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Background: Emergence agitation (EA) is a state of psychomotor hyperactivity following general anesthesia and is associated with
postoperative complications. Patients undergoing ear, nose, and throat (ENT) surgery are at a high risk for EA. We aim to assess
whether preoperative dexmedetomidine nasal spray reduces the occurrence of EA for patients undergoing ENT surgery.

Methods: This is a protocol for a randomized, double-blind, controlled trial that will include 160 adults scheduled for ENT surgery.
Patients will be randomly assigned, in a 1:1 ratio, to receive dexmedetomidine nasal spray (100 pg) or a same volume of normal saline
approximately 30 min before general anesthesia induction. The primary endpoint is the incidence of EA, defined as a Riker sedation
agitation scale (RSAS) score >5 from discontinuation of sevoflurane until 5 min after tracheal extubation. Secondary endpoints include
(1) the maximal RSAS score during emergence; (2) the incidence of agitation in the postoperative care unit (PACU); (3) pain at rest
and while coughing in the PACU and at 24 h postoperatively; (4) postoperative sleep disturbance on the first night after surgery;
(5) anxiety within 24 h postoperatively; and (6) postoperative delirium during the first 24 h after surgery. All analyses will be
performed on a modified intention-to-treat basis. For the primary endpoint, subgroup analysis will be conducted on sex, age, and type
of surgery.

Discussion: We expect that preoperative dexmedetomidine nasal spray would reduce the incidence of EA after ENT surgery. Our
results offer clinical evidence for improving anesthetic care for patients undergoing ENT surgery.

Trial Registration: Chinese Clinical Trial Registry (Identifier: ChiCTR2400086731).

Keywords: emergence agitation, dexmedetomidine, intranasal administration, ENT surgery

Introduction
Emergence agitation (EA) is an acute and self-limited state of negative behaviour during early recovery from general
anesthesia, manifesting as psychomotor agitation, restlessness, hyperactivity, disorientation, and perceptual disturbance.’
The proposed risk factors of EA include male sex, younger age, type and duration of surgery, use of benzodiazepines, and
postoperative pain." For patients undergoing ear, nose, and throat (ENT) surgery, the incidence of EA is high (ranging
from 22% to 74%),>® which may lead to clinically significant consequences such as postoperative bleeding, self-
extubation, removal of catheters, injury, and increased healthcare costs.””?

Studies suggested that the use of 02 adrenoreceptor agonist, magnesium sulfate, ketamine, and multimodal analgesia
helped to prevent EA.' Dexmedetomidine is a selective 02 agonist exerting sympatholytic, sedative, anxiolytic, and
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analgesic effects. Intraoperative continuous dexmedetomidine infusion provided stable hemodynamics and a smooth
emergence for patients undergoing nasal surgery.'® As a non-invasive route, intranasal administration achieves high
bioavailability and can avoid pain and inconvenience by venipuncture in intravenous administration.'' Dexmedetomidine
administration via nasal spray is simple and convenient with a high level of patient comfort and acceptance.'? For
children and adults undergoing surgery, intranasal dexmedetomidine provided safe and satisfactory sedation.'* '
However, whether dexmedetomidine nasal spray would reduce EA following ENT surgery is unknown.

In this randomized controlled trial, we aim to determine the effects of dexmedetomidine nasal spray on the occurrence
and severity of EA in patients undergoing ENT surgery. In addition, we will compare postoperative pain, sleep quality,

anxiety, and delirium between the two groups.

Methods

Ethics and Registration

The trial protocol was approved by the Ethics Committee of The First Affiliated Hospital of Soochow University
(Approval No. 2024-200) on June 12, 2024. This trial was registered at the Chinese Clinical Trial Registry (identifier:
ChiCTR2400086731) on July 9, 2024. This study will be conducted in accordance with the Declaration of Helsinki.
Written informed consent will be obtained from all patients. This protocol follows the guidelines of Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT) statement (Table S1).'

Study Design and Status

This is an investigator-initiated, single-center, randomized, double-blind, placebo-controlled, parallel-group trial with
a superiority design. We will include a total of 160 adult patients undergoing ENT surgery at the First Affiliated Hospital
of Soochow University, Suzhou, China. The first subject was enrolled on June 15, 2024. The recruitment is ongoing at
the time of this protocol submission. We plan to enroll enough patients by the end of December 2024. Figure 1 shows the
study flowchart. Table 1 illustrates the schedule of patient enrollment, study interventions, and measurements in
accordance with the SPIRIT statement.

Eligibility Criteria

Patients aged >18 years with ASA physical status I-III and scheduled for ENT surgery under general anesthesia are
eligible. The exclusion criteria include (1) history of neuropsychiatric or mental disorders; (2) left ventricular ejection
fraction <40%, second-degree or higher atrioventricular block, sick sinus syndrome, or heart rate <50 beats/min; (3)
allergy to any medication used in this study; or (4) refusal for providing the informed consent.

Randomization and Blinding
The randomization sequence will be generated by an independent statistician using an online tool (https:/www.
sealedenvelope.com/randomisation/) with a 1:1 ratio and block sizes of 2 and 4. The allocation details will be sealed

in opaque envelopes to ensure concealment. According to the randomization results, a research nurse not involved in the
following study process will randomly assign patients to a dexmedetomidine group or a normal saline group. This nurse
will prepare nasal spray medications (dexmedetomidine or normal saline placebo) in identical bottles. One cannot tell the
content inside because both medications are clear and colorless fluids. All patients and researchers responsible for data
collection and outcome assessment will be blind to group allocation. Because of the sedative effect of dexmedetomidine
nasal spray, anesthesia team may be aware of the study groups during anesthesia induction; however, the hypothesis of
this study will not be disclosed. At the end of surgery, two investigators who are blind to group allocation will supervise
the emergence process and assess the occurrence of EA.

Study Interventions and Anesthesia
In the preoperative waiting room, patients will receive nasal spray with 100 pg dexmedetomidine or normal saline
approximately 30 min before anesthesia induction. Patients will be asked to clean their nostrils, sit straight, and tilt their
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heads slightly forward. A nurse will insert the nozzle into patients’ nasal cavity to administer two sprays into both the left
and right nostrils within 2 min. The bispectral index (BIS; Medtronic, Minneapolis, MN, USA) monitoring will be
applied from nasal spray administration until discharge from the operating room.

In the operating room, patients will receive peripheral vein cannulation and standard monitoring (cuff blood pressure,
electrocardiography, pulse oximetry, end-tidal carbon dioxide, and temperature). During anesthesia induction, patients
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Table | Schedule of Patient Enrollment, Study Interventions, and Measurements

Enrollment Allocation Post-Allocation Close-Out

Preanesthetic | 2h Before | 30 min Before 5 min After PACU | 24h After Hospital

visit Surgery induction extubation surgery Discharge

Enrollment
Eligibility screening x
Written informed consent
Baseline characteristics
Randomization
Allocation

Interventions
Dexmedetomidine nasal spray
Normal saline nasal spray

Measurements
Emergence agitation
The maximal RSAS score
Agitation in PACU

Pain scores

X X X X

Delirium
Sleep quality
Anxiety

X X X X X

Adverse events® x x
Length of PACU stay
Postoperative hospital stay x

Notes: According to SPIRIT 2013 statement of defining standard protocol items for clinical trials. * Including hypotension, bradycardia, postoperative nausea and vomiting,
dizziness, headache, and sedation.
Abbreviations: RSAS, Riker sedation agitation scale; PACU, post-anesthesia care unit.

will receive intravenous dexamethasone 5 mg, sufentanil 0.2-0.4 pg/kg, and propofol 1.5-2 mg/kg. Rocuronium
0.6-0.8 mg/kg will be administered to facilitate tracheal intubation, followed by mechanical ventilation. Anesthesia
will be maintained with inhalation of 1-3% sevoflurane, adjusted to BIS values of 40—60. Remifentanil will be infused at
a rate of 0.05-0.2 pg/kg/min during surgery. Patients will be given intravenous palonosetron 0.25 mg as prophylactic
antiemetics. At the end of surgery, sevoflurane and remifentanil will be stopped, and patients will receive intravenous
flurbiprofen axetil 50 mg and sufentanil 0.1 pg/kg for postoperative analgesia. Additional analgesics (tramadol
50-100 mg) could be administered at patient request.

All patients will receive sugammadex 2 mg/kg to reverse neuromuscular blockade. During the emergence period,
patients will be aroused using verbal stimuli only at a 30-s interval: “(Patient’s name), please open your eyes!”, with
the voice volume at a normal conversation level. Patients will receive no physical stimuli (such as shaking the
patients or patting on their shoulder). Tracheal extubation will be performed in the operating room. After extubation,
patients will be transferred to the post-anesthesia care unit (PACU). A modified Aldrete score >9 indicates the
readiness for discharge from the PACU to surgical wards.'” During surgery and in the PACU, hypotension (decrease
in mean blood pressure >30% of baseline) and bradycardia (heart rate <50 beats/min) will be treated using
intravenous ephedrine 6-10 mg and atropine 0.3-0.5 mg, respectively. Other anesthetic care will follow the

institutional clinical standards.

Primary Endpoint

The primary endpoint is the incidence of EA, defined as a Riker sedation agitation scale (RSAS) score >5 from
discontinuation of sevoflurane until 5 min after tracheal extubation in the operating room.> The two investigators who
are blind to group allocation will confirm the occurrence and severity of EA by reaching an agreement.
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The RSAS scores range from 1 to 7, where 1 = unarousable (minimal or no response to noxious stimuli); 2 = very
sedated (arousal to physical stimuli but not following commands); 3 = sedated (difficult to arouse, awakening to verbal
stimuli or gentle shaking, following simple commands); 4 = calm and cooperate (calm, easy awakening, following
commands); 5 = agitated (anxious, attempting to sit up, calming down to verbal instructions); 6 = very agitated (not
calming down despite frequent verbal reminding of limits, requiring physical restraints, biting tracheal tube); and 7 =
dangerous agitation (attempting to remove tracheal tube or other catheters, thrashing around, trying to climb out of bed
rail, lashing out at staff).'®

Secondary Endpoints
The secondary endpoints include (1) the maximal RSAS score during emergence; (2) the incidence of agitation in the
PACU (defined as RSAS scores > 5); (3) pain intensity at rest and while coughing in the PACU and at 24 h post-
operatively; (4) the occurrence of postoperative sleep disturbance on the first night after surgery; (5) the incidence of
anxiety within 24 h postoperatively; and (6) the incidence of postoperative delirium during the first 24 h after surgery.
Postoperative pain will be measured using the numerical rating scale (NRS), ranging from 0 (no pain) to 10 (the worst
pain imaginable). Sleep quality will be assessed using the Athens Insomnia Scale, with a total score of 0—24 and a score
>6 indicating postoperative sleep disturbance.'® Postoperative anxiety will be evaluated using the Hospital Anxiety and
Depression Scale-Anxiety subscale, with a total score of 0-21 and a score >8 indicating anxiety.”’ Postoperative delirium
will be assessed using the 3-Minute Diagnostic Confusion Assessment Method between 08:00-10:00 and 18:00-20:00 on

postoperative day 1.%!

Perioperative Non-Endpoint Data

Venipuncture pain before anesthesia induction will be measured using the NRS. The hemodynamic data include mean
blood pressure and heart rate at the following time points: baseline, immediately before induction, after tracheal
intubation, discontinuation of sevoflurane, response to verbal stimuli, extubation, discharge from the operating room.
The depth of anesthesia data are BIS values at those time points. Other perioperative data include time to verbal response,
time to extubation, time to operating room discharge, length of PACU stay, length of postoperative hospital stay, need for
additional analgesics, adverse events (hypotension, bradycardia, postoperative nausea and vomiting, dizziness, headache,
sedation [RSAS score < 3]), and major postoperative complications (Table S2). Patient satisfaction will be rated at
48 h postoperatively using a 5-point Likert scale (5 = very satisfied, 4 = satisfied, 3 = neutral, 2 = dissatisfied, and 1 =
very dissatisfied).

Data Collection and Monitoring

A day before the surgery, a research assistant will screen for eligible patients and collect the baseline data. The
perioperative non-endpoint data will be extracted from the electronic anesthesia system and via ward visits or by
telephone. The data of primary and secondary endpoints will be collected by the blinded investigators. All data will
be collected on case report forms and then entered into an electronic database under the supervision of the principal
investigator. Once data registration is completed, the database will be locked. The dataset without patients’ personally
identifiable information will be sent to an independent statistician for analysis based on the prespecified statistical plan.
The whole process of data collection, registration, and statistical analysis will be monitored by a data monitoring
committee independent of this research team.

Sample Size Calculation

Previous studies reported that the incidence of EA after ENT surgery was 55.4%.>* We expect that dexmedetomidine
nasal spray would reduce the EA incidence to 33.2%. To test for this between-group difference, 75 patients in each group
are required at an o level of 0.05 and a power of 80%. Considering possible dropouts, a total of 160 patients (n = 80 in
each group) will be enrolled. The sample size was calculated using the PASS software (version 15.0.5, NCSS, LCC,
Kaysville, UT, USA).
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Statistical Analysis

Continuous data will be described as means (standard deviations) or medians (interquartile ranges), depending on data
distribution. Categorical data will be shown as numbers (%). Groups will be compared using the independent ¢ test,
Mann—Whitney rank sum test, Chi-squared test, or Fisher’s exact test, as appropriate. For the primary and secondary
endpoints, between-group differences will be analyzed using the relative risk and difference in means or medians with the
95% confidence intervals. A prespecified subgroup analysis will be conducted for the primary endpoint according to sex
(male or female), age (<30 years old or >30 years old), and type of surgery (ear, nose, or throat). Additionally, we will
perform an interaction analysis, and a forest plot will be used for displaying the results of subgroup analysis.

All analyses will be performed on a modified intention-to-treat basis, including all patients who have undergone the
randomization and have the main outcome data available. We consider that missing data would be rare in our dataset and
there is no imputation plan. The independent statistician will analyze all data using the SPSS software (version 25.0; IBM
SPSS, Chicago, IL, USA). A two-sided P value <0.05 denotes a statistically significant difference.

Discussion

This randomized, double-blind, controlled trial will include 160 adult patients undergoing ENT surgery to assess the
effects of dexmedetomidine nasal spray compared with normal saline placebo on the incidence of EA. In addition, we
will evaluate postoperative pain, quality of sleep, postoperative anxiety, and delirium during the first 24 h after surgery.
Our primary hypothesis is that the preoperative use of dexmedetomidine nasal spray would reduce the incidence of EA in
patients recovering from ENT surgery. The implementation of this trial and reporting of results will strictly follow the
Consolidated Standards of Reporting Trials guidelines.”?

Dexmedetomidine has been widely used in clinical anesthesia and intensive care sedation. A previous study
conducted by Kim et al reported that intraoperative infusion of dexmedetomidine reduced the incidence of EA and
maintained a stable hemodynamic status for patients undergoing nasal surgery.'® Data from a meta-analysis showed that
intravenous dexmedetomidine decreased the incidence of EA and postoperative pain in children after sevoflurane
anesthesia.”> However, Yang et al found that perioperative dexmedetomidine infusion did not lead to a significant
change in the overall incidence of EA in patients undergoing free flap surgery, while the incidence of agitation after
PACU admission was reduced.”* When intranasally administered, dexmedetomidine is rapidly and efficiently absorbed
with a pharmacological effect similar to that during intravenous administration.”> The bioavailability of intranasal
dexmedetomidine was approximately 65%, and peak plasma concentration was reached in 38 min.>> A recent study
on healthy volunteers showed that dexmedetomidine nasal spray 100 pg was safe and provided satisfactory sedation.® In
the literature, there is no study investigating the effect of dexmedetomidine nasal spray on EA after ENT surgery.

Postoperative sleep quality on the first night and anxiety during the first 24 h after surgery are among the secondary
endpoints. Patients undergoing ENT surgery often experience discomfort and anxiety during the first postoperative night,
compromising the quality of sleep. If left unresolved, postoperative sleep disorders could impair patients’ cognitive function,
prolong recovery after surgery, and even increase the risks of cardiovascular events.”” Dexmedetomidine is unique compared
to traditional sedatives because it induces a state of sedation resembling natural sleep while maintaining respiratory stability.?®

Our study has several limitations. First, this is a single-center trial, so the results may not be fully generalizable to
patients in other medical centers. Next, a single dose of dexmedetomidine 100 pg will be intranasally administered, and
the optimal dose of dexmedetomidine nasal spray requires further research. Last, as patients undergoing ENT surgery are
at high risk of EA, we only include these patients in the current trial. Patients undergoing other surgical procedures may
also benefit from the preoperative use of dexmedetomidine nasal spray, which needs to be confirmed in future studies.

In conclusion, this randomized clinical trial is designed to determine the effects of dexmedetomidine nasal spray on EA in
adults undergoing ENT surgery. We expect that the intranasal administration of dexmedetomidine would lead to a notable
reduction in the rate of EA as well as improve the postoperative recovery course following these ENT procedures.

Data Sharing Statement

Data will be made available on request.
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