknowl-
edged. First, the inclusion criteria were restricted to children aged 6 months to 6 years, which limits the generalizability
of our findings to older pediatric populations or infants younger than 6 months undergoing CECT. Second, the fixed
dosing interval and single low dose of propofol, while effective in this protocol, may not represent the optimal dosing
strategy; future pharmacodynamic studies could refine the timing and dosage to maximize efficacy and minimize any
potential adverse effects. Third, the absence of non-invasive blood pressure (NIBP) monitoring represents a significant
limitation, particularly given the observed incidence of bradycardia in the D-P group. Although no hemodynamically
significant events required intervention, the lack of systematic BP data means we cannot fully exclude episodes of
subclinical hypotension. Fourth, the 25-minute interval for rescue dexmedetomidine administration was based on pilot
data, but a longer interval (eg, 30 minutes) might have improved the success rate in the D-M group and should be
explored in future comparative trials. Finally, assessment of post-discharge outcomes relied on parental reporting, which
introduces the potential for recall bias and variability in interpretation. These limitations underscore the need for broader
validation in more diverse pediatric cohorts, with rigorous hemodynamic monitoring and standardized rescue protocols,
before widespread clinical adoption can be recommended.

Conclusions

In this randomized controlled trial, the combination of intranasal dexmedetomidine and a single low-dose propofol bolus
significantly improved one-time sedation success and accelerated recovery compared to dexmedetomidine-midazolam in
young children undergoing CECT. However, these findings should be interpreted in light of several methodological
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limitations, including the pharmacological profile of dexmedetomidine in short-duration imaging, the use of a fixed, non-
standard midazolam dose in the comparator group, and the potential for type I error in secondary outcomes due to
multiple testing without formal adjustment. Although the regimen appears efficacious and safe within the study context,
we recommend that these results be validated in larger, multicenter trials with broader age inclusion, extended
hemodynamic monitoring, and optimized dosing protocols before widespread adoption into routine clinical practice.
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