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Purpose: Emergence delirium and postoperative negative behavioral changes (PNBC) are common complications in pediatric
anesthesia. This study evaluated whether intranasal premedication combining dexmedetomidine and esketamine more effectively
reduces these complications compared to either drug alone in children undergoing tonsillectomy and/or adenoidectomy with sevo-
flurane anesthesia.

Patients and Methods: This randomized, double-blind trial involved 198 children aged 2—5 years undergoing tonsillectomy and/or
adenoidectomy. Participants received intranasal premedication with either dexmedetomidine (2 pg/kg), esketamine (1 mg/kg), or their
combination (dexmedetomidine 1 pg/kg plus esketamine 0.5 mg/kg). The primary outcome was the incidence of emergence delirium,
defined as a Pediatric Anesthesia Emergence Delirium (PAED) scale score > 10. Secondary outcomes included the incidence of PNBC,
sedation depth, easiness of separation from parents, acceptance of the mask for induction, emergence time, postoperative pain score,
parental satisfaction, and adverse events.

Results: The combination premedication significantly reduced emergence delirium incidence (9.4%) compared to esketamine alone
(38.1%); relative risk [RR] 0.25, 95% confidence interval [CI] 0.11-0.57, p < 0.001), but not compared to dexmedetomidine alone
(17.2%; RR 0.55, 95% CI 0.21-1.39, p = 0.193). PNBC incidence at day 7 was lower with the combination (28.1%) versus
dexmedetomidine (48.4%; RR 0.58, 95% CI 0.36-0.93, p = 0.018), but not significantly different from esketamine alone (20.6%;
RR 1.38, 95% CI 0.74-2.58, p = 0.326). The combination also provided significantly superior sedation, improved ease of separation
from parents, better acceptance of the mask for induction, shorter emergence time, and higher parental satisfaction than both
monotherapies.

Conclusion: In children undergoing tonsillectomy and/or adenoidectomy with sevoflurane anesthesia, intranasal dexmedetomidine-
esketamine premedication more effectively reduces emergence delirium compared to esketamine alone and PNBC compared to
dexmedetomidine alone. This combination also improves sedation, shortens emergence times, and enhances parental satisfaction
compared to monotherapy without significant adverse effects.

Trial Registration: The Chinese Clinical Trial Registry, ChiCTR2300076709.
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Graphical Abstract

RCT: Effect of Intranasal Dexmedetomidine, Esketamine, or Their Combination as Premedication on
Emergence Delirium and Postoperative Negative Behavioral Changes in Children
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Introduction

Sevoflurane, widely used in pediatric anesthesia, is associated with a high incidence of emergence delirium in children,
with most studies reporting rates between 30% and 50%.'* Although typically transient, emergence delirium raises
significant concerns due to potential risks, including self-injury, surgical site disruption, postoperative complications,
increased nursing care needs, prolonged post-anesthesia care unit (PACU) stay, and reduced parental satisfaction.*>
Children experiencing emergence delirium are also at higher risk of developing postoperative negative behavioral
changes (PNBC),® which may persist and impact recovery and well-being. While emergence delirium and PNBC are
related phenomena, they have a key distinction. Glumac et al” demonstrated that PNBC does not affect consciousness,
whereas altered consciousness is a defining feature of delirium.

Preoperative anxiety, a key predictor of emergence delirium and PNBC,*’ is particularly challenging in pediatric
surgical patients. Researchers have explored various pharmacological agents as premedication to reduce anxiety and
facilitate smooth anesthesia induction.'®'" The ideal premedication should be readily accepted by children, have rapid
onset and offset, and produce minimal adverse effects. Intranasal dexmedetomidine, increasingly used in pediatric
practice, offers beneficial anxiolytic properties with limited respiratory depression.'? However, it may be associated
with delayed onset, bradycardia, and hypotension.'* Esketamine, a ketamine enantiomer, could potentially complement
dexmedetomidine by addressing these limitations, offering a balanced approach to pediatric premedication.'*

This study aimed to evaluate the efficacy of intranasal dexmedetomidine, esketamine, and their combination as
premedication in reducing emergence delirium and PNBC in preschool-aged children undergoing tonsillectomy and/or
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adenoidectomy with sevoflurane anesthesia. Our primary hypothesis was that the combined intranasal premedication of
dexmedetomidine and esketamine would reduce the incidence of emergence delirium and PNBC more effectively
compared to either agent alone.

Materials and Methods
Study Setting and Participants

This prospective, randomized, double-blind, three-arm clinical trial was conducted at Fujian Provincial Hospital,
a tertiary academic medical center in Fuzhou, China. The Institutional Review Board of Fujian Provincial Hospital
approved the study protocol (identifier: K2021-12—068/02). The trial was registered with the Chinese Clinical Trial
Registry (https://www.chictr.org.cn/showprojEN.html?proj=208255, identifier: ChiCTR2300076709) on October 17,
2023, and conducted from October 19, 2023, to June 24, 2024. The study adhered to the Declaration of Helsinki,
Chinese local regulations, and the Consolidated Standards of Reporting Trials (CONSORT) statement.'> Parents or legal
guardians provided written informed consent after being informed of the study’s objectives, procedures, potential risks,
and benefits.

The study included children aged 2—5 years with American Society of Anesthesiologists (ASA) physical status I-1I,

scheduled for tonsillectomy and/or adenoidectomy. Exclusion criteria included acute upper respiratory infections;
allergies to study medications; use of sedatives or analgesics within 48 hours pre-procedure; body mass index >
30 kg/m?; developmental delays; mental or neurological disorders; and exposure to significant life stressors (eg, changes
in home/school environment, parental divorce or death) within one month before surgery.

Randomization and Blinding

Eligible participants were randomized in a 1:1:1 ratio to receive intranasal premedication with either dexmedetomidine
(2 pg/kg), esketamine (1 mg/kg), or their combination (dexmedetomidine 1 pg/kg plus esketamine 0.5 mg/kg).
Randomization was conducted using a computer-generated sequence with variable block sizes (4, 6, and 8) to ensure
balanced group allocation. A research assistant not involved in patient care or data collection generated the randomiza-
tion sequence using the “blockrand” package in R version 4.0.5. Allocation concealment was achieved using sequentially
numbered, opaque, sealed envelopes. On the day of surgery, an independent assistant opened the envelopes, revealed
group assignments, and prepared study medications in identical syringes labeled only with participant numbers. This
process ensured the blinding of children’s parents, attending anesthesiologists, nursing staff, and study personnel
responsible for data collection and analysis throughout the study.

Study Procedures
Patients fasted according to standard pediatric anesthesia guidelines (8 hours for solids, 2 hours for clear fluids). Standard
monitoring (pulse oximetry, electrocardiography, and noninvasive blood pressure) was initiated in the operating room.
Intranasal premedication was administered 30 minutes before anesthesia induction, with study medications evenly
distributed between nostrils using a mucosal atomization device (MAD 140, Wolfe Tory Medical, Inc., USA).
Anesthesia was induced with 8% sevoflurane in 100% oxygen (fresh gas flow 8 L/min). After establishing
intravenous access, sufentanil (0.3 pg/kg), propofol (2.0 mg/kg), and mivacurium (0.2 mg/kg) were administered for
intubation. Anesthesia was maintained with 2—4% sevoflurane. Post-intubation, patients received intravenous dexametha-
sone (0.15 mg/kg) and ondansetron (0.1 mg/kg) for prophylaxis against postoperative nausea and vomiting (PONV). In
the PACU, extubated children were accompanied by parents or guardians and received oxygen via nasal cannula until
fully alert. The analgesic protocol included intraoperative rectal paracetamol (20 mg/kg) and intravenous flurbiprofen
axetil (1 mg/kg), followed by postoperative oral ibuprofen (10 mg/kg every 8 hours) for two days. Rescue analgesia
(intravenous morphine 25 pg/kg) was given for Face, Legs, Activity, Cry, and Consolability (FLACC) pain scores > 3.
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Outcome Measures

The primary outcome was the incidence of emergence delirium, defined as a peak Pediatric Anesthesia Emergence
Delirium (PAED) scale score > 10.'° The PAED scale assesses five items (eye contact, purposefulness of actions,
awareness of surroundings, restlessness, and inconsolability) on a 0—4 scale, yielding total scores from 0 to 20.
Secondary outcomes included incidence of PNBC, sedation level, ease of parental separation, mask acceptance during
induction, emergence time, postoperative pain score, parental satisfaction with anesthesia, and adverse events.

PNBC was assessed using the 11-item Post-Hospitalisation Behaviour Questionnaire for Ambulatory Surgery
(PHBQ-AS) postoperatively on days 1, 3, and 7.'7 PHBQ-AS scores were averaged from item scores (1-5 per item;
“not applicable” or missing data = 3), with scores > 3 indicating PNBC. Preoperative anxiety was assessed using the
modified Yale Preoperative Anxiety Scale (m-YPAS).'® The sedation depth was evaluated 30 minutes after premedication
administration using the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) Scale.'” Parental separation
ease was rated on the Parental Separation Anxiety Scale (PSAS): 1 (easy) to 4 (crying/clinging).”® Mask acceptance
during induction was categorized as: 1 (willingly accepts), 2 (mild resistance), or 3 (refuses/requires persuasion).
Postoperative pain was assessed in the PACU using the FLACC scale (0 = no pain, 10 = severe pain).”' Emergence
time was measured from anesthesia cessation to verbal command response. Parental satisfaction with anesthesia was
reported at 24 hours using a 5-point Likert scale (1 = strongly dissatisfied; 5 = strongly satisfied). A single, blinded
research nurse collected all the data.

Sample Size Calculation

The primary objective was to determine whether the combination of dexmedetomidine and esketamine premedication
would reduce the incidence of emergence delirium more effectively than either drug administered alone. A pilot study
(n = 10 per group) indicated emergence delirium rates of 30% for dexmedetomidine, 40% for esketamine, and 10% for
the combination. To detect a difference in emergence delirium incidence between the combination and each monotherapy,
we calculated a required sample size of 62 patients per group. This sample size provided 80% power compared to
dexmedetomidine and over 90% power compared to esketamine (two-sided Z-test with pooled variance, o = 0.05).
Accounting for a 5% attrition rate, we enrolled 66 patients per group, totaling 198 patients.

Statistical Analysis

Data analysis was performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA) based on the modified intention-
to-treat principle. Missing data were handled through multiple imputations using chained equations under a missing at
random assumption, implemented in R version 4.3.1 (package “mice”) with 10 imputations generated for each missing
value. We assessed the normality of continuous variables’ distribution using the Shapiro—Wilk test. Variables were
presented as mean + standard deviation (SD) for normally distributed data, median (interquartile range, IQR) for non-
normally distributed data, or number (proportion) for categorical data.

Statistical analysis of continuous variables utilized one-way ANOVA for normally distributed data, with Tukey’s
HSD test for post-hoc comparisons when significant. Non-normally distributed data were analyzed using the Kruskal—
Wallis test, followed by Dunn’s test with Bonferroni correction for post-hoc comparisons when significant. The Mann—
Whitney U-test compared non-normally distributed variables between two groups, with median differences and 95%
confidence intervals (CIs) estimated using the Hodges-Lehmann method. Categorical data were analyzed using Chi-
square or Fisher’s exact test, as appropriate.

Statistical significance was set at p < 0.05 (two-tailed). Apart from the Bonferroni correction in post-hoc tests, no
adjustments were made for multiple comparisons across outcomes. All CIs were calculated at the 95% level without
adjustment for multiple comparisons. This approach maintains sensitivity to potential effects but may increase the overall
Type I error rate given the multiple outcomes analyzed.
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Results

Between October 19, 2023, and June 24, 2024, we enrolled 198 of 206 eligible patients. After excluding 7 patients due to
procedure cancellations, the final analysis included 64 patients in the dexmedetomidine group, 63 in the esketamine
group, and 64 in the combination group (Figure 1). Demographic and procedural characteristics were comparable across
groups (Table 1).

The combination premedication demonstrated superior efficacy in reducing emergence delirium compared to eske-
tamine alone. Peak PAED scores (median [IQR]) were lower in the combination group (6.0 [4.0-8.0]) compared to
dexmedetomidine (7.0 [5.0-8.8]) and esketamine (8.0 [6.0-10.0]) groups (Figure 2A). The combination significantly
reduced PAED scores compared to esketamine alone (median difference —2, 95% CI: -3 to —1, p < 0.001), but not
dexmedetomidine alone (median difference 0, 95% CI: —1 to 1, p = 0.492). Emergence delirium incidence was lowest in
the combination group (9.4%, 6/64), compared to dexmedetomidine (17.2%, 11/64) and esketamine (38.1%, 24/63)
groups (Figure 2B). The combination therapy significantly reduced emergence delirium incidence compared to esketa-
mine (RR = 0.25, 95% CI: 0.11-0.57, p < 0.001) but not dexmedetomidine (RR = 0.55, 95% CI: 0.21-1.39, p = 0.193).

The incidence of PNBC decreased over time in all groups (Figure 3). On postoperative day 7, the combination group
showed a significantly lower PNBC incidence compared to the dexmedetomidine group (28.1% vs 48.4%, RR = 0.58,
95% CI: 0.36-0.93, p = 0.018), but not the esketamine group (28.1% vs 20.6%, RR = 1.38, 95% CI: 0.74-2.58, p =
0.326). The combination also provided significantly deeper sedation, improved ease of separation from parents, better
acceptance of the mask for induction, shorter emergence time, and higher parental satisfaction than both monotherapies
(Table 2).

Adverse events were mild and infrequent across all groups. PONV occurred in 4.7%, 7.9%, and 6.3% of patients in
the dexmedetomidine, esketamine, and combination groups, respectively. Bradycardia and hypotension were observed

only in the dexmedetomidine group, while laryngospasm occurred in one patient in the esketamine group. Nightmare

206 Assessed for eligibility

8 Excluded
3 Not meeting inclusion criteria
5 Refused to participate

198 Randomized

66 Assigned to receive dexmedetomidine 66 Assigned to receive eskatemine 66 Assigned to receive esketamine
64 Received intervention as assigned 63 Received intervention as assigned + dexmedetomidine
2 Did not received intervention as 3 Did not received intervention 64 Received intervention as assigned
assigned (operation canceled) as assigned (operation canceled) 2 Did not received intervention

as assigned (operation canceled)

0 Lost to follow-up 0 Lost to follow-up 0 Lost to follow-up
0 Discontinued intervention 0 Discontinued intervention 0 Discontinued intervention
64 Included in the primary analysis 63 Included in the primary analysis 64 Included in the primary analysis

Figure | Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Table | Baseline Demographic and Clinical Characteristics

Dexmedetomidine Esketamine Combination p value
(n=64) (n=63) (n=64)
Age, months 44 (39-54) 43 (39-52) 46 (40-52) 0.783
Sex, n (%) 0.398
Female 30 (46.9%) 27 (42.9%) 35 (54.7%)
Male 34 (53.1%) 36 (57.1%) 29 (45.3%)
Weight, kg 18.0 (16.5-20.0) 19.0 (17.5-20.5) 18.8 (17.0-20.0) 0.167
Height, cm 949 +£72 96.9 + 8.7 977 £5.2 0.075
BMI, kg/m? 20.7 (18.9-22.2) 20.2 (18.5-22.4) 19.6 (18.4-20.8) 0.173
ASA classification, n (%) > 0.99
[ 63 (98.4%) 62 (98.4%) 62 (96.9%)
Il I (1.6%) I (1.6%) 2 (3.1%)
Type of surgery, n (%) 0.535
Adenotonsillectomy 56 (87.5%) 52 (82.5%) 57 (89.1%)
Adenoidectomy 8 (12.5%) I (17.5%) 7 (10.9%)
m-YPAS 34.8 (24.3-43.3) 33.3 (23.342.7) 32.5 (23.341.7) 0.612
Anesthesia time, min 43.0 (36.3-52.0) 41.0 (35.0-49.0) 40.5 (35.3-50.0) 0.595
Duration of surgery, min 29.5 (23.0-36.8) 28.0 (23.0-35.0) 27.5 (22.0-35.0) 0.580

Notes: Data are presented as mean (SD), median [IQR], or n (%).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; SD, standard deviation; m-YPAS,
the modified Yale preoperative anxiety scale.

incidence was 21.8%, 25.4%, and 20.3% of patients in the dexmedetomidine, esketamine, and combination groups,
respectively. Despite these variations, no statistically significant differences in adverse event frequencies were found
among the three groups (all p > 0.05, Table 2).
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Figure 2 Effects of dexmedetomidine, esketamine, and their combination on emergence delirium in pediatric tonsillectomy patients under sevoflurane anesthesia. (A) Raincloud plots
of peak Pediatric Anesthesia Emergence Delirium (PAED) scale scores. Box plots show median (horizontal line), interquartile range (box boundaries), and range (whiskers). Scatter plots
(left) show individual values; density plots (right) illustrate value distribution. (B) Lollipop plots of emergence delirium (ED) incidence (defined as PAED scale score 2 10) across groups.
Abbreviations: ED, emergence delirium; PAED, Pediatric Anesthesia Emergence Delirium.
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A
Relative Risk Number of events
o — — p value
(95% Cl) Combination Dexmedetomidine
Emergence dilirium e 0.55 (0.21-1.39) 6/64 11/64 0.193
Negtive behavior changes
POD 1 o 0.93 (0.71-1.22) 38/64 41/64 0.585
POD 3 — 0.77 (0.54-1.11) 27/64 35/64 0.157
POD 7 - 0.58 (0.36-0.93) 18/64 31/64 0.018
0 051 15 2 25 3
Favors combination Favors dexmedetomidine
B
Relative Risk Number of events
o — - p value
(95% ClI) Combination  Esketamine
Emergence dilirium HE— 0.25 (0.11-0.57) 6/64 24/63 <0.001
Negtive behavior changes
POD 1 ] 1.09 (0.80-1.47) 38/64 35/63 0.663
POD 3 — — 1.13 (0.73-1.72) 27/64 24/63 0.638
POD 7 —H—=—+—— 1.38(0.74-2.58) 18/64 13/63 0.326
0051 15 2 25 3
Favors combination Favors esketamine

Figure 3 Effects of dexmedetomidine, esketamine, and their combination on emergence delirium and postoperative negative behavioral changes in pediatric tonsillectomy
patients under sevoflurane anesthesia. (A) Comparison between combination and dexmedetomidine groups. (B) Comparison between combination and esketamine groups.
Abbreviations: Cl, confidence interval; POD, postoperative day; RR, relative risk.

Discussion

This study assessed the efficacy of intranasal dexmedetomidine-esketamine combination premedication in children aged
2-5 years undergoing tonsillectomy and/or adenoidectomy with sevoflurane anesthesia. Our findings reveal significant
advantages of combination therapy over monotherapy. The combined approach more effectively reduced emergence
delirium compared to esketamine alone and decreased PNBC at day 7 compared to dexmedetomidine alone. Furthermore,
the combination regimen provided superior preoperative sedation, faster emergence from anesthesia, and higher parental
satisfaction than either drug administered individually.

Pediatric preoperative sedation and analgesia remain challenging in clinical practice. Intranasal premedication has
emerged as a promising, noninvasive method, particularly beneficial for anxious or uncooperative children. This
approach utilizes the highly vascular nasal mucosa, allowing rapid drug absorption while bypassing first-pass
metabolism.”> Mucosal atomization devices enhance drug delivery by producing a fine mist (30-100 pum), significantly

. . . 2
increasing mucosal surface coverage compared to conventional droppers.*
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Table 2 Secondary Outcomes

Dexmedetomidine | Esketamine Combination p value
(n=64) (n=63) (n=64) Combination vs Combination vs
Dexmedetomidine Esketamine
MOAA/S score 3(2-3) 2 (2-3) I (1-2) < 0.001 < 0.001
Parental separation 2 (1-2) I (1-2) I (I-1) 0.012 0.007
anxiety
Mask acceptance score I (1-2) I (1-2) I (1-1) 0.004 0.008
Emergence time, min 19 (15-21) 17 (15-21) 15 (13-19) < 0.001 < 0.001
Length of PACU stay, min | 17.5 (14-20) 18 (15-20) I5 (14-17) 0.034 < 0.001
Peak PAED score 7.0 (5.0-8.8) 8.0 (6.0-10.0) 6.0 (4.0-8.0) 0.492 < 0.001
Peak FLACC pain score 1.0 (0-2.0) 1.0 (0-2.0) 1.0 (0-2.0) 0.478 0.369
Parental satisfaction 4.5 (4-5) 5 (3-5) 5 (4-5) 0.007 0.006
Adverse events to 24 h
PONV 3 (4.7%) 5 (7.9%) 4 (6.3%) > 0.99 0.744
Bradycardia I (1.6%) 0 (0%) 0 (0%) > 0.99 >0.99
Hypoxemia I (1.6%) 2 (3.2%) 2 (3.1%) >0.99 >0.99
Laryngospasm 0 (0%) I (1.6%) 0 (0%) > 0.99 > 0.99
Nightmare 14 (21.8%) 16 (25.4%) 13 (20.3%) 0.828 0.495

Notes: Data are presented as median (IQR) or n (%).
Abbreviations: FLACC, Face Legs Activity Cry Consolability; IQR, interquartile range; MOAA/S: Modified Observer’s Assessment of Alertness/Sedation Scale; PACU,
postoperative anesthesia care unit; PAED, Pediatric Anesthesia Emergence Delirium; PONYV, postoperative nausea or vomiting.

Based on previous research, intranasal dexmedetomidine was administered at 2 pg/kg.?* Its sedative properties
primarily stem from o,-adrenoreceptor activation in the locus coeruleus, inducing sleep-like electroencephalogram
patterns. Our results confirm dexmedetomidine’s efficacy in reducing emergence delirium, which is consistent with
previous studies.”> This effect may be attributed to its lingering pharmacological action. A recent pharmacokinetic study
found that intranasal dexmedetomidine 2 pg/kg can achieve mild to moderate sedation lasting up to 2 hours, the targeted
therapeutic level.” However, dexmedetomidine alone showed limitations in addressing PNBC beyond the immediate
postoperative period. Aligning with our findings, Lee-Archer et al?’ reported no significant difference in PNBC incidence
between children receiving 2 pg/kg intranasal dexmedetomidine and those receiving placebo.

Following our established institutional protocol, we administered intranasal esketamine at 1 mg/kg. Esketamine
primarily acts as an N-methyl-D-aspartate (NMDA) receptor antagonist. Our findings indicate that esketamine
premedication was associated with reduced PNBC on day 7 compared to dexmedetomidine, possibly due to its
efficacy in alleviating symptoms akin to post-traumatic stress disorder. Extensive clinical research supports sub-
anesthetic-dose esketamine use in various neuropsychiatric conditions, including depression, anxiety spectrum
disorders, and bipolar disorder.”® However, esketamine premedication resulted in higher emergence delirium
incidence, prolonged emergence times, and lower parental satisfaction scores compared to both dexmedetomidine
and the combination regimen. The increased emergence delirium may be attributed to esketamine’s psychiatric and
psychotomimetic side effects, a hypothesis supported by a recent observational study. This study found that
esketamine for anesthesia induction was associated with increased emergence delirium in preschool children

undergoing minor surgery.?’
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The combination of dexmedetomidine and esketamine leverages their complementary pharmacological profiles.
Consistent with prior re:se:arch,30’31 this combination yields enhanced sedative effects, smoother anesthesia induction,
and faster recovery times without increased adverse events. This synergistic interaction likely arises from the balanced
modulation of diverse neurotransmitter systems, potentially mitigating the side effects of higher doses of either agent
alone. Specifically, dexmedetomidine counteracts esketamine’s potential for emergence phenomena, while esketamine
may compensate for dexmedetomidine’s slower onset of action.

This study has several limitations that warrant consideration. First, ethical considerations precluded the inclusion of
a placebo group, making it challenging to attribute observed effects solely to the investigated medications. Second, we
did not assess baseline child temperament, which could have influenced premedication response and postoperative
behavior, potentially confounding our results. Third, we did not explore the dose-response relationship of the dexmede-
tomidine-esketamine combination; dosages were based on existing literature and clinical practice, given the limited data
on intranasal pharmacokinetics of these agents. Lastly, our single-center design and strict inclusion criteria may limit the
broader applicability of our findings to the general pediatric population.

Conclusion

Our study demonstrates that combining intranasal dexmedetomidine and esketamine is a promising premedication
strategy for pediatric tonsillectomy and/or adenoidectomy patients. This approach effectively addresses multiple perio-
perative concerns, potentially improving patient outcomes and parental satisfaction. The synergistic effects of these
agents offer advantages over monotherapy in reducing emergence delirium and PNBC. Nevertheless, additional studies
are needed to confirm these findings and optimize the premedication protocol.
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