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Background: Noninvasive sedative approaches are increasingly valued in ambulatory anesthesia. The aim of this study was to
evaluate the efficacy and safety of the novel standardized dexmedetomidine nasal spray for procedural sedation in adult patients
undergoing port implantation under local anesthesia.

Methods: Eighty-two patients undergoing port implantation under local anesthesia were enrolled in this study. The patients were
randomly allocated to receive nasal spray with 100pg dexmedetomidine or placebo with saline, 30 min prior to the procedure. The
primary outcome was the postoperative anesthesia satisfaction assessed using lowa Satisfaction with Anesthesia Scale (ISAS; 11-item
mean score, —3 to +3). The secondary outcomes included the Ramsay sedation scale (RSS), visual analog scale (VAS), postoperative
sleep quality, hemodynamic changes, and the incidence of adverse events.

Results: Compared with placebo, dexmedetomidine significantly improved satisfaction with procedure (ISAS median [IQR] was 2.7
[2.5-2.8] vs 2.1 [1.8-2.4]; P<0.001), indicating a clinically relevant improvement in patient experience during outpatient port
implantation under local anesthesia, and postoperative sleep quality (4.4+0.8 vs 3.1£0.8, P<0.001) during the first postoperative
night. The incidence of adverse events and other secondary outcomes were comparable between the two groups.

Conclusion: A standardized dexmedetomidine nasal spray provided reliable, well-tolerated sedation, enhanced postoperative comfort,
and improved postoperative sleep quality in adults undergoing minor procedures under local anesthesia. These findings support its
feasibility as a noninvasive option for outpatient procedural sedation.

Keywords: dexmedetomidine, administration, intranasal, conscious sedation, vascular access devices, patient satisfaction, ambulatory
surgical procedures

Introduction

Totally implantable venous access port (also known as port) is widely used in cancer patients who require long-term
chemotherapy and has proven to be a safe and effective drug delivery device.! In addition, it can also be used for the
infusion of various liquids, including parenteral nutrient solutions and blood products.”* The most common site for port
implantation is the anterior chest via the jugular vein or subclavian vein.* This procedure is usually carried out under
local anesthesia because it has been proven to be safe and has the advantages of saving materials and labor, improving

cost-effectiveness, and accelerating patient discharge compared with general anesthesia.’’ However, many patients
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experience substantial preoperative anxiety and discomfort during port implantation under local anesthesia, which may
compromise overall procedural satisfaction.

Preoperative anxiety is very common among adult patients undergoing elective procedures.®® A retrospective study
of ultrasound-guided central venous port implantation showed that 19 of 138 patients were switched to general anesthesia
due to anxiety and intraoperative pain.'” Poorly managed preoperative anxiety and inadequate postoperative pain
management are associated with detrimental postoperative recovery and reduced satisfaction with care.''™'* Thus, despite
the many advantages of local anesthesia, achieving a comfortable and cooperative surgical experience during port
implantation remains challenging. Moreover, a study found that the single oral sedative, lorazepam, did not improve
patient satisfaction with port placement under local anesthesia.'® Patients may benefit from procedural sedation, which is
defined as a technique using hypnotic and/or analgesic medications to enable effective performance of diagnostic or
therapeutic procedures, while monitoring for potential adverse effects.''®

Dexmedetomidine, a drug used for procedural sedation, is a highly selective agonist of a2-adrenergic receptor that
exhibits sedative, anxiolytic and analgesic effects with minimal respiratory depression.'” In most clinical practice
dexmedetomidine is often administered intravenously, an invasive approach that needs an I'V-line for cannulation. As
a non-invasive route, intranasal administration provides rapid onset of action and high bioavailability due to bypassing
first-pass metabolism.'® Previous clinical studies have demonstrated the feasibility of intranasal dexmedetomidine in both

19:20 and adult populations,?' > however, these formulations often require manual dilution or nebulization.*>°

pediatric
Such approaches lead to variations in dosing accuracy, sterility, and reproducibility, limiting their practicality for routine
clinical use.

To address these limitations, a standardized dexmedetomidine nasal spray (Jiangsu Hengrui Pharmaceuticals, China)
was developed as a ready-to-use formulation with precise actuation dosing (25 pg per spray) and high bioavailability
(80—120% of label amount). Previous studies have evaluated its safety, tolerability, pharmacokinetics, and pharmacody-
namics in healthy adults?’ and have demonstrated its safety and effectiveness for preanesthetic sedation in children.?®
However, its safety and sedative efficacy in adult cancer patients undergoing port implantation remains unclear.
Therefore, this study aimed to evaluate the clinical feasibility, tolerability, and sedative performance of this standardized
spray formulation in adult patients undergoing venous port implantation under local anesthesia. We hypothesized that
intranasal dexmedetomidine would enhance perioperative satisfaction and comfort without increasing adverse events
compared with placebo.

Materials and Methods

Ethics and Trial Registration

The study protocol was approved by the Ethics Committee of Zhongshan Hospital (Xiamen branch) Fudan University
(Approval No. B2024-100R) and registered at the Chinese Clinical Trial Registry (ChiCTR2400093619). This study was
conducted in accordance with the Declaration of Helsinki, and written informed consent was obtained from all
participants before enrollment. We followed the Consolidated Standards of Reporting Trials (CONSORT) reporting
guidelines.

Study Participants

This clinical study was carried out at Zhongshan Hospital (Xiamen branch) of Fudan University from December 9, 2024,
to May 30, 2025. The potential participants among patients scheduled for port implantation under local anesthesia were
screened by an investigator. Eligibility criteria were: (1) patients aged 18-80 years; (2) American Society of
Anesthesiologists (ASA) physical status I to III; (3) participation is voluntary and requires signed informed consent.
The exclusion criteria were: (1) nasopharyngeal infection, tumor or structural nasal abnormalities; (2) patients allergic to
the study drug; (3) current or recent medical conditions that may affect the absorption, distribution, metabolism,
excretion, or response to the study drug; (4) history of heart disease (valvular insufficiency, severe left ventricular
dysfunction), pacemaker, or electrocardiographic rhythm abnormalities (HR <50/min at rest, second- or third-degree
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atrioventricular block); (5) long-term use of opioids or other analgesic adjuvants; (6) participated in other clinical trials
within one month; (7) pregnant, lactating, or patients with hepatic or renal impairment.

Randomization and Blindness

A random number generation software was used to randomly assign eligible patients in a 1:1 ratio to two groups:
dexmedetomidine and placebo. Patients in dexmedetomidine group received nasal spray of dexmedetomidine (1 mL:
500 pg, Jiangsu Hengrui Pharmaceuticals Co., Ltd., China). Patients in placebo group received nasal spray of 0.9% saline
solution. The allocation was concealed in sequentially numbered opaque envelopes until patients were enrolled.
Dexmedetomidine or 0.9% saline was prepared by an anesthetic nurse who was uninvolved in the study. The spray
bottle containing 0.9% saline solution and the bottle containing dexmedetomidine were identical in size, shape, color and
weight, making them indistinguishable to both the investigators and the patients from each other in appearance.
Anesthesiologists may have been aware of the study medications because of the potential sedation effects of preoperative
administration. Therefore, they only perform intraoperative monitoring and do not participate in data collection or
postoperative evaluation. All patients, surgeons and clinicians responsible for postoperative follow-up were blinded to
group assignments. In case of emergency during the procedure, researcher can unblind the group allocation for the
corresponding patient, but the patient will be excluded from the group.

Study Procedures

During the stay in the pre-operative holding area, patients were asked to clean their nostrils and sit upright with their
heads slightly tilted forward approximately 30 min prior to being transferred to the operating room. The anesthesiologist
then sprayed a prescribed amount of dexmedetomidine (25 pg dexmedetomidine or an equivalent amount of 0.9% saline)
into each nostril according to the medicine instructions. After approximately 30 s, the anesthesiologist sprayed another
spray into each nostril, for a total of 4 sprays. The bottle was held upright during spraying, and administration was
completed within 2 min. The dosage was based on the package insert for dexmedetomidine hydrochloride nasal spray
(Shanghai Hengrui Pharmaceutical Co., Ltd., Shanghai, China). Patients in the dexmedetomidine group received a total
of 100 pg (four sprays), while those in the placebo group received an equivalent amount of 0.9% saline. This dose was
also consistent with a previous pharmacokinetic study in healthy adults, in which a 100 pg dexmedetomidine nasal spray
reached a median time to peak plasma concentrations at approximately 30 min after administration.?’

After patient entered the operating room, electrocardiograms, non-invasive blood pressure and peripheral oxygen
saturation were monitored. All measurements were repeated every 10 min during the procedure. Oxygen therapy was
administered via face mask at a rate of 5L/min. The surgeons used verbal reassurance to encourage patient cooperation in
both groups. After local infiltration anesthesia with 1% lidocaine and 0.375% ropivacaine, an intra-plane oblique
puncture of the right internal jugular vein was performed under ultrasound guidance, and a B. Braun 14G central venous
catheter was inserted. After ultrasound localization confirmed the catheter position, a port catheter was inserted over an
exchange guidewire, with the distal end of the catheter connected to the port body. A 2-cm skin incision was made along
the puncture site, and the subcutaneous tissue was separated to form a 3x4 ¢cm pouch 15 cm from the puncture site. The
port body was buried in the pouch, and catheter patency was confirmed. The wound was then sutured subcutaneously and
intradermally with 4-0 absorbable sutures. All surgeries were performed by the same highly skilled team of doctors. All
procedures were performed during routine daytime working hours (8:30—-16:30). The distribution of morning and
afternoon cases was balanced between the two groups, ensuring that the time of day did not act as a confounder for
the postoperative sleep quality assessment.

Study Outcomes

The primary outcome of this study was patient satisfaction with the operative experience. Patient satisfaction was
assessed using the ISAS at the time of discharge from the post-anesthesia care unit (PACU). The ISAS consists of 11
questions with 6 potential responses. For statistical analyses, responses were transformed according to the original
algorithm (=3 to +3, with negatively worded items reverse-scored). The overall satisfaction score was calculated as the
mean of all item scores. Higher scores indicate greater patient satisfaction”® (Supplemental Box 1).
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Secondary outcomes included sedation level, pain intensity, postoperative sleep quality, intraoperative hemodynamic
parameters, and adverse events.

Sedation level was assessed using the RSS (1 = anxious and agitated; 2 = cooperative, oriented and tranquil; 3 =
responsive to commands only; 4 = brisk response to stimulus; 5 = sluggish response to stimulus; 6 = no response to
stimulus).*° Pain intensity was evaluated using an 11-point VAS (0 = no pain; 10 = worst imaginable pain). Postoperative
sleep quality was evaluated using the St. Mary’s Hospital Sleep Questionnaire (SMHSQ). Patients were interviewed on
the day before surgery and the morning after surgery to reflect sleep during the night of surgery. The SMHSQ assesses
multiple sleep dimensions, including quality of sleep (range: 1-6), depth of sleep (range: 1-7), satisfaction with sleep
(range: 1-5), and number of awakenings during sleep (range: 0—7). Higher scores indicate better sleep quality.’’

Hemodynamic parameters, including heart rate (HR), mean arterial pressure (MAP), and oxygen saturation (SpO,),
were recorded at predefined time points: preoperative baseline (T0), start of surgery (T1), 10 minutes after the start of
surgery (T2), 20 minutes after the start of surgery (T3), end of surgery (T4), 2 hours after surgery (T5), and 4 hours after
surgery (T6). Adverse events were recorded from the end of surgery until hospital discharge and included drug-related
reactions such as tachycardia, hypertension, bradycardia, hypotension, respiratory depression, dizziness, headache,
drowsiness, nasal discomfort, nausea, and vomiting. Surgical complications within 30 days postoperatively were also
documented, including port infection, surgical site infection, hematoma, thrombosis, pleural effusion, and other port-
related complications.

Sample Size Estimation

The sample size was determined based on our internal pilot dataset (n=20), in which the mean (SD) ISAS scores (scored
from —3 to +3 and averaged across 11 items) were 2.35+0.52 and 2.1140.29 in the dexmedetomidine and control groups,
respectively. The pilot data were used to estimate variability, yielding a pooled standard deviation of 0.42. Because an
established minimal clinically important difference for ISAS is not available, sample size planning was based on
detecting a standardized effect size in the moderate-to-large range (Cohen’s d~0.76). Given the pooled SD (0.42), this
corresponds to an absolute difference of approximately 0.32 in the ISAS mean score. With a two-sided 0=0.05 and 90%
power, a minimum of 37 patients per group was required. Allowing for a 10% dropout rate, we enrolled 41 patients per
group. Sample size calculation was performed using PASS 15.0 (NCSS, LLC, Kaysville, UT, USA).

Statistics and Analysis

Statistical analyses were performed using GraphPad Prism version 10.2.3 (GraphPad Software, Boston, MA, USA) and
IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Normally distributed continuous variables are
presented as mean (SD), and non-normally distributed variables as median (IQR). Continuous variables with repeated
measurements (eg, hemodynamic parameters) were analyzed using linear mixed-effects models, with Group, Time, and
Group x Time as fixed effects and subject as a random effect. When a significant Group x Time interaction was detected,
post-hoc pairwise comparisons between groups at each time point were performed with Bonferroni adjustment for
multiple comparisons. Between-group comparisons of normally distributed continuous variables were performed using
the independent-samples ¢ test (Welch’s ¢ test when variances were unequal). Between-group comparisons of non-
normally distributed continuous variables (including the standardized ISAS scores) were performed using the Mann—
Whitney U-test. Categorical variables are presented as n (%) and were compared using the chi-square test or Fisher’s
exact test, as appropriate. A two-sided P value <0.05 was considered statistically significant.

Results

Patient Inclusion and Baseline Demographic Characteristics

A total of 102 patients were enrolled for this study and 20 were excluded before randomization. Ultimately, 82 patients
were randomly allocated: 41 in Dexmedetomidine group and 41 in Placebo group. All patients completed the study, as
illustrated in the CONSORT flow diagram (Figure 1). The cohort comprised 43 males (52.4%) and 39 females (47.6%),
with an average age of 58.2 years (SD=10.9). Baseline data were comparable across the two groups as shown in Table 1.
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Figure | Study population flow diagram.

ences between both groups.

Patient Satisfaction Scores
The standardized ISAS scores were significantly higher in the dexmedetomidine group than in the placebo group. The
median (IQR) ISAS score was 2.7 (2.5-2.8) in the dexmedetomidine group and 2.1 (1.8-2.4) in the placebo group

Analyzed
(n=41)

Table | Patient Demographic and Baseline Characteristics

Characteristic Dexmedetomidine Group (n = 41) | Placebo Group (n = 41) | P value
Age, Median (IQR) 61 (50 to 63) 60 (56 to 66) 0.185
Gender (n%) 0.507

Male 20 (48.8) 23 (56.1)

Female 21 (51.2) 18 (43.9)
Weight, Mean * SD 61.0+9.7 60.0+9.0 0.626
Height, Mean = SD 164.0+£7.8 162.0£7.2 0.389
BMI, Mean + SD 22.8+3.4 22.7+2.9 0.963
Operation history (%) 28 (68.3) 26 (63.4) 0.641
ASA Physical Status Classification (n%) 0.535

[ 3(7.3) 2 (49)

Il 37 (90.3) 39 (95.1)

11l 1 (2.4) 0 (0)
Comorbidities
Hypertension, (n%) 7(17.1) 12 (29.3) 0.191
Diabetes (n%) 3(7.3) 7 (17.1) 0.177
Pulmonary disease, (n%) 2 (4.9) 3(7.3) 0.644
Pre-operative sleep quality 4.3%1.0 4.3+1.0 0.823
Pre-operative depth of sleep 5.1%£0.9 5.0%1.1 0.745
Pre-operative satisfaction with sleep 3.8+0.8 3.9+0.8 0.785

(Continued)

Demographic and clinical characteristics in terms of age, gender, weight, height, body mass index (BMI), ASA
classification, operation history, comorbidities, preoperative sleep status and cancer types showed no significant differ-
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Table | (Continued).

Characteristic Dexmedetomidine Group (n = 41) | Placebo Group (n = 41) | P value
Cancer type (n%)

Breast cancer 8 (19.5) 10 (24.4) 0.791
Cervical cancer 5(12.2) 6 (14.6) |
Ovarian cancer 2 (4.9) 2 (4.9) |

Lung cancer Il (26.8) 9 (22.0) 0.803
Esophageal cancer 5(12.2) 3(7.3) 0.710
Gastrointestinal cancer 10 (24.4) Il (26.8) |

Note: Data are number (%), mean * standard deviation or median [interquartile range].
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

(Figure 2), with a significant between-group difference by the Mann—Whitney U-test (P<0.001). For descriptive
purposes, the mean (SD) ISAS score was 2.6+0.3 versus 2.1+0.4, respectively, indicating superior patient-reported

satisfaction and perioperative experience in the dexmedetomidine group.

Patient Postoperative Sleep Quality

The postoperative sleep quality scores were significantly higher in the Dexmedetomidine group than in the Placebo group
(4.4£0.8 vs 3.1+0.8, P<0.001). In addition, the dexmedetomidine group experienced significantly improved sleep depth
and sleep satisfaction, and fewer awakenings during sleep compared to the placebo group (Figure 3).

VAS and RSS Scores
There were no significant differences at TO and T6 in the VAS and RSS scores (Figure 4). Compared with Placebo group,

VAS scores in Dexmedetomidine group were significantly lower within 2h after the start of procedure (T1, 1.5+0.6 vs 2.4
+0.5, P<0.001; T2, 1.2+0.6 vs 2.1+0.5, P<0.001; T3, 1.8+0.8 vs 2.9+0.7, P<0.001; T4, 0.6+0.6 vs 1.1+0.5, P<0.001; TS,
0.4+0.5 vs 0.8+£0.4, P<0.001), and the RSS scores significantly increased at T1 (1.8+£0.4 vs1.0+0.2, P<0.001), T2 (2.8+0.7
vs 1.5£0.5, P<0.001), T3 (2.3£0.5 vs 1.24+0.4, P<0.001), T4 (1.84+0.4 vs 1.1+0.3, P<0.001) but not at TS (1.2+0.4 vs 1.0
+0.2, P=0.086).

P<0.001
S
2- é

[ ]

[}
14 (<)

lowa satisfaction
with anesthesia scale
s

'3 1 1
Dexmedetomidine Placebo

Figure 2 Box plot of ISAS of two groups.
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Hemodynamic Results

Depth of sleep

Number of awakenings

P<0.001
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Hemodynamic changes in two groups during the procedure are shown in (Figure 5). No significant differences were
observed in HR and MAP at TO (P>0.05) between two groups, whereas HR was significantly lower in Dexmedetomidine
group than the Placebo group (72.1+7.7 vs 77.1£9.4, P<0.05) at T6. MAP in Dexmedetomidine group than in Placebo
group was significantly lower at T1 (92.1£9.8 vs 97.1+12.2, P=0.040), T2 (86.849.1 vs 93.5+11.0, P=0.006), T3 (86.4
+11.3 vs 92.3+£8.5, P=0.014), T4 (89.3+£10.4 vs 95.8+12.3, P=0.007), TS (86.8+12.6 vs 93.8+10.0, P=0.004) and T6 (84.2
+12.0 vs 92.248.7, P=0.001). No patient in either group experienced MAP < 65 mmHg or required vasoactive support.
There were no significant differences between the two groups in SpO, from TO to T6.

Incidence of Adverse Events

Overall, 18 sedation-related adverse events were observed by 8 patients in the Dexmedetomidine group and 10 patients in
the Placebo group. There was no significant difference in the incidence of perioperative adverse events, including

hypertension, hypotension, tachycardia, bradycardia, respiratory depression, headache, nasal discomfort, drowsiness,

dizziness, nausea and vomiting.
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Figure 4 Mean (standard deviation) VAS and RSS values changes between the groups at different time points. VAS and RSS were collected at preoperative baseline (T0),
surgery start (T1), 10min after the start of surgery (T2), 20min after the start of surgery (T3), end of surgery (T4), 2h after surgery (T5) and 4h after surgery (T6).

For surgery-related adverse events, there was no complication on the day of surgery before discharge in the two
groups. During follow-up to postoperative day 30, 1 out of 41 (2.4%) patients in the Dexmedetomidine group and 2 out
of 41 (4.9%) patients in the Placebo group experienced postoperative complication, as shown in Table 2.

Discussion

This trial demonstrates that a standardized dexmedetomidine nasal spray provided effective, well-tolerated procedural
sedation and improved postoperative sleep quality in adults undergoing minor surgery under local anesthesia. Unlike
compounded intranasal preparations, this ready-to-use spray eliminates the need for dilution or atomization and ensures
consistent dosing accuracy. Our results suggested that dexmedetomidine nasal spray could improve patients’ satisfaction
scores and sleep quality on the first night after surgery without increasing hemodynamic instability and the incidence of
adverse events, thereby optimizing the perioperative experience. Patient satisfaction and patient experience are increas-
ingly recognized as important patient-centered outcomes and are commonly evaluated using structured assessment tools
in healthcare quality research.*” In the present study, satisfaction was measured using the ISAS, a validated anesthesia-
specific instrument, to quantify patient-reported satisfaction with the procedural experience. Using a standardized
satisfaction tool as the primary endpoint strengthens the interpretability and clinical relevance of the observed between-
group difference in patient experience.

In our study, patients receiving dexmedetomidine nasal spray achieved deeper cooperative sedation within the
expected onset window. Compared with the placebo group, 82.9% of patients in dexmedetomidine group achieved an
RSS score of 3 points or higher within 45 min after administration, and the difference was statistically significant. This
clinical profile is consistent with the pharmacologic characteristics of dexmedetomidine, which acts via postsynaptic
a2-adrenergic receptors in the locus coeruleus to induce a sleep-like, easily arousable, and cooperative sedative state,
typically without respiratory depression and with modest hemodynamic effects.'”**> More broadly, intranasal adminis-
tration offers numerous practical advantages in procedural settings, such as avoiding injection pain and risks associated
with intravenous access, while maintaining high patient acceptance, and has been used for multiple drugs, including
fentanyl, sufentanil, ketamine, midazolam, and naloxone.**> Dexmedetomidine was approved by the US FDA in 2008
for sedation in perioperative and procedural settings,*® and our data support its suitability for noninvasive procedural
sedation when delivered intranasally in a standardized formulation.

Our results also extend existing evidence on intranasal dexmedetomidine by demonstrating efficacy in an adult
outpatient procedural population. Previous pharmacokinetic/pharmacodynamic studies reported that intranasal dexme-
detomidine has a slower and more gradual onset than intravenous administration, but once sedation is established, the
depth of sedation can be comparable.3 7 Consistently, Padmasree M.K et al has shown that both intravenous and intranasal
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Figure 5 Hemodynamic parameters of patients in two groups at different time points. TO: preoperative baseline, T|: surgery start, T2: |0min after the start of surgery, T3:
20min after the start of surgery, T4: end of surgery, T5: 2h after surgery and Té: 4h after surgery.
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Table 2 Incidence of Adverse Events and Postoperative Complications

Dexmedetomidine Group (n=41) | Placebo Group (n=41) | P value
Sedation-related
Hypertension | (2.4%) 1 (2.4%) [
Hypotension 3 (7.3%) 1 (2.4%) 0.616
Tachycardia 0 (0%) 0 (0%)
Bradycardia 0 (0%) 0 (0%)
Respiratory depression 0 (0%) 0 (0%)
Dizziness 2 (4.9%) 2 (4.9%) |
Headache | (2.4%) 1 (2.4%) |
Drowsiness | (2.4%) 5 (12.2%) 0.201
Nasal discomfort 0 (0%) 0 (0%)
Nausea 0 (0%) 0 (0%)
Vomiting 0 (0%) 0 (0%)
Surgery-related
Port infection 0 (0%) 0 (0%)
Hematoma 0 (0%) 0 (0%)
Surgical site infection 0 (0%) | (2.4%) |
Pleural effusion 0 (0%) 0 (0%)
Thrombosis | (2.4%) 1 (2.4%) |
Other 0 (0%) 0 (0%)

Notes: Data are number (%). P values were calculated using Fisher’s exact test for all categorical variables due to small
expected cell counts.

dexmedetomidine attenuate stress responses to stimulating procedures such as laryngoscopy.*® Although the majority of

39741 Where benefits have been observed for

intranasal dexmedetomidine studies have focused on pediatric populations,
emergence delirium and pain control,** our findings indicate that similar cooperative sedation and patient-centered
benefits can be achieved in adults undergoing minor procedures under local anesthesia.

One particularly noteworthy finding from our study was that postoperative sleep quality improved on the first night
after surgery. Using the SMHSQ, we observed not only improved overall sleep quality but also increased sleep depth,
improved sleep satisfaction, and reduced the number of awakenings during sleep in the dexmedetomidine group. These
results align with prior adult studies suggesting that intranasal dexmedetomidine can reduce sleep disturbances among

patients with preoperative anxiety-related insomnia,”®*

and with Huang et al’s systematic review evidence supporting
dexmedetomidine’s role in improving postoperative sleep quality.** Mechanistically, dexmedetomidine may promote
more physiologic sleep-like states through central a2-mediated pathways and may reduce perioperative sympathetic
arousal, which together could contribute to better first-night recovery.

From a drug delivery perspective, our study provides practical evidence to support standardized, device-free
intranasal formulations. In previous studies, intranasal dexmedetomidine was commonly delivered as syringe drops,
nebulization, or via a nasal mucosal atomization device (MAD).?*>***> However, drops and nebulization may lead to
variable absorption, whereas MAD performance can be influenced by formulation characteristics. In our study, a pre-
formulated metered-dose spray enabled simplified administration and dosing accuracy without the need for additional
devices. Based on pharmacokinetic data in healthy subjects, the median time to maximum plasma concentration after
a 100 pg dexmedetomidine nasal spray is approximately 30-45 min,*’ supporting our dosing protocol of administra-
tion 30 min before surgery and our observation of clinically meaningful sedation within 45 min. Importantly, while
MAP and HR were modestly reduced compared with placebo, all values remained within clinically acceptable limits
(MAP >65 mmHg). Moreover, there was no significant between-group difference in adverse event incidence and no
serious adverse events occurred. These findings collectively support the safety, tolerability, and hemodynamic stability
of standardized intranasal dexmedetomidine for outpatient procedural sedation. However, several limitations must be
considered. Firstly, this study had a relatively small sample size and included only adult patients. Pharmacokinetic
studies were not performed, and no active sedative control group was included. Secondly, this study utilized
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a standardized fixed dose of 100 pg dexmedetomidine for all patients, which does not account for individual variations
in body weight. As weight can significantly influence the pharmacokinetics and pharmacodynamics of dexmedetomi-
dine, this fixed-dose approach may have contributed to variable sedation depths across our study population. Future
studies incorporating weight-adjusted dosing are necessary to refine the optimal therapeutic window for nasal spray
formulations. In addition, individual variability in nasal absorption may affect the onset time and depth of sedation.
These variability (eg, variations in nasal patency or mucosal condition, and drug deposition related to administration
technique) may contribute to heterogeneity in sedation responses and may partially explain why 17.1% of patients did
not achieve an RSS score >3 within the pre-specified assessment time. Future multicenter studies with larger, more
diverse populations are warranted to determine the optimal dosing strategy and explore the use of nasal dexmedeto-
midine in elderly or high-risk patients. Although the nasal spray evaluated in this study is currently available in China,
the concept of standardized, non-invasive sedative delivery has broad applicability and may inform future
formulations.

Conclusion

In conclusion, the standardized dexmedetomidine nasal spray represents a feasible, patient-friendly, and well-
tolerated approach for light-to-moderate procedural sedation. In adults undergoing minor procedures under local
anesthesia, it improved patient satisfaction and significantly enhanced postoperative sleep quality on the first
postoperative night, without increasing hemodynamic instability or adverse events. Its consistent dosing, noninva-
sive delivery, and favorable tolerability profile make it a promising option for outpatient anesthesia and minor
surgical procedures.
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